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Keep safety first in your circuit designs!

¢ Mitsubishi Electric Corporation puts the maximum effort into making semiconductor prod-
ucts better and more reliable, but there is always the possibility that trouble may occur with
them. Trouble with semiconductors may lead to personal injury, fire or property damage.
Remember to give due consideration to safety when making your circuit designs, with ap-
propriate measures such as (i) placement of substitutive, auxiliary circuits, (ii) use of non-
flammable material or (iii) prevention against any malfunction or mishap.

Notes regarding these materials

¢ These materials are intended as a reference to assist our customers in the selection of the
Mitsubishi semiconductor product best suited to the customer's application; they do not
convey any license under any intellectual property rights, or any other rights, belonging to
Mitsubishi Electric Corporation or a third party.

e Mitsubishi Electric Corporation assumes no responsibility for any damage, or infringement
of any third-party's rights, originating in the use of any product data, diagrams, charts,
programs, algorithms, or circuit application examples contained in these materials.

¢ All information contained in these materials, including product data, diagrams, charts, pro-
grams and algorithms represents information on products at the time of publication of these
materials, and are subject to change by Mitsubishi Electric Corporation without notice due
to product improvements or other reasons. It is therefore recommended that customers
contact Mitsubishi Electric Corporation or an authorized Mitsubishi Semiconductor product
distributor for the latest product information before purchasing a product listed herein.
The information described here may contain technical inaccuracies or typographical errors.
Mitsubishi Electric Corporation assumes no responsibility for any damage, liability, or other
loss rising from these inaccuracies or errors.

Please also pay attention to information published by Mitsubishi Electric Corporation by
various means, including the Mitsubishi Semiconductor home page (http://
www.mitsubishichips.com).

e When using any or all of the information contained in these materials, including product
data, diagrams, charts, programs, and algorithms, please be sure to evaluate all informa-
tion as a total system before making a final decision on the applicability of the information
and products. Mitsubishi Electric Corporation assumes no responsibility for any damage,
liability or other loss resulting from the information contained herein.

¢ Mitsubishi Electric Corporation semiconductors are not designed or manufactured for use
in a device or system that is used under circumstances in which human life is potentially at
stake. Please contact Mitsubishi Electric Corporation or an authorized Mitsubishi Semicon-
ductor product distributor when considering the use of a product contained herein for any
specific purposes, such as apparatus or systems for transportation, vehicular, medical,
aerospace, nuclear, or undersea repeater use.

e The prior written approval of Mitsubishi Electric Corporation is necessary to reprint or repro-
duce in whole or in part these materials.

o If these products or technologies are subject to the Japanese export control restrictions,
they must be exported under a license from the Japanese government and cannot be im-
ported into a country other than the approved destination.

Any diversion or reexport contrary to the export control laws and regulations of Japan and/
or the country of destination is prohibited.

e Please contact Mitsubishi Electric Corporation or an authorized Mitsubishi Semiconductor
product distributor for further details on these materials or the products contained therein.
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Preface

This user's manual describes Mitsubishi's CMOS 8-
bit microcomputers 7540 Group.

After reading this manual, the user should have a
through knowledge of the functions and features of
the 7540 Group, and should be able to fully utilize
the product. The manual starts with specifications
and ends with application examples.

For details of software, refer to the “740 FAMILY
SOFTWARE MANUAL.”

For details of development support tools, refer to the
“Mitsubishi Microcomputer Development Support Tools”
Hompage (http://www.tool-spt.maec.co.jp/index_e.htm).



BEFORE USING THIS MANUAL

This user’s manual consists of the following three chapters. Refer to the chapter appropriate to your conditions,
such as hardware design or software development. Chapter 3 also includes necessary information for
systems development. You must refer to that chapter.

1. Organization

e CHAPTER 1 HARDWARE
This chapter describes features of the microcomputer and operation of each peripheral function.

e CHAPTER 2 APPLICATION
This chapter describes usage and application examples of peripheral functions, based mainly on
setting examples of relevant registers.

e CHAPTER 3 APPENDIX
This chapter includes necessary information for systems development using the microcomputer, such
as the electrical characteristics, the list of registers.
As for the Mask ROM confirmation form, the ROM programming confirmation form, and the Mark

specification form which are to be submitted when ordering, refer to the “Mitsubishi MCU Technical
Information” Hompage (http://www.infomicom.maec.co.jp/indexe.htm).

2. Structure of register

The figure of each register structure describes its functions, contents at reset, and attributes as follows :

(Note 2)
Bits Bit attributes
(Note 1)
b7 b6 b5 b4 b3 b2 bl bo Contents immediately after reset release
: 0 1 1 | CPU mode register (CPUM) [Address : 3B 16]
B Name Function At rESEQ R W
T A A Processor mode bits "8“90 : Single-chip mode ots
i i i i i i o 1 %(1) Not available 0 [o}¥e)
A 2 [stack page selection bit RIREE 0 |00
s 3 |Nothing arranged for these bits. These are write disabled 0 o:o
e 4 |bits. When these bits are read out, the contents are “0.” o lo'o
i 5 |Fix this bit to “0.” 1 |oio
Poobemm e 6 |Main clock (Xin-Xour) stop bit ?igt%%ré‘é'é‘g o_|oio
*************************** 7 |Internal system clock selection bit | %nXgur selected | o |00
-: Bit in which nothing is arranged |:|: Bit that is not used for control of the corresponding function
Note 1:. Contents immediately after reset release
“0” at reset release
“1” at reset release
... Undefined at reset release
Contents determined by option at reset release
Note 2: Bit attributes......... The attributes of control register bits are classified into 3 bytes : read-only, write-
only and read and write. In the figure, these attributes are represented as follows :
R....... Read W......Write
O...... Read enabled O ..... Write enabled
O Read disabled O...... Write disabled
O “0” write
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HARDWARE

DESCRIPTION/FEATURES/APPLICATION

DESCRIPTION

The 7540 Group is the 8-bit microcomputer based on the 740 fam-
ily core technology.

The 7540 Group has a serial I/O, 8-bit timers, a 16-bit timer, and
an A-D converter, and is useful for control of home electric appli-
ances and office automation equipment.

FEATURES
«+ Basic machine-language insStructions ............ccccocoeeriivininennns 71
« The minimum instruction execution time ..............ccccc...... 0.34 ps

(at 6 MHz oscillation frequency, double-speed mode for the
shortest instruction)

+ Memory Size ROM ......coocuiiiiiiiiiiieeeieee e, 8 K to 32 K bytes
RAM .o 384 to 768 bytes
» Programmable I/O ports .........cccceeeennee 29 (25 in 32-pin version)

Interrupts .. 15 sources, 15 vectors
................................. (14 sources, 14 vectors for 32-pin version)

o TIMEIS (.o 8-bit 0 4

.................................................................. 16-bit 0 1
« Serial I/O1 .......cccuvenee. 8-bit 0 1 (UART or Clock-synchronized)
« Serial /02 (Note 1) ....cccccevvenennne. 8-bit O 1 (Clock-synchronized)

A-D CONVEIEr ...oooiiiieiiiiie e 10-bit O 8 channels
.................................................... (6 channels for 32-pin version)
Clock generating CirCUIt ..........cuvveeeiiiiiieeeeiiiee e Built-in type
(low-power dissipation by a ring oscillator enabled)

(connect to external ceramic resonator or quartz-crystal oscilla-
tor permitting RC oscillation)

Watchdog timer .......coooiiiiiiiie e 16-bit 0 1
Power source voltage

XIN oscillation frequency at ceramic oscillation, in double-speed mode

ALB MHZ .o 45t055V
XIN oscillation frequency at ceramic oscillation, in high-speed mode
ALB MHZ .o 40to55V
AL A MHZ oo 24t055V
AL 2 MHZ oo 22t055V

XIN oscillation frequency at RC oscillation in high-speed mode or
middle-speed mode

AtAMHZ ..., 40t055V
At2 MHz ... ..241055V
AtIMHZ ..o, 22to55V

Power dissipation

Mask ROM version ............ 22.5 mW (standard)
One Time PROM VErsion ........ccccceevieeeniineens 30 mW (standard)
Operating temperature range ..........cccocveeerveenieeennns —-201t0 85 °C
(—40 to 85 °C for extended operating temperature version)

(-40 to 125 °C for extended operating temperature 125 °C ver-
sion (Note 2))

APPLICATION

Office automation equipment, factory automation equipment,
home electric appliances, consumer electronics, car, etc.

Notes 1: Serial /02 can be used in the following cases;
(1) Serial /01 is not used,
(2) Serial 1/01 is used as UART and BRG output divided by 16 is
selected as the synchronized clock.

2: In this version, the operating temperature range and total time
are limited as follows;
55 °C to 85 °C: within total 6000 hours,
85 °C to 125 °C: within total 1000 hours.
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HARDWARE
PIN CONFIGURATION

PIN CONFIGURATION (TOP VIEW)

i
EE B
2D 2
cdookER
><N>-SZ
EEESL=
© 0w O N I 9O Ix
OO0 0 0000 Mm
aaaoaoaaoaon

HEEEEEEE

P07 <=Dsl  \37540Mx-XXXGP =" P34(LEDs)

PLoRD1 =>Lsl  \137540MxT-XXXGP P+ P33(LED3)
PL/TOL ==zl - yazesomey-xxxgp 4= P32(LED?)
P12/Scik1/Scik2 <==[5g] 12| <> P331(LED1)

P13/SRrpY1/SpATA2 <[] M S;ASiZ)?;BOTE;?(I)D( GP [ 1o] <> P30(LEDo)
P14/CNTRo <[] ’ 1l vss
P20/ANo <> [a1] M37540E8V-XXXGP Td— Xour

P21/AN1 QE O 34_ XIN

0 3 Y

P22/AN2 <>
P23/AN3 <>
P24/AN4 <>
P25/AN5 <>
VREF —*
RESET —
CNVss —
Vcc

Package type: 32P6U-A

Fig. 1 Pin configuration (32P6U-A type)

P12/ScLki/ScLk2 <> [1 | [36] ~—= P11/TxD1
P13/SRDY1/SDATA2 <> [2 O [35] = P1o/RxD1
P14/CNTRo <> [3 | [3a] < PO7
P20/ANo < [4 [ 33] = POs
<< <
P21/AN1‘—’|Ecﬁﬁgcﬂcdg 32] < POs
P2/AN2 > [6 | N I 31 o1 o1 O [31] «—> pQs
P2s/ANs+— [7 | B B B B B B [30] «> P03/TXour
O0O0OO00O
PoANa~~ B lmmm=<= <= [2] ~ P02/TZour
P2s/ANs — [0 | 2 & O X% [28] = POU/TYour
P26/ANs ~— [10 | % 0 0 X [27] == PO0/CNTR1
poraNy — R K LXK [~ PN
VRer — [12] X é X X T [28] = P3s(LEDs)/INT:
RESET — [2|HJ g D 10 [2] < p3s(LEDs)
T TT
CNVss — [14] 23| +> P34(LED4)
vee [15] 22] <= P33(LED3)
Xin — [16] 21] ~— P32(LED2)
Xout «— [17] Q 20] = p3y(LED1)
Vss (18] 19] <= p3y(LEDo)

Packaae tvpe: 36P2R-A

Fig. 2 Pin configuration (36P2R-A type)
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HARDWARE
PIN CONFIGURATION

P12/ScLk1/ScLk2 <[]
P13/SRDY1/SDATA2 <a-3=[ |
P14/CNTRo - [3]
P20/ANo < [4]
P21/AN1 <[5
P22/AN2 <[]
P23/AN3 <7
P24/AN4 <»[8]
P25/ANs <[]

VReF —» [10]
RESET— [}
CNVss—» E

Vce [E
XiN—»=[14]

XouT<e— [E

Vss [E

OC(

dSX30vS.LEN
dSXXX-XINOVSLEN

O

32| <> P11/TxD1
3] <> P10/RxD1
[30] <= P07

[2d <> P06

26| < P05

[27] <> P04

[26] <> PO3/TXouT
25| <« P02/TZouT
24 <= PO1/TYoUT
(23] <«»PO00/CNTR1
[22] <« P37/INTo
[21] < p34(LED4)

[20] <t P33(LED3)
[19] <« P32(LED2)

(15| <> P31(LED1)
[17] <> P30(LEDO0)

Package type: 32P4B

Fig. 3 Pin configuration (32P4B-A type)

P14/CNTRO«— [1 | ~ [42] «— P13/SRDY1/SDATA2
NC [ [41] <= P12/SCLK1/SCLK2
NC ] [40] < P11/TxD1
P20/ANo «+— [2_| [39] <= P1o/RxD1
P21/AN1+—> [5 [38] < PO7
NC [6 ] [37] ~—— POs
P22/AN2 «—> [7_| [36] < POs
P23/AN3 < [8_| Z [35] «— P04
P24/AN4 «— [9_| w [34] <= PO0s/TXout
P25/AN5 «— [10 | a [33] +> P02/TZout
P26/AN6 «— [11 | N [32] <> POY/TYour
P27/AN7 ~— [12] o [3L] <= PO0/CNTR1
NC  [5] A ]  NC
NC  [14] n [29] <= P37/INTo
VREF — [15 | n [28] < P36(LED6)/INT1
RESET — [16]] [27] <> P3s(LEDs)
CNVss — [17] [26] «—= P34(LED4)
vee [ [25] = P33(LED3)
XiN— [19] [24] +—~ P32(LED2)
Xout «— [20]] [23] <~ P31(LED1)
Vss  [21] [22] +—> P3o(LEDo)

Outline 42S1M

Fig. 4 Pin configuration (42S1M type)

1-4

7540 Group User’s Manual




HARDWARE

FUNCTIONAL BLOCK

FUNCTIONAL BLOCK
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Fig. 5 Functional block diagram (32P6U package)
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HARDWARE

PIN DESCRIPTION

PIN DESCRIPTION

Table 1 Pin description

Pin Name Function [ Function expect a port function
Vcce, Vss Power source *Apply voltage of 2.2 to 5.5 V to Vcc, and 0 V to Vss.
(Note 1)
VREF Analog reference | *Reference voltage input pin for A-D converter
voltage
CNVss CNVss «Chip operating mode control pin, which is always connected to Vss.
RESET Reset input *Reset input pin for active “L”
XIN Clock input sInput and output pins for main clock generating circuit
«Connect a ceramic resonator or quartz crystal oscillator between the XIN and XouT pins.
XOoUT Clock output «For using RC oscillator, short between the XIN and XouT pins, and connect the capacitor and resistor.
«If an external clock is used, connect the clock source to the XIN pin and leave the XouT pin open.
* When the ring oscillator is selected as the main clock, connect XIN pin to Vss and leave XouT open.
PO0/CNTR1 1/0 port PO «8-bit 1/0 port. « Key-input (key-on wake up
PO1/TYouT «1/O direction register allows each pin to be individually pro-| Interruptinput) pins
P02/TZout grammed as either input or output. « Timer Y, timer Z, timer X and
Egi/_TP)E)(;UT +CMOS compatible input level timer A function pin
*CMOS 3-state output structure
*Whether a built-in pull-up resistor is to be used or not can be de-
termined by program.
P1o/RxD1 I/0 port P1 *5-bit 1/0 port * Serial 1/01 function pin
PL/TXDL /O direction register allows each pin to be individually pro-
P12/ScLK1/ScLK2 grammed as either input or output. « Serial 1/01 function pin
P13/SRDY1/SDATA2 «CMOS compatible input level « Serial 1/02 function pin
P14/CNTRo «CMOS 3-state output structure « Timer X function pin
*CMOS/TTL level can be switched for P1o, P12 and P13
P20/AN0-P27/AN7 | /O port P2 «8-hit 1/0O port having almost the same function as PO « Input pins for A-D converter
(Note 2) *CMOS compatible input level
*CMOS 3-state output structure
P30-P35 1/0 port P3 «8-hit 1/0O port
(Note 3) «|/O direction register allows each pin to be individually programmed as either input or output.
*CMOS compatible input level (CMOS/TTL level can be switched for P36 and P37).
*CMOS 3-state output structure
*P30 to P36 can output a large current for driving LED.
P36/INT1 *Whether a built-in pull-up resistor is to be used or not can be de- | * Interrupt input pins
P37/INTo termined by program.

Notes 1: Vcc = 2.4 to 5.5 V for the extended operating temperature version and the extended operating temperature 125 °C version.
2: P26/AN6 and P27/AN7 do not exist for the 32-pin version, so that Port P2 is a 6-bit I/0O port.
3: P35 and P36/INT1 do not exist for the 32-pin version, so that Port P3 is a 6-bit I/O port.
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GROUP EXPANSION
Mitsubishi plans to expand the 7540 group as follow:

Memory type
Support for Mask ROM version, One Time PROM version, and
Emulator MCU .

HARDWARE

GROUP EXPANSION

Memory size
ROM/PROM SiZ€ ....ooiiiiiiiieiiiiiiee et 8 K to 32 K bytes

RAM size 384 to 768 bytes
Package

32P4B . 32-pin plastic molded SDIP
32P6U-A ... 0.8 mm-pitch 32-pin plastic molded LQFP
36P2R-A ..o 0.8 mm-pitch 36-pin plastic molded SSOP
42SIM .o 42-pin shrink ceramic PIGGY BACK

ROM size
(bytes)

16K

» \ EEREY

o

32K |- == mmm e

Under development _——=
--------------------- M37540E8T

Under development ___————eu
M3754OE8V>

M37540E8

O

0 384

Note: Products under developmenteesthe development schedule and
specification may be revised without notice.

1

RAM size
(bytes)

512 768

Fig. 8 Memory expansion plan
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HARDWARE

GROUP EXPANSION

Currently supported products are listed below.

Table 2 List of supported products

Product ®) RO_M size (bytes) |RAM size Package Remarks
ROM size for User () | (bytes)
M37540M2-XXXSP 8192 384 32P4B |Mask ROM version
M37540M2-XXXFP (8062) 36P2R-A |Mask ROM version
M37540M2T-XXXFP Mask ROM version (extended operating temperature version)
M37540M2V-XXXFP Mask ROM version (extended operating temperature 125 °C version)
M37540M2-XXXGP 32P6U-A |Mask ROM version
M37540M2T-XXXGP Mask ROM version (extended operating temperature version)
M37540M2V-XXXGP Mask ROM version (extended operating temperature 125 °C version)
M37540M4-XXXSP 16384 512 32P4B |Mask ROM version
M37540M4-XXXFP (16254) 36P2R-A |Mask ROM version
M37540M4T-XXXFP Mask ROM version (extended operating temperature version)
M37540M4V-XXXFP Mask ROM version (extended operating temperature 125 °C version)
M37540M4-XXXGP 32P6U-A |Mask ROM version
M37540M4T-XXXGP Mask ROM version (extended operating temperature version)
M37540M4V-XXXGP Mask ROM version (extended operating temperature 125 °C version)
M37540E2SP* 8192 384 32P4B |One Time PROM version (blank)
M37540E2FP* (8062) 36P2R-A |One Time PROM version (blank)
M37540E2GP* 32P6U-A |One Time PROM version (blank)
M37540E8SP 32768 768 32P4B |One Time PROM version (blank)
M37540E8FP (32638) 36P2R-A |One Time PROM version (blank)
M37540E8T-XXXFP* One Time PROM version
(shipped after programming, extended operating temperature version)
M37540E8V-XXXFP* One Time PROM version (shipped after programming, extended
operating temperature 125 °C version)
M37540E8GP 32P6U-A |One Time PROM version (blank)
M37540E8T-XXXGP* One Time PROM version
(shipped after programming, extended operating temperature version)
M37540E8V-XXXGP* One Time PROM version (shipped after programming, extended
operating temperature 125 °C version)
M37540RSS 768 42S1IM  |[Emulator MCU

*: Under development

1-10
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FUNCTIONAL DESCRIPTION

Central Processing Unit (CPU)

The MCU uses the standard 740 family instruction set. Refer to
the table of 740 family addressing modes and machine-language
instructions or the SERIES 740 <SOFTWARE> USER’S MANUAL
for details on each instruction set.

Machine-resident 740 family instructions are as follows:

1. The FST and SLW instructions cannot be used.

2. The MUL and DIV instructions can be used.

3. The WIT instruction can be used.

4. The STP instruction can be used.

This instruction cannot be used while CPU operates by a ring os-
cillator.

Accumulator (A)
The accumulator is an 8-bit register. Data operations such as data
transfer, etc., are executed mainly through the accumulator.

Index register X (X), Index register Y (Y)

Both index register X and index register Y are 8-bit registers. In
the index addressing modes, the value of the OPERAND is added
to the contents of register X or register Y and specifies the real
address.

When the T flag in the processor status register is set to “1”, the
value contained in index register X becomes the address for the
second OPERAND.

HARDWARE

FUNCTIONAL DESCRIPTION

Stack pointer (S)

The stack pointer is an 8-bit register used during subroutine calls
and interrupts. The stack is used to store the current address data
and processor status when branching to subroutines or interrupt
routines.

The lower eight bits of the stack address are determined by the
contents of the stack pointer. The upper eight bits of the stack ad-
dress are determined by the Stack Page Selection Bit. If the Stack
Page Selection Bit is “0”, then the RAM in the zero page is used
as the stack area. If the Stack Page Selection Bit is “1”, then RAM
in page 1 is used as the stack area.

The Stack Page Selection Bit is located in the SFR area in the
zero page. Note that the initial value of the Stack Page Selection
Bit varies with each microcomputer type. Also some microcom-
puter types have no Stack Page Selection Bit and the upper eight
bits of the stack address are fixed. The operations of pushing reg-
ister contents onto the stack and popping them from the stack are
shown in Fig. 9.

Program counter (PC)
The program counter is a 16-bit counter consisting of two 8-bit
registers PCH and PCL. It is used to indicate the address of the
next instruction to be executed.

b7 b0
| A
b7 b0
| X
b7 b0
| Y
b7 b0
| s

b15 b7 b0

PCH | PCL

b7 b0

| Accumulator

| Index Register X
| Index Register Y
| Stack Pointer

| Program Counter

[N|V[T[B|D[1]Z]|C| Processor Status Register (PS)

Carry Flag

—— Zero Flag

Interrupt Disable Flag

Decimal Mode Flag

Break Flag
Index X Mode Flag

Overflow Flag

Negative Flag

Fig. 9 740 Family CPU register structure

7540 Group User’s Manual
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HARDWARE

FUNCTIONAL DESCRIPTION

Interrupt request
(Note)

On-going Routine

I

Execute JSR

Store Return Address
on Stack

Execute RTS

M (S) <« (PCH)
(S) «(5-1)
M (S)< (PCL)

1

Restore Return
Address

[

Store Return Address
on Stack

M (S)<« (PCL)

) «(S-1)
M (S)< (PS)

Store Contents of Processor
Status Register on Stack

Interrupt
Service Routine

| Flag “0" to “1”
Execute RTI Fetch the Jump Vector

Restore Contents of
Processor Status Register

Restore Return
Address

Note : The condition to enable the interrupt —>Interrupt enable bit is “1”

Interrupt disable flag is “0”

Fig. 10 Register push and pop at interrupt generation and subroutine call

Table 3 Push and pop instructions of accumulator or processor status register

Push instruction to stack

Pop instruction from stack

Accumulator

PHA

PLA

Processor status register

PHP

PLP

1-12
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Processor status register (PS)

The processor status register is an 8-bit register consisting of
flags which indicate the status of the processor after an arithmetic
operation. Branch operations can be performed by testing the
Carry (C) flag, Zero (Z) flag, Overflow (V) flag, or the Negative (N)
flag. In decimal mode, the Z, V, N flags are not valid.

After reset, the Interrupt disable (l) flag is set to “1”, but all other
flags are undefined. Since the Index X mode (T) and Decimal
mode (D) flags directly affect arithmetic operations, they should
be initialized in the beginning of a program.

(1) Carry flag (C)

The C flag contains a carry or borrow generated by the arithmetic
logic unit (ALU) immediately after an arithmetic operation. It can
also be changed by a shift or rotate instruction.

(2) Zero flag (2)

The Z flag is set if the result of an immediate arithmetic operation
or a data transfer is “0”, and cleared if the result is anything other
than “0”.

(3) Interrupt disable flag (l)

The | flag disables all interrupts except for the interrupt generated
by the BRK instruction. Interrupts are disabled when the | flag is
‘1.

When an interrupt occurs, this flag is automatically set to “1” to
prevent other interrupts from interfering until the current interrupt
is serviced.

(4) Decimal mode flag (D)

The D flag determines whether additions and subtractions are ex-
ecuted in binary or decimal. Binary arithmetic is executed when
this flag is “0”; decimal arithmetic is executed when it is “1”.
Decimal correction is automatic in decimal mode. Only the ADC
and SBC instructions can be used for decimal arithmetic.

HARDWARE

FUNCTIONAL DESCRIPTION

(5) Break flag (B)

The B flag is used to indicate that the current interrupt was gener-
ated by the BRK instruction. The BRK flag in the processor status
register is always “0”. When the BRK instruction is used to gener-
ate an interrupt, the processor status register is pushed onto the
stack with the break flag set to “1”. The saved processor status is
the only place where the break flag is ever set.

(6) Index X mode flag (T)

When the T flag is “0”, arithmetic operations are performed be-
tween accumulator and memory, e.g. the results of an operation
between two memory locations is stored in the accumulator. When
the T flag is “1”, direct arithmetic operations and direct data trans-
fers are enabled between memory locations, i.e. between memory
and memory, memory and I/O, and I/O and I/O. In this case, the
result of an arithmetic operation performed on data in memory lo-
cation 1 and memory location 2 is stored in memory location 1.
The address of memory location 1 is specified by index register X,
and the address of memory location 2 is specified by normal ad-
dressing modes.

(7) Overflow flag (V)

The V flag is used during the addition or subtraction of one byte
of signed data. It is set if the result exceeds +127 to -128. When
the BIT instruction is executed, bit 6 of the memory location oper-
ated on by the BIT instruction is stored in the overflow flag.

(8) Negative flag (N)

The N flag is set if the result of an arithmetic operation or data
transfer is negative. When the BIT instruction is executed, bit 7 of
the memory location operated on by the BIT instruction is stored in
the negative flag.

Table 4 Set and clear instructions of each bit of processor status register

C flag Z flag | flag D flag B flag T flag V flag N flag
Set instruction SEC - SEI SED - SET - -
Clear instruction CLC - CLI CLD — CLT CLvV —
7540 Group User’s Manual 1-13



HARDWARE

FUNCTIONAL DESCRIPTION

[CPU mode register] CPUM

The CPU mode register contains the stack page selection bit.

This register is allocated at address 003B16.

Switching method of CPU mode register
Switch the CPU mode register (CPUM) at the head of program af- 25 }Nmava"ab‘e
ter releasing Reset in the following method. ta

CPU mode register
(CPUM: address 003B 16, initial value: 8016)

Processor mode bits (Note 1)
bl b0
0 0 Single-chip mode
0 1

Stack page selection bit
0 : 0 page
1 : 1 page

Ring oscillator oscillation control bit
0 : Ring oscillator oscillation enabled
1 : Ring oscillator oscillation stop

XIN oscillation control bit
0 : Ceramic or RC oscillation enabled
1 : Ceramic or RC oscillation stop

Oscillation mode selection bit (Note 1)
0 : Ceramic oscillation
1 : RC oscillation

Clock division ratio selection bits
b6

0 : f(¢) = f(XIN)/2 (High-speed mode)
1 : f(g) = f(XIN)/8 (Middle-speed mode)

0 : applied from ring oscillator

1 : f(¢) = f(XIN) (Double-speed mode)(Note 2)

Note 1: The bit can be rewritten only once after releasing reset. After rewriting
it is disable to write any data to the bit. However, by reset the bit is
initialized and can be rewritten, again.

(It is not disable to write any data to the bit for emulator MCU
“M37540RSS".)

2: These bits are used only when a ceramic oscillation is selected.
Do not use these when an RC oscillation is selected.

Fig. 11 Structure of CPU mode register

( After releasing reset )

Switch the oscillation mode
selection bit (bit 5 of CPUM)

'

Wait by ring oscillator operation until
establishment of oscillator clock

Y

Switch the clock division ratio
selection bits (bits 6 and 7 of CPUM)

Y

Main routine

Start with a built-in ring oscillator

An initial value is set as a ceramic
oscillation mode. When it is switched to an
RC oscillation, its oscillation starts.

When using a ceramic oscillation, wait until
establlishment of oscillation from oscillation starts.
When using an RC oscillation, wait time is not
required basically (time to execute the instruction to
switch from a ring oscillator meets the requirement).

Select 1/1, 1/2, 1/8 or ring oscillator.

Fig. 12 Switching method of CPU mode register
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Memory

Special function register (SFR) area

The SFR area in the zero page contains control registers such as
1/0 ports and timers.

RAM
RAM is used for data storage and for a stack area of subroutine
calls and interrupts.

ROM
The first 128 bytes and the last 2 bytes of ROM are reserved for
device testing and the rest is a user area for storing programs.

Interrupt vector area
The interrupt vector area contains reset and interrupt vectors.

HARDWARE

FUNCTIONAL DESCRIPTION

Zero page

The 256 bytes from addresses 000016 to OOFF16 are called the
zero page area. The internal RAM and the special function regis-
ters (SFR) are allocated to this area.

The zero page addressing mode can be used to specify memory
and register addresses in the zero page area. Access to this area
with only 2 bytes is possible in the zero page addressing mode.

Special page

The 256 bytes from addresses FF0016 to FFFF16 are called the
special page area. The special page addressing mode can be
used to specify memory addresses in the special page area. Ac-
cess to this area with only 2 bytes is possible in the special page
addressing mode.

RAM
RAM area
RAM capacity address
(bytes) XXXX16
384 01BFis
512 023F16
768 033F16
ROM
ROM area
ROM capacity address address
(bytes) YYYY16 727716
8192 E00016 E08016
16384 C00016 C08016
32768 800016 808016

000016
SFR area
004016 Zero page
010016
XXXX16
Reserved area
044016
Not used
TYYYY1s
Reserved ROM area
(128 bytes)
277716
FF0016 T
FFDC1e Special page
Interrupt vector area
FFFE1s
| FFFF1s Reserved ROM area ]

Fig. 13 Memory map diagram

7540 Group User’s Manual
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HARDWARE

FUNCTIONAL DESCRIPTION

000016 | Port PO (P0) 002016 | Timer Y, Z mode register (TYZM)

000116 | Port PO direction register (POD) 002116 | Prescaler Y (PREY)

000216 | Port P1 (P1) 002216 | Timer Y secondary (TYS)

000316 | Port P1 direction register (P1D) 002316 | Timer Y primary (TYP)

000416 | Port P2 (P2) 002416 | Timer Y, Z waveform output control register (PUM)

000516 | Port P2 direction register (P2D) 002516 | Prescaler Z (PREZ)

000616 | Port P3 (P3) 002616 | Timer Z secondary (TZS)

000716 | Port P3 direction register (P3D) 002716 | Timer Z primary (TZP)

000816 002816 | Prescaler 1 (PRE1)

000916 002916 | Timer 1 (T1)

000A16 002A16 | One-shot start register (ONS)

000B16 002B16 | Timer X mode register (TXM)

000C16 002C16 | Prescaler X (PREX)

000D16 002D16 | Timer X (TX)

000E1s 002E16 | Timer count source set register (TCSS)

000F16 002F16

001016 003016 | Serial I/02 control register (SIO2CON)

001116 003116 | Serial I/O2 register (SI02)

001216 003216

001316 003316

001416 003416 | A-D control register (ADCON)

001516 003516 | A-D conversion register (low-order) (ADL)

001616 | Pull-up control register (PULL) 003616 | A-D conversion register (high-order) (ADH)

001716 | Port P1P3 control register (P1P3C) 003716

001816 | Transmit/Receive buffer register (TB/RB) 003816 | MISRG

001916 | Serial I/O1 status register (SIO1STS) 003916 | Watchdog timer control register (WDTCON)

001A16 | Serial I/01 control register (SIO1CON) 003A16 | Interrupt edge selection register (INTEDGE)

001B16 | UART control register (UARTCON) 003B16 | CPU mode register (CPUM)

001C16 | Baud rate generator (BRG) 003C16 | Interrupt request register 1 (IREQ1)

001D16 | Timer A mode register (TAM) 003D16 | Interrupt request register 2 (IREQ2)

001E16 | Timer A (low-order) (TAL) 003Ez16 | Interrupt control register 1 (ICON1)

001F16 | Timer A (high-order) (TAH) 003F16 | Interrupt control register 2 (ICON2)
Note : Do not access to the SFR area including nothing.

Fig. 14 Memory map of special function register (SFR)
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I/O Ports

[Direction registers] PiD

The 1/0 ports have direction registers which determine the input/
output direction of each pin. Each bit in a direction register corre-
sponds to one pin, and each pin can be set to be input or output.
When “1” is set to the bit corresponding to a pin, this pin becomes
an output port. When “0” is set to the bit, the pin becomes an in-
put port.

When data is read from a pin set to output, not the value of the pin
itself but the value of port latch is read. Pins set to input are float-
ing, and permit reading pin values.

If a pin set to input is written to, only the port latch is written to and
the pin remains floating.

HARDWARE

FUNCTIONAL DESCRIPTION

[Pull-up control register] PULL

By setting the pull-up control register (address 001616), ports PO
and P3 can exert pull-up control by program. However, pins set to
output are disconnected from this control and cannot exert pull-up
control.

[Port P1P3 control register] P1P3C

By setting the port P1P3 control register (address 001716), a
CMOS input level or a TTL input level can be selected for ports
Plo, P12, P13, P3s, and P37 by program.

b7 b0

Pull-up control register
(PULL: address 0016 16, initial value: 0016)

I— POo pull-up control bit

PO1 pull-up control bit

P02, P03 pull-up control bit
P04 — P07 pull-up control bit
P30 — P33 pull-up control bit
P34 pull-up control bit

P3s, P36 pull-up control bit

P37 pull-up control bit

Note 1: Pins set to output ports are disconnected from pull-up control.
2: Set the P35, P36 pull-up control bit to “1” (initial value: “0”) for 32-pin version.

0 : Pull-up Off
1: Pull-up On

Fig. 15 Structure of pull-up control register

b7 b0

to “0” (initial value) for 32-pin version.

Port P1P3 control register
(P1P3C: address 0017 16, initial value: 00 16)

I— P37/INTo input level selection bit
0: CMOS level
1:TTL level

P36/INT1 input level selection bit

0 : CMOS level
1:TTL level

P1o,P12,P13 input level selection bit
0 : CMOS level
1:TTL level

Not used

Note: Keep setting the P36/INT1 input level selection bit

Fig. 16 Structure of port P1P3 control register
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HARDWARE

FUNCTIONAL DESCRIPTION

Table 5 1/0 port function table

Pin Name Input/output I/O format Non-port function Related SFRs Diagram No.
PO0/CNTR1 I/O port PO |1/O individual [+CMOS compatible Key input interrupt Pull-up control register 1)
PO1/TYouTt bits input level Timer X function output Timer Y mode register 2)
P02/TZout «CMOS 3-state output Timer Y function output Timer Z mode register 3)
PO3/TXouTt (Note 1) Timer Z function output Timer X mode register 4)
P04—PO0O7 Timer A function input Timer Y,Z waveform

output control register

Timer A mode register
P1lo/RxD1 I/O port P1 Serial /01 function Serial /01 control register (5)
P11/TxD1 input/output (6)
P12/ScLK1/ScLk2 Serial 1/02 function Serial /01 control register ()
P13/SRDY1/SDATA2 input/output Serial /02 control register 8)
P14/CNTRo Timer X function input/output | Timer X mode register 9)
P20/ANo0- 1/0O port P2 A-D conversion input A-D control register (20)
P27/AN7 (Note 2)
P30-P3s5 1/0O port P3 (12)
P36/INT1 (Note 3) External interrupt input Interrupt edge selection (12)
P37/INTo register

Notes 1: Ports Plo, P12, P13, P36, and P37 are CMOS/TTL level.
2: P26/AN6 and P27/AN7 do not exist for the 32-pin version.
3: P35 and P36/INT1 do not exist for the 32-pin version.
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HARDWARE

FUNCTIONAL DESCRIPTION

(1)Port POo j

Pull-up control
Direction
register

fﬂ Port latch | DJj'

Data bus

~N
CNTRu interrupt input

To key input interrupt
generating circuit

(3)Port P03

Pull-up control
Direction
register

Data bus ——>Q Port latch
Timer oulput%

/

PO3/TXoUT

PO0o key-on wakeup
selection bit generating circuit

:}—0—0
4D_‘;1 Data bus —{_Port latch_} D_‘

(2)Ports P01, P02

Pull-up control
Direction
register

Port latch

Pulse output mode t
Timer output*{\)

(4)Ports P04-P07

=
:;l Pull-up control
et

To key input interrupt 4_@*

TE(I)

3
i
1

~N

j output valid
4

To key input interrupt
generating circuit

(5)Port P1o

Serial 1/01 enable bit
Receive enable bit

Direction
I register I
I Port latch l

Data bus

P1lo, P12

4—@:_

input level Data bus
A selection bit

generating circuit

(6)Port P11
P11/TxD1 P-channel output disable bit D"
j Serial /01 enable bith
Transmit enable bit
3o

Direction
register

, P13

To key input interrupt @:

Port latch

(7)Port P12

Scik2 pin
selection bit

Serial I/01 synchronous
clock selection bit
Serial /01 enable bit

Serial /01 mode selection bit
Serial 1/01 enable bit

Direction
register

Serial 1/01 input j% N

Serial 1/01 output —{>—

Data bus —s—=| Port latch

~N
Serial 1/01, serial 1/02 clock output

Serial 1/01, serial 1/02 clock input <—

1

Plo, P12, P13
input level
selection bit

P10, P12, P13, P36, and P37 input level
When the TTL level is selected, there is

are switched to the CMOS/TTL level by the port P1P3 control register.
no hysteresis characteristics.

Fig. 17 Block diagram of ports (1)
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HARDWARE

FUNCTIONAL DESCRIPTION

(8) Port P13 (9) Port P14

Serial I/0O mode selection bit
Serial /01 enable bit
SroY1 output enable bit

Direction : ) ﬁ
register L Data bus
Eg
Data bus ﬁ'*i Port latch ‘ j'

<]
Pulse output mode l
Plo, P12, P13 Timer output 1>
input level ) i
~ selection bit CNTRo interrupt input

SbATA2 output in operation signal }D_
SpATA2 pin selection bit
%{} register

i
DT
b

Serial /01 ready output
Serial 1/02 output

Serial 1/02 input

(10) Ports P20-P27 (11) Ports P30-P3s

Direction
register

Data bus—¢t—*| Port latch ' 4DJ

Pull-up control
Direction
register

Data bus ——>Q Port ‘ DJ

latch

g

I
o

A-D converter input+——0—~0——— N
Analog input pin
selection bit

(12) Ports P3e, P37

Pull-up control j
=
Direction
register

Data bus——»‘ Port | ’ ] >°—|j'

latch

P3 input level
~N selection bit

INT interrupt input

* P10, P12, P13, P36, and P37 input level are switched to the CMOS/TTL level by the port P1P3 control register.
When the TTL level is selected, there is no hysteresis characteristics.

Fig.

18 Block diagram of ports (2)
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Interrupts
Interrupts occur by 15 different sources : 5 external sources, 9 in-
ternal sources and 1 software source.

Interrupt control

All interrupts except the BRK instruction interrupt have an interrupt

request bit and an interrupt enable bit, and they are controlled by

the interrupt disable flag. When the interrupt enable bit and the in-

terrupt request bit are set to “1” and the interrupt disable flag is set

to “0”, an interrupt is accepted.

The interrupt request bit can be cleared by program but not be set.

The interrupt enable bit can be set and cleared by program.

The reset and BRK instruction interrupt can never be disabled with

any flag or bit. All interrupts except these are disabled when the

interrupt disable flag is set.

When several interrupts occur at the same time, the interrupts are

received according to priority.

Interrupt operation

Upon acceptance of an interrupt the following operations are auto-

matically performed:

1. The processing being executed is stopped.

2. The contents of the program counter and processor status reg-
ister are automatically pushed onto the stack.

3. The interrupt disable flag is set and the corresponding interrupt
request bit is cleared.

4. Concurrently with the push operation, the interrupt destination
address is read from the vector table into the program counter.

Table 6 Interrupt vector address and priority

HARDWARE

FUNCTIONAL DESCRIPTION

m Notes on use

When setting the followings, the interrupt request bit may be set to
“17.

*When switching external interrupt active edge

Related register: Interrupt edge selection register (address
003A16)

Timer X mode register (address 2B16)

Timer A mode register (address 1D16)

When not requiring the interrupt occurrence synchronized with
these setting, take the following sequence.

O Set the corresponding interrupt enable bit to “0” (disabled).

0 Set the interrupt edge select bit (active edge switch bit).

O Set the corresponding interrupt request bit to “0” after 1 or
more instructions have been executed.

O Set the corresponding interrupt enable bit to “1” (enabled).

.. | Vector addresses (Note 1) . .
Interrupt source |Priority High-order | Low-order Interrupt request generating conditions Remarks

Reset (Note 2) 1 FFFD16 FFFC16 |Atreset input Non-maskable

Serial /01 receive 2 FFFB16 FFFA16 |At completion of serial /01 data receive Valid only when serial /01 is selected

Serial I/0O1 transmit 3 FFF916 FFF816 |At completion of serial /01 transmit shift or | Valid only when serial 1/01 is
when transmit buffer is empty selected

INTo 4 FFF716 FFF616 |At detection of either rising or falling edge of | External interrupt
INTo input (active edge selectable)

INT1 (Note 3) 5 FFF516 FFF416 | At detection of either rising or falling edge of | External interrupt
INT1 input (active edge selectable)

Key-on wake-up 6 FFF316 FFF216 |At falling of conjunction of input logical level | External interrupt (valid at falling)
for port PO (at input)

CNTRo 7 FFF116 FFFO16 | At detection of either rising or falling edge of | External interrupt
CNTRo input (active edge selectable)

CNTR1 8 FFEF16 FFEE16 |At detection of either rising or falling edge of | External interrupt
CNTR1 input (active edge selectable)

Timer X 9 FFED16 FFEC16 |Attimer X underflow

Timer Y 10 FFEB16 FFEA16 |Attimer Y underflow

Timer Z 11 FFE916 FFE816 |Attimer Z underflow

Timer A 12 FFE716 FFE616 |Attimer A underflow

Serial 1/102 13 FFE516 FFE416 |At completion of transmit/receive shift

A-D conversion 14 FFE316 FFE216 |At completion of A-D conversion

Timer 1 15 FFEl16 FFEO16 |Attimer 1 underflow STP release timer underflow

Reserved area 16 FFDF16 FFDE1s |Not available

BRK instruction 17 FFDD16 FFDCi16 |At BRK instruction execution Non-maskable software interrupt

Note 1: Vector addressed contain internal jump destination addresses.
2: Reset function in the same way as an interrupt with the highest priority.
3: Itis an interrupt which can use only for 36 pin version.
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Interrupt request bit ——]

Interrupt enable bit —

Interrupt disable flag ] ——9

BRK instruction
Reset

Interrupt request

Fig. 19 Interrupt control

b7

b0 Interrupt edge selection register
(INTEDGE : address 003A16, initial value : 0016)

INTO interrupt edge selection bit
0 : Falling edge active
1 : Rising edge active

INT1 interrupt edge selection bit
0 : Falling edge active
1: Rising edge active

Not used (returns “0” when read)

b7

P00 key-on wakeup enable bit
0 : Key-on wakeup enabled
1 : Key-on wakeup disabled

b0 Interrupt request register 1

(IREQL1 : address 003C16, initial value : 0016)

Serial I/01 receive interrupt request bit
Serial 1/01 transmit interrupt request bit
INTO interrupt request bit

INT1 interrupt request bit

Key-on wake up interrupt request bit
CNTRO interrupt request bit

CNTR1 interrupt request bit

b7

Timer X interrupt request bit

b0 Interrupt request register 2

(IREQ2 : address 003D16, initial value : 0016)

Timer Y interrupt request bit

Timer Z interrupt request bit

Timer A interrupt request bit

Serial I/02 interrupt request bit

A-D conversion interrupt request bit
Timer 1 interrupt request bit

b7

Not used (returns “0” when read)

b0 Interrupt control register 1

(ICON1 : address 003E16, initial value : 0016)

Serial I/01 receive interrupt enable bit
Serial 1/01 transmit interrupt enable bit
INTO interrupt enable bit

0 : No interrupt request issued
1 : Interrupt request issued

0 : No interrupt request issued
1 : Interrupt request issued

INT1 interrupt enable bit (Do not write “1” to this bit for 32-pin version)

Key-on wake up interrupt enable bit
CNTRO interrupt enable bit
CNTR1 interrupt enable bit

b7

Timer X interrupt enable bit

b0 Interrupt control register 2
(ICONZ2 : address 003F16, initial value : 0016)

Timer Y interrupt enable bit

Timer Z interrupt enable bit

Timer A interrupt enable bit

Serial 1/02 interrupt enable bit

A-D conversion interrupt enable bit
Timer 1 interrupt enable bit

Not used (returns “0” when read)
(Do not write “1” to this bit)

0 : Interrupts disabled
1 : Interrupts enabled

0 : Interrupts disabled
1: Interrupts enabled

Fig. 20 Structure of Interrupt-related registers
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Key Input Interrupt (Key-On Wake-Up)

A key-on wake-up interrupt request is generated by applying “L”
level to any pin of port PO that has been set to input mode.

In other words, it is generated when the AND of input level goes
from “1” to “0”. An example of using a key input interrupt is shown
in Figure 21, where an interrupt request is generated by pressing
one of the keys provided as an active-low key matrix which uses
ports P0Oo to P03 as input ports.

Port PXx
L “L" level output

PULL register

R — ey Port PO7
bit 3 50 Direction register = “1"
* * Port PO7 Key input interrupt request
PO7 output latch Il d
: Falling edge
. i B
Ek”g':(%%'srer Port P06
Direction register = “1”
* ? Port P06
P06 output latch
Falling edge
. 'z
Ei?'é';r.%g'sm Port P05
Direction register = “1”
* = Port P05
}] latch
P05 output i Falling edge
L] detection
EIIT(JIC; I;(%gi|ster Port P04
Direction register = “1”
* il Port P04
}l latch
P04 output i Falling edge
L] detection

PULL register
bit 2 =“1” Port P03

Direction register = “0” \ Port PO
* Port P03 Input read circuit
] }] latch
PO3 input . Falling edge
{1 .2 detection

PULL register
bit 2 =“1" Port P02

Direction register = “0”
* Port P02
. }] latch
P02 input ‘ Falling edge
] ) detection

%

|

%

O O i )
PULL register
bit 1 =“1" Port PO1
Direction register = “0”
* Port PO1
. ]i] latch
PO1 input ) Falling edge
O O {1} detection

PULL register
bit 0 = “1” Port POO

%

Direction register = “0”
?l Port P00
POo input lateh
Falling edge
< — Dl
Port P00 key-on wakeup
selection bit

* P-channel transistor for pull-up
** CMOS output buffer

Fig. 21 Connection example when using key input interrupt and port PO block diagram
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Timers

The 7540 Group has 5 timers: timer 1, timer A, timer X, timer Y
and timer Z.

The division ratio of every timer and prescaler is 1/(n+1) provided
that the value of the timer latch or prescaler is n.

All the timers are down count timers. When a timer reaches “0”, an
underflow occurs at the next count pulse, and the corresponding
timer latch is reloaded into the timer. When a timer underflows, the
interrupt request bit corresponding to each timer is set to “1”.

e Timer 1

Timer 1 is an 8-bit timer and counts the prescaler output.

When Timer 1 underflows, the timer 1 interrupt request bit is set to
“1".

Prescaler 1 is an 8-bit prescaler and counts the signal which is the
oscillation frequency divided by 16.

Prescaler 1 and Timer 1 have the prescaler 1 latch and the timer 1
latch to retain the reload value, respectively. The value of
prescaler 1 latch is set to Prescaler 1 when Prescaler 1
underflows.The value of timer 1 latch is set to Timer 1 when Timer
1 underflows.

When writing to Prescaler 1 (PREL1) is executed, the value is writ-
ten to both the prescaler 1 latch and Prescaler 1.

When writing to Timer 1 (T1) is executed, the value is written to
both the timer 1 latch and Timer 1.

When reading from Prescaler 1 (PRE1) and Timer 1 (T1) is ex-
ecuted, each count value is read out.

Timer 1 always operates in the timer mode.

Prescaler 1 counts the signal which is the oscillation frequency di-
vided by 16. Each time the count clock is input, the contents of
Prescaler 1 is decremented by 1. When the contents of Prescaler
1 reach “0016", an underflow occurs at the next count clock, and
the prescaler 1 latch is reloaded into Prescaler 1 and count contin-
ues. The division ratio of Prescaler 1 is 1/(n+1) provided that the
value of Prescaler 1 is n.

The contents of Timer 1 is decremented by 1 each time the under-
flow signal of Prescaler 1 is input. When the contents of Timer 1
reach “0016”, an underflow occurs at the next count clock, and the
timer 1 latch is reloaded into Timer 1 and count continues. The di-
vision ratio of Timer 1 is 1/(m+1) provided that the value of Timer
1 is m. Accordingly, the division ratio of Prescaler 1 and Timer 1 is
1/((n+1)0(m+1)) provided that the value of Prescaler 1 is n and
the value of Timer 1 is m.

Timer 1 cannot stop counting by software.

e Timer A

Timer A is a 16-bit timer and counts the signal which is the oscil-
lation frequency divided by 16. When Timer A underflows, the
timer A interrupt request bit is set to “1".

Timer A consists of the low-order of Timer A (TAL) and the high-or-
der of Timer A (TAH).

Timer A has the timer A latch to retain the reload value. The value
of timer A latch is set to Timer A at the timing shown below.

* When Timer A undeflows.

* When an active edge is input from CNTR1 pin (valid only when
period measurement mode and pulse width HL continuously mea-
surement mode).

When writing to both the low-order of Timer A (TAL) and the high-
order of Timer A (TAH) is executed, the value is written to both the
timer A latch and Timer A.

When reading from the low-order of Timer A (TAL) and the high-or-
der of Timer A (TAH) is executed, the following values are read out
according to the operating mode.

* In timer mode, event counter mode:

The count value of Timer A is read out.

« In period measurement mode, pulse width HL continuously mea-
surement mode:

The measured value is read out.

Be sure to write to/read out the low-order of Timer A (TAL) and the
high-order of Timer A (TAH) in the following order;

Read

Read the high-order of Timer A (TAH) first, and the low-order of
Timer A (TAL) next and be sure to read out both TAH and TAL.
Write

Write to the low-order of Timer A (TAL) first, and the high-order of
Timer A (TAH) next and be sure to write to both TAL and TAH.

Timer A can be selected in one of 4 operating modes by setting
the timer A mode register.

(1) Timer mode

Timer A counts the oscillation frequency divided by 16. Each time
the count clock is input, the contents of Timer A is decremented by
1. When the contents of Timer A reach “000016”, an underflow oc-
curs at the next count clock, and the timer A latch is reloaded into
Timer A. The division ratio of Timer A is 1/(n+1) provided that the
value of Timer Ais n.

(2) Period measurement mode

In the period measurement mode, the pulse period input from the
PO0/CNTR1 pin is measured.

CNTR1 interrupt request is generated at rising/falling edge of
CNTR1 pin input singal. Simultaneousuly, the value in the timer A
latch is reloaded inTimer A and count continues. The active edge
of CNTR1 pin input signal can be selected from rising or falling by
the CNTR1 active edge switch bit .The count value when trigger
input from CNTR1 pin is accepted is retained until Timer A is read
once.
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(3) Event counter mode

Timer A counts signals input from the POo/CNTR1 pin.

Except for this, the operation in event counter mode is the same
as in timer mode.

The active edge of CNTR1 pin input signal can be selected from
rising or falling by the CNTR1 active edge switch bit .

(4) Pulse width HL continuously measurement mode

In the pulse width HL continuously measurement mode, the pulse
width (“H” and “L” levels) input to the POo/CNTR1 pin is measured.
CNTRu1 interrupt request is generated at both rising and falling
edges of CNTR1 pin input signal. Except for this, the operation in
pulse width HL continuously measurement mode is the same as in
period measurement mode.

The count value when trigger input from the CNTR1 pin is ac-
cepted is retained until Timer A is read once.

Timer A can stop counting by setting “1” to the timer A count stop
bit in any mode.

Also, when Timer A underflows, the timer A interrupt request bit is
set to “1”.

Note on Timer A is described below;

m Note on Timer A

CNTR1 interrupt active edge selection

CNTR1 interrupt active edge depends on the CNTR1 active edge
switch bit.

When this bit is “0”, the CNTR1 interrupt request bit is set to “1” at
the falling edge of the CNTR1 pin input signal. When this bit is “1”,
the CNTRu1 interrupt request bit is set to “1” at the rising edge of
the CNTR1 pin input signal.

However, in the pulse width HL continuously measurement mode,
CNTRu1 interrupt request is generated at both rising and falling
edges of CNTR1 pin input signal regardless of the setting of
CNTR1 active edge switch bit.

Timer A mode register
(TAM : address 001D s, initial value: 0016)

Not used (return “0” when read)

Timer A operating mode bits

b5 b4

0 0: Timer mode

0 1:Period measurement mode

1 0:Event counter mode

1 1:Pulse width HL continuously

measurement mode

CNTR1 active edge switch bit

0 : Count at rising edge in event counter mode
Measure the falling edge period in period
measurement mode
Falling edge active for CNTR1 interrupt

1: Count at falling edge in event counter mode
Measure the rising edge period in period
measurement mode
Rising edge active for CNTR1 interrupt

Timer A count stop bit

0 : Count start

1: Count stop

Fig. 22 Structure of timer A mode register

HARDWARE

FUNCTIONAL DESCRIPTION

e Timer X

Timer X is an 8-bit timer and counts the prescaler X output.

When Timer X underflows, the timer X interrupt request bit is set
to “1”.

Prescaler X is an 8-bit prescaler and counts the signal selected by
the timer X count source selection bit.

Prescaler X and Timer X have the prescaler X latch and the timer
X latch to retain the reload value, respectively. The value of
prescaler X latch is set to Prescaler X when Prescaler X
underflows.The value of timer X latch is set to Timer X when Timer
X underflows.

When writing to Prescaler X (PREX) is executed, the value is writ-
ten to both the prescaler X latch and Prescaler X.

When writing to Timer X (TX) is executed, the value is written to
both the timer X latch and Timer X.

When reading from Prescaler X (PREX) and Timer X (TX) is ex-
ecuted, each count value is read out.

Timer X can can be selected in one of 4 operating modes by set-
ting the timer X operating mode bits of the timer X mode register.

(1) Timer mode

Prescaler X counts the count source selected by the timer X count
source selection bits. Each time the count clock is input, the con-
tents of Prescaler X is decremented by 1. When the contents of
Prescaler X reach “0016”, an underflow occurs at the next count
clock, and the prescaler X latch is reloaded into Prescaler X and
count continues. The division ratio of Prescaler X is 1/(n+1) pro-
vided that the value of Prescaler X is n.

The contents of Timer X is decremented by 1 each time the under-
flow signal of Prescaler X is input. When the contents of Timer X
reach “0016”, an underflow occurs at the next count clock, and the
timer X latch is reloaded into Timer X and count continues. The di-
vision ratio of Timer X is 1/(m+1) provided that the value of Timer
X'is m. Accordingly, the division ratio of Prescaler X and Timer X is
1/((n+1)d(m+1)) provided that the value of Prescaler X is n and
the value of Timer X is m.

(2) Pulse output mode

In the pulse output mode, the waveform whose polarity is inverted
each time timer X underflows is output from the CNTRo pin.

The output level of CNTRo pin can be selected by the CNTRo ac-
tive edge switch bit. When the CNTRo active edge switch bit is “0”,
the output of CNTRo pin is started at “H” level. When this bit is “1”,
the output is started at “L” level.

Also, the inverted waveform of pulse output from CNTRo pin can
be output from TXouT pin by setting “1” to the PO3/TXouT output
valid bit.

When using a timer in this mode, set the port P14 and P03 direc-
tion registers to output mode.

(3) Event counter mode

The timer A counts signals input from the P14/CNTRo pin.

Except for this, the operation in event counter mode is the same
as in timer mode.

The active edge of CNTRo pin input signal can be selected from
rising or falling by the CNTRo active edge switch bit .
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(4) Pulse width measurement mode

In the pulse width measurement mode, the pulse width of the sig-
nal input to P14/CNTRo pin is measured.

The operation of Timer X can be controlled by the level of the sig-
nal input from the CNTRo pin.

When the CNTRo active edge switch bit is “0”, the signal selected
by the timer X count source selection bit is counted while the input
signal level of CNTRo pin is “H”. The count is stopped while the
pin is “L". Also, when the CNTRo active edge switch bit is “1”, the
signal selected by the timer X count source selection bit is
counted while the input signal level of CNTRo pin is “L". The count
is stopped while the pin is “H”.

Timer X can stop counting by setting “1” to the timer X count stop
bit in any mode.

Also, when Timer X underflows, the timer X interrupt request bit is
set to “1".

Note on Timer X is described below;

m Note on Timer X

CNTRo interrupt active edge selection

CNTROo interrupt active edge depends on the CNTRo active edge
switch bit.

When this bit is “0”, the CNTRo interrupt request bit is set to “1” at
the falling edge of CNTRo pin input signal. When this bit is “1”, the
CNTRo interrupt request bit is set to “1” at the rising edge of
CNTRo pin input signal.

Timer X mode register
(TXM : address 002B 16, initial value: 0016)

Timer X operating mode bits
bl bo
0 O0: Timer mode
0 1: Pulse output mode
1 0:Event counter mode
1 1:Pulse width measurement mode

CNTRO active edge switch bit
0 : Interrupt at falling edge
Count at rising edge
(in event counter mode)
1 : Interrupt at rising edge
Count at falling edge
(in event counter mode)

Timer X count stop bit
0 : Count start
1 : Count stop

PO3/TXOUT output valid bit
0 : Output invalid (/O port)
1 : Output valid (Inverted CNTR 0 output)

Not used (return “0” when read)

Fig. 23 Structure of timer X mode register

b7

b0

HNEREER

Timer count source set register
(TCSS : address 002E 16, initial value: 0016)

Timer X count source selection bits
bl b0

0 : f(XIN)/16

1:f(XIN)/2

0 : f(XIN) (Note 1)

1: Not available

PP OO

Timer Y count source selection bits
b3 b2
0 0:f(XIN)/16
0 1:f(XIN)/2
1 0:Ring oscillator output (Note 2)
1 1:Notavailable

Timer Z count source selection bits
b5 b4

0 : f(XIN)/16

1:f(XIN)/2

0 : Timer Y underflow

1: Not available

PR OO

Fix this bit to “0”.

Not used (return “0” when read)

Notes 1: f(XIN) can be used as timer X count source when using

a ceramic resonator or ring oscillator.
Do not use it at RC oscillation.

2: System operates using a ring oscillator as a count source
by setting the ring oscillator to oscillation enabled by bit 3

of CPUM.

Fig. 24 Timer count source set register
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eTimerY

Timer Y is an 8-bit timer and counts the prescaler Y output.

When Timer Y underflows, the timer Y interrupt request bit is set to
“1”.

Prescaler Y is an 8-bit prescaler and counts the signal selected by
the timer Y count source selection bit.

Prescaler Y has the prescaler Y latch to retain the reload value.
Timer Y has the timer Y primary latch and timer Y secondary latch
to retain the reload value.

The value of prescaler Y latch is set to Prescaler Y when
Prescaler Y underflows.The value of timer Y primary latch or timer
Y secondary latch are set to Timer Y when Timer Y underflows.
As for the value to transfer to Timer Y, either of timer Y primary or
timer Y secondary is selected depending on the timer Y operating
mode.

When writing to Prescaler Y (PREY), timer Y primary (TYP) or
timer Y secondary (TYS) is executed, writing to “latch only” or
“latch and prescaler (timer)” can be selected by the setting value
of the timer Y write control bit. Be sure to set the timer Y write con-
trol bit because there are some notes according to the operating
mode.

When reading from Prescaler Y (PREY) is executed, the count
value of Prescaler Y is read out. When reading from timer Y pri-
mary (TYP) is executed, the count value of Timer Y is read out.
The count value of Timer Y can be read out by reading from the
timer Y primary (TYP) even when the value of timer Y primary
latch or timer Y secondary latch is counted. When reading the
timer Y secondary (TYS) is executed, the undefined value is read
out.

Timer Y can be selected in one of 2 operating modes by setting
the timer Y operating mode bits of the timer Y, Z mode register.

(1) Timer mode

Prescaler Y counts the count source selected by the timer Y count
source selection bits. Each time the count clock is input, the con-
tents of Prescaler Y is decremented by 1. When the contents of
Prescaler Y reach “0016”, an underflow occurs at the next count
clock, and the prescaler Y latch is reloaded into Prescaler Y. The
division ratio of Prescaler Y is 1/(n+1) provided that the value of
Prescaler Y is n.

The contents of Timer Y is decremented by 1 each time the under-
flow signal of Prescaler Y is input. When the contents of Timer Y
reach “0016”, an underflow occurs at the next count clock, and the
timer Y primary latch is reloaded into Timer Y and count continues.
(In the timer mode, the contents of timer Y primary latch is
counted. Timer Y secondary latch is not used in this mode.)

The division ratio of Timer Y is 1/(m+1) provided that the value of
Timer Y is m. Accordingly, the division ratio of Prescaler Y and
Timer Y is 1/((n+1)O(m+1)) provided that the value of Prescaler Y
is n and the value of Timer Y is m.

In the timer mode, writing to “latch only” or “latches and Prescaler
Y and timer Y primary” can be selected by the setting value of the
timer Y write control bit.

HARDWARE

FUNCTIONAL DESCRIPTION

(2) Programmable waveform generation mode

In the programmable waveform generation mode, timer counts the
setting value of timer Y primary and the setting value of timer Y
secondary alternately, the waveform inverted each time Timer Y
underflows is output from TYouT pin.

When using this mode, be sure to set “1” to the timer Y write con-
trol bit to select “write to latch only”. Also, set the port P01 direction
registers to output mode.

The active edge of output waveform is set by the timer Y output
level latch (b5) of the timer Y, Z waveform output control register
(PUM). When “0" is set to b5 of PUM, “H” interval by the setting
value of TYP or “L” interval by the setting value of TYS is output
alternately. When “1” is set to b5 of PUM, “L” interval by the setting
value of TYP or “H” interval by the setting value of TYS is output
alternately.

Also, in this mode, the primary interval and the secondary interval
of the output waveform can be extended respectively for 0.5 cycle
of timer count source clock by setting the timer Y primary wave-
form extension control bit (b2) and the timer Y secondary
waveform extension control bit (b3) of PUM to “1”. As a result, the
waveforms of more accurate resolution can be output.

When b2 and b3 of PUM are used, the frequency and duty of the
output waveform are as follows;

Waveform frequency:

FYOUT= 20TMYCL
20(TYP+1)+20(TYS+1)+(EXPYP+EXPYS)

Duty:

DYOUT= 20(TYP+1)+EXPYP

(20(TYP+1)+EXPYP)+(20(TYS+1)+EXPYS)

TMYCL: Timer Y count source (frequency)

TYP: Timer Y primary (8bit)

TYS: Timer Y secondary (8bit)

EXPYP: Timer Y primary waveform extension control bit (1bit)
EXPYS: Timer Y secondary waveform extension control bit (1bit)

In the programmable waveform generation mode, when values of
the TYP, TYS, EXPYP and EXPYS are changed, the output wave-
form is changed at the beginning (timer Y primary waveform
interval) of waveform period.

When the count values are changed, set values to the TYS,
EXPYP and EXPYS first. After then, set the value to TYP. The val-
ues are set all at once at the beginning of the next waveform
period when the value is set to TYP. (When writing at timer stop is
executed, writing to TYP at last is required.)

Notes on programmable waveform generation mode is described
below;
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m Notes on programmable generation waveform mode

» Count set value

In the programmable waveform generation mode, values of TYS,
EXPYP, and EXPYS are valid by writing to TYP because the set-
ting to them is executed all at once by writing to TYP. Even when
changing TYP is not required, write the same value again.

* Write timing to TYP

In the programmable waveform generation mode, when the set-
ting value is changed while the waveform is output, set by
software in order not to execute the writing to TYP and the timing
of timer underflow during the secondary interval simultanesously.
« Usage of waveform extension function

The waveform extension function by the timer Y waveform exten-
sion control bit can be used only when “0016” is set to Prescaler Y.
When the value other than “0016” is set to Prescaler Y, be sure to
set “0” to EXPYP and EXPYS.

« Timer Y write mode

When using this mode, be sure to set “1” to the timer Y write con-
trol bit to select “write to latch only”.

Timer Y can stop counting by setting “1” to the timer Y count stop
bit in any mode.

Also, when Timer Y underflows, the timer Y interrupt request bit is
setto “1".

Timer Y reloads the value of latch when counting is stopped by the
timer Y count stop bit. (When timer is read out while timer is
stopped, the value of latch is read. The value of timer can be read
out only while timer is operating.)
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e Timer Z

Timer Z is an 8-bit timer and counts the prescaler Z output.

When Timer Z underflows, the timer Z interrupt request bit is set to
“1”.

Prescaler Z is an 8-bit prescaler and counts the signal selected by
the timer Z count source selection bit.

Prescaler Z has the prescaler Z latch to retain the reload value.
Timer Z has the timer Z primary latch and timer Z secondary latch
to retain the reload value.

The value of prescaler Z latch is set to Prescaler Z when Prescaler
Z underflows.The value of timer Z primary latch or timer Z second-
ary latch are set to Timer Z when Timer Z underflows.

As for the value to transfer to Timer Z, either of timer Z primary or
timer Z secondary is selected depending on the timer Z operating
mode.

When writing to Prescaler Z (PREZ), timer Z primary (TZP) or
timer Z secondary (TZS) is executed, writing to “latch only” or
“latches and Prescaler Z and Timer Z” can be selected by the set-
ting value of the timer Z write control bit. Be sure to set the write
control bit because there are some notes according to the operat-
ing mode.

When reading from Prescaler Z (PREZ) is executed, the count
value of Prescaler Z is read out. When reading from timer Z pri-
mary (TZP) is executed, the count value of Timer Z is read out.
The count value of Timer Z can be read out by reading from the
timer Z primary (TZP) even when the value of timer Z primary
latch or timer Z secondary latch is counted. When reading the
timer Z secondary (TZS) is executed, the undefined value is read
out.

Timer Z can be selected in one of 4 operating modes by setting
the timer Z operating mode bits of the timer Y, Z mode register.

(1) Timer mode

Prescaler Z counts the count source selected by the timer Z count
source selection bits. Each time the count clock is input, the con-
tents of Prescaler Z is decremented by 1. When the contents of
Prescaler Z reach “0016”, an underflow occurs at the next count
clock, and the prescaler Z latch is reloaded into Prescaler Z. The
division ratio of Prescaler Z is 1/(n+1) provided that the value of
Prescaler Z is n.

The contents of Timer Z is decremented by 1 each time the under-
flow signal of Prescaler Z is input. When the contents of Timer Z
reach “0016”, an underflow occurs at the next count clock, and the
timer Z primary latch is reloaded into Timer Z and count continues.
(In the timer mode, the contents of timer Z primary latch is
counted. Timer Z secondary latch is not used in this mode.)

The division ratio of Timer Z is 1/(m+1) provided that the value of
Timer Z is m. Accordingly, the division ratio of Prescaler Z and
Timer Z is 1/((n+1)O(m+1)) provided that the value of Prescaler Z
is n and the value of Timer Z is m.

In the timer mode, writing to “latch only” or “latches and Prescaler
Z and timer Z primary” can be selected by the setting value of the
timer Z write control bit.

HARDWARE

FUNCTIONAL DESCRIPTION

(2) Programmable waveform generation mode

In the programmable waveform generation mode, timer counts the
setting value of timer Z primary and the setting value of timer Z
secondary alternately, the waveform inverted each time Timer Z
underflows is output from TZouT pin.

When using this mode, be sure to set “1” to the timer Z write con-
trol bit to select “write to latch only”. Also, set the port P02 direction
registers to output mode.

The active edge of output waveform is set by the timer Z output
level latch (b4) of the timer Y, Z waveform output control register
(PUM). When “0” is set to b4 of PUM, “H” interval by the setting
value of TZP or “L” interval by the setting value of TZS is output al-
ternately. When “1” is set to b4 of PUM, “L” interval by the setting
value of TZP or “H” interval by the setting value of TZS is output
alternately.

Also, in this mode, the primary interval and the secondary interval
of the output waveform can be extended respectively for 0.5 cycle
of timer count source clock by setting the timer Z primary wave-
form extension control bit (b0) and the timer Z secondary
waveform extension control bit (b1) of PUM to “1". As a result, the
waveforms of more accurate resolution can be output.

When b0 and bl of PUM are used, the frequency and duty of the
output waveform are as follows;

Waveform frequency:

FZOUT= 20TMZCL
20(TZP+1)+20(TZS+1)+(EXPZP+EXPZS)
Duty:
+1)+
DZOUT= 20(TZP+1)+EXPZP

(20(TZP+1)+EXPZP)+(20(TZS+1)+EXPZS

TMZCL: Timer Z count source (frequency)

TZP: Timer Z primary (8bit)

TZS: Timer Z secondary (8bit)

EXPZP: Timer Z primary waveform extension control bit (1bit)
EXPZS: Timer Z secondary waveform extension control bit (1bit)

In the programmable waveform generation mode, when values of
the TZP, TZS, EXPZP and EXPZS are changed, the output wave-
form is changed at the beginning (timer Z primary waveform
interval) of waveform period.

When the count values are changed, set values to the TZS,
EXPZP and EXPZS first. After then, set the value to TZP. The val-
ues are set all at once at the beginning of the next waveform
period when the value is set to TZP. (When writing at timer stop is
executed, writing to TZP at last is required.)
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Notes on the programmable waveform generation mode are de-
scribed below;

m Notes on programmable waveform generation mode

» Count set value

In the programmable waveform generation mode, values of TZS,
EXPZP, and EXPZS are valid by writing to TZP because the set-
ting to them is executed all at once by writing to TZP. Even when
changing TZP is not required, write the same value again.

* Write timing to TZP

In the programmable waveform generation mode, when the set-
ting value is changed while the waveform is output, set by
software in order not to execute the writing to TZP and the timing
of timer underflow during the secondary interval simultanesously.
« Usage of waveform extension function

The waveform extension function by the timer Z waveform exten-
sion control bit can be used only when “0016” is set to Prescaler Z.
When the value other than “0016” is set to Prescaler Z, be sure to
set “0” to EXPZP and EXPZS. Also, when the timer Y underflow is
selected as the count source, the waveform extension function
cannot be used.

« Timer Z write mode

When using this mode, be sure to set “1” to the timer Z write con-
trol bit to select “write to latch only”.

(3) Programmable one-shot generation mode

In the programmable one-shot generation mode, the one-shot
pulse by the setting value of timer Z primary can be output from
TZouT pin by software or external trigger. When using this mode,
be sure to set “1” to the timer Z write control bit to select “write to
latch only”. Also, set the port P02 direction registers to output
mode. In this mode, TZS is not used.

The active edge of output waveform is set by the timer Z output
level latch (b5) of the timer Y, Z waveform output control register
(PUM). When “0” is set to b5 of PUM, “H” pulse during the interval
of the TZP setting value is output. When “1” is set to b5 of PUM,
“L” pulse during the interval of the TZP setting value is output.
Also, in this mode, the interval of the one-shot pulse output can be
extended for 0.5 cycle of timer count source clock by setting the
timer Z primary waveform extension control bit (b2) of PUM to “1”.
As a result, the waveforms of more accurate resolution can be
output.

In the programmable one-shot generation mode, the trigger by
software or the external INTo pin can be accepted by writing “0” to
the timer Z count stop bit after the count value is set. (At the time
when “0” is written to the timer Z count stop bit, Timer Z stops.)
By writing “1” to the timer Z one-shot start bit, or by inputting the
valid trigger to the INTo pin after the trigger to the INTo pin be-
comes valid by writing “1” to the INTo pin one-shot trigger control
bit, Timer Z starts counting, at the same time, the output of TZout
pin is inverted. When Timer Z underflows, the output of TZouT pin
is inverted again and Timer Z stops. When also the trigger of INTo
pin is accepted, the contents of the one-shot start bit is changed to
“1" by hardware.

The falling or rising can be selected as the edge of the valid trig-
ger of INTo pin by the INTo pin one-shot trigger edge selection bit.
During the one-shot pulse output interval, the one-shot pulse out-
put can be stopped forcibly by writing “0” to the timer Z one-shot
start bit.

In the programmable one-shot generation mode, when the count
values are changed, set value to the EXPZP first. After then, set
the value to TZP. The values are set all at once at the beginning of
the next one-shot pulse when the value is set to TZP. (When writ-
ing at timer stop is executed, writing to TZP at last is required.)

Notes on the programmable one-shot generation mode are de-
scribed below;

m Notes on programmable one-shot generation mode

« Count set value

In the programmable one-shot generation mode, the value of
EXPZP becomes valid by writing to TZP. Even when changing
TZP is not required, write the same value again.

* Write timing to TZP

In the programmable one-shot generation mode, when the setting
value is changed while the waveform is output, set by software in
order not to execute the writing to TZP and the timing of timer un-
derflow simultanesously.

« Usage of waveform extension function

The waveform extension function by the timer Z waveform exten-
sion control bit can be used only when “0016” is set to Prescaler Z.
When the value other than “0016” is set to Prescaler Z, be sure to
set “0” to EXPZP. Also, when the timer Y underflow is selected as
the count source, the waveform extension function cannot be
used.

« Timer Z write mode

When using this mode, be sure to set “1” to the timer Z write con-
trol bit to select “write to latch only”.
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(4) Programmable wait one-shot generation mode

In the programmable wait one-shot generation mode, the one-shot
pulse by the setting value of timer Z secondary can be output from
TZouT pin by software or external trigger to INTo pin after the wait
by the setting value of the timer Z primary. When using this mode,
be sure to set “1” to the timer Z write control bit to select “write to
latch only”. Also, set the port P02 direction registers to output
mode.

The active edge of output waveform is set by the timer Z output
level latch (b5) of the timer Y, Z waveform output control register
(PUM). When “0” is set to b5 of PUM, after the wait during the in-
terval of the TZP setting value, “H” pulse during the interval of the
TZS setting value is output. When “1” is set to b5 of PUM, after the
wait during the interval of the TZP setting value, “L” pulse during
the interval of the TZS setting value is output.

Also, in this mode, the intervals of the wait and the one-shot pulse
output can be extended for 0.5 cycle of timer count source clock
by setting EXPZP and EXPZS of PUM to “1". As a result, the
waveforms of more accurate resolution can be output.

In the programmable one-shot generation mode, the trigger by
software or the external INTo pin can be accepted by writing “0” to
the timer Z count stop bit after the count value is set. (At the time
when “0” is written to the timer Z count stop bit, Timer Z stops.)
By writing “1” to the timer Z one-shot start bit, or by inputting the
valid trigger to the INTo pin after the trigger to the INTo pin be-
comes valid by writing “1” to the INTo pin one-shot trigger control
bit, Timer Z starts counting.

While Timer Z counts the TZP, the initial value of the TZouT pin
output is retained. When Timer Z underflows, the value of TZS is
reloaded, at the same time, the output of TZouT pin is inverted.
When Timer Z underflows, the output of TZouT pin is inverted
again and Timer Z stops. When also the trigger of INTo pin is ac-
cepted, the contents of the one-shot start bit is changed to “1” by
hardware.

The falling or rising can be selected as the edge of the valid trig-
ger of INTo pin by the INTo pin one-shot trigger edge selection bit.
During the wait interval and the one-shot pulse output interval, the
one-shot pulse output can be stopped forcibly by writing “0” to the
timer Z one-shot start bit.

In the programmable wait one-shot generation mode, when the
count values are changed, set values to the TZS, EXPZP and
EXPZS first. After then, set the value to TZP. The values are set all
at once at the beginning of the next wait interval when the value is
set to TZP. (When writing at timer stop is executed, writing to TZP
at last is required.)

Notes on the programmable wait one-shot generation mode are
described below;

HARDWARE

FUNCTIONAL DESCRIPTION

m Notes on programmable wait one-shot generation mode

» Count set value

In the programmable wait one-shot generation mode, values of
TZS, EXPZP and EXPZS are valid by writing to TZP. Even when
changing TZP is not required, write the same value again.

* Write timing to TZP

In the programmable wait one-shot generation mode, when the
setting value is changed while the waveform is output, set by soft-
ware in order not to execute the writing to TZP and the timing of
timer underflow during the secondary interval simultanesously.

« Usage of waveform extension function

The waveform extension function by the timer Z waveform exten-
sion control bit can be used only when “0016” is set to Prescaler Z.
When the value other than “0016” is set to Prescaler Z, be sure to
set “0” to EXPZP and EXPZS. Also, when the timer Y underflow is
selected as the count source, the waveform extension function
cannot be used.

« Timer Z write mode

When using this mode, be sure to set “1” to the timer Z write con-
trol bit to select “write to latch only”.

Timer Z can stop counting by setting “1” to the timer Z count stop
bit in any mode.

Also, when Timer Z underflows, the timer Z interrupt request bit is
set to “1”.

Timer Z reloads the value of latch when counting is stopped by the
timer Z count stop bit. (When timer is read out while timer is
stopped, the value of latch is read. The value of timer can be read
out only while timer is operating.)
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b7 bo

Timer Y, Z mode register

(TYZM : address 0020186, initial value: 0016)
Timer Y operating mode bit

0 : Timer mode
1 : Programmable waveform generation mode

Not used (return “0” when read)

— Timer Y write control bit
0 : Write to latch and timer simultaneously
1 : Write to only latch

— Timer Y count stop bit
0 : Count start
1: Count stop

Timer Z operating mode bits
5 b4

0 0: Timer mode

0 1:Programmable waveform generation mode

1 0:Programmable one-shot generation mode

1 1:Programmable wait one-shot generation mode

Timer Z write control bit
0 : Write to latch and timer simultaneously
1 : Write to only latch

Timer Z count stop bit
0 : Count start
1: Count stop

Fig. 25 Structure of timer Y, Z mode register

b7 b0
Timer Y, Z waveform output control register
(PUM : address 002416, initial value: 0016)
Timer Y primary waveform extension control bit

0 : Waveform not extended
1 : Waveform extended

Timer Y secondary waveform extension control bit
0 : Waveform not extended
1 : Waveform extended

Timer Z primary waveform extension control bit
0 : Waveform not extended
1 : Waveform extended

—Timer Z secondary waveform extension control bit
0 : Waveform not extended
1 : Waveform extended

—————Timer Y output level latch

0 : “L” output

1:"“H" output
———Timer Z output level latch

0 : “L” output

1:“H” output

INTO pin one-shot trigger control bit
0: INTO pin one-shot trigger invalid
1: INTo pin one-shot trigger valid

INTO pin one-shot trigger active edge selection bit
0 : Falling edge trigger
1 : Rising edge trigger

Fig. 26 Structure of timer Y, Z waveform output control register

One-shot start register
’ I I I I I I I (ONS : address 002A 16, initial value: 0016)

Timer Z one-shot start bit
0 : One-shot stop
1: One-shot start

Not used (return “0” when read)

Fig. 27 Structure of one-shot start register
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| Prescaler 1 latch (8)

f(XIN)/16 —>| Prescaler 1 (8)

Timer 1 latch (8)

Timer 1 interrupt
request bit

Timer 1 (8)

Pulse width HL
continuously
measurement mode

4| Rising edge detected I

)

4| Falling edge detected I

CNTR1 active
edge switch bit

P0o/CNTR1

Period measurement modej >

Timer A (low-order) latch (8)|

[Timer A (high-order) latch (8)]

Timer A (low-order) (8)

Timer A interrupt
request bit

Timer A (high-order) (8)

f(XiN)/16 4]) ¢

Timer A operation mode bit

Timer A count
stop bit

Fig. 28 Block diagram of timer 1 and timer A

7540 Group User’s Manual

1-33



HARDWARE
FUNCTIONAL DESCRIPTION

f(f)(()l(r\l)/)ilig Prescaler X latch (8) Timer X latch (8)
IN
f(Xin) Pulse width | 1imer mode
measurement
Timer X count mode Pulse output
source selection bits Q Mode Timer X
Prescaler X (8) Timer X (8) interrupt
CNTRo active request bit
edge switch bit Event Timer X count stop bit
P14/CNTRo «0r counter
. mode CNTRo
interrupt
request bit
CNTRo active “1”
edge switch bit 0—— Q
Toggle flip-flop T [~
“Q Q R
Port P14 Writing to timer X latch
Port P14 direction latch Pulse output mode
register
Pulse output mode
P03/TXout
Port P03 latch
P0O3/TXouT output valid
Port P03
direction
register
Prescaler Y latch (8) l lTimer Y primary latch (8)] lTimer Y secondary latch (8)
Timer Y count
source selection bits
Timer Y
fxn/16 Prescaler Y (8) Timer Y (8) interrupt
f(Xin)/2 request bit
Ring oscillator clock RING Timer Y count
(ring oscillator output stop bit
in Fig. 50, 51)
Timer Y primary waveform
extension control bit
o 1
__ Toggle flip-flop T 4{ Waveform extension function }——/
PO1/TYout Q f
Port PO1 latch Timer Y output level latch Timer Y secondary
Port PO waveform extension
?e"eigtleorn control bit
9 Programmable waveform
gengeration mode
Prescaler Z latch (8) l lTimer Z primary latch (8)] lTimer Z secondary latch (8)
Timer Z count
source selection bits
f(Xin)/16 Timer Z
f(Xin)/2 Prescaler Z (8) 1 Timer Z (8) interrupt
Programmable one-shot generation mode request bit
Timer Z count Programmable wait one-shot generation mode
stop bit
Timer Z one-shot start bit
INTo pin trigger active edge
selection bit INTo
P37/INTo -
>0 interrupt
request bit
One-shot pulse § .
trigger input Timer Z primary waveform
extenstion control bit
R ;
__ Toggle flip flop 4{ Waveform extension function }—/
o Q
P02/TZout f
Timer Z output
Port P02 directi Port POz latch level latch Timer Z secondary waveform
ort P2 direction extenstion control bit
register
Programmable waveform generation mode
Programmable one-shot generation mode
Programmable wait one-shot generation mode

Fig. 29 Block diagram of timer X, timer Y and timer Z
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Serial 1/10

e Serial /101

Serial 1/01 can be used as either clock synchronous or asynchro-
nous (UART) serial 1/0. A dedicated timer is also provided for
baud rate generation.

HARDWARE
FUNCTIONAL DESCRIPTION

(1) Clock Synchronous Serial I/0 Mode

Clock synchronous serial I/01 mode can be selected by setting
the serial /01 mode selection bit of the serial I/O1 control register
(bit 6) to “1”.

For clock synchronous serial 1/01, the transmitter and the receiver
must use the same clock. If an internal clock is used, transfer is
started by a write signal to the TB/RB.

Data bus

Address 001816

[Receive buffer register

T

P1o/RxD1 O

~{ Receive shift register ]

Shift clock

[ Serial I/0O1 control register ] Address 001A16

— Receive buffer full flag (RBF)

—— Receive interrupt request (RI)

Clock control circuit

P12/Sciki O

BRG count source selection bit

Serial /01 synchronous
clock selection bit
Frequency division ratio 1/(n+1)

XIN O

qQ

Baud rate generator H 1/4

1/4

Address 001C1s

P13/Sroy1r O <—{ Falling-edge detector }7 Clock control circuit

Shift clock

——— Transmit shift completion flag (TSC)
Transmit interrupt source selection bit

P11/TxD1 O

‘Jj Transmit shift register }7

T

[Transmit buffer register}

f/—> Transmit interrupt request (TI)

Transmit buffer empty flag (TBE)

Address 001816

[ Serial /01 status register ] Address 001916
N

Data bus

Fig. 30 Block diagram of clock synchronous serial 1/01

Transfer shift clock
(1/2 to 1/2048 of the internal
clock, or an external clock)

Serial output TxD

serial I/01 control register.

data is output continuously from the TxD pin.

Serial input RxD Do D1 D2 D3 D4 D5 D6
Receive enable signal SRDY1
Write pulse to receive/transmit I
buffer register (address 001816)
Y Y
- Y RBF =1
TBE=0 E_, TsCc=1
TSC=0 Overrun error (OE)
detection

Notes 1: As the transmit interrupt (TI), which can be selected, either when the transmit buffer has emptied (TBE=1) or after
the transmit shift operation has ended (TSC=1), by setting the transmit interrupt source selection bit (TIC) of the

2: If data is written to the transmit buffer register when TSC=0, the transmit clock is generated continuously and serial

3: The receive interrupt (RI) is set when the receive buffer full flag (RBF) becomes “1” .

Fig. 31 Operation of clock synchronous serial /01 function
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(2) Asynchronous Serial /0 (UART) Mode

Clock asynchronous serial /0 mode (UART) can be selected by
clearing the serial 1/01 mode selection bit of the serial I/0O1 control
register to “0”.

Eight serial data transfer formats can be selected, and the transfer
formats used by a transmitter and receiver must be identical.

The transmit and receive shift registers each have a buffer, but the
two buffers have the same address in memory. Since the shift reg-
ister cannot be written to or read from directly, transmit data is
written to the transmit buffer register, and receive data is read
from the receive buffer register.

The transmit buffer register can also hold the next data to be
transmitted, and the receive buffer register can hold a character
while the next character is being received.

Data bus

Address 001816

)

lSeriaI 1/01 control register]Address 001A16

OE <—{ Receive buffer register

Character length selection bit/H\

P1o/RxD1 O{[ ST detector | (47 bits}—

B

Receive buffer full flag (RBF)
Receive interrupt request (RI)

l Receive shift register ]ﬁ

8 hits ¢ ¢ ;

PE FE ||_SP detector

1/16
[ Clock control circut

UART control register

Address 001B1e

Serial /01 synchronous clock selection bit T

}

P12/Scik1 O

BRG count source selection bi

t Frequency division ratio 1/(n+1)

XiNO s { Baud rate generator
U4 Address 001C1s
l ST/SP/PA generator }—
116 —— Transmit shift completion flag (TSC)
] L - A Transmit interrupt source selection bit
P11/TxD1 O ~— Transmit shift register }*4’2»—» Transmit interrupt request (T1)

Character length selection bit J

T

[Transmit buffer register

Transmit buffer empty flag (TBE)

MAd

dress 001816 [Serial 1/01 status register] Address 001916

Data bus

Fig. 32 Block diagram of UART serial /01

Transmit or receive clock

Transmit buffer write

1

Serial input RxD

signal
TBE=0 TBE=0
TSC=0
TBE=1 Tsc=1"
Serial output TxD ST Do D1 >< > SP
Lstartbit “ Generated at 2nd bit in 2-stop-bit mode
- 7 or 8 data bit ——————
1 or 0 parity bit
1 or 2 stop bit (s
Receive buffer read P bit(5)
signal
RiF=l
ST Do D1 > < > SP

Notes 1: Error flag detection occurs at the same time that the RBF flag becomes “1” (at 1st stop bit, during reception).
2: As the transmit interrupt (T1), when either the TBE or TSC flag becomes “1,” can be selected to occur depending on the setting of the transmit
interrupt source selection bit (TIC) of the serial I/01 control register.
3: The receive interrupt (RI) is set when the RBF flag becomes “1.”
4: After data is written to the transmit buffer when TSC=1, 0.5 to 1.5 cycles of the data shift cycle is necessary until changing to TSC=0.

Fig. 33 Operation of UART serial I/O1 function
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[Transmit buffer register/receive buffer register (TB/RB)]
001816

The transmit buffer register and the receive buffer register are lo-
cated at the same address. The transmit buffer is write-only and
the receive buffer is read-only. If a character bit length is 7 bits, the
MSB of data stored in the receive buffer is “0”.

[Serial 1/01 status register (SIO1STS)] 001916

The read-only serial 1/01 status register consists of seven flags
(bits 0 to 6) which indicate the operating status of the serial I/01
function and various errors.

Three of the flags (bits 4 to 6) are valid only in UART mode.

The receive buffer full flag (bit 1) is cleared to “0” when the receive
buffer register is read.

If there is an error, it is detected at the same time that data is
transferred from the receive shift register to the receive buffer reg-
ister, and the receive buffer full flag is set. A write to the serial /01
status register clears all the error flags OE, PE, FE, and SE (bit 3
to bit 6, respectively). Writing “0” to the serial 1/O1 enable bit SIOE
(bit 7 of the serial I/O1 control register) also clears all the status
flags, including the error flags.

Bits 0 to 6 of the serial I/O1 status register are initialized to “0” at
reset, but if the transmit enable bit of the serial 1/01 control regis-
ter has been set to “1”, the transmit shift completion flag (bit 2)
and the transmit buffer empty flag (bit 0) become “1".

[Serial 1/01 control register (SIO1CON)] 001A16
The serial 1/01 control register consists of eight control bits for the
serial 1/01 function.

[UART control register (ULARTCON)] 001B16

The UART control register consists of four control bits (bits 0 to 3)
which are valid when asynchronous serial I/0 is selected and set
the data format of an data transfer and one bit (bit 4) which is al-
ways valid and sets the output structure of the P11/TXD1 pin.

[Baud rate generator (BRG)] 001C16

The baud rate generator determines the baud rate for serial transfer.
The baud rate generator divides the frequency of the count source
by 1/(n + 1), where n is the value written to the baud rate generator.

HARDWARE

FUNCTIONAL DESCRIPTION

m Notes on serial I/O

« Serial 1/O interrupt

When setting the transmit enable bit to “1”, the serial /O transmit

interrupt request bit is automatically set to “1”. When not requiring

the interrupt occurrence synchronized with the transmission en-

abled, take the following sequence.

[ Set the serial I/0 transmit interrupt enable bit to “0” (disabled).

O Set the transmit enable bit to “1”.

0 Set the serial I/0 transmit interrupt request bit to “0” after 1 or
more instructions have been executed.

O Set the serial /O transmit interrupt enable bit to “1” (enabled).

« 1/O pin function when serial /01 is enabled.

The functions of P12 and P13 are switched with the setting values
of a serial /01 mode selection bit and a serial I/01 synchronous
clock selection bit as follows.

(1) Serial /01 mode selection bit - “1”:

Clock synchronous type serial I/0 is selected.

Setup of a serial /01 synchronous clock selection bit

“0” : P12 pin turns into an output pin of a synchronous clock.
“1" : P12 pin turns into an input pin of a synchronous clock.
Setup of a SRDY1 output enable bit (SRDY)

“0” : P13 pin can be used as a normal I/O pin.

“1” : P13 pin turns into a SRDY output pin.

(2) Serial /01 mode selection bit — “0” :

Clock asynchronous (UART) type serial 1/O is selected.

Setup of a serial /01 synchronous clock selection bit

“0”: P12 pin can be used as a normal 1/0 pin.

“1”: P12 pin turns into an input pin of an external clock.

When clock asynchronous (UART) type serial I/O is selected, it is
P13 pin. It can be used as a normal I/O pin.
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[bﬁ—[—[—[—[—m% Serial I/O1 status register

b7

(SIO1STS : address 0019 16, initial value: 0016)

Transmit buffer empty flag (TBE)
0: Buffer full
1: Buffer empty

— Receive buffer full flag (RBF)
0: Buffer empty
1: Buffer full

Transmit shift completion flag (TSC)
0: Transmit shift in progress
1: Transmit shift completed

Overrun error flag (OE)
0: No error
1: Overrun error

Parity error flag (PE)
0: No error
1: Parity error

Framing error flag (FE)
0: No error
1: Framing error

Summing error flag (SE)
0: (OE) U (PE) U (FE)=0
1: (OE) U (PE) U (FE)=1

Not used (returns “1” when read)

B0 UART control register

(UARTCON : address 001B 16, initial value: EO 16)
Character length selection bit (CHAS)
0: 8 bits
1: 7 bits

— Parity enable bit (PARE)
0: Parity checking disabled
1: Parity checking enabled

—— Parity selection bit (PARS)

0: Even parity
1: Odd parity

Stop bit length selection bit (STPS)
0: 1 stop bit
1: 2 stop bits

P11/TxD1 P-channel output disable bit (POFF)
0: CMOS output (in output mode)
1: N-channel open drain output (in output mode)

Not used (return “1” when read)

b7 b0 ) )
[TTTITIII1] Seriall/O1 control register

L(S

IO1CON : address 001A 1s, initial value: 00 16)
BRG count source selection bit (CSS)

0: f(XIN)

1: f(XiN)/4

Serial I/01 synchronous clock selection bit (SCS)

: BRG output divided by 4 when clock synchronous
serial 1/0 is selected, BRG output divided by 16
when UART is selected.

: External clock input when clock synchronous serial
1/0 is selected, external clock input divided by 16
when UART is selected.

o

iy

SRrpY1 output enable bit (SRDY)
0: P13 pin operates as ordinary 1/O pin
1: P13 pin operates as SRpy1 output pin

Transmit interrupt source selection bit (TIC)
0: Interrupt when transmit buffer has emptied
1: Interrupt when transmit shift operation is completed

Transmit enable bit (TE)
0: Transmit disabled
1: Transmit enabled

Receive enable bit (RE)
0: Receive disabled
1: Receive enabled

Serial I/01 mode selection bit (SIOM)
0: Clock asynchronous (UART) serial 1/0
1: Clock synchronous serial I/O

Serial 1/O1 enable bit (SIOE)
0: Serial 1/01 disabled

(pins P1o to P13 operate as ordinary 1/O pins)
1: Serial I/O1 enabled

(pins P1o to P13operate as serial /0O pins)

Fig. 34 Structure of serial I/O1-related registers
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e Serial 1/102

The serial I/02 function can be used only for clock synchronous
serial 1/0.

For clock synchronous serial 1/02 the transmitter and the receiver
must use the same clock. When the internal clock is used, transfer
is started by a write signal to the serial 1/02 register.

Note: Serial /02 can be used in the following cases;

(1) Serial I/01 is not used,

(2) Serial 1/01 is used as UART and BRG output divided by 16 is
selected as the synchronized clock.

[Serial 1/02 control register] SIO2CON

The serial I/02 control register contains 8 bits which control vari-
ous serial I/0O functions.

« Set “0” to bit 3 to receive.

« At reception, clear bit 7 to “0” by writing a dummy data to the se-
rial 1/02 register after completion of shift.

HARDWARE

FUNCTIONAL DESCRIPTION

1 Serial 1/02 control register
(SIO2CON: address 0030186, initila value: 0016)
u—‘— Internal synchronous clock selection bits
000 : f(XIN)/8
001 : f(XIN)/16
010 : f(XIN)/32
011 : f(XIN)/64
110 : f(XIN)/128
111 : f(XIN)/256
SDATA?2 pin selection bit (Note)
0 : I/O port / SDATA2 input
1: SDATA2 output

Not used
(returns “0” when read)

Transfer direction selection bit
0: LSB first
1: MSB first
SCLK2 pin selection bit
0 : External clock (SCLK2 is an input)
1 : Internal clock (SCLK2 is an output)

Transmit / receive shift completion flag
0 : shift in progress
1 : shift completed
Note : When using it as a SDATA input, set the port P13
direction register to “0”.

Fig. 35 Structure of serial /02 control registers

Data bus

ider

XIN O

SCLK

SCLK2 pin
selection bit

Divi

F==———0
. o

F—=——0

F=2——0

g
Ot

Internal synchronous
“Qr clock selection bits

SCLK2 pin selection bit

0 P12 latch
P12/ScLk2

-

Serial 1/02
interrupt request

Serial I/O counter 2 (3) li E—

SDATA2 pin selection bit
0 P13 latch

P13/SDATA2
O

wgn
SDATA2 pin selection bit

Serial I/O shift register 2 (8)

I

Fig. 36 Block diagram of serial 1/02
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FUNCTIONAL DESCRIPTION

Serial 1/02 operation

By writing to the serial I/O2 register (address 003116) the serial I/
02 counter is set to “7".

After writing, the SDATA2 pin outputs data every time the transfer
clock shifts from “H” to “L”. And, as the transfer clock shifts from
“L" to “H”, the SDATA2 pin reads data, and at the same time the
contents of the serial /02 register are shifted by 1 bit.

When the internal clock is selected as the transfer clock source,
the following operations execute as the transfer clock counts up to
8.

« Serial /02 counter is cleared to “0”".

« Transfer clock stops at an “H” level.

« Interrupt request bit is set.

« Shift completion flag is set.

Also, the SDATA2 pin is in a high impedance state after the data
transfer is completed (refer to Fig.37).

When the external clock is selected as the transfer clock source,
the interrupt request bit is set as the transfer clock counts up to 8,
but external control of the clock is required since it does not stop.
Notice that the SDATA2 pin is not in a high impedance state on the
completion of data transfer.

Also, after the receive operation is completed, the transmit/receive
shift completion flag is cleared by reading the serial 1/02 register.
At transmit, the transmit/receive shift completion flag is cleared
and the transmit operation is started by writing to serial 1/02 regis-
ter.

Serial 1/02 register
write signal

]

Synchronous clock
Transfer clock t *

(Note)

g&g;fi\fr:;:emriifl 1102 X Do ® D X D2/¥ Ds X D4 X Ds X De Xp7i /

SDATA? at serial 1/02
input receive

d
D D e G Gl G G

\j

Serial 1/02 interrupt request bit set
Transmit/receive shift completion flag set

Note : When the internal clock is selected as the transfer and the direction register of P1 3/SDATA2 pin is set to the input mode,
the SDATA2 pin is in a high impedance state after the data transfer is completed.

Fig. 37 Serial I/02 timing (LSB first)
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HARDWARE
FUNCTIONAL DESCRIPTION

A-D Converter b7 bo
The functional blocks of the A-D converter are described below. ’ I I I I I I I ‘ A-D control register
(ADCON : address 003416, initial value: 1016)
- i i Analog input pin selection bits
[A-D conversmn. reglst.er] AD . 000", P0/ANG
The A-D conversion register is a read-only register that stores the 001 : P21/AN1
: : : : 010 : P22/AN2
result of A-D conversion. Do not read out this register during an A- 011 - P23/AN3
D conversion. 100 : P24/AN4
101 : P25/AN5
110 : P26/AN6 (Note)
[A-D control register] ADCON 111 : P27/AN7 (Note)
The A-D control register controls the A-D converter. Bit 2 to 0 are Not used (returns “0” when read)
. . . . . . . AD conversion completion bit
analog input pin selection bits. Bit 4 is the AD conversion comple- 0 : Conversion in progress
tion bit. The value of this bit remains at “0” during A-D conversion, 1: Conversion completed

. . Not used (returns “0” when read
and changes to “1" at completion of A-D conversion. ¢ )

A-D conversion is started by setting this bit to “0”. Note: These can be used only for 36 pin version.

. Fig. 38 Structure of A-D control register
[Comparison voltage generator]

The comparison voltage generator divides the voltage between
AVss and VREF by 1024, and outputs the divided voltages. Read 8-bit (Read only address 003515)
b7 o]0]

[Channel selector]
The channel selector selects one of ports P27/AN7 to P20/ANo,
and inputs the voltage to the comparator.

(Address 003516) b9 | b8 | b7 [ b6 | b5 | b4 | b3 | b2

Read 10-bit (read in order address 003616, 003516)
b7 b0

[Comparator and control circuit]
The comparator and control circuit compares an analog input volt- (Address 003616) bo | b8
age with the comparison voltage and stores its result into the A-D

b7 b0
conversion register. When A-D conversion is completed, the con-
trol circuit sets the AD conversion completion bit and the AD (Address 003516) b7 | b6 | b5 | b4 [ b3 | b2 | bl | b0
interrupt request bit to “1”. Because the comparator is constructed
linked to a capacitor, set f(XIN) to 500 kHz or more during A-D con- Note: High-order 6-bit of address 003616 returns “0” when read.
version.

Fig. 39 Structure of A-D conversion register
Data bus

A-D control register | |

b7 @ bo
| [ [ ]
A

(Address 0034 16) ‘ ‘ J
3
A
- ircui |7 ——A-D interrupt request
P20/AN0 O——»] A-D control circuit .
P21/AN1 O— 5
Pa2IAN2 O ko A-D conversion register (high-order) |(Address 0036 16)
P23/AN3 O—> & Comparator _ . .
P24/AN4 O—> @ A-D conversion register (low-order) (Address 0035 16)
P25/AN5 O—» E 0
P26/AN6 O— O v
P27/AN7 O—*1 Resistor ladder

VREF Vss

Fig. 40 Block diagram of A-D converter

7540 Group User’s Manual 1-41



HARDWARE

FUNCTIONAL DESCRIPTION

Watchdog Timer

The watchdog timer gives a means for returning to a reset status
when the program fails to run on its normal loop due to a runaway.
The watchdog timer consists of an 8-bit watchdog timer H and an
8-bit watchdog timer L, being a 16-bit counter.

Standard operation of watchdog timer

The watchdog timer stops when the watchdog timer control regis-
ter (address 003916) is not set after reset. Writing an optional
value to the watchdog timer control register (address 003916)
causes the watchdog timer to start to count down. When the
watchdog timer H underflows, an internal reset occurs. Accord-
ingly, it is programmed that the watchdog timer control register
(address 003916) can be set before an underflow occurs.

When the watchdog timer control register (address 003916) is
read, the values of the high-order 6-bit of the watchdog timer H,
STP instruction disable bit and watchdog timer H count source se-
lection bit are read.

Initial value of watchdog timer
By a reset or writing to the watchdog timer control register (ad-
dress 003916), the watchdog timer H is set to “FF16” and the
watchdog timer L is set to “FF16".

Operation of watchdog timer H count source selection bit

A watchdog timer H count source can be selected by bit 7 of the
watchdog timer control register (address 003916). When this bit is
“0", the count source becomes a watchdog timer L underflow sig-
nal. The detection time is 131.072 ms at f(XIN)=8 MHz.

When this bit is “1”, the count source becomes f(XIN)/16. In this
case, the detection time is 512 ps at f(XiN)=8 MHz.

This bit is cleared to “0” after reset.

Operation of STP instruction disable bit

When the watchdog timer is in operation, the STP instruction can
be disabled by bit 6 of the watchdog timer control register (ad-
dress 003916).

When this bit is “0”, the STP instruction is enabled.

When this bit is “1”, the STP instruction is disabled, and an inter-
nal reset occurs if the STP instruction is executed.

Once this bit is set to “1”, it cannot be changed to “0” by program.
This bit is cleared to “0” after reset.

Write “FF16” to the
watchdog timer |
control register Y “

xin () b

Ou H
Watchdog timer L (8) -
wqn Watchdog timer H (8)

Watchdog timer H count
source selection bit

| Data bus

SO — Write "FF16" to the
v watchdog timer
control register

STP Instruction disable bit :Di
STP Instruction

Reset

RESET M i ]

LS8 -
circuit Internal reset

Fig. 41 Block diagram of watchdog timer

b7 b0

1: f(XIN)/16

Watchdog timer control register
(WDTCON: address 003916, initial value: 3F16)

Watchdog timer H (read only for high-order 6-bit)

STP instruction disable bit
0 : STP instruction enabled
1 : STP instruction disabled

Watchdog timer H count source selection bit
0 : Watchdog timer L underflow

Fig. 42 Structure of watchdog timer control register
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HARDWARE

FUNCTIONAL DESCRIPTION

Reset Circuit

The microcomputer is put into a reset status by holding the RE-
SET pin at the “L” level for 2 yus or more when the power source
voltage is 2.2 to 5.5 V and XIN is in stable oscillation.

After that, this reset status is released by returning the RESET pin
to the “H” level. The program starts from the address having the
contents of address FFFD16 as high-order address and the con-
tents of address FFFC16 as low-order address.

In the case of f(g) < 6 MHz, the reset input voltage must be 0.9 V
or less when the power source voltage passes 4.5 V.

In the case of f(g) < 4 MHz, the reset input voltage must be 0.8 V
or less when the power source voltage passes 4.0 V.

In the case of f(@) < 2 MHz, the reset input voltage must be 0.48 V
or less when the power source voltage passes 2.4 V.

In the case of f(g) < 1 MHz, the reset input voltage must be 0.44 V
or less when the power source voltage passes 2.2 V.

Power source;

RESET Vcec
p Reset input
7:7[ T 0.2Vce
Note : Reset release voltage Vcc = 2.2 V
RESET Vcc

___— Poweron
- |

: Power source
! voltage
1 detection circuit

Fig. 43 Example of reset circuit

oo ... .. oy
O i ]
RESET __ |
‘RESETouT
SYNC [ 1
Address X 2 X2 X2 X2 X2 XFrrc X FrrD XronaocX
N Reset address from the
Data T X7 X7 X7 X7 X7 XA X Abn X vector table
= 8-13 clock cycles ~

Notes 1 : A built-in ring oscillator applies about RING*2 MHz, @250 kHz frequency clock
at average of Vcc =5 V.
2 : The mark “?" means that the address is changeable depending on the previous state.

3: These are all internal signals except RESET.

Fig. 44 Timing diagram at reset
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FUNCTIONAL DESCRIPTION

Address Register contents

(1) Port PO direction register 000116 | 0016

(2) Port P1 direction register 000316 [ x[ x[xJoJoJoJoTo
(3) Port P2 direction register 0005156 | 0016 |
(4) Port P3 direction register 000716 | 0016 |
(5) Pull-up control register 001616 [ 0015 |
(6) Port P1P3 control register 001716 | 0016 |
(7) Serial /01 status register 001916[1JoJoJoJoJoJoJo
(8) Serial 1/01 control register 001A16 | 0016 |
(9) UART control register 001Bis[1]1]1J0ofoJoJoJo
(10) Timer A mode register 001D16| 0015 |
(11) Timer A (low-order) 001E16| FFs |
(12) Timer A (high-order) 001F16 | FFs |
(13) Timer Y, Z mode register 0020156 | 0015 |
(14) Prescaler Y 002116 | FFi6 |
(15) Timer Y secondary 002216 | FFs |
(16) Timer Y primary 002316 | FFs |
(17) Timer Y, Z waveform output control register 0024416 | 0015 |
(18) Prescaler Z 002516 | FFi |
(19) Timer Z secondary 002616 [ FFis |
(20) Timer Z primary 002716 | FF1s |
(21) Prescaler 1 002816 | FF1s |
(22) Timer 1 002916 | 011 ]
(23) One-shot start register 002A16] 0016 ]
(24) Timer X mode register 002B16 | 0016 ]
(25) Prescaler X 002C16| FFi6 |
(26) Timer X 002D16| FFis |
(27) Timer count source set register 002E16 0016 |
(28) Serial 1/02 control register 003016 | 0016 |
(29) Serial 1/02 register 003116 | 0016 |
(30) A-D control register 003416 | 1016 |
(31) MISRG 003816 | 0016 |
(32) Watchdog timer control register 0039160 Jo 122121
(33) Interrupt edge selection register 003A16| 0016 |
(34) CPU mode register 003Bw6[ 1 JoJoJoJoJoJoJo
(35) Interrupt request register 1 003Cis| 0015 |
(36) Interrupt request register 2 003D16| 0016 |
(37) Interrupt control register 1 003E1s6 | 0015 |
(38) Interrupt control register 2 003F16 | 0016 |

(39) Processor status register

(40) Program counter

PS) XIxIxIx[x[1]x[x]

(PCH) [

Contents of address FFFD16

(PCL) |

Contents of address FFFC16

Note X : Undefined

Fig. 45 Internal status of microcomputer at reset
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Clock Generating Circuit

An oscillation circuit can be formed by connecting a resonator be-
tween XIN and XouT, and an RC oscillation circuit can be formed
by connecting a resistor and a capacitor.

Use the circuit constants in accordance with the resonator
manufacturer's recommended values.

(1) Ring oscillator operation

When the MCU operates by the ring oscillator for the main clock,
connect XIN pin to Vss and leave XouT pin open.

The clock frequency of the ring oscillator depends on the supply
voltage and the operation temperature range.

Be careful that variable frequencies when designing application
products.

(2) Ceramic resonator

When the ceramic resonator is used for the main clock, connect
the ceramic resonator and the external circuit to pins XIN and
XourT at the shortest distance. A feedback resistor is built in be-
tween pins XIN and XouT.

(3) RC oscillation

When the RC oscillation is used for the main clock, connect the
XIN pin to the external circuit of resistor R and the capacitor C at
the shortest distance and leave XouT pin open.

The frequency is affected by a capacitor, a resistor and a micro-
computer.

So, set the constants within the range of the frequency limits.

(4) External clock

When the external signal clock is used for the main clock, connect
the XIN pin to the clock source and leave XouT pin open.

Select “ceramic resonance” by setting “0” to the Oscillation mode
selection bit of CPU mode register (address 003B16).

HARDWARE

FUNCTIONAL DESCRIPTION

Note: Externally connect a
damping resistor Rd de-
pending on the
oscillation frequency.

(A feedback resistor is
built-in.)
Use the resonator

Rd manufacturer’s recom-

mended value because
;Cm iCOUT

constants such as ca-
Fig. 46 External circuit of ceramic resonator

M37540

XIN Xout

(-

pacitance depend on the
resonator.

Note: Connect the external
circuit of resistor R
and the capacitor C at
the shortest distance.
The frequency is af-
fected by a capacitor,

a resistor and a micro-
R computer.

J_ So, set the constants
71;_(3 within the range of the
frequency limits.

M37540

XIN Xout

Fig. 47 External circuit of RC oscillation

M37540

XIN Xout

i \

. Open
External oscillation P

circuit
vee JLILTLIL
Vss

Fig. 48 External clock input circuit

Note: The clock frequency of the
ring oscillator depends on
the supply voltage and the
operation temperature
range.

XIN XOUT Be careful that variable fre-
7J7- quencies and obtain the

Open sufficient margin.

M37540

Fig. 49 Processing of XIN and XouT pins at ring oscillator op-
eration

7540 Group User’s Manual 1-45



HARDWARE

FUNCTIONAL DESCRIPTION

(1) Oscillation control

« Stop mode

When the STP instruction is executed, the internal clock ¢ stops at
an “H” level and the XIN oscillator stops. At this time, timer 1 is set
to “0116” and prescaler 1 is set to “FF16” when the oscillation sta-
bilization time set bit after release of the STP instruction is “0”. On
the other hand, timer 1 and prescaler 1 are not set when the
above bit is “1”. Accordingly, set the wait time fit for the oscillation
stabilization time of the oscillator to be used. f(XIN)/16 is forcibly
connected to the input of prescaler 1. When an external interrupt
is accepted, oscillation is restarted but the internal clock @ remains
at “H” until timer 1 underflows. As soon as timer 1 underflows, the
internal clock @is supplied. This is because when a ceramic oscil-
lator is used, some time is required until a start of oscillation. In
case oscillation is restarted by reset, no wait time is generated. So
apply an “L” level to the RESET pin while oscillation becomes
stable.

Also, the STP instruction cannot be used while CPU is operating
by a ring oscillator.

* Wait mode

If the WIT instruction is executed, the internal clock @ stops at an
“H” level, but the oscillator does not stop. The internal clock re-
starts if a reset occurs or when an interrupt is received. Since the
oscillator does not stop, normal operation can be started immedi-
ately after the clock is restarted. To ensure that interrupts will be
received to release the STP or WIT state, interrupt enable bits
must be set to “1” before the STP or WIT instruction is executed.

m Notes on clock generating circuit

For use with the oscillation stabilization set bit after release of the
STP instruction set to “1”, set values in timer 1 and prescaler 1 af-
ter fully appreciating the oscillation stabilization time of the
oscillator to be used.

« Switch of ceramic and RC oscillations

After releasing reset the operation starts by starting a built-in ring
oscillator. Then, a ceramic oscillation or an RC oscillation is se-
lected by setting bit 5 of the CPU mode register.

« Double-speed mode
When a ceramic oscillation is selected, a double-speed mode can
be used. Do not use it when an RC oscillation is selected.

* CPU mode register

Bits 5, 1 and 0 of CPU mode register are used to select oscillation
mode and to control operation modes of the microcomputer. In or-
der to prevent the dead-lock by error-writing (ex. program
run-away), these bits can be rewritten only once after releasing re-
set. After rewriting it is disable to write any data to the bit. (The
emulator MCU “M37540RSS” is excluded.)

Also, when the read-modify-write instructions (SEB, CLB) are ex-
ecuted to bits 2 to 4, 6 and 7, bits 5, 1 and 0 are locked.

« Clock division ratio, XIN oscillation control, ring oscillator control
The state transition shown in Fig. 52 can be performed by setting
the clock division ratio selection bits (bits 7 and 6), XIN oscillation
control bit (bit 4), ring oscillator oscillation control bit (bit 3) of CPU
mode register. Be careful of notes on use in Fig. 52.

e Oscillation stop detection circuit (Note)

The oscillation stop detection circuit is used for reset occurrence
when a ceramic resonator or an oscillation circuit stops by discon-
nection. When internal reset occurs, reset because of oscillation
stop can be detected by setting “1” to the oscillation stop detection
status bit.

Also, when using the oscillation stop detection circuit, a built-in
ring oscillator is required.

Figure 53 shows the state transition.

Note: The oscillation stop detection circuit is not included in the
emulator MCU “M37540RSS".

b7 b0

’ I I I I I I I ‘ MISRG(address 003816, initial value: 0016)

Oscillation stabilization time set bit after
release of the STP instruction
0: Set “0116” in timerl, and “FF16”
in prescaler 1 automatically
1: Not set automatically

Ceramic or RC oscillation stop detection
function active bit

0: Detection function inactive

1: Detection function active

Reserved bits (return “0” when read)
(Do not write “1” to these bits)

Not used (return “0” when read)

Oscillation stop detection status bit
0: Oscillation stop not detected
1: Oscillation stop detected

Fig. 50 Structure of MISRG
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XIN Xout
o

Rf
t Main clock division ratio selection bit

Middle-, high-, low-speed mode
—o (0—'—| 1/2 4 144 12— Prescaler 1 I—ITerll—

Ring oscillator mode

Main clock division
ratio selection bit

Middle-speed mode
——o

Timing @
High-speed mode T (Internal clock)

RING Double-speed mode

- -
R llat 1/8
[_Ring oscillator - 118 |

. S S '
QS N © 4@%&

R [ STP instruction . WIT _IR R — STP instruction
instruction

Reset
Interrupt disable flag | j:)
Interrupt request

Fig. 51 Block diagram of internal clock generating circuit (for ceramic resonator)

Xout XIN
o

Main clock division ratio selection bit
Middle-, high-, low-speed mode

DO (°~—| 1/2 4 14 |4 12— Prescaler 1 |—|m|—

Ring
oscillator

mode
>
Main clock division
B { ratio selection bit
f Middle-speed mode
I -
T ————— Timing @
High-speed mode T (Internal clock)

RING Double-speed mode

Ring oscillator 1/8
E Ring oscillator mode

S S )
o) e sb—— [

WIT __|g R
instruction

QS

R [ STP instruction — STP instruction

Reset

Interrupt disable flag |
Interrupt request

Fig. 52 Block diagram of internal clock generating circuit (for RC oscillation)
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Stop mode

instruction

State 1
Operation clock source:
f(XIN) (Note 1)

f(Xin) oscillation enabled
Ring oscillator stop

State 2
Operation clock source:
f(XIN) (Note 1)

f(Xin) oscillation enabled
Ring oscillator enabled

CPUMs .- 02

CPUMs 12

MISRG1 12 MISRG1 02

Wait mode

State 3

CPUM76 102

(Note 2)

MISRG1 12 MISRG1 02

State 2’
Operation clock source:
f(Xin) (Note 1)

f(XIN) oscillation enabled

Ring oscillator enabled CPUM76 . 002

012
112
(Note 2)

State 3’
Operation clock source:
Ring oscillator (Note 3)
f(XIN) oscillation enabled
Ring oscillator enalbed

Oscillation stop detection circuit valid

Reset released

Reset state

Operation clock source:
Ring oscillator (Note 3)
f(Xin) oscillation enabled
Ring oscillator enalbed

WIT
instruction

State 4
Operation clock source:
Ring oscillator (Note 3)
f(XiN) oscillation stop

Ring oscillator enalbed

Notes on switch of clock
(1) In operation clock source = f(XiN), the following can be
selected for the CPU clock division ratio.
o f(XIN)/2 (high-speed mode)
o f(XIN)/8 (middle-speed mode)
e f(XIN) (double-speed mode, only at a ceramic oscillation)
(2) Execute the state transition state 3 to state 2 or
state 3’ to state 2’ after stabilizing XN oscillation.
(3) In operation clock source = ring oscillator, the middle-
speed mode is selected for the CPU clock division ratio.
(4) When the state transition state 2 — state 3 — state 4
is performed, execute the NOP instruction as shown below
according to the division ratio of CPU clock.
*« CPUM76 - 102 (State 2 - state 3)
« NOP instruction
*« CPUM4 -, 12 (State 3 - state 4)
Double-speed mode at ring oscillator: NOP [0 3
High-speed mode at ring oscillator: NOP O 1
Middle-speed mode at ring oscillator: NOP [0 0

Fig. 53 State transition
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HARDWARE

NOTES ON PROGRAMMING/NOTES ON HARDWARE

NOTES ON PROGRAMMING

Processor Status Register

The contents of the processor status register (PS) after reset are
undefined except for the interrupt disable flag | which is “1”. After
reset, initialize flags which affect program execution. In particular,
it is essential to initialize the T flag and the D flag because of their
effect on calculations.

Interrupts

The contents of the interrupt request bit do not change even if the
BBC or BBS instruction is executed immediately after they are
changed by program because this instruction is executed for the
previous contents. For executing the instruction for the changed
contents, execute one instruction before executing the BBC or
BBS instruction.

Decimal Calculations

« For calculations in decimal notation, set the decimal mode flag
D to “1”, then execute the ADC instruction or SBC instruction. In
this case, execute SEC instruction, CLC instruction or CLD in-
struction after executing one instruction before the ADC instruction
or SBC instruction.

* In the decimal mode, the values of the N (negative), V (overflow)
and Z (zero) flags are invalid.

Ports

» The values of the port direction registers cannot be read.

That is, it is impossible to use the LDA instruction, memory opera-
tion instruction when the T flag is “1”, addressing mode using
direction register values as qualifiers, and bit test instructions such
as BBC and BBS.

It is also impossible to use bit operation instructions such as CLB
and SEB and read/modify/write instructions of direction registers
for calculations such as ROR.

For setting direction registers, use the LDM instruction, STA in-
struction, etc.

A-D Conversion
Do not execute the STP instruction during A-D conversion.

Instruction Execution Timing

The instruction execution time can be obtained by multiplying the
frequency of the internal clock ¢ by the number of cycles men-
tioned in the machine-language instruction table.

The frequency of the internal clock @is the same as that of the XIN
in double-speed mode, twice the XIN cycle in high-speed mode
and 8 times the XIN cycle in middle-speed mode.

CPU Mode Register

The oscillation mode selection bit and processor mode bits can be
rewritten only once after releasing reset. However, after rewriting it
is disable to write any value to the bit. (Emulator MCU is ex-
cluded.)

When a ceramic oscillation is selected, a double-speed mode of
the clock division ratio selection bits can be used. Do not use it
when an RC oscillation is selected.

State transition
Do not stop the clock selected as the operation clock because of
setting of CM3, 4.

NOTES ON HARDWARE

Handling of Power Source Pin

In order to avoid a latch-up occurrence, connect a capacitor suit-
able for high frequencies as bypass capacitor between power
source pin (Vcc pin) and GND pin (Vss pin). Besides, connect the
capacitor to as close as possible. For bypass capacitor which
should not be located too far from the pins to be connected, a ce-
ramic capacitor of 0.01 pF to 0.1 pF is recommended.

One Time PROM Version

The CNVss pin is connected to the internal memory circuit block
by a low-ohmic resistance, since it has the multiplexed function to
be a programmable power source pin (VPP pin) as well.

To improve the noise reduction, connect a track between CNVss
pin and Vss pin with 1 to 10 kQ resistance.

The mask ROM version track of CNVss pin has no operational in-
terference even if it is connected via a resistor.
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NOTES ON PERIPHERAL FUNCTIONS

NOTES ON PERIPHERAL FUNCTIONS

| Interrupt

When setting the followings, the interrupt request bit may be set to
‘1.

*When switching external interrupt active edge

Related register: Interrupt edge selection register (address
003A16)

Timer X mode register (address 2B16)

Timer A mode register (address 1D16)

When not requiring the interrupt occurrence synchronized with
these setting, take the following sequence.

O Set the corresponding interrupt enable bit to “0” (disabled).

0 Set the interrupt edge select bit (active edge switch bit).

O Set the corresponding interrupt request bit to “0” after 1 or
more instructions have been executed.

O Set the corresponding interrupt enable bit to “1” (enabled).

m Timers

« When n (0 to 255) is written to a timer latch, the frequency divi-
sion ratio is 1/(n+1).

« When a count source of timer X, timer Y or timer Z is switched,
stop a count of timer X.

m Timer A

CNTR1 interrupt active edge selection

CNTR1 interrupt active edge depends on the CNTR1 active edge
switch bit.

When this bit is “0”, the CNTR1 interrupt request bit is set to “1” at
the falling edge of the CNTR1 pin input signal. When this bit is “1”,
the CNTRu1 interrupt request bit is set to “1” at the rising edge of
the CNTR1 pin input signal.

However, in the pulse width HL continuously measurement mode,
CNTRu1 interrupt request is generated at both rising and falling
edges of CNTR1 pin input signal regardless of the setting of
CNTR1 active edge switch bit.

m Timer X

CNTRo interrupt active edge selection

CNTRo interrupt active edge depends on the CNTRo active edge
switch bit.

When this bit is “0”, the CNTRo interrupt request bit is set to “1” at
the falling edge of CNTRo pin input signal. When this bit is “1”, the
CNTRo interrupt request bit is set to “1” at the rising edge of
CNTRo pin input signal.

m Timer Y: Programmable Generation
Waveform Mode

» Count set value

In the programmable waveform generation mode, values of TYS,

EXPYP, and EXPYS are valid by writing to TYP because the set-

ting to them is executed all at once by writing to TYP. Even when

changing TYP is not required, write the same value again.

* Write timing to TYP

In the programmable waveform generation mode, when the set-

ting value is changed while the waveform is output, set by

software in order not to execute the writing to TYP and the timing

of timer underflow during the secondary interval simultanesously.

« Usage of waveform extension function

The waveform extension function by the timer Y waveform exten-

sion control bit can be used only when “0016” is set to Prescaler Y.

When the value other than “0016” is set to Prescaler Y, be sure to

set “0” to EXPYP and EXPYS.

« Timer Y write mode

When using this mode, be sure to set “1” to the timer Y write con-

trol bit to select “write to latch only”.

Timer Y can stop counting by setting “1” to the timer Y count stop
bit in any mode.

Also, when Timer Y underflows, the timer Y interrupt request bit is
set to “1”.

Timer Y reloads the value of latch when counting is stopped by the
timer Y count stop bit. (When timer is read out while timer is
stopped, the value of latch is read. The value of timer can be read
out only while timer is operating.)

m Timer Z: Programmable Waveform
Generation Mode

« Count set value

In the programmable waveform generation mode, values of TZS,

EXPZP, and EXPZS are valid by writing to TZP because the set-

ting to them is executed all at once by writing to TZP. Even when

changing TZP is not required, write the same value again.

* Write timing to TZP

In the programmable waveform generation mode, when the set-

ting value is changed while the waveform is output, set by

software in order not to execute the writing to TZP and the timing

of timer underflow during the secondary interval simultanesously.

« Usage of waveform extension function

The waveform extension function by the timer Z waveform exten-

sion control bit can be used only when “0016” is set to Prescaler Z.

When the value other than “0016” is set to Prescaler Z, be sure to

set “0” to EXPZP and EXPZS. Also, when the timer Y underflow is

selected as the count source, the waveform extension function

cannot be used.

« Timer Z write mode

When using this mode, be sure to set “1” to the timer Z write con-

trol bit to select “write to latch only”.
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m Timer Z:. Programmable One-shot
Generation Mode

« Count set value

In the programmable one-shot generation mode, the value of

EXPZP becomes valid by writing to TZP. Even when changing

TZP is not required, write the same value again.

* Write timing to TZP

In the programmable one-shot generation mode, when the setting

value is changed while the waveform is output, set by software in

order not to execute the writing to TZP and the timing of timer un-

derflow simultanesously.

« Usage of waveform extension function

The waveform extension function by the timer Z waveform exten-

sion control bit can be used only when “0016” is set to Prescaler Z.

When the value other than “0016” is set to Prescaler Z, be sure to

set “0” to EXPZP. Also, when the timer Y underflow is selected as

the count source, the waveform extension function cannot be

used.

« Timer Z write mode

When using this mode, be sure to set “1” to the timer Z write con-

trol bit to select “write to latch only”.

m Timer Z: Programmable Wait One-shot
Generation Mode

« Count set value

In the programmable wait one-shot generation mode, values of

TZS, EXPZP and EXPZS are valid by writing to TZP. Even when

changing TZP is not required, write the same value again.

« Write timing to TZP

In the programmable wait one-shot generation mode, when the

setting value is changed while the waveform is output, set by soft-

ware in order not to execute the writing to TZP and the timing of

timer underflow during the secondary interval simultanesously.

« Usage of waveform extension function

The waveform extension function by the timer Z waveform exten-

sion control bit can be used only when “0016” is set to Prescaler Z.

When the value other than “0016” is set to Prescaler Z, be sure to

set “0” to EXPZP and EXPZS. Also, when the timer Y underflow is

selected as the count source, the waveform extension function

cannot be used.

« Timer Z write mode

When using this mode, be sure to set “1” to the timer Z write con-

trol bit to select “write to latch only”.

Timer Z can stop counting by setting “1” to the timer Z count stop
bit in any mode.

Also, when Timer Z underflows, the timer Z interrupt request bit is
setto “1”.

Timer Z reloads the value of latch when counting is stopped by the
timer Z count stop bit. (When timer is read out while timer is
stopped, the value of latch is read. The value of timer can be read
out only while timer is operating.)

HARDWARE

NOTES ON PERIPHERAL FUNCTIONS

m Serial /0

« Serial I/O interrupt

When setting the transmit enable bit to “1”, the serial /O transmit

interrupt request bit is automatically set to “1”. When not requiring

the interrupt occurrence synchronized with the transmission en-

abled, take the following sequence.

[ Set the serial I/0 transmit interrupt enable bit to “0” (disabled).

[ Set the transmit enable bit to “1”.

0 Set the serial I/0 transmit interrupt request bit to “0” after 1 or
more instructions have been executed.

O Set the serial /O transmit interrupt enable bit to “1” (enabled).

« 1/O pin function when serial /01 is enabled.

The functions of P12 and P13 are switched with the setting values
of a serial /01 mode selection bit and a serial I/01 synchronous
clock selection bit as follows.

(1) Serial /01 mode selection bit - “1”:

Clock synchronous type serial I/0 is selected.

Setup of a serial /01 synchronous clock selection bit

“0” : P12 pin turns into an output pin of a synchronous clock.
“1" : P12 pin turns into an input pin of a synchronous clock.
Setup of a SRDY1 output enable bit (SRDY)

“0” : P13 pin can be used as a normal I/O pin.

“1” : P13 pin turns into a SRDY output pin.

(2) Serial /01 mode selection bit — “0” :

Clock asynchronous (UART) type serial 1/O is selected.

Setup of a serial /01 synchronous clock selection bit

“0”: P12 pin can be used as a normal 1/0 pin.

“1”: P12 pin turns into an input pin of an external clock.

When clock asynchronous (UART) type serial I/O is selected, it is
P13 pin. It can be used as a normal I/O pin.

m A-D Converter

The comparator uses internal capacitors whose charge will be lost
if the clock frequency is too low.

Make sure that f(XIN) is 500kHz or more during A-D conversion.
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HARDWARE

NOTES ON PERIPHERAL FUNCTIONS

m Notes on clock generating circuit

For use with the oscillation stabilization set bit after release of the
STP instruction set to “1”, set values in timer 1 and prescaler 1 af-
ter fully appreciating the oscillation stabilization time of the
oscillator to be used.

« Switch of ceramic and RC oscillations

After releasing reset the operation starts by starting a built-in ring
oscillator. Then, a ceramic oscillation or an RC oscillation is se-
lected by setting bit 5 of the CPU mode register.

« Double-speed mode
When a ceramic oscillation is selected, a double-speed mode can
be used. Do not use it when an RC oscillation is selected.

« CPU mode register

Bits 5, 1 and 0 of CPU mode register are used to select oscillation
mode and to control operation modes of the microcomputer. In or-
der to prevent the dead-lock by error-writing (ex. program
run-away), these bits can be rewritten only once after releasing re-
set. After rewriting it is disable to write any data to the bit. (The
emulator MCU “M37540RSS” is excluded.)

Also, when the read-modify-write instructions (SEB, CLB) are ex-
ecuted to bits 2 to 4, 6 and 7, bits 5, 1 and 0 are locked.

« Clock division ratio, XIN oscillation control, ring oscillator control
The state transition shown in Fig. 53 can be performed by setting
the clock division ratio selection bits (bits 7 and 6), XIN oscillation
control bit (bit 4), ring oscillator oscillation control bit (bit 3) of CPU
mode register. Be careful of notes on use in Fig. 53.
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HARDWARE

DATA REQUIRED FOR MASK ORDERS/DATA REQUIRED FOR ROM
PROGRAMMING ORDERS/ ROM PROGRAMMING METHOD

DATA REQUIRED FOR MASK ORDERS

The following are necessary when ordering a mask ROM produc-
tion:

1.Mask ROM Order Confirmation Form *

2.Mark Specification Form *

3.Data to be written to ROM, in EPROM form (three identical cop-
ies) or one floppy disk.

DATA REQUIRED FOR ROM PROGRAMMING
ORDERS

The following are necessary when ordering a One Time PROM
production:

1.ROM Programming Order Confirmation Form *

2.Mark Specification Form *

3.Data to be written to ROM, in EPROM form (three identical cop-
ies) or one floppy disk.

* For the mask ROM confirmation, ROM programming order con-
firmation and the mark specifications, refer to the “Mitsubishi
MCU Technical Information” Homepage
(http://www.infomicom.maec.co.jp/indexe.htm).

ROM PROGRAMMING METHOD

The built-in PROM of the blank One Time PROM version can be
read or programmed with a general-purpose PROM programmer
using a special programming adapter. Set the address of PROM
programmer in the user ROM area.

Table 7 Special programming adapter

Package Name of Programming Adapter
32P4B PCA7435SPG02
32P6U-A PCA7435GPG03
36P2R-A PCA7435FPG02

The PROM of the blank One Time PROM version is not tested or
screened in the assembly process and following processes. To en-
sure proper operation after programming, the procedure shown in
Figure 54 is recommended to verify programming.

Programming with
PROM programmer

Screening (Caution)
(150 °C for 40 hours)

(

Verification with PROM
programmer

N

Functional check in
target device

Caution: The screening temperature is far higher
than the storage temperature. Never
expose to 150 °C exceeding 100 hours.

Fig. 54 Programming and testing of One Time PROM version
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HARDWARE

FUNCTIONAL DESCRIPTION SUPPLEMENT

FUNCTIONAL DESCRIPTION
SUPPLEMENT

Interrupt

7540 group permits interrupts on the 14 sources
for 42-pin version, 13 sources for 36-pin version
and 12 sources for 32-pin version. It is vector
interrupts with a fixed priority system. Accordingly,

when two or more interrupt requests occur during
the same sampling, the higher-priority interrupt is
accepted first. This priority is determined by
hardware, but variety of priority processing can be
performed by software, using an interrupt enable
bit and an interrupt disable flag.

For interrupt sources, vector addresses and interrupt
priority, refer to “Table 8.”

Table 8 Interrupt sources, vector addresses and interrupt priority

.| Vector addresses (Note 1) ) .
Interrupt source |Priority Righ-order | Low-order Interrupt request generating conditions Remarks

Reset (Note 2) 1 FFFD16 FFFC16 |Atresetinput Non-maskable

Serial /01 receive 2 FFFB16 FFFA16 |At completion of serial /01 data receive Valid only when serial 1/01 is selected

Serial 1/01 transmit 3 FFF916 FFF816 |At completion of serial /01 transmit shift or | Valid only when serial 1/01 is
when transmit buffer is empty selected

INTo 4 FFF716 FFF616 | At detection of either rising or falling edge of | External interrupt
INTo input (active edge selectable)

INT1 (Note 3) 5 FFF516 FFF416 | At detection of either rising or falling edge of | External interrupt
INT1 input (active edge selectable)

Key-on wake-up 6 FFF316 FFF216 |At falling of conjunction of input logical level | External interrupt (valid at falling)
for port PO (at input)

CNTRo 7 FFF116 FFF016 |At detection of either rising or falling edge of | External interrupt
CNTRo input (active edge selectable)

CNTR1 8 FFEF16 FFEE16 |At detection of either rising or falling edge of | External interrupt
CNTR1 input (active edge selectable)

Timer X 9 FFED16 FFEC16 |Attimer X underflow

Timer Y 10 FFEB16 FFEA16 |Attimer Y underflow

Timer Z 11 FFE916 FFE816 |Attimer Z underflow

Timer A 12 FFE716 FFE616 |Attimer A underflow

Serial 1/102 13 FFE516 FFE416 |At completion of transmit/receive shift

A-D conversion 14 FFE316 FFE216 |At completion of A-D conversion

Timer 1 15 FFEl16 FFEO16 |Attimer 1 underflow STP release timer underflow

Reserved area 16 FFDF16 FFDE1s |Not available

BRK instruction 17 FFDD16 FFDC16 |At BRK instruction execution Non-maskable software interrupt

Note 1: Vector addressed contain internal jump destination addresses.
2: Reset function in the same way as an interrupt with the highest priority.
3: Itis an interrupt which can use only for 36 pin version.
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HARDWARE

FUNCTIONAL DESCRIPTION SUPPLEMENT

Timing After Interrupt instruction that is currently in execution.

Figure 55 shows a timing chart after an interrupt
The interrupt processing routine begins with the occurs, and Figure 56 shows the time up to execution
machine cycle following the completion of the of the interrupt processing routine.

I O [ N O O B
SYNC
oo L) LY L L
WR
Address bus PC Xs‘ SPS Xs-l, SPSXS-Z‘SPSX BL X BH XAL, AH

Data bus >< Notused XPCHXPCLX PS X AL X AH X:

SYNC : CPU operation code fetch cycle

BL, BH : Vector address of each interrupt

AL, AH : Jump destination address of each interrupt
SPS : “0016" or “0116"

Fig. 55 Timing chart after an interrupt occurs

Generation of interrupt request Start of interrupt processing

v B N

) ) Waiting time for\| siack push and

of pipeline

Interrupt processing routine

5 0to 16 cycles ; 2 cycles ; 5 cycles

' 7 to 23 cycles
5 (At performing 6.0 MHz, in double-speed mode, ;
1.75 ps to 5.75 pus)

Fig. 56 Time up to execution of the interrupt processing routine
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HARDWARE

FUNCTIONAL DESCRIPTION SUPPLEMENT

A-D Converter

A-D conversion is started by setting AD conversion
completion bit to “0.” During A-D conversion, internal
operations are performed as follows.

1. After the start of A-D conversion, A-D conversion
register goes to “0016.”

2. The highest-order bit of A-D conversion register
is set to “1,” and the comparison voltage Vref is
input to the comparator. Then, Vref is compared
with analog input voltage VIN.

3. As a result of comparison, when Vref < VIN, the
highest-order bit of A-D conversion register be-
comes “1.” When Vref > VIN, the highest-order
bit becomes “0.”

By repeating the above operations up to the lowest-
order bit of the A-D conversion register, an analog
value converts into a digital value.

A-D conversion completes at 122 clock cycles (20.34
ps at f(XIN) = 6.0 MHz) after it is started, and the
result of the conversion is stored into the A-D
conversion register.

Concurrently with the completion of A-D conversion,
A-D conversion interrupt request occurs, so that
the AD conversion interrupt request bit is set to
iq

Relative formula for a reference voltage VREF of A-D converter and Vref

Whenn =20 Vref =0
When n = 1 to 1023 Vref = YREF
1024

n : the value of A-D converter (decimal numeral)

Table 9 Change of A-D conversion register during A-D conversion

Change of A-D conversion register Value of comparison voltage (Vref)
At start of conversion| [o|o|o/o|o]o]o/olo 0] 0
. . VREF
First comparison \1\0\0\0\0\0\0\0\0\0\ )
Second comparison | P11 [o[o|o]o]o|o|o]o0] VRZEF iVR4EF
Third comparison P192/1]o]o]olo]o]o]o0] VRZEF + VF;EF + VF;EF
After completion of A result of A-D conversion VVREF VREE VREE
tenth comparison | [T1[ 2[737 47 57 6[°7] 8/T9f10 | 2 * a4 T * 1024

01-010: A result of the first to tenth comparison
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HARDWARE

FUNCTIONAL DESCRIPTION SUPPLEMENT

Figure 56 shows A-D conversion equivalent circuit,
and Figure 57 shows A-D conversion timing chart.

Vcc

o

ZX (Note 1)

ANi (i=0 to 7: 36-pin version o
i=0 to 5: 32-pin version)

C1
12 pF(Typical)

Vss

Notes 1: This is a parasitic diode.
2: Only the selected analog input pin is turned on.

ZX (Note 1)

777
Vss

R 1.5 kQ(Typical)

c2
1.5 pF(Typical)
0 o——0

swi “\o——i

(Note 2)

Typical voltage Chopper Amp.
generation circuit
Switch tree,
ladder resistor

Y f«—'
Vss

VREF

Fig. 57 A-D conversion equivalent circuit

XIN

Write signal for A-D control register

AD conversion completion bit

Sampling clock

122 XIN cycles

Fig. 58 A-D conversion timing chart
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APPLICATION
2.1 1/0 port

2.1 1/0 port

This paragraph explains the registers setting method and the notes relevant to the I/O ports.

2.1.1 Memory map

000016 | Port PO (PO)
000116 | Port PO direction register (POD)
000216 | Port P1 (P1)
000316 | Port P1 direction register (P1D)
000416 | Port P2 (P2)
000516 | Port P2 direction register (P2D)
000616 | Port P3 (P3)
000716 | Port P3 direction register (P3D)

A
~

[€¢

4
N PN

001616 | Pull-up control register (PULL)
001716 | Port P1P3 control register (P1P3C)

A
~

[€¢

N
N PN

003A16 | Interrupt edge selection register (INTEDGE)

[€¢

~L
2 ~

003C16 | Interrupt request register 1 (IREQ1)

A
~

(<

N
g PN

003E16 | Interrupt control register 1 (ICON1)
§

s

Fig. 2.1.1 Memory map of registers relevant to 1/O port
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APPLICATION

2.1 1/0 port
2.1.2 Relevant registers
Port Pi
b7 b6 b5 b4 b3 b2 bl b0
Port Pi (Pi) (i=0, 2, 3) [Address : 00 16, 0416, 0616]

I I I I I I I I
i i i i i i i i B Name Function Atreset| R |W
i i i i i i i 0 [Port Pio * In output mode ? 19|©
[ N Write
Coro i |1 [PortPia Reag | Portlatch 2 |o|o
N - * Ininput mode
A T T R S 2 | Port Piz Write : Port latch ? |19|0
I Read : Value of pins
| | | | ] 3 | Port Pis ? o110
| | | |
| | | |
T 4 | Port Pia 2 |ofo
| | |
| | |
A 5 | Port Pis ? |O]O
| |
| |
} L 6 | Port Pis 2 |0O|O
|
L 7 | Port Piv ? |O|O

Note: The 32-pin package versions have nothing to be allocated for the following:

«Bits 6 and 7 of port P2
«Bits 5 and 6 of port P3.

Fig. 2.1.2 Structure of Port Pi (i =0, 2, 3)

Port P1
b7 b6 b5 b4 b3 b2 bl b0

Port P1 (P1) [Address : 02 16]

I I I I I

i i i i i i i i B Name Function Atreset| R [wW

i i i i i i i 10 |Port P1o « In output mode ? |©]©

I Write

oror b L1 |Port P1 Read}Port latch > lolo

TR | * Ininput mode

A - —— 2 | Port P12 Write : Port latch ? 19|©

A Read : Value of pins

T N (R S — 3 |Port P13 2 |O|O

| | | |

| | | |

T R 4 |Port P14 2 |o]o

| | |

| | |

| | mmmmmmmmmmemed 5 Nothing is allocated for these bits. ? |OF

} } — When these bits are read out, the values are undefined.

Do o 6 ? aop

! [ |

o 7 2 |op
Fig. 2.1.3 Structure of Port P1
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APPLICATION
2.1 1/0 port

Port Pi direction register
b7 b6 b5 b4 b3 b2 bl b0

Port Pi direction register (PiD) (i = 0, 2, 3) [Address : 01 16, 0516, 0716]

B Name Function At reset W

0 | Port Pi direction register 0 : Port Pioinput mode 0 o)

] 1: Port Pio output mode

1 0 : Port Pizinput mode 0 o)

] 1: Port Pi1output mode

2 0 : Port Pizinput mode 0 o)

] 1: Port Pi2 output mode

3 0 : Port Pizinput mode 0 e)

| 1: Port Piz output mode

4 0 : Port Piainput mode 0 0]

| 1: Port Pi4 output mode

5 0 : Port Pisinput mode 0 e)

[ | 1: Port Pis output mode

6 0 : Port Pis input mode 0 0]

| 1: Port Pis output mode

7 0 : Port Pi7input mode 0 e)
1 : Port Pi7 output mode

Note: The 32-pin package versions have nothing to be allocated for the following:

*Bits 6 and 7 of P2D
*Bits 5 and 6 of P3D.

Fig. 2.1.4 Structure of Port Pi direction register (i = 0, 2, 3)

Port P1 direction register
b7 b6 b5 b4 b3 b2 bl b0

Port P1 direction register (P1D) [Address : 03 16]

B Name Function Atreset| R |W

0 | Port P1 direction register 0: Port Ploinput mode 0 o}
1: Port P1ooutput mode

1 0 : Port P11 input mode 0 e)
1: Port P11 output mode

12 0 : Port P12input mode 0 0]
| 1: Port P12 output mode

3 0 : Port P1sinput mode 0 o
| 1: Port P13 output mode

4 0 : Port P14input mode 0 e}
1: Port P14 output mode

] 5 | Nothing is allocated for these bits. ? 0

| When these bits are read out, the values are undefined.
? O
7 ? O

Fig. 2.1.5 Structure of Port P1 direction register
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APPLICATION

2.1 1/0 port
Pull-up control register
b7 b6 b5 b4 b3 b2 bl b0
Pull-up control register (PULL) [Address : 16 16]
I I I I I I I I
i i i i i i i i B Name Function Atreset| R [W
L1 Lo | POo pull-up control bit 0 : Pull-up Off 0o |olo
[ 1: Pull-up On
| | | | | | |
L1 |PO1pull-up control bit 0 : Pull-up Off o |olo
A 1: Pull-up On
L 2 | P02, POz pull-up control bit 0 : Pull-up Off o |olo
b 1: Pull-up On
A T 3 | PO4 — PO7 pull-up control bit 0 : Pull-up Off o |olo
A 1: Pull-up On
A T I 4 | P30 — P33 pull-up control bit | 0 : Pull-up Off o lolo
. 1: Pull-up On
Lo ] 5 | P34 pull-up control bit 0 : Pull-up Off o |olo
Lo 1: Pull-up On
| L ,,,,,,,,,,,,,,, 6 | P3s, P36 pull-up control bit 0 : Pull-up Off o |olo
| 1: Pull-up On
L 7 | P37 pull-up control bit 0 : Pull-up Off o |olo
1: Pull-up On
Notes 1: Pins set to output are disconnected from the pull-up control.
2: Keep setting the P35, P36 pull-up control bit to “1” (initial value: 0)
for the 32-pin package versions.
Fig. 2.1.6 Structure of Pull-up control register
Port P1P3 control register
b7 b6 b5 b4 b3 b2 bl b0
Port P1P3 control register (P1P3C) [Address : 17 16]
I I I
i i i i i i i i B Name Function Atreset| R |W
0L 1111 Lo |P37/INTo input level selection |0 : CMOS level o lolo
} } } } } } } bit 1:TTL level
. A 1 [P36/INT1 input level selection |0 : CMOS level 0 |O|O
[ R R bit (Note) 1:TTL level
| ©
o L 2 | Plo, P12,P13s input level 0: CMOS level 0o (o]0
b selection bit 1:TTL level
| | | | |
A i 3 [ Nothing is allocated for these bits. These are write disabled bits. 0 [O]|O
Lo || When these bits are read out, the values are “0".
IR R R S 4 0 |ofo
| | |
| | | —
] 5 o |ofo
| |
| | 1
N 6 0 (0]|O
‘ —
L 7 o oo

Note: Keep setting the P36/INT1 input level selection bit to “0” (initial value) for the

32-pin package version.

Fig. 2.1.7 Structure of Po

rt P1P3 control register
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APPLICATION
2.1 1/0 port

Interrupt edge selection reqister

b7 b6 b5 b4 b3 b2 bl b0

Interrupt edge selection register INTEDGE) [Address : 3A 16]

: Interrupt request issued

I I

BEEE R - — Funcion e [Rw

oo | I L {0 [INTointerrupt edge 0 : Falling edge active 0 O

A . | } selection bit 1 : Rising edge active

] INTz interrupt edge 0 : Falling edge active 0 (o)

A selection bit 1 : Rising edge active

| | | | | |

T R 2 | Nothing is allocated for these bits. These are write disabled bits. 0 O

N R T B | | When these bits are read out, the values are “0".

s BEE

| | | | —

T T S 4 0 0

| | |

| | | —

i i R — 5 0 O

L g BEE

|

b 7 | POo key-on wakeup enable bit [0 : Key-on wakeup enabled 0 e}
1 : Key-on wakeup disabled

Fig. 2.1.8 Structure of Interrupt edge selection register
Interrupt request register 1
b7 b6 b5 b4 b3 b2 bl b0
Interrupt request register 1 (IREQ1) [Address : 3C 16]

I I I I I I I I

BEEE R - — Funcion e [Rw

Lo Lo | Serial I/01 receive 0 : No interrupt request issued 0 0

oL interrupt request bit 1 : Interrupt request issued

R R — Serial /01 transmit interrupt | 0 : No interrupt request issued 0 0

N request bit 1 : Interrupt request issued

| 5 5

IR . 2 | INTointerrupt request bit 0 : No interrupt request issued 0 O

b 1 : Interrupt request issued

A T 3 | INTz interrupt request bit 0: No interrupt request issued 0 0

A 1: Interrupt request issued

T 4 | Key-on wake up interrupt 0 : No interrupt request issued 0 0

o request bit 1 : Interrupt request issued

A 5 | CNTRo interrupt request bit 0 : No interrupt request issued 0 O

I 1 : Interrupt request issued

| | " 3 . c

N 6 | CNTRu interrupt request bit 0 : No interrupt request issued 0 0

| 1 : Interrupt request issued

o 7 | Timer X interrupt request bit | 0 : No interrupt request issued 0 O
1

O: These bits can be cleared to “0” by program, but cannot be set to “1".

Fig. 2.1.9 Structure of Interrupt request register 1
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APPLICATION

2.1 1/0 port
Interrupt control register 1
b7 b6 b5 b4 b3 b2 bl b0
Interrupt control register 1 (ICON1) [Address : 3E 16]

I I I I I I I I
i i i i i i i i B Name Function Atreset| R |\W
Lo Lo | Serial /01 receive 0 : Interrupt disabled 0 |o]o
borh interrupt enable bit 1 : Interrupt enabled
.. Serial I/O1 transmit interrupt 0 : Interrupt disabled o |o|o
S enable bit 1 : Interrupt enabled
(R T A 2 | INTo interrupt enable bit 0 : Interrupt disabled 0 |Of0o
b 1 : Interrupt enabled
R 3 | INT1 interrupt enable bit 0 : Interrupt disabled 0o |ofo
A 1 : Interrupt enabled
A T I 4 | Key-on vyake up interrupt 0 : Interrupt disabled 0 |O|O
} } } enable bit 1 : Interrupt enabled
A 5 | CNTRo interrupt enable bit 0 : Interrupt disabled 0 |ofo
L 1 : Interrupt enabled
| | 5
O 6 | CNTRu interrupt enable bit 0 : Interrupt disabled o [o]oO
| 1 : Interrupt enabled
b 7 | Timer X interrupt enable bit 0 : Interrupt disabled 0 |ofo

1 : Interrupt enabled

Fig. 2.1.10 Structure of Interrupt control register 1

2.1.3 Application example of key-on wake up (1)
Outline: The built-in pull-up resistor is used.
Specifications: System is returned from the wait mode when the key-on wakeup interrupt occurs by input
of the falling edge to port POi.
Note: Only the falling edge is active for the key-on wakeup interrupt.

Figure 2.1.11 shows an example of application circuit, and Figure 2.1.12 shows an example of control

procedure.

7540 Group

P03

P02
1+—0 o—

P01
1+—0 o—o

niadnad

POo

PO0i(i:0 to 3)

Key ON

A

Fig. 2.1.11 Example of application circuit

7540 Group User’'s Manual

2-7



APPLICATION
2.1 1/0 port

( RESET )

Initialization - - - - - oo e e et

SEI

CLD

CLT

CPUM (Address 3B16) ~ 10000X002
Wait until f(XIN) oscillation is stabilized (Note)
CPUM (Address 3B16) — XX000X002

Set pull-up control register

[ [ || ] [1]1]t] PULL(Address 1616)

1+ ~-- POopull-up On
[ POz pull-up On
[ P02,P03 pull-up On

CLI

- - Power-down processing

Set interrupt edge selection register

E-:D INTEDGE(Address 3A16)

................ Key-on wakeup enabled

Set “0” to the key-on wakeup interrupt request bit.

(key-on wakeup interrupt enabled)

Set “1” to the key-on wakeup interrupt enable bit.

X: This bit is not used here. Set it to “0” or “1” arbitrary.

Note: For the concrete time, ask the oscillator manufacture.

v

Processing continued ¢

( Keyl ON )

Key-on wakeup
interrupt processing

( RTI )

Fig. 2.1.12 Example of control procedure (1)
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APPLICATION
2.1 1/0 port

2.1.4 Application example of key-on wake up (2)

Outline: The key-on wakeup interrupt is used as the normal external interrupt.

Specifications: The key-on wakeup interrupt occurs by input of the falling edge to port POi. If necessary,
the built-in pull-up resistor is used.

Note: Only the falling edge is active for the key-on wakeup interrupt.

Figure 2.1.13 shows an example of control procedure.

RESET )
— X: This bit is not used here. Set it to “0” or “1” arbitrary.
- Initialization ------------- 1 ——————————————————————————
SElI
CLD
CLT
CPUM(Address 3B16) ~ 10000X002
Wait until f(XIN) oscillation is stabilized (Note 1)
CPUM(Address 3B16) « XX000X002

Set port POi using key-on wakeup interrupt to input mode.
Set port not using key-on wakeup interrupt to output mode

Set pull-up control register, if necessary

ED:D:D:D PULL(Address 1616)

Vv '=== POo pull-up On/Off E
P T P01 pull-up On/Off !
PR P02,P03 pull-up On/Off '

--------- P04—P07 pull-up On/Off

Set interrupt edge selection register (Note 2)

E-:D INTEDGE(Address 3Az16)

mmmmmmmmm—————— Key-on wakeup enabled

Set “0” to the key-on wakeup interrupt request bit.

Notes 1: For the concrete time, ask the oscillator manufacture.
2: In this case, port PQo is used.

Set “1” to the key-on wakeup interrupt enable bit.
(key-on wakeup interrupt enabled)

CLI
7777777777777777777777777777777777777777777777777777 ( Key-on waleup interrupt processing routine )
Processing Processing

( RTI )

Fig. 2.1.13 Example of control procedure (2)
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2.1 1/0 port

2.1.5 Handling of unused pins

Table 2.1.1 Handling of unused pins

Pins/Ports name

Handling

PO, P1, P2, P3

*Set to the input mode and connect each to Vcc or Vss through a resistor of 1 kQ to
10 kQ.
*Set to the output mode and open at “L” or “H” level.

VRer *Connect to Vss (GND).
Xin *Connect to Vss (GND) when using a ring oscillator for main clock.
Xout *Open when using an external clock.

*Open when using a ring oscillator for main clock.

2-10
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2.1 1/0 port

2.1.6 Notes on input and output ports
Notes on using input and output ports are described below.

(1) Notes in stand-by state
In stand-by state*! for low-power dissipation, do not make input levels of an input port and an I/O
port “undefined”.
Pull-up (connect the port to Vcc) or pull-down (connect the port to Vss) these ports through a
resistor.
When determining a resistance value, note the following points:
« External circuit
» Variation of output levels during the ordinary operation
When using a built-in pull-up resistor, note on varied current values:
* When setting as an input port : Fix its input level
* When setting as an output port : Prevent current from flowing out to external.

e Reason
The output transistor becomes the OFF state, which causes the ports to be the high-impedance
state. Note that the level becomes “undefined” depending on external circuits.
Accordingly, the potential which is input to the input buffer in a microcomputer is unstable in the
state that input levels of a input port and an I/O port are “undefined”. This may cause power
source current.

*1 stand-by state : the stop mode by executing the STP instruction
the wait mode by executing the WIT instruction

(2) Modifying output data with bit managing instruction
When the port latch of an 1/O port is modified with the bit managing instruction*?, the value of the
unspecified bit may be changed.

e Reason
The bit managing instructions are read-modify-write form instructions for reading and writing data
by a byte unit. Accordingly, when these instructions are executed on a bit of the port latch of an
I/0 port, the following is executed to all bits of the port latch.
» As for a bit which is set for an input port :
The pin state is read in the CPU, and is written to this bit after bit managing.
» As for a bit which is set for an output port :
The bit value of the port latch is read in the CPU, and is written to this bit after bit managing.

Note the following :

« Even when a port which is set as an output port is changed for an input port, its port latch holds
the output data.

« As for a bit of the port latch which is set for an input port, its value may be changed even when
not specified with a bit managing instruction in case where the pin state differs from its port latch
contents.

*2 bit managing instructions : SEB, and CLB instructions
(3) Usage for the 32-pin version

O Fix the P3s, P3s pull-up control bit of the pull-up control register to “1".
O Keep the P36/INT: input level selection bit of the port P1P3 control register “0” (initial state).
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2.1 1/0 port

2.1.7 Termination of unused pins
(1) Terminate unused pins

O I/O ports :

« Set the 1/O ports for the input mode and connect them to Vcc or Vss through each resistor of
1 kQ to 10 kQ.

Ports that permit the selecting of a built-in pull-up resistor can also use this resistor. Set the I/
O ports for the output mode and open them at “L” or “H".

* When opening them in the output mode, the input mode of the initial status remains until the
mode of the ports is switched over to the output mode by the program after reset. Thus, the
potential at these pins is undefined and the power source current may increase in the input
mode. With regard to an effects on the system, thoroughly perform system evaluation on the user
side.

« Since the direction register setup may be changed because of a program runaway or noise, set
direction registers by program periodically to increase the reliability of program.

(2) Termination remarks

O Input ports and 1/O ports :
Do not open in the input mode.

e Reason
* The power source current may increase depending on the first-stage circuit.
« An effect due to noise may be easily produced as compared with proper termination O and
O shown on the above.

O I/O ports :
When setting for the input mode, do not connect to Vcc or Vss directly.

e Reason
If the direction register setup changes for the output mode because of a program runaway or
noise, a short circuit may occur between a port and Vcc (or Vss).

O I/O ports :
When setting for the input mode, do not connect multiple ports in a lump to Vcc or Vss through
a resistor.

e Reason
If the direction register setup changes for the output mode because of a program runaway or
noise, a short circuit may occur between ports.

« At the termination of unused pins, perform wiring at the shortest possible distance (20 mm or less)
from microcomputer pins.
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2.2 Timer A

2.2 Timer A

This paragraph explains the registers setting method and the notes relevant to the timer A.

2.2.1 Memory map

A A
000116 | Port PO direction register (POD)
001616 | Pull-up control register (PULL)
001D1s| Timer A mode register (TAM)
001Ei1e6| Timer A (low-order) (TAL)
001F1e| Timer A (high-order) (TAH)
003A16 | Interrupt edge selection register (INTEDGE)
003C1s6| Interrupt request register 1 (IREQ1)
003D16 | Interrupt request register 2 (IREQ2)
003Ez1s | Interrupt control register 1 (ICON1)
003F16 | Interrupt control register 2 (ICON2)

Fig. 2.2.1 Memory map of registers relevant to timer A

7540 Group User's Manual 2-13



APPLICATION

2.2 Timer A

2.2.2 Relevant registers

Port PO direction register
b7 b6 b5 b4 b3 b2 bl b0

Port PO direction register (POD) [Address : 01 16]

I I I I I I I I

i i i i i i i i B Name Function At reset W

L1 1 Lo |Port PO direction register 0 : Port Pioinput mode 0 ¢}

[ R 1 : Port Pio output mode

| -

R L,, 1 0 : Port Pi1input mode 0 o)

I _ 1 : Port Pi1 output mode

I 2 0 : Port Pizinput mode 0 o

oo | 1 : Port Pi2 output mode

T B 3 0 : Port P!3 input mode 0 o

. - 1 : Port Piz output mode

I T R 4 0: Port Piainput mode 0 e}

. [ 1 : Port Pis output mode

N 5 0 : Port Pisinput mode 0 o

o [ 1 : Port Pis output mode

} L 777777777777777 6 0 : Port Pis input mode 0 e}

| ] 1 : Port Pis output mode

L 7 0 : Port Pi7input mode 0 o
1 : Port Pi7 output mode

Fig. 2.2.2 Structure of Port PO direction register
Pull-up control reqister
b7 b6 b5 b4 b3 b2 bl b0
Pull-up control register (PULL) [Address : 16 1¢]

I I I I I I I I

i i i i i i i i B Name Function At reset W

bbb 10 [POo pull-up control bit 0 : Pull-up Off 0 o)

[ 1: Pull-up On

| | | | | | |

It 1 1 1 1 ____|1 |POz1 pull-up control bit 0 : Pull-up Off 0 O

TR | 1: Pull-up On

L 2 | P02, POz pull-up control bit 0 : Pull-up Off 0 o)

b 1: Pull-up On

A T 3 | P04 — PO7 pull-up control bit 0 : Pull-up Off 0 o

. 1: Pull-up On

R 4 | P30 - P33 pull-up control bit |0 : Pull-up Off 0 o

. 1: Pull-up On

Lo ] 5 [ P34 pull-up control bit 0 : Pull-up Off 0 o

I 1: Pull-up On

| L ,,,,,,,,,,,,,,, 6 | P3s, P3s pull-up control bit 0 : Pull-up Off 0 0

| 1: Pull-up On

L 7 | P37 pull-up control bit 0 : Pull-up Off 0 o
1: Pull-up On

Notes 1: Pins set to output are disconnected from the pull-up control.

2: Keep setting the P35, P36 pull-up control bit to “1” (initial value: 0) for the 3

2-pin package versions.

Fig. 2.2.3 Structure of Pull-up control register

2-14
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2.2 Timer A

Timer A mode reqister
b7 b6 b5 b4 b3 b2 bl b0

Timer A mode register (TAM) [Address : 1D 16]

1 : Count stop

B Name Function Atreset| R [w
0 | Nothing is allocated for these bits. These are write disabled bits. 0 O
| | When these bits are read out, the values are “0”.
1 0 O
2 0 O
3 0 O
4 | Timer A operating mode bits | 2504 0 0
P ¢ 0 0: Timer mode
0 1: Period measurement mode
? 1 0 : Event counter mode 0 o
1 1: Pulse width HL continuously
measurement mode
6 | CNTR1 active edge switch bit | The function depends on the 0 O
operating mode.
(Refer to Table 2.2.1)
7 | Timer A count stop bit 0 : Count start 0 e}

Fig. 2.2.4 Structure of Timer A mode register

Table 2.2.1 CNTR: active edge switch bit function

Timer A operating modes CNTR: active edge switch bit (bit 6 of address 1Dis) contents
Timer mode “0”"|CNTR: interrupt request occurrence: Falling edge
; No influence to timer count
“1"|CNTRu: interrupt request occurrence: Rising edge
; No influence to timer count
Period measurement mode “0”|Period measurement: Falling period measurement
CNTRu: interrupt request occurrence: Falling edge
“1"|Period measurement: Rising period measurement
CNTR: interrupt request occurrence: Rising edge
Event counter mode “0”| Timer A: Rising edge count
CNTRu: interrupt request occurrence: Falling edge
“1"| Timer A: Falling edge count
CNTR: interrupt request occurrence: Rising edge
Pulse width HL continuously|“0”"|CNTR: interrupt request occurrence: Rising edge and Falling edge
measurement mode “1"|CNTRu: interrupt request occurrence: Rising edge and Falling edge

7540 Group User's Manual
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2.2 Timer A

Timer A reqister (low-order, high-order)
b7 b6 b5 b4 b3 b2 bl b0

Timer A register (low-order, high-order) (TAL, TAH) [Address : 1E 16, 1F16]

I I I I I I I I

|
i i i i i ! i i B Function Atreset| R
0 1 1 1 1 1 S0 [+setacountvalue of timer A. 1 |0(O
N T N R || +The value set in this register is written to both timer A and timer A
A N 1| latch at the same time. 1 |O
R | [ *When this register is read out, the timer A’s count value is read
HEREEE uE
[ R T B |
Lol Lo __ 3 1 |o
| | | |
| | | | _—
R | G
[ _—
i i L] 5 1 |©O
| | 1
Do 6 1 |0
‘ —
b 7 1 |o

Notes 1: Be sure to write to/read out both the low-order of timer A (TAL) and the high-
order of timer A (TAH).
2: Read the high-order of timer A (TAH) first, and the high-order of timer A (TAL) next.
3: Write to the low-order of timer A (TAL) first, and the high-order of timer A (TAH) next.
4: Do not write to them during read, and do not read out them during write.

Fig. 2.2.5 Structure of Timer A register

Interrupt edge selection register
b7 b6 b5 b4 b3 b2 bl b0

Interrupt edge selection register (INTEDGE) [Address : 3A 16]

I I
i i i i i i i i B Name Function Atreset| R
} } } } } } } L {0 | INTo interrupt edge 0 : Falling edge active o |olo
A | ! selection bit 1 : Rising edge active
I 1 1 1 1 1 |9 |INTzinterrupt edge 0 : Falling edge active o |o
A selection bit 1 : Rising edge active
| | | | | |
o ] 2 | Nothing is allocated for these bits. These are write disabled bits. 0 |O
I || When these bits are read out, the values are “0”".
R L o o
| | | | _—
R R 4 o (o
| | |
| | | —
i i N 5 0 |O
| | 1
Do 6 0 |O
|
b 7 | POo key-on wakeup enable bit |0 : Key-on wakeup enabled o |o

1: Key-on wakeup disabled

Fig. 2.2.6 Structure of Interrupt edge selection register
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2.2 Timer A

Interrupt request register 1

b7 b6 b5 b4 b3 b2 bl b0

Interrupt request register 1 (IREQ1) [Address : 3C 16]

Name

Function

At reset

I I I I I I
| | | | | |
I
b | Serial I/01 receive 0 : No interrupt request issued 0 0
A interrupt request bit 1 : Interrupt request issued
o | o Serial I/01 transmit interrupt | 0 : No interrupt request issued 0 0
N request bit 1 : Interrupt request issued

| z 5
T T A INTo interrupt request bit 0 : No interrupt request issued 0 0
b 1 : Interrupt request issued
L] L __J INT1 interrupt request bit 0 : No interrupt request issued 0 O
A 1 : Interrupt request issued
T Key-on wake up interrupt 0 : No interrupt request issued 0 0
} } } request bit 1 : Interrupt request issued
] CNTRo interrupt request bit 0 : No interrupt request issued 0 0
I 1 : Interrupt request issued
| | " . L .
N CNTRu interrupt request bit 0 : No interrupt request issued 0 0
| 1 : Interrupt request issued
Lo Timer X interrupt request bit | 0 : No interrupt request issued 0 O

1 : Interrupt request issued
0: These bits can be cleared to “0” by program, but cannot be set to “1”.
Fig. 2.2.7 Structure of Interrupt request register 1
Interrupt request reqister 2
b7 b6 b5 b4 b3 b2 bl b0
Interrupt request register 2 (IREQ2) [Address : 3D 16]
I I I I I I

RRREREE Funcion e[
N Timer Y interrupt request bit |0 : No interrupt request issued 0 O
. | | 1 : Interrupt request issued
O Timer Z interrupt request bit 0 : No interrupt request issued 0 0
Lo 1 : Interrupt request issued

| s "
o Timer A interrupt request bit |0 - No interrupt request issued 0 0
b 1 : Interrupt request issued
A R T T Serial 1/02 interrupt request 0 : No interrupt request issued 0 0
. bit 1 : Interrupt request issued
A AD converter interrupt 0 : No interrupt request issued 0 O
. request bit 1 : Interrupt request issued
T —— Timer 1 interrupt request bit | 0 : No interrupt request issued 0 O
[ 1 : Interrupt request issued
| |
S Nothing is allocated for these bits. These are write disabled bits. 0 g
\ || When these bits are read out, the values are “0”".
|
Lo ______ 0 O

0: These bits can be cleared to “0” by program, but cannot be set to “1".

Fig. 2.2.8 Structure of Interrupt request register 2
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2.2 Timer A

Interrupt control register 1
b7 b6 b5 b4 b3 b2 bl b0

Interrupt control register 1 (ICON1) [Address : 3E 1]

I I I I I I I I
EEE RN O — Funcion e R W
o011 Lo | Serial I/01 receive 0 : Interrupt disabled 0 e
oL interrupt enable bit 1 : Interrupt enabled
A —— Serial /01 transmit interrupt 0 : Interrupt disabled 0 (@)
N enable bit 1 : Interrupt enabled
| | | | | | 3
A 2 | INTo interrupt enable bit 0 : Interrupt disabled 0 o)
b 1 : Interrupt enabled
T A R 3 [ INTz interrupt enable bit 0: Interrupt disabled 0 0
bl 1 : Interrupt enabled
T 4 | Key-on wake up interrupt 0 : Interrupt disabled 0 o
} } } enable bit 1 : Interrupt enabled
N R 5 | CNTRo interrupt enable bit 0 : Interrupt disabled 0 o
o 1 : Interrupt enabled
S 6 | CNTRu interrupt enable bit 0 : Interrupt disabled 0 0
| 1: Interrupt enabled
Lo 7 | Timer X interrupt enable bit 0 : Interrupt disabled 0 (o)
1 : Interrupt enabled
Fig. 2.2.9 Structure of Interrupt control register 1
Interrupt control register 2
b7 b6 b5 b4 b3 b2 bl b0
Interrupt control register 2 (ICON2) [Address : 3F 1]
I I I I I I

BEE R O — Funcion ——eeea
1111 Lo | Timer Y interrupt 0 : Interrupt disabled 0 O
A . | } enable bit 1 : Interrupt enabled
A A Timer Z interrupt enable bit 0 : Interrupt disabled 0 (@)
N 1 : Interrupt enabled
| | | | | | .
R A 2 | Timer A interrupt enable bit 0 : Interrupt disabled 0 o)
b 1 : Interrupt enabled
A 3 | Serial /02 interrupt enable bit | 0 : Interrupt disabled 0 o
bl 1 : Interrupt enabled
T R 4 | AD conversion interrupt 0 : Interrupt disabled 0 o
. enable bit 1 : Interrupt enabled
R 5 | Timer 1 interrupt enable bit 0 : Interrupt disabled 0 e)
I 1 : Interrupt enabled
| |
e 6 | Nothing is allocated for these bits. These are write disabled bits. 0 u
| || When these bits are read out, the values are “0".
S 7 0 O

Fig. 2.2.10 Structure of Interrupt control register 2
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2.2 Timer A

2.2.3 Timer mode

(1) Operation description
Timer A counts the oscillation frequency divided by 16. Each time the count clock is input, the
contents of Timer A is decremented by 1. When the contents of Timer A reach “000016”, an underflow
occurs at the next count clock, and the timer A latch is reloaded into Timer A. The division ratio of
Timer A is 1/(n+1) provided that the value of Timer A is n.
Timer A can stop counting by setting “1” to the timer A count stop bit.
Also, when Timer A underflows, the timer A interrupt request bit is set to “1”.

(2) Timer mode setting method
Figure 2.2.11 shows the setting method for timer mode of timer A.
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2.2 Timer A

Process 1: Disable timer A interrupt.

b7 bo
| | | | | |0| | | Interrupt control register 2 (ICON2) [Address 3F16]

L Timer A interrupt disabled

Process 2: Set timer A mode register.

b7 b0
[1] [o]of | | | | Timer A mode register (TAM) [Address 1D16]

Timer mode

Timer A count stop

Process 3: Set the count value to Timer A (Note).

« Set the count value to timer A (low-order)

| | Timer A (low-order) (TAL) (Address 1Eze6)

\— Count value

* Set the count value to timer A (high-order)

| | Timer A (high-order) (TAH) (Address 1F16)

- Count value

Note: Write both registers in order of timer X (low-order) and
timer X (high-order) following, certainly.

Process 4: In order not to execute the no requested interrupt processing,
set “0” (no requested) to the timer A interrupt request bit.

b7 b0
| | | | | |o| | | Interrupt request register 2 (IREQ2) [Address 3D1e]

li No timer A interrupt request issued

Process 5: When Timer A interrupt is used, set “1” (interrupt enabled)
to the timer A interrupt enable bit.

b7 b0
(T[] [ ]] Interrupt control register 2 (ICON2) [Address 3F1e]

\— Timer A interrupt enabled

Process 6: Start counting of Timer A.

b7 b0
|o| |0|0| | | | | Timer A mode register (TAM) [Address 1D1s]

‘ Timer A count start

Fig. 2.2.11 Setting method for timer mode
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2.2 Timer A

(3) Application example of timer mode
Outline: The input clock is divided by the timer so that the period processing is executed every
25 ms intervals.
Specifications: *The f(Xw) = 8 MHz is divided by timer A to detect 25 ms.

*The timer A interrupt request is confirmed in the main routine. When 25 ms has
elapsed, the period processing is executed in the timer A interrupt processing
routine.

» Operation clock: f(Xw) = 8 MHz, high-speed mode

Figure 2.2.12 shows an example of control procedure.

RESET )
Initialization-----—----—- - 1 77777777777777777777777777
SEI
gt? X: This bit is not used here. Set it to “0” or “1” arbitrary.
CPUM(Address 3B16) ~ 10000X002
Wait until f(XiN) oscillation is stabilized (Note 1)
CPUM(Address 3B16) ~ 00000X002

Set “0” to the timer A interrupt enable bit.
(Timer A interrupt disabled)
I
Set timer A mode register

l.EEllll TAM(Address 1D16)

eeenmeeae- Timer mode
______________ Timer A count stop Notes 1: For the concrete time, ask the oscillator manufacture.
2: When setting the value to Timer A, set in order of low-order

I byte and high-order byte following.

Set value to timer A (Notes 2, 3) 3:25ms = 1/8 MHz 00 16 0 (30D316 + 1)

Tlmer A Timer A
division ratio setting value
(fixed)

Timer A (low-order) (Address 1E1s)
Timer A (high-order) (Address 1F1is)

I
Set “0” to the timer A interrupt request bit.

|
Set “1” to the timer A interrupt enable bit.
(Timer A interrupt enabled)
I
Set timer A mode register

Q.EE.... TAM(Address 1D16)

............... Timer A count start

ffffffffffffffffffffffffffffffffffffffffffffffffffff ( Timer A interrupt processing routine )

Processing Periodic processing

( RTI )

Fig. 2.2.12 Example of control procedure
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2.2 Timer A

2.2.4 Period measurement mode

(1) Operation description
In the period measurement mode, the pulse period input from the POo/CNTR: pin is measured.
CNTRu: interrupt request is generated at rising/falling edge of CNTR1 pin input signal. Simultaneously,
the value in the timer A latch is reloaded in Timer A and count continues. The active edge of CNTR:
pin input signal can be selected from rising or falling by the CNTR: active edge switch bit. The count
value when trigger input from CNTR: pin is accepted is retained until Timer A is read once.
Timer A can stop counting by setting “1” to the timer A count stop bit.
Also, when Timer A underflows, the timer A interrupt request bit is set to “1”.

(2) Period measurement mode setting method
Figure 2.2.13 and Figure 2.2.14 show the setting method for period measurement mode of timer A.

Process 1: Disable timer A interrupt and CNTR1 interrupt.

b7 bo

| |0| | | | | | | Interrupt control register 1 (ICON1) [Address 3E16]
‘ CNTRu interrupt disabled

b7 b0

| | | | | |0| | | Interrupt control register 2 (ICON2) [Address 3F1s]

‘— Timer A interrupt disabled

Process 2: Set the CNTR1 pin to the input mode.
b7 b0
| | | | | | | |0| Port PO direction register (POD) [Address 0116]

‘— Set the POo/CNTR1 pin to the input mode

Process 3: Set pull-up control register.
b7 b0
[ 1] [ ]]]] Pul-upcontol register (PULL) [Address 1616]

‘7 POo/CNTR1 pull-up control bit
0: Pull-up Off
1: Pull-up On

Process 4: Set timer A mode register.

b7 b0
(1] [o]2] [ | | | Timer A mode register (TAM) [Address 1D16]

u— Period measurement mode

CNTRu1 active edge selected
0: Falling period measured

Falling edge active for CNTRu interrupt
1: Rising period measured

Rising edge active for CNTRz1 interrupt
Timer A count stop

Fig. 2.2.13 Setting method for period measurement mode (1)
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Process 5: Set the count value to timer A (Note).

« Set the initial value to timer A (low-order)

|:| Timer A (low-order) (TAL) (Address 1Ez16)
\— Initial value

« Set the initial value to timer A (high-order)

I:l Timer A (high-order) (TAH) (Address 1F16)
.

Initial value

Note: Write both registers in order of timer X (low-order) and timer X (high-order) following, certainly.

Process 6: In order to use the CNTR1 pin function of the POo/CNTR1 pin, disable the POo key-on wakeup function.

b7 b0
E[]:I:I:ED] Interrupt edge selection register (INTEDGE) [Address 3A16]
\— Key-on wakeup disabled

Process 7: In order not to execute the no requested interrupt processing, set “0” (no requested)
to the timer A interrupt request bit and CNTR1 interrupt request bit.

b7 b0
E... D] Interrupt request register 1 (IREQ1) [Address 3C16]
e

No CNTRu interrupt request issued

b7 b0
Emm Interrupt request register 2 (IREQ2) [Address 3D16]

L

No timer A interrupt request issued

Process 8: When the interrupt is used, set “1” (interrupt enabled) to the timer A interrupt enable bit
or CNTR1 interrupt enable bit.

b7 bo
|:|:|:|:|:| Interrupt control register 1 (ICON1) [Address 3E16]
[ CNTR1 interrupt enabled

b7 b0

l .... Interrupt control register 2 (ICON2) [Address 3F16]

Timer A interrupt enabled

Process 9: Start counting of timer A.

b7 b0
.ﬂ. [E] Timer A mode register (TAM) [Address 1Dz16]
i

Timer A count start

Fig. 2.2.14 Setting method for period measurement mode (2)
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(3) Application example of period measurement mode
Outline: The phase control signal is adjusted by using the period measurement mode.
Specifications: ¢ The phase control signal is output to a load, and that controls the phase of a load.
» The period of the pulse input to the POo/CNTR: pin from the load as a feedback
signal is measured. The correct of the phase control signal to the load is executed
using this result. The input pulse period is set to be less than the period of timer
A. When timer A underflows, the period is recognized as not corrected, and error
processing is executed in the timer A interrupt processing routine.
» Operation clock: f(Xin) = 8 MHz, high-speed mode

Figure 2.2.15 shows an example of a peripheral circuit, and Figure 2.2.16 shows an example of
control procedure.

7540 Group

IuyL

PO0/CNTR1 |« Load
—]
A —

Y4
Port A—F @—

VAC

Eig. 2.2.15_Example of peripheral circuit
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( RESET )

Initialization------------- 1 ,,,,,,,,,,,,,,,,,,,,,,,,,, B X: This bit is not used here. Set it to “0” or “1” arbitrary.

SEI

CLD

CLT

CPUM (Address 3B16) ~ 10000X002

Wait until f(Xin) oscillation is stabilized (Note 1)

CPUM (Address 3B16) ~ 00000X002

( CNTR1 interrupt processing routine )

Set “0” to the CNTRu1 interrupt enable bit.
(CNTR1 interrupt disabled)

Set “0” to the timer A interrupt enable bit.
(Timer A interrupt disabled)

I
| Set port POo to the input mode.

I
Set pull-up control register

[ITTTTTT] PULL(Address 1616)

+- P0o pull-up control bit
0: Pull-up Off
1: Pull-up On

I
Set timer A mode register

[0 TTT] TAM(Address 1D16)

P teeeeeaans Period measurement mode

[ LR Rising period measured

H Rising edge active for CNTR1
interrupt

L, Timer A count stop

Read timer A (Note 3)

( RTI )

Error processing at incorrect period input

( Timer A interrupt processing routine )

Error processing

Set value to timer A (Note 2)

Timer A (low-order) (Address 1Ez16)
Timer A (high-order) (Address 1F1e)

I
Set interrupt edge selection register

[A[TTTTTT] INTEDGE(Address 3A1s6)

[ Key-on wakeup disabled
I
Set “0” to the CNTR1 interrupt request bit.
Set “0” to the timer A interrupt request bit.
I
Set “1” to the CNTR1 interrupt enable bit.
(CNTRu interrupt enabled)
Set “1” to the timer A interrupt enable bit.
(Timer A interrupt enabled)
I
Set timer A mode register

[O[1[O[i T T T ] TAM(Address 1D16)

! Timer A count start

( RTI )

Notes 1: For the concrete time, ask the oscillator manufacture.
2: When setting the value to timer A, set in order of low-order byte
and high-order byte following.
3: When reading a value of timer A, read in order of high-order byte
and low-order byte following.

CNTRu1 interrupt processing

Processing

Timer A interrupt processing

Fig. 2.2.16 Example of control procedure
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2.2.5 Event counter mode

(1) Operation description
Timer A counts signals input from the POo/CNTR: pin.
Except for this, the operation in event counter mode is the same as in timer mode.
The active edge of CNTR: pin input signal can be selected from rising or falling by the CNTR: active
edge switch bit.
Timer A can stop counting by setting “1” to the timer A count stop bit.
Also, when Timer A underflows, the timer A interrupt request bit is set to “1".

(2) Event counter mode setting method
Figure 2.2.17 and Figure 2.2.18 show the setting method for event counter mode of timer A.

Process 1: Disable timer A interrupt and CNTR1 interrupt.

b7 bo
[ o] [] [ | Interrupt control register 1 (ICON1) [Address 3E1s]
\—CNTRl interrupt disabled
b7 b0
.....ﬂ.. Interrupt control register 2 (ICON2) [Address 3F16]
\—Timer A interrupt disabled

Process 2: Set the CNTR1 pin to the input mode.

b7 b0
......ﬂ Port PO direction register (POD) [Address 0116]
L

Set the POo/CNTRu1 pin to the input mode

Process 3: Set pull-up control register.

b7 b0
EED]]]]] Pull-up control register (PULL) [Address 1616]

P0Oo/CNTR1 pull-up control bit
0: Pull-up Off
1: Pull-up On

Process 4: Set timer A mode register.
b7 b0
[T T]o] ] D:l Timer A mode register (TAM) [Address 1D16]

Event counter mode

CNTR1 active edge selected
0: Rising period measured

Falling edge active for CNTR1 interrupt
1: Falling period measured

Rising edge active for CNTR1 interrupt
Timer A count stop

Process 5: Set the count value to timer A (Note).

* Set the count value to timer A (low-order)

|:| Timer A (low-order) (TAL) (Address 1E1e)
.

« Set the count value to timer A (high-order)

I:l Timer A (high-order) (TAH) (Address 1F16)
I

Count value

Count value

Note: Write both registers in order of timer X (low-order) and the timer X (high-order) following, certainly.

Fig. 2.2.17 Setting method for event counter mode (1)
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b7 bo
E[]:EI:ED] Interrupt edge selection register (INTEDGE) [Address 3A16]

‘ Key-on wakeup disabled

to the timer A interrupt request bit and CNTR1 interrupt request bit.

b7 b0
DID:D]] Interrupt request register 1 (IREQ1) [Address 3Cis]
\

No CNTRu interrupt request issued

b7 bo
I:ED:DID Interrupt request register 2 (IREQ2) [Address 3Dz16]

L NotimerA interrupt request issued

Process 8: When the interrupt is used, set “1” (interrupt enabled) to the timer A
interrupt enable bit or CNTR1 interrupt enable bit.

b7 b0

....... Interrupt control register 1 (ICON1) [Address 3E16]

CNTRu interrupt enabled

b7 b0
l..... Interrupt control register 2 (ICON2) [Address 3F16]

\— Timer A interrupt enabled

Process 9: Start counting of timer A.

b7 bo
EI:EI:E] Timer A mode register (TAM) [Address 1D16]
\

Timer A count start

Process 6: In order to use the CNTR1 pin function of the POo/CNTR1 pin, disable the P0Oo key-on wakeup function.

Process 7: In order not to execute the no requested interrupt processing, set “0” (no requested)

Fig. 2.2.18 Setting method for event counter mode (2)
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(3) Application example of event counter mode

Outline: The frequency of the pulse which is input to the POJ/CNTR: pin (“H” active) is measured by

the number of events in a certain period.

Specifications: The count source of timer A is input from the POo/CNTR: pin, and the timer A starts
counting the count source. Clock (f(Xw) = 8 MHZz) is divided by timer X to detect 1
ms. The frequency of the pulse input to the PO./CNTR: pin is calculated by the
number of events counted within 1 ms.

Operation clock: f(Xin) = 8 MHz, high-speed mode

Figure 2.2.19 shows an example of measurement method of frequency, and Figure 2.2.20 shows an
example of control procedure.

| 1ms Lo
e E— ]

s __ Ie—

Timer X interrupt request bit 88

PO0/CNTRy pin input ) L LR S st 5 i i AL AL AL AL AL

) ) Counted by Timer A (Note 1) 4
Timer A’IT'tm?r X X times (Note 2) Timer X interrupt processing routine
count star » Timer A, Timer X count stop
» Timer A read
» Timer A, Timer X set again
» Timer A, Timer X count restart

Notes 1: Counted at falling edge.

2: Frequency of pulse input from POo/CNTR1 pin: % KHz

Fig. 2.2.19 Example of measurement method of frequency
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CPUM(Address 3B16)  —10000X002
f(Xin) until f(XiN) oscillation is stabilized
CPUM(Address 3B16)  —00000X002

X: This bit is not used here. Set it to “0” or “1" arbitrary.

( RESET )
VInitialization=-=-~"""""""~ 1 ””””””””””””” N
SEI
CLD
CLT

(I'imer X interrupt processing routine (1ms imerrupt)

(Note 1)

Set timer A mode register
[1[a2[o[ TTT] TAM(Address 1D16)

--- Timer A count stop

(CNTRu interrupt disabled)
(Timer A interrupt disabled)

(Timer X interrupt disabled)

Set “0” to the CNTR1 interrupt enable bit.
Set “0" to the timer A interrupt enable bit.

Set “0” to the timer X interrupt enable bit

Set timer X mode register
XM(Address 2B16)
Timer X count stop

(Timer A setting value “FFFF16”) — (Timer A count
value) — eventinlms

| Set port POo to the input mode.

Set pull-up control register

|:|:|:|:|:|:|:|:| PULL(Address 1616)

:'POO pull-up control bit
0: Pull-up Off
1: Pull-up On

Set value to timer A (Note 2)

Timer A (low-order) (Address 1E16)
Timer A (high-order) (Address 1Fis)

Set timer A mode register

[T TTT] TAM(Address 1D16)

-~ Event count mode
Count at falling edge
Timer A count stop

Set value to timer X (Note 3)

Prescaler X (Address 2Cis)
Timer X (Address 2D16)

Set timer A mode register

O[O TTT] TAM(Address 1D16)

Timer A count start

Set value to timer A (Note 2)

Timer A (low-order) (Address 1Ez1e)
Timer A (high-order) (Address 1Fie)

Set timer X mode register
[TTT1 To] Jo]o] TXM(Address 2B16)

Timer X count start

Set timer X mode register

[TTT T I0[°] TXM(Address 2B16)

Timer mode
“=-------Timer X count stop

RTI

Set timer count source set register

[Jo] T T T I0[°] TCSS(Address 2E16)

f(XIN)/16 selected

‘-4---Timer X count source:

high-order byte following.

Set value to timer X (Note 3)

Timer X (Address 2D16)

Prescaler X (Address 2C16)

Set interrupt edge selection register

............... Key-on wakeup disab|

[TTTT] INTEDGE(Address 3A1s)

led

Set timer A mode register

[O[I[Z[O] T T I] TAM(Address 1D16)

‘-=------------Timer A count start

| Set “0” to the timer X interrupt request bit.

(Timer X interrupt enabled)

Set “1" to the timer X interrupt enable bit.

Set timer X mode register

[TTTI°[ [°[°] TXM(Address 2B16)

......... Timer X count start

Processing

Notes 1: For the concrete time, ask the oscillator manufacture.
2: When setting the value to timer, set in order of low-order byte and

3: 1 ms detection = 1/8 MHz [J 16 O (0116 + 1) [ (F916 + 1)

Timer X Prescaler X  Timer X
division ratio setting value setting value

Fig. 2.2.20 Example of control procedure
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2.2.6 Pulse width HL continuously measurement mode

(1) Operation description
In the pulse width HL continuously measurement mode, the pulse width (“H” and “L” levels) input to
the POo/CNTR: pin is measured.
CNTR: interrupt request is generated at both rising and falling edges of CNTR: pin input signal.
Except for this, the operation in pulse width HL continuously measurement mode is the same as in
period measurement mode.
The count value when trigger input from the CNTR: pin is accepted is retained until Timer A is read once.
Timer A can stop counting by setting “1” to the timer A count stop bit.
Also, when Timer A underflows, the timer A interrupt request bit is set to “1”.

(2) Pulse width HL continuously measurement mode setting method
Figure 2.2.21 and Figure 2.2.22 show the setting method for pulse width HL continuously measurement

mode of timer A.

Process 1: Disable timer A interrupt and CNTR1 interrupt.

b7 b0
.ﬂ... D:l Interrupt control register 1 (ICON1) [Address 3E16]
.

CNTRu interrupt disabled
b7 b0

[ TT T T 1ol ] nterrupt control register 2 (ICON2) [Address 3F1e]

Timer A interrupt disabled

Process 2: Set the CNTR1 pin to the input mode.

b7 bo
.... ..ﬂ Port PO direction register (POD) [Address 0116]

L Set the POo/CNTR1 pin to the input mode

Process 3: Set the pull-up control register.

b7 b0
D]]]]ID Pull-up control register (PULL) [Address 1616]
L POo/CNTR1 pull-up control bit
0: Pull-up Off
1: Pull-up On

Process 4: Set timer A mode register.

b7 b0
1 Ja[eJ T T[] Timer Amode register (TAM) [Address 1D1e]
I

Pulse width HL continuously measurement mode

Timer A count stop

Process 5: Set the count value to timer A (Note).

« Set the initial value to timer A (low-order)

|:| Timer A (low-order) (TAL) (Address 1Ez1s)
L

Initial value

« Set the initial value to timer A (high-order)

|:| Timer A (high-order) (TAH) (Address 1F16)
L

Initial value

Note: Write both registers in order of timer X (low-order) and the timer X (high-order) following, certainly.

Fig. 2.2.21 Setting method for pulse width HL continuously measurement mode (1)
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b7 b0

. lll.. Interrupt edge selection register (INTEDGE) [Address 3A16]
\

Key-on wakeup disabled

Process 7: In order not to execute the no requested interrupt processing, set “0” (no requested)
to the timer A interrupt request bit and CNTR1 interrupt request bit (Note).

b7 b0
DID]E Interrupt request register 1 (IREQ1) [Address 3Cue]
No CNTRu interrupt request issued

b7 bo
..ﬂ.. Interrupt request register 2 (IREQ2) [Address 3D16]

No timer A interrupt request issued

Note: In the pulse width HL continuously measurement mode, the CNTRu1 interrupt request occurs
at the rising edge and falling edge of the POo/CNTRu1 pin regardless of the value of the
PO0o/CNTR1 active edge switch bit of the timer A mode register.

Process 8: When the interrupt is used, set “1” (interrupt enabled) to the timer A
interrupt enable bit or CNTR1 interrupt enable bit.

b7 bo

....... Interrupt control register 1 (ICON1) [Address 3E16]
L

CNTRu interrupt enabled

b7 bo

EEENEERR

Interrupt control register 2 (ICON2) [Address 3F16]

Timer A interrupt enabled

Process 9: Start counting of timer A.

b7 b0
@IEED Timer A mode register (TAM) [Address 1D16]

Timer A count start

Process 6: In order to use the CNTR1 pin function of the POo/CNTR1 pin, disable the P0Oo key-on wakeup function.

Fig. 2.2.22 Setting method for pulse width HL continuously measurement mode (2)
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(3) Application example of pulse width HL continuously measurement mode
Outline: A telephone ringing (calling) pulse* is detected by using the pulse width HL continuously
measurement mode.
* Signal which is sent by turning on/off (make/break) the telephone line.
Each country has a different standard. In this case, Japanese domestic standard is adopted as an
example.
Specifications: Whether a telephone call exists or not is judged by measuring a pulse width output
from the ringing signal detection circuit.
f(Xin)/16 (f(Xin) = 6.4 MHz) is used as the count source, and “H” and “L” pulse width
of the ringing pulse are measured by using the pulse width HL continuously measurement
mode. When the following conditions are satisfied, it is recognized as a normal
value. When the following conditions are not satisfied, it is recognized as an unusual
value.
200 ms < “H” pulse width of ringing pulse < 1.2 s
600 ms < “L” pulse width of ringing pulse < 2.2 s
1.0 s < one period (“H” pulse width + “L” pulse width) < 3.0 s
Operation clock: f(Xi) = 6.4 MHz, high-speed mode

Figure 2.2.23 shows an example of a peripheral circuit, and Figure 2.2.24 shows an operation timing
when a ringing pulse is input. Figures 2.2.25 and 2.2.26 show an example of control procedure.

7540 Group

POO/CNTR1 (7" UL | Ringing pulse Telephone line
detection circuit

Fig. 2.2.23 Example of peripheral circuit

e When a normal-range ringing pulse is input

Ringing duration No ringing
(200 msto 1.2 s) duration
(600 msto 2.2 s) |

(1.0st03.05) ,‘

Input signal to J ”
PO0o/CNTR1 pin Re|oad
) (Reload ) !

Timer A value \[\S\N\]\]\J\ \ \l\
|
|
I
Timer A !
interrupt l
request i 1 period

I
I
|
I
I
|
\
41023 i 12t0 43 ' 20 to 59
interrupts ' interrupts interrupts
I
|

occur occur ; occur
CNTR1
interrupt
request
“H” width measurement end “L” width measurement end

Fig. 2.2.24 Operation timing when ringing pulse is input
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RESET )
~Initialization - - - - -~ - -~ - - f oo
SEI
CLD
CLT
CPUM(Address 3B16) ~ 10000X002

Wait until f(Xin) oscillation is stabilized (Note 1)
CPUM(Address 3B16) ~ 00000X002

Set “0” to the timer A interrupt enable bit.
(Timer A interrupt disabled)
Set “0” to the CNTRu1 interrupt enable bit.
(CNTR1 interrupt disabled)
I
| Set port POo to the input mode.
I
Set pull-up control register

[ITTTTTT]PULL(Address 1616)

- P00 pull-up control bit
0: Pull-up Off
1: Pull-up On
I
Set timer A mode register

[1] ] TAM(Address 1D16)
e Pulse width HL continuously
measurement mode
[EEE LR Timer A count stop

I

Set value to timer A (Notes 2, 3)

Timer A (low-order) (Address 1Ez1e)
Timer A (high-order) (Address 1F1s)

I
Set interrupt edge selection register
INTEDGE(Address 3A16)
R L E T Key-on wakeup disabled
|
Set “0” to the CNTR1 interrupt request bit.
Set “0” to the timer A interrupt request bit.
I
Set “1” to the CNTR1 interrupt enable bit.
(CNTRu interrupt enabled)
Set “1” to the timer A interrupt enable bit.
(Timer A interrupt enabled)
I
Set timer A mode register

[o] ] TAM(Address 1D16)
[T Timer A count start
I
| cul |
3>
Cad
| Main processing |

CNTR1 interrupt occurs at rising edge and falling
edge of waveform which is input to POo/CNTR1 pin

|
Timer A interrupt occurs at timer A
underflow (at every 50 ms)

Aringing pulse exists ?
Ringer flag = “1"?)

| Processing when a ringing pulse exists |
I
| Main processing |

X: This bit is not used here. Set it to “0” or “1” arbitrary.

Notes 1: For the concrete time, ask the oscillator manufacture.
2: When setting the value to timer A, set in order of low-order byte
and high-order byte following.

Timer A
setting value

Timer A division
ratio (fixed)

CNTRu1 interrupt processing

Timer A interrupt processing

Fig. 2.2.25 Example

of control procedure (1)
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C CNTR1 interrupt processing routine )

LevelofPOo/CNTR1is checked,and which
duration measuring is finished is judged.

When POo/CNTR1 = “1”,
“L” duration measuring is finished

When POo/CNTR1 = “0”,
“H” duration measuring is finished.

The numberof underflow is within the range?

The numberof underflow is within the range?
“4"ormore and less than “23")

‘12"ormore and less than “43")

Set “1” to the “H” width decision flag. Set “1" to the “L” width decision flag.

< I

The numberofa period’s N

underflow is within the range? )
(‘20" ormore and less than “59”
% .
v Error processing
When judging that a ringing pulse exists as
a result of several period measurement, set Set “0” to the “H” width decision flag and
Y “1” to the ringing flag. the “L” width decision flag.

* Error processing

Set “1” to the unusual value detection flag

( Timer A interrupt processing routine )

Count the number of underflows

Y
( RTI )

Fig. 2.2.26 Example of control procedure (2)
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2.2.7 Notes on timer A
Notes on using timer A are described below.

(1) Common to all modes

O When reading timer A (high-order) (TAH) and timer A (low-order) (TAL), the contents of timer A
is read out. Read both registers in order of TAH and TAL following, certainly.
TAH and TAL keep the values until they are read out.
Also, do not write to them during read. In this case, unexpected operation may occur.

O When writing data to TAL and TAH when timer A is operating or stopped, the data are set to timer
A and timer A latch simultaneously. Write both registers in order of TAL and TAH following,
certainly.

Also, do not read them during write. In this case, unexpected operation may occur.

(2) Period measurement mode, event counter mode, and pulse width HL continuously measurement mode
O In order to use CNTR: pin, set “0” to bit O of the port PO direction register (input mode).

O In order to use CNTRu: pin, set “1” to bit 7 of the interrupt control register to disable the P0o key-
on wakeup function.

O CNTR: interrupt active edge depends on the CNTR: active edge switch bit. When this bit is “0”,
the CNTRu: interrupt request bit is set to “1” at the falling edge of the CNTR: pin input signal. When
this bit is “1”, the CNTRu: interrupt request bit is set to “1” at the rising edge of the CNTR: pin input
signal.

However, in the pulse width HL continuously measurement mode, CNTR: interrupt request is
generated at both rising and falling edges of CNTR: pin input signal regardless of the setting of
CNTR: active edge switch bit.
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2.3 Timer 1

This paragraph explains the registers setting method and the notes relevant to the timer 1.

2.3.1 Memory map

B o
002816 | Prescaler 1 (PRE1)
002916 | Timer 1 (T1)
003816 | MISRG
003D16 | Interrupt request register 2 (IREQ2)

~ ~
003F16 | Interrupt control register 2 (ICON2)

Fig. 2.3.1 Memory map of registers relevant to timer 1

2.3.2 Relevant registers

Prescaler 1
b7 b6 b5 b4 b3 b2 bl b0

Prescaler 1 (PRE1) [Address : 28 16]

Function

At reset

\llmlmlplwlml Hlom

*Set a count value of prescaler 1.

*The value set in this register is written to both prescaler 1

and the prescaler 1 latch at the same time.

*When this register is read out, the count value of the prescaler 1
latch is read out.

1 O
1 O
1 O
1 O
1 O
1 O
1 O
1 O

Fig. 2.3.2 Structure of Prescaler 1
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Timer 1
b7 b6 b5 b4 b3 b2 bl b0
Timer 1 (T1) [Address : 29 1s]
I I I I I I I I
|
i i i i i ! i i B Function Atreset| R |W
1 1 1 | 1 | -]0|.setacountvalue of timer 1. 1 |90
A N N || +The value set in this register is written to both timer 1 and timer 1
A I L___|1| latch atthe same time. 0 |O]|O
e || *When this register is read out, the timer 1's count value is read
IR I i)
| | | | | ||
I b o [°]°
| | | | _—
T T T 4 o |o|o
| | |
| | | —
] 5 o |ofo
| |
| | 1
e 6 0 |0|0O
‘ —
o 7 o |o]o
Fig. 2.3.3 Structure of Timer 1
MISRG
b7 b6 b5 b4 b3 b2 bl b0
E_ MISRG [Address : 3816]
1 T 1 1
A N R R R I Name Function [Atreset | R [W
| | | | | | | |
Lo | I | |0 [Oscillation stabilization time 0 : Set “0l116” in timer 1, and 0 |olo
R T | — set bit after release of the “FF16” in_ prescaler 1
[ R A STP instruction automatically _
A 1 : Not set automatically
| | | | | | |
A ] Ceramic or RC oscillation stop | O : Detection function inactive 0 |olo
I N detection function active bit 1 : Detection function active
|
TR ] 2 | These are reserved bits. 0 |(o]lo
Lo Do not write “1” to these bits.
| | | | | |
e —— 3 0 |o|O
| | | |
} } } L 4 | Nothing is allocated for these bits. These are write disabled bits. 0 |o]|O
} } } [ When these bits are read out, the values are “0".
3 3 AR 5 0 |ofo
| | —
T i 6 0 |o|O
|
] 7 | Oscillation stop detection 0 : Oscillation stop not detected  [(Note) olo
status bit 1 : Oscillation stop detected
Note: “0” at normal reset
“1” at reset by detecting the oscillation stop

Fig. 2.3.4 Structure of MISRG
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Interrupt request register 2

b7 b6 b5 b4 b3 b2 bl b0

Interrupt request register 2 (IREQ2) [Address : 3D 16]

I I I I I I

BEEE R —
1 1 1 | Lo |TimerY interrupt request bit |0 : No interrupt request issued 0 0
A | ! 1 : Interrupt request issued
o0 Lo |1 | Timer Zinterrupt request bit 10 : No interrupt request issued 0 0
N 1 : Interrupt request issued
| | | | | | 3 "
[ T A R 2 | Timer A interrupt request bit 0 : No interrupt request issued 0 O
b 1 : Interrupt request issued
Lo L] 3 | Serial 1/02 interrupt request 0 : No interrupt request issued 0 0
Lo bit 1 : Interrupt request issued
T N I 4 | AD converter interrupt 0 : No interrupt request issued 0 O
. request bit 1 : Interrupt request issued
R 5 | Timer 1 interrupt request bit 0 : No interrupt request issued 0 O
[ 1 : Interrupt request issued
| |
e 6 | Nothing is allocated for these bits. These are write disabled bits. 0 o
| || When these bits are read out, the values are “0".
L 7 0 O

0: These bits can be cleared to “0” by program, but cannot be set to “1”.

Fig. 2.3.5 Structure of Interrupt request register 2
Interrupt control register 2
b7 b6 b5 b4 b3 b2 bl b0
Interrupt control register 2 (ICON2) [Address : 3F 16]
I I I I I I

i i i i i i i i B Name Function At reset W
1111 Lo | Timer Y interrupt 0 : Interrupt disabled 0 O
A | ! enable bit 1 : Interrupt enabled
N } ___| 1 | Timer Z interrupt enable bit 0 : Interrupt disabled 0 O
Lo 1 : Interrupt enabled
| | | | | | 3
. 2 | Timer A interrupt enable bit 0 : Interrupt disabled 0 )
b 1 : Interrupt enabled
Lo L] 3 | Serial /02 interrupt enable bit | O : Interrupt disabled 0 @)
Lo 1 : Interrupt enabled
R 4 | AD conversion interrupt 0 : Interrupt disabled 0 0
b enable bit 1 : Interrupt enabled
R 5 | Timer 1 interrupt enable bit 0 : Interrupt disabled 0 o)
- 1 : Interrupt enabled
| |
[ 0 6 | Nothing is allocated for these bits. These are write disabled bits. 0 U
| || When these bits are read out, the values are “0”".
Lo 7 0 0

Fig. 2.3.6 Structure of Interrupt control register 2
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2.3 Timer 1

2.3.3 Timer 1 operation description

Timer 1 always operates in the timer mode.

Prescaler 1 counts the selected count source. Each time the count clock is input, the contents of Prescaler
1 is decremented by 1.

When the contents of Prescaler 1 reach “001", an underflow occurs at the next count clock, and the
prescaler 1 latch is reloaded into Prescaler 1 and count continues. The division ratio of Prescaler 1 is 1/
(n+1) provided that the value of Prescaler 1 is n.

The contents of Timer 1 is decremented by 1 each time the underflow signal of Prescaler 1 is input. When
the contents of Timer 1 reach “0016", an underflow occurs at the next count clock, and the timer 1 latch
is reloaded into Timer 1 and count continues. The division ratio of Timer 1 is 1/(m+1) provided that the
value of Timer 1 is m. Accordingly, the division ratio of Prescaler 1 and Timer 1 is provided as follows that
the value of Prescaler 1 is n and the value of Timer 1 is m.

1
(n+1) O (m+1)

Division ratio =

Timer 1 cannot stop counting by software.
Also, when timer 1 underflows, the timer 1 interrupt request bit is set to “1”.

2.3.4 Notes on timer 1
Note on using timer 1 is described below.

(1) Notes on set of the oscillation stabilizing time

Timer 1 can be used to set the oscillation stabilizing time after release of the STP instruction. The
oscillation stabilizing time after release of STP instruction can be selected from “set automatically”/
“not set automatically” by the oscillation stabilizing time set bit after release of the STP instruction
of MISRG. When “0” is set to this bit, “01i6” is set to timer 1 and “FFi6” is set to prescaler 1
automatically. When “1” is set to this bit, nothing is set to timer 1 and prescaler 1. Therefore, set the
wait time according to the oscillation stabilizing time of the oscillation. Also, when timer 1 is used,
set values again to timer 1 and prescaler 1 after system is returned from the stop mode.
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2.4 Timer X

This paragraph explains the registers setting method and the notes relevant to the timer X.

2.4.1 Memory map

dau

T

000116 | Port PO direction register (POD)

¢

N2
/\/

000316 | Port P1 direction register (P1D)

&

~
002B16| Timer X mode register (TXM)

002C1s6| Prescaler X (PREX)

002D16| Timer X (TX)

002E1s| Timer count source set register (TCSS)

[

N2
N ~\

003C16| Interrupt request register 1 (IREQ1)

[

2
/\/ ~\

003E16 | Interrupt control register 1 (ICON1)

2
/\/

—¢

Fig. 2.4.1 Memory map of registers relevant to timer X
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2.4.2 Relevant registers
Port PO direction register
b7 b6 b5 b4 b3 b2 bl b0
Port PO direction register (POD) [Address : 01 16]

I I I I I I I I

i i i i i i i i B Name Function Atreset| R [W
L1 1 L1o |Port PO direction register 0 : Port Pioinput mode o |o]o
[ T R 1 : Port Pio output mode

N L,, 1 0 : Port Pizinput mode o |olo
A 1 : Port Pi1 output mode

I T 2 0 : Port Pizinput mode o |olo
b 1 : Port Pi2 output mode

Lol Lo __ 3 0: Port P!sinput mode o |olo
. 1: Port Piz output mode

A T I 4 0 : Port Pi4input mode o |olo
(I 1 : Port Pis output mode

o }_ 7777777777777 5 0 : Port Pis input mode o |olo
b L 1: Port Pis output mode

} L 777777777777777 6 0 : Port Pis input mode o |olo
| 1 : Port Pis output mode
L 7 0 : Port Pi7input mode o |olo

1 : Port Pi7 output mode
Fig. 2.4.2 Structure of Port PO direction register
Port P1 direction register
b7 b6 b5 b4 b3 b2 bl b0
Port P1 direction register (P1D) [Address : 03 16]
I I I I I
i i i i i i i i B Name Function Atreset| R [W
L1 Lo |Port P1 direction register 0 : Port P1oinput mode o |o|o
[ T R 1: Port P1o output mode
N L,, 1 0 : Port P11 input mode o |olo
A 1: Port P11 output mode
T R N I 2 0 : Port P12input mode o |olo
b 1: Port P12 output mode
Lol Lo __ 3 0 : Port P13input mode o |olo
A 1: Port P13 output mode
A T I 4 0 : Port P14input mode o |olo
(I 1: Port P14 output mode
| | |
o] 5 | Nothing is allocated for these bits. ? |50
Lo | When these bits are read out, the values are undefined.
e —— 6 ? (O[O
| —
b 7 2 |o]|o
Fig. 2.4.3 Structure of Port P1 direction register
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Timer X mode register
b7 b6 b5 b4 b3 b2 bl b0

Timer X mode register (TXM) [Address : 2B 1]

I I I I I

EEE RN O — Funcion e [RIw

1 1 L 1 1 I 1 |o|Timer X operating mode bits | b1 b0 o |o]|o

[ 0 0: Timer mode

N T N R | 0 1: Pulse output mode

b | | 1 0: Event counter mode

o e 1 1 1: Pulse width measurement 0 |©]|©

o mode

| | | | |

ST R 2 | CNTRo active edge switch bit | The function depends on the 0 |olo

e operating mode.

[ N T T (Refer to Table 2.4.1)

| | | | |

T T T 3 | Timer X count stop bit 0 : Count start o |oflo

} } } } 1 : Count stop

o 4 | PO3/TXouT output valid bit 0 : Output invalid (I/O port) 0 [O]O

[ T R S 1: Output valid (Inverted CNTR 0

R output)

| | |

L] 5 [ Nothing is allocated for these bits. These are write disabled bits. 0 |O|O

| || When these bits are read out, the values are “0”".

B 6 0 |O|O

| —

L 7 o |[ofo
Fig. 2.4.4 Structure of Timer X mode register
Table 2.4.1 CNTRo active edge switch bit function

Timer X operating modes CNTRo active edge switch bit (bit 2 of address 2Bis) contents
Timer mode “0”"|CNTRo interrupt request occurrence: Falling edge

: No influence to timer count

“1"|CNTRo interrupt request occurrence: Rising edge
; No influence to timer count

Pulse output mode “0”|Pulse output start: Beginning at “H” level
CNTRo interrupt request occurrence: Falling edge

“1"|Pulse output start: Beginning at “L” level
CNTRo interrupt request occurrence: Rising edge

Event counter mode “0”| Timer X: Rising edge count
CNTRo interrupt request occurrence: Falling edge

“1”| Timer X: Falling edge count
CNTRo interrupt request occurrence: Rising edge

Pulse width measurement mode |“0”| Timer X: “H” level width measurement
CNTRo interrupt request occurrence: Falling edge

“1"| Timer X: “L” level width measurement
CNTRo interrupt request occurrence: Rising edge
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Prescaler X
b7 b6 b5 b4 b3 b2 bl b0
Prescaler X (PREX) [Address : 2C 16]
T T
oo B Function Atreset| R |W
1 1 1 | 1 | -0 |esetacountvalue of prescaler X. 1 [©]|0
A N N || +The value set in this register is written to both prescaler X
A ' L___]1| and the prescaler X latch at the same time. 1 |O|O
R || *When this register is read out, the count value of the prescaler X
R 2 | is read out. . lolo
| | | | |
| | | | | ||
P BEE
| | | | _—
T T T 4 1 |olo
| | |
| | | —
[ R S 5 1 |ofo
| |
| | 1
S 6 1 |o]o
‘ —
b 7 1 |ofo
Fig. 2.4.5 Structure of Prescaler X
Timer X
b7 b6 b5 b4 b3 b2 bl b0
Timer X (TX) [Address : 2D 16]
I I I I I I I I
| | | | | | | |
A B Function Atreset| R |W
1 L 1 1 1 1 240 [+setacount value of timer X. 1 (9]0
I B || +The value set in this register is written to both timer X and timer X
T L —— 1 | latch at the same time. 1 |O|O
R | [ *When this register is read out, the timer X’s count value is read
BN -
| | | | | ||
L s BEE
| | | | _—
T T T 4 1 |olo
| | |
| | | —
[ A SN 5 1 |ofo
| |
| | 1
e —— 6 1 |O|O
‘ —
b 7 1 |ofo

Fig. 2.4.6 Structure of Timer X
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Timer count source set register
b7 b6 b5 b4 b3 b2 bl b0

0 Timer count source set register (TCSS) [Address : 2E 16]
I I I I I I I
BERERE R - s—r Farcion e [R[w
Lo Timer X count source b1 b0
o 0] 0 |O|O
L 11 1 |selection bits 00 : f(XIN)/16
o [ 01:f(XIN)/2
A 1 10: f(XiN) (Note 1) 0 |O0|0O
Lo 11 : Not available
o 2 | Timer Y count source b3 b2 o |o]o
R i selection bits 00 : f(XIN)/16
[ 0 1:f(XiNn)/2
. | 1 0 : Ring oscillator output
i i i i L ,,,,,,,, 3 (Note 2) 0 |°|°
b 11 : Not available
A 4 | Timer Z count source *65634 XN/ 0 |o]o
Lo selection bits - TOAIN
B {serection ™ 01: f(XIN)/2
[ R 5 1 0: Timer Y underflow 0 (OO
b 1 1 : Not available
i I 6 | Fix this bit to “0". o |ofo
|
e 7 | Nothing is allocated for these bits. These are write disabled bits. o |o]|O
When these bits are read out, the values are “0".

Notes 1: f(XIN) can be used as timer X count source only when using a ceramic oscillator
or ring oscillator.
Do not use it at RC oscillation.
2: System operates using a ring oscillator as a count source by setting the
ring oscillator to oscillation enabled by bit 3 of CPUM.

Fig. 2.4.7 Structure of Timer count source set register
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Interrupt request register 1
b7 b6 b5 b4 b3 b2 bl b0
Interrupt request register 1 (IREQ1) [Address : 3C 16]
I I I I I I I I
EEEE R - —
Lo 1111 Lo | Serial 1101 receive 0 : No interrupt request issued 0 0
borh interrupt request bit 1 : Interrupt request issued
00t |1 | Serial /O1 transmit interrupt |0 : No interrupt request issued 0 O
N request bit 1 : Interrupt request issued
| 3 5
I R 2 | INTo interrupt request bit 0: No interrupt request issued 0 O
b 1 : Interrupt request issued
L] L __J 3 | INT1 interrupt request bit 0 : No interrupt request issued 0 O
A 1 : Interrupt request issued
T 4 | Key-on wake up interrupt 0 : No interrupt request issued 0 0
} } } request bit 1 : Interrupt request issued
] 5 | CNTRo interrupt request bit 0 : No interrupt request issued 0 0
L 1 : Interrupt request issued
| | 2 g 3 7
N 6 | CNTRu interrupt request bit 0 : No interrupt request issued 0 0
| 1 : Interrupt request issued
Lo 7 | Timer X interrupt request bit |0 : No interrupt request issued 0 O
1 : Interrupt request issued
0: These bits can be cleared to “0” by program, but cannot be set to “1”.
Fig. 2.4.8 Structure of Interrupt request register 1
Interrupt control register 1
b7 b6 b5 b4 b3 b2 bl b0
Interrupt control register 1 (ICON1) [Address : 3E 1]
I I I I I I I
BEER R - — Funcion e [Rw
o011 Lo | Serial 1101 receive 0 : Interrupt disabled 0 e
oL interrupt enable bit 1 : Interrupt enabled
A —— Serial /01 transmit interrupt 0 : Interrupt disabled 0 (@)
N enable bit 1 : Interrupt enabled
| | | | | | n
A 2 | INTo interrupt enable bit 0 : Interrupt disabled 0 o)
b 1 : Interrupt enabled
A T T N 3 | INTz interrupt enable bit 0 : Interrupt disabled 0 e
bl 1 : Interrupt enabled
A 4 | Key-on wake up interrupt 0 : Interrupt disabled 0 @)
} } } enable bit 1 : Interrupt enabled
N R 5 | CNTRo interrupt enable bit 0 : Interrupt disabled 0 o
[ 1 : Interrupt enabled
| | 3
o 6 | CNTRu interrupt enable bit 0 : Interrupt disabled 0 O
| 1 : Interrupt enabled
| )
L 7 | Timer X interrupt enable bit 2 : Interrupt disabled 0 e)

: Interrupt enabled

Fig. 2.4.9 Structure of Interrupt control register 1
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2.4.3 Timer mode

(1) Operation description

Prescaler X counts the selected count source by the timer X count source selection bits. Each time
the count clock is input, the contents of Prescaler X is decremented by 1. When the contents of
Prescaler X reach “0016", an underflow occurs at the next count clock, and the prescaler X latch is
reloaded into Prescaler X and count continues. The division ratio of Prescaler X is 1/(n+1) provided
that the value of Prescaler X is n.

The contents of Timer X is decremented by 1 each time the underflow signal of Prescaler X is input.
When the contents of Timer X reach “0016”, an underflow occurs at the next count clock, and the
timer X latch is reloaded into Timer X and count continues. The division ratio of Timer X is 1/(m+1)
provided that the value of Timer X is m. Accordingly, the division ratio of Prescaler X and Timer X
is provided as follows that the value of Prescaler X is n and the value of Timer X is m.

Division ratio = (n+1) O (m+1)

Timer X can stop counting by setting “1” to the timer X count stop bit.
Also, when Timer X underflows, the timer X interrupt request bit is set to “1”.

(2) Timer mode setting method
Figure 2.4.10 shows the setting method for timer mode of timer X.
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Process 1: Disable timer X interrupt.
b7 bo
O] TTTTTT] interrupt control register 1 (ICON1) [Address 3Ez1e]
‘ Timer X interrupt disabled
Process 2: Set timer X mode register.
b7 bo
l..ﬂﬂ Timer X mode register (TXM) [Address 2B1s]
u— Timer mode
Timer X count stop
Process 3: Set timer count source set register.
b7 bo
EEDE]] Timer count source set register (TCSS) [Address 2E16]
L Timer X count source selection bits
bl b0
0 0: f(Xin)/16
0 1:f(Xm)/2
1 0: f(XiN) (Note)
1 1: Notavailable
Note: f(XIN) can be used only when a ceramic resonator or a ring oscillator is used.
Do not use f(XiN) at RC oscillation.
Process 4: Set the count value to timer X.
« Set the count value to prescaler X and timer X
I:l Prescaler X (PREX) (Address 2C16)
- Count value
I:l Timer X (TX) (Address 2D1s)
- Count value
Process 5: In order not to execute the no requested interrupt processing,
set “0” (no requested) to the timer X interrupt request bit.
b7 bo
ﬂ....... Interrupt request register 1 (IREQ1) [Address 3C16]
‘ No timer X interrupt request issued
Process 6: When timer X interrupt is used, set “1” (interrupt enabled)
to the timer X interrupt enable bit.
b7 b0
....... Interrupt control register 1 (ICON1) [Address 3E16]
‘ Timer X interrupt enabled
Process 7: Start counting of timer X.
b7 bo
l l.ﬂ.ﬂﬂ Timer X mode register (TXM) [Address 2B16]
Timer X count start
Fig. 2.4.10 Setting method for timer mode
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(3) Application example of timer mode
Outline: The input clock is divided by the timer so that the clock is counted up every 250 ms

intervals.
Specifications: *The f(Xin) = 4.19 MHz (222 Hz) is divided by timer X.
*The clock is counted up in the timer X interrupt processing routine (timer X interrupt
occurs every 250 ms).
» Operation clock: f(Xin) = 4.19 MHz, high-speed mode

Figure 2.4.11 shows the connection of timer and setting of division ratio and Figure 2.4.12 shows an
example of control procedure.

Timer X count Timer X interrupt Divided by 4 by software

source selection Prescaler X Timer X request bit U
bits
f(XIN) = 4.19 MHz ——>] 1/16 1/256 1/256 Oorl 1/4
250 ms 1s

0: No interrupt request
1: Interrupt request

Fig. 2.4.11 Connection of timer and setting of division ratio
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RESET )
-Initialization - - -- - --- oo oo K X: This bit is not used here. Set it to “0” or “1” arbitrary.
SEI
CLD
CLT
CPUM(Address 3B1) « 10000X002 ( Processing of clock setfing )
Wait until f(XiN) oscillation is stabilized (Note 1)
CPUM(Address 3B16) ~ 00000X002

Set “0” to the timer X interrupt enable bit.
(Timer X interrupt disabled)

Set “0” to the timer X interrupt enable bit.
(Timer X interrupt disabled)

I
Set timer X mode register

[TTT I o[0] TXM(Address 2B16)

Clock setting

I
Set timer X mode register

[TTT I 0[0] TXM(Address 2B16)

R Timer X count stop

Set value to timer X (Note 2)

i “7" Timer mode
[ Timer X count stop

I
Set timer count source set register

[ Io[ T T [ [o]0] TCSS(Address 2Ezs)

|
)
|
|
|
|
|
|
|
|
|
|
i
i
i
i
|
|
|
‘
‘
!
!
i
i
i
i
i
i
! ' ' .
~--- Timer X count source:
|
|
|
|
|
|
|
|
|
|
|
i
|
|
|
|
|
(
‘
‘
i
i
i
i
i
i
i
|
i
i

Prescaler X (Address 2C1e)

Timer X (Address 2Dz16)

I
Set “0” to the timer X interrupt request bit.

|
Set “1” to the timer X interrupt enable bit.
(Timer X interrupt enabled)

I
Set timer X mode register

[TTTTo] [0[0] TXM(Address 2B16)
P Timer X count start
C RTI )

f(XiN)/16 selected

I
Set value to timer X (Note 2)

Prescaler X (Address 2Czs6)

Timer X (Address 2D1e6)

I
Set “0” to the timer X interrupt request bit.

Set “1” to the timer X interrupt enable bit.
(Timer X interrupt enabled)

I
Set timer X mode register

[TTT o[ 0[0] TXM(Address 2B1s)

Leeeeen. Timer X count start

Notes 1: For the concrete time, ask the oscillator manufacture.
2: About 250 ms = 1/4.19 MHz 0 16 O (FF16 + 1) O (FF16 + 1)

Timer X Prescaler X  Timer X
division ratio  setting value setting value

C Timer X interrupt processing routine )

Processing

Clock is stopped?

Setting clock is required?

Clock count up (1/4 s to year)

Processing of setting clock

<

< ( RTI )

Fig. 2.4.12 Example of control procedure
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2.4.4 Pulse output mode

(1) Operation description
In the pulse output mode, the waveform whose polarity is inverted each time timer X underflows is
output from the P14CNTRo pin.
The output level of CNTRo pin can be selected by the CNTRo active edge switch bit. When the CNTRo
active edge switch bit is “0”, the output of CNTRo pin is started at “H” level. When this bit is “1”, the
output is started at “L” level.
Also, the inverted waveform of pulse output from CNTRo pin can be output from TXour pin by setting
“1” to the POs/TXour output valid bit.
When using a timer in this mode, set the port P14 and POs direction registers to output mode.
Timer X can stop counting by setting “1” to the timer X count stop bit.
Also, when Timer X underflows, the timer X interrupt request bit is set to “1”".

(2) Pulse output mode setting method
Figure 2.4.13 and Figure 2.4.14 show the setting method for pulse output mode of timer X.

Process 1: Disable timer X interrupt.

b7

b0
o] TT T 11 1] interrupt control register 1 ICON1) [Address 3E16]

‘ Timer X interrupt disabled

Process 2: Set timer X mode register.
b7 b0
1

lll..ﬂ. Timer X mode register (TXM) [Address 2B16]
L Pulse output mode
CNTRo active edge switch

0: Output is started at “H” level

1: Output is started at “L" level

Timer X count stop

P0O3/TXout output

0: Output invalid (I/O port)

1: Output valid (inverted CNTRo output)

Process 3: Set the CNTRo pin to the output mode.

b7 b0

..l... Port P1 direction register (P1D) [Address 0316]

Set the P14/CNTRo pin to the output mode

Process 4: Set the TXourT pin as the output mode when TXouT output is valid.
b7 b0

[ T T [ [2] ][] PortPo direction register (POD) [Address 0116]
\— Set the PO3/TXourt pin to the output mode

Fig. 2.4.13 Setting method for pulse output mode (1)

2-50 7540 Group User's Manual



APPLICATION

2.4 Timer X

Process 5: Set timer count source set register.

b7 b0

.ﬂ...... Timer count source set register (TCSS) [Address 2E16]

Timer X count source selection bits
bl bo
0 0:f(Xin)/16
0 1:f(Xin)/2
1 0:f(XiN) (Note)
1 1: Not available

Note: f(XiN) can be used only when a ceramic resonator or a ring oscillator is used.
Do not use f(XiN) at RC oscillation.

Process 6: Set the count value to timer X.

« Set the count value to prescaler X and timer X

I:l Prescaler X (PREX) (Address 2Cz16)
L Count value

I:l Timer X (TX) (Address 2D1s)
[ Count value

Process 7: In order not to execute the no requested interrupt processing, set “0” (no requested)
to the timer X interrupt request bit.
b7 bo

ﬂ....... Interrupt request register 1 (IREQ1) [Address 3Cis]
|

No timer X interrupt request issued

Process 8: When the interrupt is used, set “1” (interrupt enabled) to the timer X
interrupt enable bit.

b7 bo
1] ][ [ ][] mnterrupt control register 1 1ICON1) [Address 3Ee]

‘ Timer X interrupt enabled

Process 9: Start counting of timer X.

b7

bo
l.ﬂ.ﬂ Timer X mode register (TXM) [Address 2B16]

Timer X count start

Fig. 2.4.14 Setting method for pulse output mode (2)
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(3) Application example of pulse output mode
Outline: The pulse output mode of timer X is used for a piezoelectric buzzer output.
Specifications: The rectangular waveform which is clock f(Xw) = 4 MHz divided up to 4 kHZ is
output from the P14/CNTRo pin.
The level of the P14/CNTRo pin is fixed to “H” while a piezoelectric buzzer output is
stopped.
Operation clock: f(Xin) = 4 MHz, double-speed mode

Figure 2.4.15 shows an example of a peripheral circuit, Figure 2.4.16 shows the connection of timer
and setting of the division ratio, and Figure 2.4.17 shows an example of control procedure.

The “H” level is output while a piezoelectric buzzer output is stopped.

/—/%
7540 Group
CNTRo output

P14/CNTRo PiPiPi

=V

125 ps 125 ps

Set division ratio so that the underflow
output period of timer X will become
125 ps.

Fig. 2.4.15 Example of peripheral circuit

Timer X count

source selection bit Prescaler X Timer X Fixed

1/4 1/125 1/2 |—— > CNTRo pin output

4 MHz

f(XIN) = 4MHzZ ——>] 1/2

Y

Y

Fig. 2.4.16 Connection of timer and setting of division ratio
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RESET )
Initialization - - - - - - - - —— - - - J - X: This bit is not used here. Set it to “0” or “1” arbitrary.
SEI
CLD
CLT
CPUM(Address 3B16) ~ 10000X002
Wait until f(XiN) oscillation is stabilized (Note 1)
CPUM(Address 3B16) ~ 00000X002

Set “0” to the CNTRo interrupt enable bit.
(CNTRo interrupt disabled)

Set “0” to the timer X interrupt enable bit.
(Timer X interrupt disabled)

I
Set port P14 to the output mode.
I

Set “1” to port P14. (“H” output)

I
Set timer X mode register

[TT T TE0[0[1] TXM(Address 2B1s)

H Pulse output mode
: Output is started at “H” level
-------- Timer X count stop

I
Set timer count source set register

[T TTT0[F] TCSS(Address 2E16)

L. Timer X count source:
f(XIN)/2 selected
I
Set value to timer X (Notes 2, 3)

0316 Prescaler X (Address 2Cas)

Timer X (Address 2D16)

Timer X Prescaler X
division  setting
ratio  value

Processing

Notes 1: For the concrete time, ask the oscillator manufacture.

Timer X

settin
value

3: The output level of P14/CNTRo pin is initialized by writing to timer X.

BUZZET OUPUL PrOCESSING- - | - - - -~ -

9

3 N

! Buzzer output is requested?

Timer X count is operating?
Timer X count is stopped?

Set timer X mode register

3 [T TTI1[0[0o]1] TxMm(Address 2Ba16)

Set timer X mode register eeees Timer X count stop

i [TTT1o[0[0o[1] TxMm(Address 2B16) I

i R Timer X count start Set value to timer X (Note 3)

i Timer X (Address 2D16)

Processing

Fig. 2.4.17

Example of control procedure
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2.4.5 Event counter mode

(1) Operation description
The timer X counts signals input from the P14/CNTRo pin.
Except for this, the operation in event counter mode is the same as in timer mode.
The active edge of CNTRo pin input signal can be selected from rising or falling by the CNTRo active
edge switch bit.
Timer X can stop counting by setting “1” to the timer X count stop bit.
Also, when Timer X underflows, the timer X interrupt request bit is set to “1".

(2) Event counter mode setting method
Figure 2.4.18 and Figure 2.4.19 show the setting method for event counter mode of timer X.

Process 1: Disable timer X interrupt and CNTRo interrupt.

b7 b0

[o] [ol | [ | | | interrupt control register 1 (ICON1) [Address 3E1¢]

‘ ‘— CNTRo interrupt disabled

Timer X interrupt disabled

Process 2: Set the CNTRo pin to the input mode.
b0

b7
[ ]]of | | [ ]| PortP1direction register (P1D) [Address 0316]

Set the P14/CNTRo pin to the input mode

Process 3: Set timer X mode register.
b0

b7
[ 1] 1 [2] [2]°] Timer x mode register (TXM) [Address 2B16]

L Event counter mode
CNTRo active edge switch

0: Count at rising edge

CNTRo interrupt request occurs at falling edge
1: Count at falling edge

CNTRo interrupt request occurs at rising edge
Timer X count stop

Process 4: Set timer count source set register.
b7 b0
[ Jof [ [ ]| | | Timercountsource setregister (TCSS) [Address 2E 6]

u— Timer X count source selection bits
b1 bo
0 0: f(XiN)/16
0 1:f(XiN)/2
1 0:f(XiN) (Note)
1 1: Notavailable

Note: f(XIN) can be used only when a ceramic oscillator or a ring oscillator is used.
Do not use f(Xin) at RC oscillation.

Fig. 2.4.18 Setting method for event counter mode (1)
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Process 5: Set the count value to timer X.

« Set the count value to prescaler X and timer X

:l Prescaler X (PREX) (Address 2C16)
\7 Count value

I:l Timer X (TX) (Address 2D1s)
I Count value

Process 6: In order not to execute the no requested interrupt processing, set “0” (no requested)
to the timer X interrupt request bit and CNTR1 interrupt request bit.

b7 b0
o Jo |:|:|:|:|:| Interrupt request register 1 (IREQ1) [Address 3C16]

No CNTRo interrupt request is issued
No timer X interrupt request issued

Process 7: When the interrupt is used, set “1” (interrupt enabled) to the timer X
interrupt enable bit.

b7 b0
1 T2 |:|:|:|:|:| Interrupt control register 1 (ICON1) [Address 3E16]

CNTRo interrupt enabled
Timer X interrupt enabled

Process 8: Start counting of timer X.

b7 bo
...ﬂ.ﬂ Timer X mode register (TXM) [Address 2B16]
L

Timer X count start

Fig. 2.4.19 Setting method for event counter mode (2)
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(3) Application example of event counter mode

Outline: Pulses generated corresponding to the water flow rate are counted for a fixed period

(100 ms), and the water flow rate during this period is calculated.

Specifications: Pulses generated corresponding to the water flow rate are input to the P14/CNTRo

pin and counted using timer X.

The contents of timer X are read in the timer Y interrupt processing routine generated
after 100 ms from the start of counting pulses, and the water flow rate during 100

ms is calculated.
Operation clock: f(Xin) = 8 MHz, high-speed mode

Figure 2.4.20 shows an example of peripheral circuit, Figure 2.4.21 shows the method of measuring

water flow rate, and Figure 2.4.21 shows an example of control procedure.

7540 Group
Water flow rate sensor
)
Water W 1
flow, =) P14/CNTRo
p—— A\
-
Blades rotate in proportion to The faster the water flow,
water flow and generate pulses. |the shorter the pulse period.
Fig. 2.4.20 Example of peripheral circuit
| 100 ms Do
___________________________ _‘| w 33

Timer Y interrupt request bit 88

CNTRo pin input 38

. . Timer X counting (Note) _. . . .
Timer X, timer Y Timer Y interrupt processing routine

start counting. * Timer X, timer Y stop counting.
« Timer X is read out.

Note: Counting rising edges.

* Flow rate during 100 ms = (FF1e—read value of timer X) O flow rate per pulse

Fig. 2.4.21 Method of measuring water flow rate
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( Flow rate measuring routine )

Set “0” to the CNTRo interrupt enable bit.
(CNTRo interrupt disabled)
Set “0” to the timer X interrupt enable bit.
(Timer X interrupt disabled) ( Timer Y interrupt processing routine )
Set “0” to the timer Y interrupt enable bit. |
(Timer Y interrupt disabled)
T Set timer X mode register

[T T T TA219] Txm(Address 2B1s)

Set port P14 to the input mode.

T Yoo Timer X count stop
Set timer X mode register - |_
[TT T TEA[E0] TXM(Address 2B1s) Set timer Y, Z mode register
HEH [ T T 1 I1]o] Jo] TYZM(Address 2016)
1 1 "~ Event counter mode } .
[ D Timer Y count stop

HEEEEET Count at falling edge
-------- Timer X count stop I

I (Prescaler X setting value “FF16” Timer X setting

Set timer Y, Z mode register value “FF16") — (Prescaler X count value, Timer X
[TTT TPl 0] TYZM(Address 2016) count value)

« The numbeer of event within 100 ms

1+ "~ Timer mode

HREEEEE Writing to latch and timer
simultaneously ( RTI )
temmmms Timer Y count stop

Set timer count source set register

LI [ To[f [} TCsS(address 2Ese) Note : 100 ms = 1/8 MHz 0 16 0 (C716 + 1) 0 (F916 + 1)
REEEE Timer Y count source: TimerY  PrescalerY  TimerY
f(XIN)/16 selected division  setting primary
T ratio value setting

- value
Set value to timer X

Prescaler X (Address 2C1s)
Timer X (Address 2D1s)
I

Set value to timer Y (Note)

Prescaler Y (Address 2116)
Timer Y primary (Address 2316)

Set “0” to the timer Y interrupt request bit.
I
Set “1” to the timer Y interrupt enable bit.
(Timer Y interrupt enabled)
I

Set timer X mode register
TXM(Address 2B16)
L Timer X count start
I
Set timer Y, Z mode register

[T LT Io[0] Jo] Tvzm(Address 2016)

t-mme-- Timer Y count start

( END )

Fig. 2.4.22 Example of control procedure
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2.4.6 Pulse width measurement mode

(1) Operation description

In the pulse width measurement mode, the pulse width of the signal input to P14/CNTRo pin is
measured.

The operation of Timer X can be controlled by the level of the signal input from the CNTRo pin.
When the CNTRo active edge switch bit is “0”, the signal selected by the timer X count source
selection bit is counted while the input signal level of CNTRo pin is “H". The count is stopped while
the pin is “L". Also,

when the CNTRo active edge switch bit is “1”, the signal selected by the timer X count source
selection bit is counted while the input signal level of CNTRo pin is “L”. The count is stopped while
the pin is “H".

Timer X can stop counting by setting “1” to the timer X count stop bit.

Also, when Timer X underflows, the timer X interrupt request bit is set to “1”".

(2) Pulse width HL continuously measurement mode setting method

Figure 2.4.23 and Figure 2.4.24 show the setting method for pulse width measurement mode of timer
X.

Process 1: Disable timer X interrupt and CNTRo interrupt.
b7 b0

[of [o] [ || [ ]| Interruptcontrol register 1 (ICON1) [Address 3E1e]

‘— CNTRo interrupt disabled
Timer X interrupt disabled

Process 2: Set the CNTRo pin to the input mode.

b7 b0
| | | |O| | | | | Port P1 direction register (P1D) [Address 0316]

\— Set the P14/CNTRo pin to the input mode

Process 3: Set timer X mode register.

b7 bo
[ 1] ][2] [t]t]  Timer X mode register (TXM) [Address 2B1s]

u— Pulse width measurement mode
CNTRo active edge switch

0: “H” level width measurement
1: “L” level width measurement
Timer X count stop

Process 4: Set timer X count source.

b7 b0
| |°| | | | | | | Timer count source set register (TCSS) [Address 2E16]

L Timer X count source selection bits
bl b0
0 0: f(Xin)/16
0 1:f(XiN)/2
1 0: f(XiN) (Note)
1 1: Notavailable

Note: f(XIN) can be used only when a ceramic resonator or a ring oscillator is used.
Do not use f(XIN) at RC oscillation.

Fig. 2.4.23 Setting method for pulse width measurement mode (1)
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Process 5: Set the count value to timer X.

« Set the initial value to prescaler X and timer X

I:l Prescaler X (PREX) (Address 2C1e6)
\7 Initial value

I:l Timer X (TX) (Address 2D1s6)
\— Initial value

Process 6: In order not to execute the no requested interrupt processing, set “0” (no requested)
to the timer X interrupt request bit and CNTRo interrupt request bit.

b7 bo
mm Interrupt request register 1 (IREQ1) [Address 3C16]
‘ \— No CNTRuo interrupt request is issued
No timer X interrupt request issued

Process 7: When the interrupt is used, set “1” (interrupt enabled) to the timer X
interrupt enable bit.

b7 b0

i Jaf [[]]] Interrupt control register 1 (ICON1) [Address 3E16]
L

CNTRo interrupt enabled
Timer X interrupt enabled

Process 8: Start counting of timer X.

b7 bo
.ﬂ. Timer X mode register (TXM) [Address 2B16]

Timer X count start

Fig. 2.4.24 Setting method for pulse width measurement mode (2)
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(3) Application example of pulse width measurement mode

Outline: “H” level width of pulse input to P14/CNTRo pin is counted.

Specifications: The “H” level width of a FG pulse input to the P14/CNTRo pin is counted. An underflow
is detected by the timer X interrupt. The completion of “H” level of input pulse is
detected by the CNTRo interrupt.

Operation clock: f(Xi) = 4.19 MHz, high-speed mode
Example: When f(Xiw) = 4.19 MHz, the count source becomes 3.8 us divided by 16. Measurement
can be made up to 250 ms in the range of “FFFFis” to “000016".

Figure 2.4.25 shows a connection of the timer and setting of the division ratio. Figure 2.4.26 shows
an example of control procedure.

Timer X count Timer X interrupt
source selection bit Prescaler X Timer X request bit
f(XIN) = 4.19MHz——>»{ 1/16 1/256 1/256 Oorl
250 ms

0: No interrupt request
1: Interrupt request

Fig. 2.4.25 Connection of timer and setting of division ratio
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( RESET )

X: This bit is not used here. Set it to “0” or “1” arbitrary.

SEI

CLD

CLT

CPUM(Address 3B16) ~ 10000X002
Wait until f(XiN) oscillation is stabilized (Note 1)
CPUM(Address 3B16) ~ 00000X002

( CNTRo interrupt processing routine )

Set “0” to the CNTRo interrupt enable bit. Timer X is read out.

(CNTRo interrupt disabled)
Set “0” to the timer X interrupt enable bit.
(Timer X interrupt disabled)

( RTI )

| Set port P14 to the input mode.

Set timer X mode register

[TTTT[0[[1] TXM(Address 2B16)

="~ Pulse width measurement mode
--Falling edge
----Timer X count stop

Error processing at incorrect period input

( Timer X interrupt processing routine )

Set timer count source set register

|| O[T T] TcsS(Address 2E16) |

------- Timer Y count source:
f(XIN)/16 selected

Error processing

Set value to timer X (Note 2)

Prescaler X (Address 2Cz16)
Timer X (Address 2D1s6)

( RTI )

Set “0” to the CNTRo interrupt request bit.
Set “0” to the timer X interrupt request bit.

Notes 1: For the concrete time, ask the oscillator manufacture.
Set “0” to the CNTRo interrupt enable bit.
(CNTRo interrupt disabled)

Set “0” to the timer X interrupt enable bit.
(Timer X interrupt disabled)

Timer X Prescaler X Timer X
division  setting setting
ratio  value value

Set timer X mode register

[TTTIo[[o[o] TXM(Address 2B1s)

------ Timer X count start

Timer X interrupt processing

Processing

CNTRo interrupt processing

( END )

Fig. 2.4.26 Example of control procedure
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2.4.7 Notes on timer X
Notes on using each mode of timer X are described below.

(1) Count source

O f(Xin) can be used only when a ceramic oscillator or a ring oscillator is used.
Do not use f(Xi) at RC oscillation.

(2) Pulse output mode

O In order to use CNTRo pin, set “1” to bit 4 of the port P1 direction register (output mode).

O In order to use TXour pin, set “1” to bit 3 of the port PO direction register (output mode).

0 CNTRo interrupt active edge depends on the CNTRo active edge switch bit. When this bit is “0”,
the CNTRo interrupt request bit is set to “1” at the falling edge of CNTRo pin input signal. When
this bit is “1”, the CNTRo interrupt request bit is set to “1” at the rising edge of CNTRo pin input
signal.

(3) Pulse width measurement mode

O In order to use CNTRo pin, set “1” to bit 4 of the port P1 direction register (output mode).

0 CNTRo interrupt active edge depends on the CNTRo active edge switch bit. When this bit is “0”,
the CNTRo interrupt request bit is set to “1” at the falling edge of CNTRo pin input signal. When

this bit is “1”, the CNTRo interrupt request bit is set to “1” at the rising edge of CNTRo pin input
signal.
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2.5 Timer Y and timer Z

This paragraph explains the registers setting method and the notes relevant to the timer Y and timer Z.

2.5.1 Memory map

A L

™~ N
000116 | Port PO direction register (POD)

o A
000716 | Port P3 direction register (P3D)

N N
001616 | Pull-up control register (PULL)
001716 | Port P1P3 control register (P1P3C)

Y 1

002016 | Timer Y, Z mode register (TYZM)

002116 | Prescaler Y (PREY)

002216 | Timer Y secondary (TYS)

002316 | Timer Y primary (TYP)

002416 | Timer Y, Z waveform output control register (PUM)
002516 | Prescaler Z (PREZ)

002616 | Timer Z secondary (TZS)

002716 | Timer Z primary (TZP)

DD
CC

2
/\/

002A16 | One-shot start register (ONS)

bP)
(

a2
N

002E16| Timer count source set register (TCSS)

DD
CC

N2
N

003A16 | Interrupt edge selection register (INTEDGE)
003B16| CPU mode register (CPUM)

003C16| Interrupt request register 1 (IREQ1)

003D16 | Interrupt request register 2 (IREQ2)

003E1s6 | Interrupt control register 1 (ICON1)

003F16 | Interrupt control register 2 (ICON2)

Fig. 2.5.1 Memory map of registers relevant to timer Y and timer Z
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2.5.2 Relevant registers

Z

Port PO direction register
b7 b6 b5 b4 b3 b2 bl b0

Port PO direction register (POD) [Address : 01 16]

I I I I I I I I
| .

i i i i i ! i i B Name Function Atreset| R [W

L1 1 1 L1o |Port PO direction register 0 : Port Pioinput mode o |ofo

[ A 1 : Port Pio output mode

| -

S L777 1 0 : Port Pi1input mode o |olo

B [ | 1 : Port Pi1 output mode

I T 2 0 : Port Pizinput mode o |olo

b | 1 : Port Piz output mode

Lol Lo __ 3 0: Port P@s input mode o |olo

Lo || 1 : Port Piz output mode

T 4 0 : Port Pi4input mode o |olo

I 1 : Port Pis output mode

} } }_ 7777777777777 5 0 : Port Pis input mode o |olo

o [ | 1 : Port Pis output mode

| L ,,,,,,,,,,,,,,, 6 0 : Port Pis input mode o |olo

| - 1 : Port Pis output mode

o 7 0 : Port Pizinput mode o |olo
1 : Port Pi7 output mode

Fig. 2.5.2 Structure of Port PO direction register
Port P3 direction register
b7 b6 b5 b4 b3 b2 bl b0
Port P3 direction register (P3D) [Address : 07 16]

I I I I I I I I

i i i i i i i i B Name Function Atreset| R [W

L1 Lo |Port P3direction register 0: Port Pioinput mode o |ofo

[ T R 1 : Port Pio output mode

| | | | | | | | R

e 0 ; Port Pi1input mode o |olo

[ [ 1 : Port Pi1 output mode

I T 2 0 : Port Pizinput mode o |olo

b | 1 : Port Pi2 output mode

Lol Lo __ 3 0 : Port Pizinput mode o |olo

. - 1 : Port Piz output mode

N 4 0 : Port Piainput mode o |oflo

. | 1 : Port Pia output mode

N 5 0 : Port Pis input mode o |olo

o [ 1 : Port Pis output mode

i L 777777777777777 6 0 : Port P!einput mode o |olo

| | 1: Port Pis output mode

L 7 0: Port P§7 input mode o |olo
1 : Port Pi7 output mode

Note: The 32-pin package versions have nothing to be allocated for the following:
Bits 5 and 6 of P3D.

Fig. 2.5.3 Structure of Port P3 direction register
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Pull-up control register
b7 b6 b5 b4 b3 b2 bl b0

Pull-up control register (PULL) [Address : 16 16]

B Name Function Atreset| R [W
0 | POo pull-up control bit 0 : Pull-up Off o |lolo
1: Pull-up On
1 | POz pull-up control bit 0 : Pull-up Off o |o]o
1: Pull-up On
2 | P02, POz pull-up control bit 0 : Pull-up Off 0 |o]o
1: Pull-up On
3 [ P04 — PO7 pull-up control bit |0 : Pull-up Off o |olo
1: Pull-up On
4 | P3o — P33 pull-up control bit 0 : Pull-up Off o |olo
1: Pull-up On
5 | P34 pull-up control bit 0 : Pull-up Off o |olo
1: Pull-up On
6 | P3s, P36 pull-up control bit 0 : Pull-up Off o |olo
1: Pull-up On
7 | P37 pull-up control bit 0 : Pull-up Off o |olo
1: Pull-up On

Notes 1: Pins set to output are disconnected from the pull-up control.

2: Keep setting the P3s, P36 pull-up control bit to “1” (initial value: 0)
for the 32-pin package versions.

Fig. 2.5.4 Structure of Pull

-up control register

Port P1P3 control register
b7 b6 b5 b4 b3 b2 bl b0

Port P1P3 control register (P1P3C) [Address : 17 16]

B Name Function Atreset| R |W

0 | P37/INTo input level selection [0 : CMOS level 0 |O]|O
bit 1:TTL level

1 | P36/INTz1 input level selection [0 : CMOS level 0 |o|o
bit (Note) 1:TTL level

2 | Plo, P12,P1s input level 0 : CMOS level 0o |O]|O
selection bit 1:TTL level

3 | Nothing is allocated for these bits. These are write disabled bits. 0 |0O]|O

|| When these bits are read out, the values are “0".

4 0 o|O

5 0 |O|O

6 0 (O|O

7 0 (OO

Note: Keep setting the P3e/INT1 input level selection bit to “0” (initial value) for the

32-pin package version.

Fig. 2.5.5 Structure of Port P1P3 control register
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Z

Timer Y, Z mode reqgister
b7 b6 b5 b4 b3 b2 bl b0

Timer Y, Z mode register (TYZM) [Address : 20 16)

I I I I I I
EERREE R - re Rl
b 1} 1 Lo | TimerY operating mode bit 0 : Timer mode 0 O
[ 1: Programmable waveform
A N N generation mode
| | | | | | |
' 1|11 L___|1 [Nothingis allocated for this bit. This is a write disabled bit. 0 O
o When this bit is read out, the value is “0".
[ R N R T 2 | Timer Y write control bit 0 : Write to latch and timer 0 @)
b (Note) simultaneously
b 1 : Write to only latch
e 3 | Timer Y count stop bit 0 : Count start 0 (@)
} } } } 1: Count stop
R 4 | Timer Z operating mode bits b5 b4 0 (@]
o 0 0 : Timer mode
oo 0 1 : Programmable waveform
Lol [ | generation mode
e 5 10 : Programmable one-shot 0 0
Lo generation mode
b 11 : Programmable wait one-shot
| generation mode
oL 6 | Timer Z write control bit 0 : Write to latch and timer 0 e}
| (Note) simultaneously
| 1 : Write to only latch
|
o 7 | Timer Z count stop bit 0 : Count start 0 o)
1: Count stop
Note: When modes other than the timer mode, set these bits to “1”.
Fig. 2.5.6 Structure of Timer Y, Z mode register
Prescaler Y, Prescaler Z
b7 b6 b5 b4 b3 b2 bl b0
Prescaler Y (PREY) [Address : 21 16]

B N N N - - Prescaler Z (PREZ) [Address : 25 16]
| | | | | | | |
A B Function At reset W
TR | . -0 |+Set a count value of each prescaler. 1 o
A N N || +The value set in this register is written to both each prescaler
A ! L___]1| and the corresponding prescaler latch at the same time. 1 @)
I | [ *When this register is read out, the count value of the corres-
A 2 | ponding prescaler is read out. 1 o
R ||
IR A 3 1515
| | | |
| | | | _—
e : R
| | | —
i i N 5 1 )
| | 1
Do 6 1 @)
‘ —
b 7 1 o

Fig. 2.5.7 Structure of Prescaler Y, Prescaler Z
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Timer Y secondary, Timer Z secondary

b7 b6 b5 b4 b3 b2 bl b0

Timer Y secondary, Timer Z secondary (TYS, TZS) [Address : 22 16, 2616]

I I I I I I I I
|

i i i i i | i i B Function Atreset| R |W
TR } . -0 |+Set a count value of the corresponding timer. 1 |0|0
A N N || +The value set in this register is written to the corresponding

T I L___|1| secondary latch at the same time. 1 |(OfO
[ | | °These are read disabled bits.

A When these bits are read out, the values are undefined.

[ N 2 1 bjo
| | | | | ||

L BEE
| | | | _—

IR R R S 4 1 |Ofo
| | |

| | | —

] 5 1 |Ofo
| |

| | 1

N 6 1 |O|o
‘ —

L 7 1 |olo

Fig. 2.5.8 Structure of Timer Y secondary, Timer Z secondary
Timer Y primary, Timer Z primary
b7 b6 b5 b4 b3 b2 bl b0
Timer Y primary, Timer Z primary (TYP, TZP) [Address : 23 16, 2716]

I I I I I I I I

| | | | | | | |

o B Function Atreset| R |W
1 111 L]0 | -setacount value of the corresponding timer. 1 |o]|o
b | | || *When the corresponding timer is stopped, the value set in this

I 1 1 1 1 1 1 |1] registeris written to both the corresponding primary latch and 1 |olo
A the corresponding timer at the same time.

A ? *When the corresponding timer is operating, the value set in this 1 |olo
N register is written as follows;

oo — timer write control bit = 0:

b 3 | the value is written to both the corresponding primary latch and 1 |9|©
I | the corresponding timer at the same time.

T 4 | timer write control bit = 1: 1 |o|o
Lol | | the value is written to the corresponding primary latch.

N 5 | *When these bits are read out, the count value of the corres- 1 |lolo
b ponding timer is read out (Note).

| | 1

e —— 6 1 |00
‘ —

b 7 1 |o]o

Note: The primary count value is read out at the primary interval, the secondary count

value is read out at the secondary interval.

Fig. 2.5.9 Structure of Timer Y primary, Timer Z primary
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Timer Y, Z waveform output control register

b7 b6 b5 b4 b3 b2 bl b0

Timer Y, Z waveform output control register (PUM) [Address : 24 16]

I I I I I I I I
EE R O — Foncion [ [R[w
b1 1 Lo | TimerY primary waveform 0 : Waveform not extended 0 e}
o | | extension control bit 1: Waveform extended
A . Timer Y secondary waveform |0 : Waveform not extended 0 e}
Lo extension control bit 1: Waveform extended
|
o L 2 | Timer Z primary waveform 0 : Waveform not extended 0 e)
I extension control bit 1 : Waveform extended
ol L] 3 | Timer Z secondary waveform [0 : Waveform not extended 0 e}
bl extension control bit 1: Waveform extended
R 4 | Timer Y output level latch 0:“L" output 0 e}
} } } 1:“H” output
O 5 | Timer Z output level latch 0 : “L" output 0 e}
Lo 1:“H” output
| L ,,,,,,,,,,,,,,, 6 | INTo pin one-shot trigger 0 : INTo pin one-shot trigger invalid| le)
| control bit (Note) 1 : INTo pin one-shot trigger valid
o 7 |INTo pin one-shot trigger active |0 : Falling edge trigger 0 o)
edge selection bit (Note) 1 : Rising edge trigger
Note: Stop timer Z to change the values of these bits.
Fig. 2.5.10 Structure of Timer Y, Z waveform output control register
One-shot start reqister
b7 b6 b5 b4 b3 b2 bl b0
One-shot start register (ONS) [Address : 2A 16]

i i i i i i i i B Name Function At reset w
1L 1 1 11 Yo |TimerZone-shot start bit 0 : One-shot stop 0 o)
. } | 1 : One-shot start
' I 1 1| L———|1|Nothing is allocated for these bits. These are write disabled bits. 0 0
} } } } } } || When these bits are read out, the values are “0”.
L e 2 e
| | | | | |
B E ol
| | | | _—
T T 4 0 0
| | |
| | | —
i i LR 5 0 O
A g BEE
‘ —
L 7 0 0

Fig. 2.5.11 Structure of One-shot start register
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Timer count source set register

b7 b6 b5 b4 b3 b2 bl b0

0 Timer count source set register (TCSS) [Address : 2E 1¢]
I I I I I I I
EEE R O — Funcion R
Loorr Timer X count source b1 b0
0] 0 |O]|O
U . @ 00 : f(XIN)/16
A = 01 : f(XIN)/2
A 1 1 0: f(XIN) (Note 1) 0 |O]|O
S 11 : Not available
o 2 | Timer Y count source b3 b2 o |olo
TR selection bits 00 :f(XIN)/16
[ Y A 01:f(XiNn)/2
A ] 1 0 : Ring oscillator output
| | | | |
A T 3 (Note 2) 0 ©
Lo 11 : Not available
A 4 | Timer Z count source 858)4 fOXN)/L6 0 o
Lo lection bit - WAIN
o || selection bits 01 fXIN)2
N 5 1 0: Timer Y underflow 0 @)
b 11 : Not available
[ 6 | Fix this bit to “0”. 0 o
|
e 7 | Nothing is allocated for this bit. This is a write disabled bit. 0 O
When this bit is read out, the value is “0".

or ring oscillator.
Do not use it at RC oscillation.

2: System operates using a ring oscillator as a count source by setting the
ring oscillator to oscillation enabled by bit 3 of CPUM.

Notes 1: f(XIN) can be used as timer X count source only when using a ceramic oscillator

Fig. 2.5.12 Structure of Timer count source set register

Interrupt edge selection register

b7 b6 b5 b4 b3 b2 bl b0

Interrupt edge selection register INTEDGE) [Address : 3A 16]

B Name Function Atreset| R [w
0 | INTo interrupt edge 0 : Falling edge active 0 e}
selection bit 1: Rising edge active
1 [ INTzinterrupt edge 0 : Falling edge active 0 e}
selection bit 1 : Rising edge active
2 | Nothing is allocated for these bits. These are write disabled bits. 0 O
|| When these bits are read out, the values are “0”".
3 0 OO
4 0 |O]|O
5 0 |0O|O
6 0 |o|0
7 | POo key-on wakeup enable bit |0 : Key-on wakeup enabled o |olo
1 : Key-on wakeup disabled

Fig. 2.5.13 Structure of Interrupt edge selection register
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CPU mode register
b7 b6 b5 b4 b3 b2 bl b0

CPU mode register (CPUM) [Address : 3B 1¢]

I I I I I I I I
EEE RN O — Funcior e [RIw
1 L 1 1 I 1 |0 |Processor mode bits (Note 1) |b1bo 0o |o]|o
[ T e N 0 0: Single-chip mode
N T N R - 0 1 : Not available
R T B 1 1 0: Not available o |olo
. } T 1 1: Not available
| | | | | | 5
N 2 | Stack page selection bit 0:0 page o |ofo
b 1:1 page
b 3 | Ring oscillator oscillation 0 : Ring oscillator oscillation enabled o |olo
o control bit 1 : Ring oscillator oscillation stop
} } } e 4 | XiN oscillation control bit 0 : Ceramic or RC oscillation enabled 0 o) Ke)
o 1 : Ceramic or RC oscillation stop
N 5 |Oscillation mode selection bit | 0 : Ceramic oscillation 0 |©]O
} } (Note 1) 1 : RC oscillation
o 6 | Clock division ratio selection | b7 b6 0 |[©]|OC
oL ____] bits 0 0: @=f(XiNn)/2
| (high-speed mode)
| 0 1:@=f(XiN)/8
| — (middle-speed mode)
| 7 1 0: Applied from ring oscillator 1 |Of0
STt 1 1:@=f(Xn)

(double-speed mode)

(Note 2)

Notes 1: The bit can be rewritten only once after releasing reset. After rewriting it is

disable to write any data to the bit. However, by reset the bit is initialized and

can be rewritten, again.

(It is not disable to write any data to the bit for emulator MCU “M37540RSS".)
2: These bits are used only when a ceramic oscillation is selected.
Do not use these when an RC oscillation is selected.

Fig. 2.5.14 Structure of CPU mode register
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Interrupt request register 1

b7 b6 b5 b4 b3 b2 bl b0

Interrupt request register 1 (IREQ1) [Address : 3C 16]

I I I I I I I I
i i i i i i i i B Name Function At reset Wi
L1111 Lo | Serial 1101 receive 0 : No interrupt request issued 0 0
bbbt interrupt request bit 1 : Interrupt request issued
0|1 | Serial /Ol transmit interrupt |0 No interrupt request issued 0 ]
[ N request bit 1 : Interrupt request issued

| - -
o L 2 | INTo interrupt request bit 0: No interrupt request issued 0 0
A 1: Interrupt request issued
T 3 | INT1 interrupt request bit 0 : No interrupt request issued 0 0
A 1 : Interrupt request issued
T 4 | Key-on wake up interrupt 0 : No interrupt request issued 0 O
Lo request bit 1 : Interrupt request issued
] 5 [ CNTRo interrupt request bit 0 : No interrupt request issued 0 O
I 1 : Interrupt request issued
| | = - g .
[ I 6 | CNTRu interrupt request bit 0 : No interrupt request issued 0 0
} 1 : Interrupt request issued
L 7 | Timer X interrupt request bit | 0 : No interrupt request issued 0 O

1 : Interrupt request issued
0: These bits can be cleared to “0” by program, but cannot be set to “1”.
Fig. 2.5.15 Structure of Interrupt request register 1
Interrupt request register 2
b7 b6 b5 b4 b3 b2 bl b0
Interrupt request register 2 (IREQ2) [Address : 3D 16]
I I I I I I

| -
REERRR - Funcion [
b1 111 Lo | Timer Y interrupt request bit |0 : No interrupt request issued 0 O
. } | 1 : Interrupt request issued
Co0 b Lo |1 | Timer Zinterrupt request bit 10 No interrupt request issued 0 0
N 1 : Interrupt request issued
| | | | | | 5 5
[ T A R 2 | Timer A interrupt request bit 0 : No interrupt request issued 0 O
b 1 : Interrupt request issued
Lo L] 3 | Serial /02 interrupt request 0 : No interrupt request issued 0 0
Lo bit 1 : Interrupt request issued
T N I 4 | AD converter interrupt 0 : No interrupt request issued 0 0
. request bit 1 : Interrupt request issued
R 5 | Timer 1 interrupt request bit 0 : No interrupt request issued 0 O
I 1 : Interrupt request issued
| |
e 6 | Nothing is allocated for these bits. These are write disabled bits. 0 o
| || When these bits are read out, the values are “0".
L 7 0 O

O: These bits can be cleared to “0” by program, but cannot be set to “1".

Fig. 2.5.16 Structure of Interrupt request register 2
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Interrupt control register 1
b7 b6 b5 b4 b3 b2 bl b0

Interrupt control register 1 (ICON1) [Address : 3E 1]

I I I I I I I I

REEERE - Funcion e[

} } } } } } } L | o | Serial I/O1 receive 0 : Interrupt disabled 0 @)

borh interrupt enable bit 1 : Interrupt enabled

} } } } } } L ___|1 | Serial I/O1 transmit interrupt 0 : Interrupt disabled 0 @)

N enable bit 1 : Interrupt enabled

| | | | | | .

. 2 | INTo interrupt enable bit 0: Interrupt disabled 0 o

oo 1 : Interrupt enabled

A T N 3 [ INTz interrupt enable bit 0 : Interrupt disabled 0 )

T 1 : Interrupt enabled

N N R 4 | Key-on wake up interrupt 0 : Interrupt disabled 0 o

} } } enable bit 1 : Interrupt enabled

A 5 | CNTRo interrupt enable bit 0 : Interrupt disabled 0 ¢}

- 1 : Interrupt enabled

| | 5

I 6 | CNTRu interrupt enable bit 0 : Interrupt disabled 0 (@)

| 1 : Interrupt enabled

L 7 | Timer X interrupt enable bit 0 : Interrupt disabled 0 o
1 : Interrupt enabled

Fig. 2.5.17 Structure of Interrupt control register 1
Interrupt control register 2
b7 b6 b5 b4 b3 b2 bl b0
Interrupt control register 2 (ICON2) [Address : 3F 16]
I I I I I I

REEEREN - Funcion e[

T | ' L]0 | TimerY interrupt 0 : Interrupt disabled 0 O

A | ! enable bit 1 : Interrupt enabled

g Timer Z interrupt enable bit 0 : Interrupt disabled 0 e)

A 1 : Interrupt enabled

| | | | | | 7

. 2 | Timer A interrupt enable bit 0: Interrupt disabled 0 )

b 1 : Interrupt enabled

} } } } L] 3 | Serial /02 interrupt enable bit | 0 : Interrupt disabled 0 O

o 1 : Interrupt enabled

T N I 4 | AD conversion interrupt 0 : Interrupt disabled 0 o

} } } enable bit 1 : Interrupt enabled

R 5 | Timer 1 interrupt enable bit 0 : Interrupt disabled 0 o)

- 1 : Interrupt enabled

| |

e 6 | Nothing is allocated for these bits. These are write disabled bits. 0 i

| || When these bits are read out, the values are “0”.

Lo _____ 7 0 0O

Fig. 2.5.18 Structure of Interrupt control register 2
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2.5.3 Timer mode (timer Y and timer Z)
The basic operation of Timer Y and Timer Z are the same. In this section, Timer Y is explained.

(1) Operation description
Prescaler Y counts the count source selected by the timer Y count source selection bits. Each time
the count clock is input, the contents of Prescaler Y is decremented by 1.
When the contents of Prescaler Y reach “0016", an underflow occurs at the next count clock, and the
prescaler Y latch is reloaded into Prescaler Y and count continues. The division ratio of Prescaler
Y is 1/(n+1) provided that the value of Prescaler Y is n.
The contents of Timer Y is decremented by 1 each time the underflow signal of Prescaler Y is input.
When the contents of Timer Y reach “0016”, an underflow occurs at the next count clock, and the
timer Y primary latch is reloaded into Timer Y and count continues.
(In the timer mode, the contents of timer Y primary latch is counted. Timer Y secondary latch is not
used in this mode.)
The division ratio of Timer Y is 1/(m+1) provided that the value of Timer Y is m. Accordingly, the
division ratio of Prescaler Y and Timer Y is provided as follows that the value of Prescaler Y is n
and the value of Timer Y is m.

1
(n+1) O (m+1)

Division ratio =

In the timer mode, writing to “latch only” or “latches and Prescaler Y and timer Y primary” can be
selected by the setting value of the timer Y write control bit.

Timer Y can stop counting by setting “1” to the timer Y count stop bit.

Also, when timer Y underflows, the timer Y interrupt request bit is set to “1”.

Timer Y reloads the value of latch when counting is stopped by the timer count stop bit.

(When timer is read out while timer is stopped, the value of latch is read. The value of timer can be
read out only while timer is operating.)

(2) Timer mode setting method
Figure 2.5.19 shows the setting method for timer mode of Timer Y.
When Timer Z is used, registers are set by the same method.
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Process 1: Disable timer Y interrupt.
b7 b0

L[] [ 111 [o] mnterruptcontrol register 2 1ICON2) [Address 3Fq]

Timer Y interrupt disabled

Process 2: Set timer Y, Z mode register.

b7 b0

L[ [ [ [2] []o] TimerY, Zmode register (TYzM) [Address 2016]

Timer mode

Timer Y write control bit

0: Write to latch and timer simultaneously
1: Write to only latch

Timer Y count stop

Process 3: Set timer Y count source (Note 1)
b7 bo

.E...... Timer count source set register (TCSS) [Address 2E16]
I

Timer Y count source selection bits
b3 b2

0 0:f(Xin)/16

0 1:f(Xin)/2

1 0: Ring oscillator output (Note 2)
1 1: Not available

Notes 1: For timer Z, f(Xin), f(XIN)/2, or timer Y underflow can be selected.
2: Set the ring oscillator oscillation to be enabled by bit 3 (ring oscillator
oscillation control bit) of CPU mode register.

Process 4: Set the count value to timer Y.

« Set the count value to prescaler Y and timer Y primary

|:| Prescaler Y (PREY) (Address 2116)
\7 Count value

I:l Timer Y primary (TYP) (Address 2316)
\7 Count value

Note: In the timer mode, the timer Y secondary is not used.

Process 5: In order not to execute the no requested interrupt processing,
set “0” (no requested) to the timer Y interrupt request bit.
bo

b7
.......ﬂ Interrupt request register 2 (IREQ2) [Address 3D16]

No timer Y interrupt request issued

Process 6: When timer Y interrupt is used, set “1” (interrupt enabled)
to the timer Y interrupt enable bit.
b7 b0
....... Interrupt control register 2 (ICON2) [Address 3F16]

Timer Y interrupt enabled

Process 7: Start counting of timer Y.

b7 b0

....ﬂ..ﬂ Timer Y, Z mode register (TYZM) [Address 2016]

Timer Y count start

Fig. 2.5.19 Setting method for timer mode
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(3) Application example of timer mode
Outline: Pulses generated corresponding to the water flow rate are counted for a fixed period
(100 ms), and the water flow rate during this period is calculated.

Specifications: Pulses generated corresponding to the water flow rate are input to the P14/CNTR:
pin and counted using timer X.
The contents of timer X are read in the timer Y interrupt processing routine generated
after 100 ms from the start of counting pulses, and the water flow rate during 100
ms is calculated.
Operation clock: f(Xin) = 8 MHz, high-speed mode

Figure 2.5.20 shows an example of peripheral circuit, Figure 2.5.21 shows the method of measuring
water flow rate, and Figure 2.5.21 shows an example of control procedure.

7540 Group
Water flow rate sensor
)
Water W | 1
flow, ) P14/CNTRo
— 7\ )
-  J
Blades rotate in proportion to The faster the water flow,
water flow and generate pulses. | the shorter the pulse period.
Fig. 2.5.20 Example of peripheral circuit
| 100 ms | 3
Timer Y interrupt request bit 38—' ___________________________ _l‘—ee

(I
(I

CNTRo pin input RRJ—LI_LI_L L a""-;"-_l'l_l'l_lﬁ_l'l_l'l_l'ng

N

) . Timer X counting (Note) _. . . .
Timer X, timer Y Timer Y interrupt processing routine

start counting.  Timer X, timer Y stop counting.
 Timer X is read out.

Note: Counting rising edges.

 Flow rate during 100 ms = (FFie—read value of timer Y) O flow rate per pulse

Fig. 2.5.21 Method of measuring water flow rate
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( Flow rate measuring routine )

Set “0” to the CNTRo interrupt enable bit.
(CNTRo interrupt disabled)

Set “0” to the timer X interrupt enable bit.
(Timer X interrupt disabled)

Set “0” to the timer Y interrupt enable bit.
(Timer Y interrupt disabled)

Set port P14 to the input mode.

Set timer X mode register

[T T I11]1]o] TXM(Address 2B16)

1+ """ Event counter mode
------ Count at falling edge
-------- Timer X count stop

Set timer Y, Z mode register
[ T T T I1Jo[Jo] TYZM(Address 2016)

1+ “~Timer mode
R W riting to latch and tim er sim ultaneously
-------- Timer Y count stop

Set timer count source set register

[ To] T ]0Jo] T ] TCSS(Address 2E16)

- Timer Y count source:
f(XIN)/16 selected

Set value to timer X

Prescaler X (Address 2Czs6)
Timer X (Address 2D1s)

Set value to timer Y (Note)

Prescaler Y (Address 2116)
Timer Y primary (Address 2316)

Set “0” to the timer Y interrupt request bit.

Set “1” to the timer Y interrupt enable bit.
(Timer Y interrupt enabled)

Set timer X mode register
[T TIo[[C] TXM(Address 2B16)

------ Timer X count start

Set timer Y, Z mode register
[T T TTolo[ T0] Tyzm(address 2016)

Lem-m-- Timer Y count start

( END )

( Timer Y interrupt processing routine

Set timer X mode register

[ TTT J3[2]1]o] TXM(Address 2B1s)

HO, Timer X count stop

Set timer Y, Z mode register

[T T T IZO[ [0] TYZM(Address 2016)

Y —— Timer Y count stop

(Prescaler X setting value “FF16” timer X setting
value “FF16") — (Prescaler X count value, timer X
count value)

~ The numbeer of event within 100 ms

( RTI )

Timer Y PrescalerY  TimerY

division setting primary
ratio value setting
value

Fig. 2.5.22 Example of control procedure
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2.5.4 Programmable waveform generation mode (timer Y and timer Z)
The basic operation of Timer Y and Timer Z are the same. In this section, Timer Y is explained.

(1) Operation description
In the programmable waveform generation mode, timer counts the setting value of timer Y primary
(TYP) and the setting value of timer Y secondary (TYS) alternately, the waveform whose polarity is
inverted each time Timer Y underflows is output from PO:/TYour pin.
When using this mode, be sure to set “1” to the timer Y write control bit to select “write to latch only”.
Also, set the port PO: direction registers to output mode.
The active edge of output waveform is set by the timer Y output level latch. When “0” is set to the
timer Y output level latch, “H” interval by the setting value of TYP or “L” interval by the setting value
of TYS is output alternately. When “1” is set to the timer Y output level latch, “L” interval by the
setting value of TYP or “H” interval by the setting value of TYS is output alternately.
Also, in this mode, the primary interval and the secondary interval of the output waveform can be
extended respectively for 0.5 cycle of timer count source clock by setting the timer Y primary waveform
extension control bit (b2) and the timer Y secondary waveform extension control bit (b3) of PUM to
“1”. As a result, the waveforms of more accurate resolution can be output.
When b2 and b3 of PUM are used, the frequency and duty of the output waveform are as follows;

2 0 (TMYCL)
(2 O (TYP+1)+EXPYP)+(2 O (TYS+1)+EXPYS))

Waveform frequency: FYOUT=

2 O (TYP+1)+EXPYP
Duty: DYOUT= " 2 0 (TYP+1)+EXPYP)+(2 O (TYS+1)+EXPYS))

TMYCL: Timer Y count source (frequency)

TYP: Timer Y primary

TYS: Timer Y secondary

EXPYP (1 bit): Timer Y primary waveform extension control bit
EXPYS (1 bit): Timer Y secondary waveform extension control bit

In the programmable waveform generation mode, when values of the TYP, TYS, EXPYP and EXPYS
are changed, the output waveform is changed at the beginning (timer Y primary waveform interval)
of waveform period.

When the count values are changed, set values to the TYS, EXPYP and EXPYS first. After then, set
the value to TYP. The values are set all at once at the beginning of the next waveform period when
the value is set to TYP. (When writing at timer stop is executed, writing to TYP at last is required.)
Timer Y can stop counting by setting “1” to the timer Y count stop bit.

Also, when timer Y underflows, the timer Y interrupt request bit is set to “1”.

Timer Y reloads the value of latch when counting is stopped by the timer Y count stop bit. (When
timer is read out while timer is stopped, the value of latch is read. The value of timer can be read
out only while timer is operating.)
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Notes 1:

6:

In the programmable waveform generation mode, values of TYS, EXPYP, and EXPYS are
valid by writing to TYP because the setting to them is executed all at once by writing to
TYP. Even when changing TYP is not required, write the same value again.

: In the programmable waveform generation mode, when the setting value is changed while

the waveform is output, set by software in order not to execute the writing to TYP and the

timing of timer underflow during the secondary interval simultaneously.

An example of a measurement is shown below.

ex.) The underflow by the primary and the underflow by secondary are stored by polling
etc. using timer Y interrupt.
Writing is performed in by judging that there is no problem if the underflow by secondary
is completed with reference to primary write operation before.
(Depending on a primary and a secondary setting values, and primary write timing, it
may be impossible.)

: The waveform extension function by the timer Y waveform extension control bits can be

used only when “0016” is set to Prescaler Y.

When the value other than “0016" is set to Prescaler Y, be sure to set “0” to EXPYP and
EXPYS.

The waveform extension function by the timer Z waveform extension control bits can be
used only when “0016” is set to Prescaler Z. When the value other than “0016” is set to
Prescaler Z, be sure to set “0” to EXPZP and EXPZS. Also, when the timer Y underflow
is selected as the timer Z count source, the waveform extension function cannot be used.

: When using this mode, be sure to set “1” to the timer Y write control bit to select “write

to latch only”.

: When TYS is read out, the undefined value is read out. However, while timer Y counts the

setting value of TYS, the count value during the secondary interval can be obtained by
reading the timer Y primary.
In order to use TYour pin, set “1” to bit 1 of the port PO direction register (output mode).

Figure 2.5.23 shows the timing diagram of the programmable waveform generation mode.
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Timer Y count stop bit

(

e When “0316” is set to TYP and “0216” is set to TYS.

Timer Y count clock | | jﬂ

“0” is written

Contents of timer Y

Timer Y interrupt request bit

Count start

Underflow

(

Note 2)

Underflow

|
Timer Y

secondary

—| (Note 2)

\

Timer Y output level latch

“0” is written

(

Initialized to “L”

TYour pin output

orm outputinverted)  (Waveform outputinverted)

\

(Note 1)

i

T
'
-
'
'
'

Secondary waveform extension

Notes 1: In this case, timer Y primary waveform is not extended, timer Y secondary waveform is extended.
2: In this time, “0” is written to the timer Y interrupt request bit or the timer Y interrupt request bit
is cleared to “0” by accepting the timer Y interrupt request.

Fig. 2.5.23 Timing diagram of programmable waveform generation mode
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(2) Programmable waveform generation mode setting method
Figure 2.5.24 and Figure 2.5.25 show the setting method for programmable waveform generation
mode of timer Y.
When timer Z is used, registers are set by the same method.

Process 1: Disable timer Y interrupt.

b7 b0
....ﬂ Interrupt control register 2 (ICON2) [Address 3F16]

Timer Y interrupt disabled

Process 2: Set timer Y, Z mode register.

b7 b0
.. Timer Y, Z mode register (TYZM) [Address 2016]

L Programmable waveform generation mode
Write to only latch (Note)

Timer Y count stop

Note: When using this mode, be sure to set “1” to the timer Y write control bit
to select “write to latch only”.

Process 3: Set timer Y, Z waveform output control register.

b7 b0
DID]]]] Timer Y, Z waveform output control register (PUM) [Address 2416]

L Timer Y primary waveform extension control bit (Note)

0: Waveform not extended

1: Waveform extended

Timer Y secondary waveform extension control bit (Note)

0: Waveform not extended

1: Waveform extended

Timer Y output level latch

0: Initial state at stop: “L”, “H” interval by TYP setting value,
“L” interval by TYS setting value

1: Initial state at stop: “H”, “L” interval by TYP setting value,
“H” interval by TYS setting value

Note: The waveform extension function by the timer Y waveform extension
control bits can be used only when “0016” is set to prescaler Y.
When the value other than “0016” is set to prescaler Y, be sure to set “0”
to EXPYP and EXPYS.
The waveform extension function by the timer Z waveform extension
control bits can be used only when “0016” is set to prescaler Z.
When the value other than “0016” is set to prescaler Z, be sure to set “0”
to EXPZP and EXPZS.
Also, when the timer Y underflow is selected as the timer Z count source,
the waveform extension function cannot be used.

Process 4: Set TYourt pin to the output (Note).

b7 b0
DI Port PO direction register (POD) [Address 0116]

L Set PO1/TYout pin as the output mode

Note: For timer Z, set TZouT pin as the output by bit 2 of POD.

Fig. 2.5.24 Setting method for programmable waveform generation mode (1)
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Process 5: Set timer Y count source (Note 1).

b7 b0
DID]]]] Timer count source set register (TCSS) [Address 2E16]

Timer Y count source selection bits
b3 b2

0 0: f(XiN)/16

: f(XIN)/2

: Ring oscillator output (Note 2)
: Not available

[ )
=l

Notes 1: For Timer Z, f(XiN)/16, f(XIN)/2, or timer Y underflow can be selected.
However, when the timer Z waveform expansion function is used,
do not select the timer Y underflow for the timer Z count source.
2: Set the ring oscillator oscillation to be enabled by bit 3 (ring oscillator
oscillation control bit) of CPU mode register.

Process 6: Set the count value to timer Y (Note 1).

« Set the count value to prescaler Y, timer Y secondary and timer Y primary

I:l Prescaler Y (PREY) (Address 2116) (Note 2)
.

Count value

I:l Timer Y secondary (TYS) (Address 2216)
\— Count value

I:l Timer Y primary (TYP) (Address 2316) (Notes 3, 4)
\7 Count value

Notes 1: In the programmable waveform generation mode, values of TYS,
EXPYP, and EXPYS are valid by writing to TYP. Even when
changing TYP is not required, write the same value again.

2: When the timer Y waveform extension function is used, be sure to set
“0016" to prescaler Y.

3: In the programmable waveform generation mode, when the setting
value is changed while the waveform is output, set by software in
order not to execute the writing to TYP and the timing of timer Y
underflow during the secondary interval simultanesously.

4: Count values of the primary interval and secondary interval can be
checked by reading the TYP (TYS is undefined at read).

Process 7: In order not to execute the no requested interrupt processing,
set “0” (no requested) to the timer Y interrupt request bit.

...... Interrupt request register 2 (IREQ2) [Address 3D16]

\— No timer Y interrupt request issued

Process 8: When Timer Y interrupt is used, set “1” (interrupt enabled)
to the timer Y interrupt enable bit.

...... Interrupt control register 2 (ICON2) [Address 3F16]

L— Timer Y interrupt enabled

Process 9: Start counting of timer Y.

b7

b0
....ﬂ. Timer Y, Z mode register (TYZM) [Address 2016]

Timer Y count start

Fig. 2.5.25 Setting method for programmable waveform generation mode (2)
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(3) Application example of programmable waveform generation mode
Outline: The waveform extension function is used and the waveform output is executed.
Specifications: The “H” width generated by TYP and the “L” width generated by TYS are output. Set
each waveform extension function to be valid, and set the duty ratio to be 2:1. The
frequency is 40 kHz.
Operation clock: f(Xi) = 8 MHz, high-speed mode

Figure 2.5.26 shows an example of waveform output and Figure 2.5.27 shows an example of control
procedure.

e 40 kHz pulse is output
Duty ratio 2 X 1

: 16.7 ps 1 83 s i
b >t

TYOUT pin output

Waveform extended Waveform extended

FIg. 2.5.26 Example of waveform output
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( RESET )

-Initialization

SEI

CLD

CLT

CPUM(Address 3B16) ~ 10000X002
Wait until f(XiN) oscillation is stabilized (Note 1)
CPUM(Address 3B16) ~ 00000X002

Set “0” to the timer Y interrupt enable bit.
(Timer Y interrupt disabled)

Set timer Y, Z mode register

lllll||| TYZM(Address 2016)

' - Programmable waveform
! generation mode

LR Writing to only latch (Note 2)
........ Timer Y count stop

Set timer Y, Z waveform output control register

[T T Io[ [ ]1[1] PUM(Address 2416)

: -~ Timer Y primary waveform
! ! generation extended (Note 3)
! ----Timer Y secondary waveform
! generation extended (Note 3)
--------- Initial state: “L", TYP: “H" interval,
TYS: “L” interval

| Set port P01 to the output mode.

Set timer count source set register

[To[ TTo[1] ] TCSS(Address 2E16)

“------ Timer Y count source:
f(XIN)/2 selected

Set value to timer Y (Notes 3, 4, 5, 6)

Prescaler Y (Address 2116)

Timer Y secondary (Address 2216)
Timer Y primary (Address 2316)

| Set “0” to the timer Y interrupt request bit.

Set “1” to the timer Y interrupt enable bit.
(Timer Y interrupt enabled)

Set timer Y, Z mode register
IIIIEIII TYZM(Address 2016)

"""" Timer Y count start

Processing

Notes 1:
2:

3:

X: This bit is not used here. Set it to “0” or “1” arbitrary.

For the concrete time, ask the oscillator manufacture.

When using this mode, be sure to select “write to latch
only”.

The waveform extension function by the timer Y waveform
extension control bits can be used only when “0016” is set
to prescaler Y.

When the value other than “0016” is set to prescaler Y, be
sure to set “0” to EXPYP and EXPYS.

In the programmable waveform generation mode, values of
TYS, EXPYP, and EXPYS are valid by writing to TYP. Even
when changing TYP is not required, write the same value
again.

: In the programmable waveform generation mode, when the

setting value is changed while the waveform is output, set
by software in order not to execute the writing to TYP and
the timing of timer Y underflow during the secondary
interval simultanesously.

: Count values of the primary interval and secondary interval
can be checked by reading TYP (TYS is undefined at read).

Fig. 2.5.27 Example of control procedure
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2.5.5 Programmable one-shot generation mode (timer 2)

(1) Operation description

In the programmable one-shot generation mode, the one-shot pulse by the setting value of timer Z
primary can be output from P02/TZour pin by software or external trigger to the P37/INTo pin. When
using this mode, be sure to set “1” to the timer Z write control bit to select “write to latch only”. Also,
set the port P02 direction registers to output mode. In this mode, the timer Z secondary (TZS) is not
used.

The active edge of output waveform is set by the timer Z output level latch. When “0” is set to the
timer Z output level latch, “H” pulse during the interval of the timer Z primary (TZP) setting value is
output. When “1” is set to the timer Z output level latch, “L” pulse during the interval of the TZP
setting value is output.

Also, in this mode, the interval of the one-shot pulse output can be extended for 0.5 cycle of timer
count source clock by setting the timer Z primary waveform extension control bit (EXPZP) to “1”.
As a result, the waveforms of more accurate resolution can be output.

During the one-shot pulse output interval, the one-shot pulse output can be stopped forcibly by
writing “0” to the timer Z one-shot start bit.

In the programmable one-shot generation mode, when the count values are changed, set value to
the EXPZP first. After then, set the value to TZP. The values are set all at once at the beginning of
the next one-shot pulse when the value is set to TZP. (Even when writing at timer stop is executed,
writing to TZP at last is required.)

Timer Z can stop counting by setting “1” to the timer Z count stop bit.

Also, when timer Z underflows, the timer Z interrupt request bit is set to “1”.

Timer Z reloads the value of latch when counting is stopped by the timer Z count stop bit.

(When timer is read out while timer is stopped, the value of latch is read. The value of timer can be
read out only while timer is operating.)

Notes 1: In the programmable one-shot generation mode, the value of EXPZP becomes valid by
writing to TZP. Even when changing TZP is not required, write the same value again.

2: In the programmable one-shot generation mode, when the setting value is changed while
the waveform is output, set by software in order not to execute the writing to TZP and the
timing of timer underflow simultaneously.

An example of a measurement is shown below.

ex.) The underflow of timer is stored by polling etc. using timer Z interrupt.
Writing to primary is performed in by judging that there is no problem if the underflow
by secondary is completed with reference to primary write operation before.
(Depending on a primary setting value, primary write timing, software and timing of
external trigger to INTo pin, it may be impossible.)

3: The waveform extension function by the timer Z waveform extension control bits can be
used only when “0016" is set to Prescaler Z.

When the value other than “0016” is set to Prescaler Z, be sure to set “0” to EXPZP. Also,
when the timer Y underflow is selected as the timer Z count source, the waveform extension
function cannot be used.

4: When using this mode, be sure to set “1” to the timer Z write control bit to select “write to
latch only”.

5: In order to use TZour pin, set “1” to bit 2 of the port PO direction register (output mode).

6: Stop Timer Z to change the INTo pin one-shot trigger control bit and INTo pin one-shot
trigger active edge selection bit.

Figure 2.5.28 shows the timing diagram of the programmable one-shot generation mode.
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e When “0316” is set to TZP

Contents of timer Z

Timer Z interrupt request bit

Timer Z output level latch

TZout pin output

(Note 2)

0016 d316

Timer Z count clock | | | | | | lﬁ | | | | | | lf I lf | | | lﬁ | | | | | | lf I
“0” is written E E
—Y : :
Timer Z count stop bit . .
“1” is written ' '
( : :
One-shot start bit
. \Set to “1” by .
: INTo pin input :
: trigger :
INTo pin input : .
(Note 1) . '

Timer Z Count Timer Z

ount start primary start primary

7 reload Y reload

Underflow

0316 OOleX 0316
Underflow :
\ :
: (Note 3)
“0” is written
—

'
'
'
'
'
'
'
'
L
'
'
'

(waveform output start ) (Waveform output end ) (Waveform output start) ~ (Waveform output end )

Initialized to “L”

pamad--

Waveform extension

Notes 1: In this case, INTo pin one-shot trigger valid.

2: In this case, timer Z primary waveform is extended.

paaad-

Waveform extension

3: In this time, “0” is written to the timer Z interrupt request bit or the timer Z interrupt request bit

is cleared to “0” by accepting the timer Z interrupt request.

Fig. 2.5.28 Timing diagram of programmable one-shot generation mode
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(2) Event counter mode setting method

Figure 2.5.29 to Figure 2.5.31 show the setting method for programmable one-shot generation mode
of timer Z.

Process 1: Disable the interrupt.

b7 bo

.....ﬂ.. Interrupt control register 1 (ICON1) [Address 3E16]
\7 INTo interrupt disabled

b7 b0

......ﬂ. Interrupt control register 2 (ICON2) [Address 3F16]

Timer Z interrupt disabled

Process 2: Set timer Y, Z mode register.

b7 bo

ﬂ.... Timer Y, Z mode register (TYZM) [Address 2016]
[ Programmable one-shot generation mode
Write to only latch (Note)

Timer Y count stop

Note: When using this mode, be sure to select “write to latch only”.

Process 3: Set timer Y, Z waveform output control register.
b7 b0

| Timer Y, Z waveform output control register (PUM) [Address 2416]

‘7 Timer Z primary waveform extension control bit (Note 1)
0: Waveform not extended
1: Waveform extended
Timer Z output level latch
0: Initial state at stop: “L”, “H” interval by TZP setting value,
“L” interval by TZS setting value
1: Initial state at stop: “H”, “L” interval by TZP setting value,
“H” interval by TZS setting value
——  INTo pin one-shot trigger control bit (Note 2)
0: INTo pin one-shot trigger invalid
1: INTo pin one-shot trigger valid
INTo pin one-shot trigger active edge selection bit (Note 2)
0: Falling edge trigger
1: Rising edge trigger

Notes 1: The waveform extension function by the timer Z waveform extension control bits can be used
only when “0016” is set to prescaler Z.
When the value other than “0016” is set to prescaler Z, be sure to set “0” to EXPZP.
Also, when the timer Y underflow is selected as the timer Z count source, the waveform
extension function cannot be used.
2: Stop timer Z to change these bits.

Process 4: Set TZouT pin to the output (Note).

b7 bo

....... Port PO direction register (POD) [Address 0116]
I

Set P02/TZourt pin as the output mode

Fig. 2.5.29 Setting method for programmable one-shot generation mode (1)
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Process 5: When the trigger by INTo pin input is selected:
Set port P3 direction register, pull-up control register and port P1P3 control register

b7 b0

ﬂ. ..... Port P3 direction register (P3D) [Address 0716]

Set P37/INTo pin as the input mode

b7 b0
DID]:D] Pull-up control register (PULL) [Address 1616]
i

P37 pull-up control bit
0: Pull-up Off
1: Pull-up On

b7 b0

|:|:|:|:|:|:|:|:| Port P1P3 control register (P1P3C) [Address 1716]

P37/INTo input level selection bit
0: CMOS level
1: TTL level

Process 6: Set the timer Z count source.

b7 b0
EEED]:D] Timer count source set register (TCSS) [Address 2E16]

Timer Z count source selection bits

b5 b4
00 : f(XIN)/16

01 :f(Xin)/2

10 : Timer Y underflow (Note)
11 : Not available

Note: When the timer Z waveform extension function is used,
do not select the timer Y underflow as the timer Z count source.

Process 7: Set the one-shot pulse width (Note 1).

« Set the count value to prescaler Z and timer Z primary

I:l Prescaler Z (PREZ) [Address 2516] (Note 2)
\— Count value

I:l Timer Z primary (TZP) [Address 2716] (Note 3)
li Count value

Notes 1: In the programmable one-shot generation mode, TZS is not used.
When the count setting value is changed, value of EXPZP is valid by
writing to TZP. Even when changing TZP is not required, write the

same value again.
2: When the timer Z waveform extension function is used, be sure to set

“0016" to prescaler Z.
3: In the programmable one-shot generation mode, when the setting

value is changed while the waveform is output, set by software in
order not to execute the writing to TZP and the timing of timer Z

underflow simultanesously.

Process 8: Set the standby state to accept the one-shot start trigger (Note).

b7 bo

ﬂ.... Timer Y, Z mode register (TYZM) [Address 2016]
\

Timer Z count start

Note: When the INTo pin one-shot trigger control bit of PUM is set to“valid”,
timer Z counting is started by the input of trigger to INTo pin after this setting.

Eig. 2.5.30 Setting method for programmable one-shot generation mode (2)
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Process 9: In order not to execute the no requested interrupt processing,
set “0” (no requested) to the timer Z interrupt request bit.

b7 b0
L1 ][] [o]]| Interruptrequestregister 2 (IREQ2) [Address 3D16]

No Timer Z interrupt request issued

e When the INTo pin one-shot trigger control bit of PUM is set to “valid” and
the INTo interrupt is used, set the following;

b bl
|7| | | | | | |O| Interrupt edge selection register (INTEDGE) [Address 3A16]

\— INTo interrupt edge selection bit
0: Falling edge active
1: Rising edge active

b7 b0
| | | | | |0| | | Interrupt request register 1 (IREQ1) [Address 3C16]

li No INTo interrupt request issued

Process 10: When the interrupt is used, set “1” (interrupt enabled)
to the corresponding interrupt enable bit.

b7 b0
[ [ [ [ [ ]t ]]| interruptcontrol register 1 ICON1) [Address 3Ez1e]

; INTo interrupt enabled (Note)

b7 b0
FTTTTTTe[] Interruptcontrol register 2 (ICON2) [Address 3Fis]

Timer Y interrupt enabled

Note: When the INTo pin one-shot trigger control bit is set to “valid”,
the INTo interrupt can be accepted after this setting.

Process 11: Start counting of timer Z.

b7 b0
(1] ] ] ] ] ]2 Oneshotstartregister (ONS) [Address 2A16]

L Timer Z one-shot start (Note)

e When the INTo pin one-shot trigger control bit of PUM is set to “valid”,
the timer Z count is started by input of trigger to the INTo pin.

Note: Pulse is output from TZout pin. After output, this bit is initialized to “0”.

Fig. 2.5.31 Setting method for programmable one-shot generation mode (3)
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(3) Application example of programmable one-shot generation mode
Outline: The phase control signal to the load is output by using the programmable one-shot generation
mode of Timer Z.
Specifications: The phase control signal to the load is output from the P02/TZour pin using the
programmable one-shot generation mode of timer Z.
» Count source: f(Xin)/16
* Rising edges of the signal input to the P37/INTo pin from the trigger detection circuit
are detected.
» A triac is turned on at the “H” level.
The period of the feedback signal input from the load is measured, analyzed, and
used to adjust the phase control signal.
Operation clock: f(Xin) = 8 MHz, high-speed mode

For the measurement of the period of the feedback signal, refer to the period measurement mode
of the using timer.

Figure 2.5.32 shows an example of peripheral circuit, Figure 2.5.33 shows an example of an operation
timing, and Figure 2.5.34 shows an example of a control procedure.

7540 Group

Feedback signal
Port

Phase control signal %
P02/TZout

Trigger detection circuit |—) P37/INTo

~) ¢
\J
Vac

Fig. 2.5.32 Example of peripheral circuit

VAC power source ==~ \:\_/,j/_\v,j/_\\:\/_,

INTo pin input 4] £ £ £ A £

Writing to latch in

N 3 | INTo interrupt : 3 |
5 ! ! processing routine ! | |
= | | | ‘ ‘ ‘
5 | RL | R | l i
@ ! A ! |
c | | !
o ‘ ‘ ‘
c i i |
o | ! B
O 000016 _ L
; UF |
TZour pin output_ff v £ A

Fig. 2.5.33 Example of operation timing

7540 Group User's Manual 2-89



APPLICATION

2.5 Timer Y and timer Z

SEI
CLD
CLT
CPUM(Address 3B16)

CPUM(Address 3B16)

~ 10000X002
Wait until f(Xin) oscillation is stabilized (Note 1)
~ 00000X002

(Timer Z interrupt disabled)

Set “0” to the timer Z interrupt enable bit.

Set timer Y, Z mode register

[A[I1[o] T T T ] TYZM(Address 2016)

generation mode

Timer Z count stop

........ Programmable one-shot

-- Writing to only latch (Note 2)

AT TTT] PuM(Address 2416)

extended (Note 3)

Set timer Y, Z waveform output control register

Timer Z primary waveform generation

Initial state: “L", TZP: “H” interval, TZS:
“L" interval, stop at “L" after underflow
INTo pin one-shot trigger valid (Note 4)|
INTo pin rising edge trigger (Note 4)

| Set port P02 to the output mode.

| Set port P37 to the input mode.

Set port P1P3 control register

[To[o[of TTT] TCSS(Address 2Ez16)

- Timer Z count source:
f(Xin)/16 selected

Set timer count source set register (Note 3)

Set value to timer Z (Notes 3, 5, 6)

Prescaler Z (Address 2516)
Timer Z primary (Address 2716)

trigger
[O[IZ[O] T T TYZM(Address 2016)

Set the standby state to accept one-shot start

R Timer Z count start (Note 7)

Set the interrupt edge selection register

+- INTo rising edge active

[TTTTIIT INTEDGE(Address 3A16)

| Set “0” to the INTo interrupt request bit.

(INTo interrupt enabled)

Set “1” to the INTo interrupt enable bit.

H Set pull-up control register

Phase control processing

e Period measurement of feedback signal

e Analyze of measured value
(determination of timer Z setting value)

]

X: This bit is not used here. Set it to “0” or “1” arbitrary.

C INTo interrupt processing routine )

Change of timer Z

( RTI )

For the concrete time, ask the oscillator manufacture.

: When using this mode, be sure to select “write to latch

only”.

: The waveform extension function by the timer Z waveform

extension control bits can be used only when “0016” is set
to prescaler Z.

When the value other than “0016” is set to prescaler Z, be
sure to set “0” to EXPZP. Also, when the timer Y underflow
is selected as the timer Z count source, the waveform
extension function cannot be used.

: Stop timer Z to change the INTo pin one-shot trigger

control bit and INTo one-shot trigger active edge selection
bit.

: In the programmable one-shot generation mode, the value

of EXPZP is valid by writing to TZP. Even when changing
TZP is not required, write the same value again.

: In the programmable one-shot generation mode, when the

setting value is changed while the waveform is output, set
by software in order not to execute the writing to TZP and
the timing of timer Z underflow simultanesously.

. In this state, timer count is not started.

Fig. 2.5.34 Example of control procedure
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2.5.6 Programmable wait one-shot generation mode (timer Z)

(1) Operation description
In the programmable wait one-shot generation mode, the one-shot pulse by the setting value of timer
Z secondary (TZS) can be output from P02/TZour pin by software or external trigger to P37/INTo pin
after the wait by the setting value of the timer Z primary (TZP). When using this mode, be sure to
set “1” to the timer Z write control bit to select “write to latch only”. Also, set the port POz direction
registers to output mode.
The active edge of output waveform is set by the timer Z output level latch. When “0” is set to the
timer Z output level latch, after the wait during the interval of the TZP setting value, “H” pulse during
the interval of the TZS setting value is output. When “1” is set to the timer Z output level latch, after
the wait during the interval of the TZP setting value, “L” pulse during the interval of the TZS setting
value is output.
Also, in this mode, the intervals of the wait and the one-shot pulse output can be extended for 0.5
cycle of timer count source clock by setting the timer Z primary waveform extension control bit
(EXPZP) and the timer Z secondary waveform extension control bit (EXPZS) to “1". As a result, the
waveforms of more accurate resolution can be output.
In the programmable wait one-shot generation mode, the trigger by software or the external INTo pin
can be accepted by writing “0” to the timer Z count stop bit after the count value is set. (At the time
when “0” is written to the timer Z count stop bit, Timer Z stops.)
By writing “1” to the timer Z one-shot start bit, or by inputting the valid trigger to the INTo pin after
the trigger to the INTo pin becomes valid by writing “1” to the INTo pin one-shot trigger control bit,
Timer Z starts counting.
While Timer Z counts the TZP, the initial value of the TZour pin output is retained. When Timer Z
underflows, the value of TZS is reloaded, at the same time, the output of TZour pin is inverted.
When Timer Z underflows, the output of TZour pin is inverted again and Timer Z stops. When also
the trigger of INTo pin is accepted, the contents of the one-shot start bit is changed to “1” by
hardware.
The falling or rising can be selected as the edge of the valid trigger of INTo pin by the INTo pin one-
shot trigger edge selection bit.
During the wait interval and the one-shot pulse output interval, the one-shot pulse output can be
stopped forcibly by writing “0” to the timer Z one-shot start bit.
In the programmable wait one-shot generation mode, when the count values are changed, set values
to the TZS, EXPZP and EXPZS first. After then, set the value to TZP. The values are set all at once
at the beginning of the next wait interval when the value is set to TZP. (When writing at timer stop
is executed, writing to TZP at last is required.)
Timer Z can stop counting by setting “1” to the timer Z count stop bit.
Also, when timer Z underflows, the timer Z interrupt request bit is set to “1”.
Timer Z reloads the value of latch when counting is stopped by the timer Z count stop bit.
(When timer is read out while timer is stopped, the value of latch is read. The value of timer can be
read out only while timer is operating.)
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Notes 1:

In the programmable wait one-shot generation mode, values of TZS, EXPZP and EXPZS
are valid by writing to TZP. Even when changing TZP is not required, write the same value
again.

. In the programmable wait one-shot generation mode, when the setting value is changed

while the waveform is output, set by software in order not to execute the writing to TZP and

the timing of timer underflow during the secondary interval simultaneously.

An example of a measurement is shown below.

ex.) The underflow by the primary and the underflow by secondary are stored by polling etc.
using timer Z interrupt.
Writing to primary is performed in by judging that there is no problem if the underflow
by secondary is completed with reference to primary write operation before.
(Depending on a primary setting value, primary write timing, software and timing of
external trigger to INTo pin, it may be impossible.)

: The waveform extension function by the timer Z waveform extension control bits can be

used only when “0016” is set to Prescaler Z.

When the value other than “0016” is set to Prescaler Z, be sure to set “0” to EXPZP and
EXPZS. Also, when the timer Y underflow is selected as the timer Z count source, the
waveform extension function cannot be used.

: When using this mode, be sure to set “1” to the timer Z write control bit to select “write to

latch only”.

: When TZS is read out, the undefined value is read out. However, while Timer Z counts the

setting value of TZS (during one-shot output), the count value during the secondary interval
can be obtained by reading TZP.

: In order to use TZout pin, set “1” to bit 2 of the port PO direction register (output mode).
: Stop Timer Z to change the INTo pin one-shot trigger control bit and INTo pin one-shot

trigger active edge selection bit.

Figure 2.5.35 shows the timing diagram of the programmable wait one-shot generation mode.
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e When “0316” is set to TZP and “0416” is set to TZS.

TZout pin output

Wait start
_Yinitialized to “L”

Timer Z count clock | | | | | A 7 | | | | | | A ,l, A | | | | | | | | \ A | | |
“0” is written E
Y i
Timer Z count stop bit
“1" is written E
Y ;
One-shot start bit :
A :
Set to “1” by ;
INTo pin input '
trigger :
INTo pin input _l
(Note 1) .
! Count :
Timer Z Timer Z
Count start secondary primary
\ reload reload
Contents of timer Z 0316 X0216 0116Y 0016} 0416 Xosm 0216X0116 0016 0316
Underflow ' Underflow

y !

Timer Z interrupt request bit : (Note 3) (Note 3)
‘0" is written E
Y :
Timer Z output level latch

(waveform output start ) (Waveform output end)

(Note 2)

Waveform extension

Notes 1: In this case, INTo pin one-shot trigger valid (rising edge trigger selected).
2: In this case, timer Z primary waveform is extended, timer Z secondary waveform is not extended.

3: In this time, “0” is written to the timer Z interrupt request bit or the timer Z interrupt request bit
is cleared to “0” by accepting the timer Z interrupt request.

Fig. 2.5.35 Timing diagram of programmable wait one-shot generation mode
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(2) Programmable wait one-shot generation mode setting method
Figure 2.5.36 to Figure 2.5.38 show the setting method for programmable wait one-shot generation
mode of Timer Z.

Process 1: Disable interrupt.

b7 bo

.....ﬂ.. Interrupt control register 1 (ICON1) [Address 3E16]

INTO interrupt disabled

b7 b0
......ﬂ. Interrupt control register 2 (ICON2) [Address 3F16]

Timer Z interrupt disabled

Process 2: Set timer Y, Z mode register.

b7 b0
.... Timer Y, Z mode register (TYZM) [Address 2016]

ui Programmable wait one-shot generation mode

Write to only latch (Note)
Timer Y count stop

Note: When using this mode, be sure to select “write to latch only”.

Process 3: Set timer Y, Z waveform output control register.

b7 bo
DID]]]] Timer Y, Z waveform output control register (PUM) [Address 2416]
L

Timer Z primary waveform extension control bit (Note 1)

0: Waveform not extended

1: Waveform extended

Timer Z secondary waveform extension control bit (Note 1)

0: Waveform not extended

1: Waveform extended

Timer Z output level latch

0: “L” level is output at timer stop. When count is started, “L”
level is output during the TZP interval (wait), and them, “H”
level is output during the TZS interval (one-shot) and timer
Z output is stopped at “L” level by underflow.

1: “H" level is output at timer stop. When count is started, “H”
level is output during the TZP interval (wait), and them, “L”
level is output during the TZS interval (one-shot) and timer
Z output is stopped at “H” level by underflow.

—— INTo pin one-shot trigger control bit (Note 2)

0: INTo pin one-shot trigger invalid

1: INTo pin one-shot trigger valid

INTo pin one-shot trigger active edge selection bit (Note 2)

0: Falling edge trigger

1: Rising edge trigger

Notes 1: The waveform extension function by the timer Z waveform extension control bits can be used
only when “0016” is set to prescaler Z.
When the value other than “0016” is set to prescaler Z, be sure to set “0” to EXPZP and EXPZS.
Also, when the timer Y underflow is selected as the timer Z count source, the waveform
extension function cannot be used.
2: Stop Timer Z to change these bits.

Process 4: Set TZouT pin to the output.
b7 b0

DI Port PO direction register (POD) [Address 0116]
I

Set P02/TZourt pin as the output mode

Fig. 2.5.36 Setting method for programmable wait one-shot generation mode (1)
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Process 5: When the trigger by INTo pin input is selected:
Set port P3 direction register, pull-up control register and port P1P3 control register

b7 b0

ﬂ....... Port P3 direction register (P3D) [Address 0716]
|

b7 b0
D]]:l:l:l:l] Pull-up control register (PULL) [Address 1616]

‘ P37/INTo pull-up control bit
0: Pull-up Off
1: Pull-up On

Set P37/INTo pin to the input mode

b7 b0

I:I:I:I:I:l:l:l] Port P1P3 control register (P1P3C) [Address 1716]

\— P37/INTo input level selection bit
0: CMOS level
1: TTL level

Process 6: Set the timer Z count source.

b7 b0

.ﬂ.. . Timer count source set register (TCSS) [Address 2E16]
u— Timer Z count source selection bits

b5 b4

00 : f(XiN)/16

01 :f(XiN)/2

10 : Timer Y underflow (Note)
11 : Not available

Note: When the timer Z waveform extension function is used,
do not select the timer Y underflow for the timer Z count source.

Process 7: Set the wait interval, one-shot pulse width (Note 1).

« Set the wait interval to the timer Z primary, and one-shot pulse width to the timer Z secondary.

I:l Prescaler Z (PREZ) [Address 2516] (Note 2)
\7 Count value

:l Timer Z secondary (TZS) [Address 2616]
\— Count value

: Timer Z primary (TZP) [Address 2716]
\7 Count value

Notes 1: In the programmable wait one-shot generation mode, values of TZS,
EXPZP, and EXPZS are valid by writing to TZP. Even when changing
TZP is not required, write the same value again.

2: When the timer Z waveform extension function is used, be sure to set
“0016" to prescaler Z.

3: In the programmable wait one-shot generation mode, when the setting
value is changed while the waveform is output, set by software in
order not to execute the writing to TZP and the timing of timer Z
underflow during the secondary interval simultanesously.

4: Count values of the primary interval (during wait) and secondary
interval (during one-shot output) can be checked by reading TZP (TZS
is undefined at read).

Fig. 2.5.37 Setting method for programmable wait one-shot generation mode (2)
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Process 8: Set the standby state to accept the one-shot start trigger (Note).

b7 bo

.... Timer Y, Z mode register (TYZM) [Address 2016]

Timer Z count start

Note: When the INTo pin one-shot trigger control bit of PUM is set to “valid”,
timer Z counting is started by the input of trigger to INTo pin after this setting.

Process 9: In order not to execute the no requested interrupt processing,
set “0” (no requested) to the timer Z interrupt request bit.
b0

b7
...ﬂ. Interrupt request register 2 (IREQ2) [Address 3D16]
L

No timer Z interrupt request issued
e When the INTo pin one-shot trigger control bit is set to “valid” and
the INTo interrupt is used, set the following;

b7 b0

[D:I:I:I]]] Interrupt edge selection register (INTEDGE) [Address 3A1s]

‘— INTo interrupt edge selection bit
0: Falling edge active
1: Rising edge active

b7 bo

..ﬂ.. Interrupt request register 1 (IREQ1) [Address 3Cu16]
L

No INTo interrupt request issued

Process 10: When the interrupt is used, set “1” (interrupt enabled)
to the corresponding interrupt enable bit.

b7 b0
.... Interrupt control register 1 (ICON1) [Address 3Ez16]
\7 INTo interrupt enabled (Note)

... Interrupt control register 2 (ICON2) [Address 3F16]
I

Timer Z interrupt enabled

Note: When the INTo pin one-shot trigger control bit is set to “valid”,
the INTo interrupt can be accepted after this setting.

Process 11: Start counting of timer Z.

b7 b0
....... One-shot start register (ONS) [Address 2A16]

Timer Z one-shot start (Note)

e When the INTo pin one-shot trigger control bit of PUM is set to “valid”,
the timer Z count is started by input of trigger to the INTo pin.

Note: Pulse is output from TZout pin. After output, this bit is initialized to “0”.

Fig. 2.5.38 Setting method for programmable wait one-shot generation mode (3)
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(3) Application example of programmable wait one-shot generation mode
Outline: The wait one-shot pulse synchronized with the PWM waveform output from the PO1/TYour
pin is generated from Timer Z by using the programmable waveform generation mode of
Timer Y.
Specifications: TYour pin is connected to the P37/INTo pin. The wait one-shot pulse is output by the
INTo pin input as trigger.
Operation clock: f(Xi) = 8 MHz, high-speed mode

As for the usage of Timer Y, refer to the above mentioned programmable waveform generation mode.
Figure 2.5.39 shows an example of waveform generation and peripheral circuit. Figure 2.5.40 shows
an example of control procedure.

7540 Group

PO1/TYout

Y

_ L

( ( Y
$|_I$|_|$|_|

Timer Z active Timer Z active Timer Z active

P37/INTo

P02/TZout

\J

Fig. 2.5.39 Example of waveform generation and peripheral circuit
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C

Wait one-shot generation routine

Set “0” to the timer Z interrupt enable bit.
(Timer Z interrupt disabled)

Set timer Y, Z mode register

[1[1[1[ T TT | TYzm(Address 2016)

: Programmable wait one-shot
o generation mode
PoTTTmmmmmmees Writing to only latch (Note 2)

temmmmmmmmmmee Timer Z count stop

Set timer Y, Z waveform output control register

||||mm|| PUM(Address 2416)

Timer Z primary waveform
generation not extended (Note 2)
Timer Z secondary waveform
generation not extended (Note 2)
Initial state: TZP: “H” interval,

TZS: “L” interval after underflow
Stop at “H” after underflow

1 INTo pin one-shot trigger valid (Note

L INTo pin rising edge trigger (Note 3)

3)

Set port PO2 to the output mode.

Set port P37 to the input mode.

Set pull-up control register
Set port P1P3 control register

Set timer count source set register (Note 3)

IEIIIIII TCSS(Address 2E16)

Timer Z count source selected

Set value to timer Z (Notes 2, 4, 5, 6)

Prescaler Z (Address 2516)

Timer Z secondary (Address 2616)
Timer Z primary (Address 2716)

Set the standby state to accept
one-shot start trigger

ﬂ..lllll TYZM(Address 2016)

Timer Z count start (Note 7)

Set interrupt edge selection register

[TTTTTTITi INTEDGE(Address 3Az6)

- INTo rising edge active

Set “0” to the imer Z interrupt request bit.

Set “1” to the timer Z interrupt enable bit.
(Timer Z interrupt enabled)

RTS

C

)

Notes 1:
2:

Timer Z interrupt processing routine

)

Change of timer Z

RTI

When using this mode, be sure to select “write to latch only”.
The waveform extension function by the timer Z waveform
extension control bits can be used only when “0016” is set to
prescaler Z.

When the value other than “0016” is set to prescaler Z, be
sure to set “0” to EXPZP and EXPZS. Also, when the timer Y
underflow is selected as the timer Z count source, the
waveform extension function cannot be used.

: Stop timer Z to change the INTo pin one-shot trigger control

bit and INTo one-shot trigger active edge selection bit.

. In the programmable wait one-shot generation mode, values

of TZS, EXPZP, and EXPZS are valid by writing to TZP.
Even when changing TZP is not required, write the same
value again.

: In the programmable wait one-shot generation mode, when

the setting value is changed while the waveform is output, set
by software in order not to execute the writing to TZP and the
timing of timer Z underflow simultanesously.

: Count values of the primary interval (during wait) and

secondary interval (during one-shot output) can be checked
by reading TZP (TZS is undefined at read).

. In this state, timer count is not started.

Fig. 2.5.40 Example of control procedure
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2.5.7 Notes on timer Y and timer Z
Notes on using each mode of Timer Y and Timer Z are described below.

(1) Timer mode (timer Y and timer 2)
O In the timer mode, TYP and TYS is not used.
(2) Programmable waveform generation mode (timer Y and timer Z)

O In the programmable waveform generation mode, values of TYS, EXPYP, and EXPYS are valid
by writing to TYP because the setting to them is executed all at once by writing to TYP. Even
when changing TYP is not required, write the same value again.

O In the programmable waveform generation mode, when the setting value is changed while the
waveform is output, set by software in order not to execute the writing to TYP and the timing of
timer underflow during the secondary interval simultaneously.

An example of a measurement is shown below.

ex.) The underflow by the primary and the underflow by secondary are stored by polling etc. using
timer Y interrupt.
Writing to primary is performed in by judging that there is no problem if the underflow by
secondary is completed with reference to primary write operation before.
(Depending on a primary and a secondary setting values, and primary write timing, it may
be impossible.)

O The waveform extension function by the timer Y waveform extension control bits can be used only
when “0016” is set to Prescaler Y.
When the value other than “0016” is set to Prescaler Y, be sure to set “0” to EXPYP and EXPYS.
The waveform extension function by the timer Z waveform extension control bits can be used only
when “0016” is set to Prescaler Z. When the value other than “0016” is set to Prescaler Z, be sure
to set “0” to EXPZP and EXPZS. Also, when the timer Y underflow is selected as the timer Z
count source, the waveform extension function cannot be used.

O When using this mode, be sure to set “1” to the timer Y write control bit to select “write to latch
only”.

O When TYS is read out, the undefined value is read out. However, while timer Y counts the setting
value of TYS, the count value during the secondary interval can be obtained by reading the timer
Y primary.

O In order to use TYour pin, set “1” to bit 1 of the port PO direction register (output mode).

(3) Programmable one-shot generation mode (timer Z)

O In the programmable one-shot generation mode, the value of EXPZP becomes valid by writing
to TZP. Even when changing TZP is not required, write the same value again.

O In the programmable one-shot generation mode, when the setting value is changed while the
waveform is output, set by software in order not to execute the writing to TZP and the timing of
timer underflow simultaneously.
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O The waveform extension function by the timer Z waveform extension control bits can be used only

when “0016” is set to Prescaler Z.
When the value other than “0016” is set to Prescaler Z, be sure to set “0” to EXPZP. Also, when
the timer Y underflow is selected as the timer Z count source, the waveform extension function
cannot be used.
An example of a measurement is shown below.
ex.) The underflow of timer is stored by polling etc. using timer Z interrupt.
Writing to primary is performed in by judging that there is no problem if the underflow by
secondary is completed with reference to primary write operation before.
(Depending on a primary setting value, primary write timing, software and timing of external
trigger to INTo pin, it may be impossible.)

When using this mode, be sure to set “1” to the timer Z write control bit to select “write to latch
only”.

In order to use TZour pin, set “1” to bit 2 of the port PO direction register (output mode).

Stop Timer Z to change the INTo pin one-shot trigger control bit and INTo pin one-shot trigger
active edge selection bit.

(4) Programmable wait one-shot generation mode (timer Z)

O In the programmable wait one-shot generation mode, values of TZS, EXPZP and EXPZS are valid

by writing to TZP. Even when changing TZP is not required, write the same value again.

An example of a measurement is shown below.

ex.) The underflow by the primary and the underflow by secondary are stored by polling etc. using
timer Z interrupt.
Writing to primary is performed in by judging that there is no problem if the underflow by
secondary is completed with reference to primary write operation before.
(Depending on a primary setting value, primary write timing, software and timing of external
trigger to INTo pin, it may be impossible.)

In the programmable wait one-shot generation mode, when the setting value is changed while the
waveform is output, set by software in order not to execute the writing to TZP and the timing of
timer underflow during the secondary interval simultaneously.

The waveform extension function by the timer Z waveform extension control bit can be used only
when “0016” is set to Prescaler Z.

When the value other than “0016” is set to Prescaler Z, be sure to set “0” to EXPZP and EXPZS.
Also, when the timer Y underflow is selected as the timer Z count source, the waveform extension
function cannot be used.

When using this mode, be sure to set “1” to the timer Z write control bits to select “write to latch
only”.

When TZS is read out, the undefined value is read out. However, while Timer Z counts the setting
value of TZS (during one-shot output), the count value during the secondary interval can be
obtained by reading TZP.

In order to use TZour pin, set “1” to bit 2 of the port PO direction register (output mode).

Stop Timer Z to change the INTo pin one-shot trigger control bit and INTo pin one-shot trigger
active edge selection bit.
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2.6 Serial 1/01

This paragraph explains the registers setting method and the notes relevant to the serial I/O.

2.6.1 Memory map

A L
001816 | Transmit/Receive buffer register (TB/RB)
001916 | Serial /01 status register (SIO1STS)
001A16 | Serial /01 control register (SIO1CON)
001B1s | UART control register (UARTCON)
001C16 | Baud rate generator (BRG)
003C1s6 | Interrupt request register 1 (IREQ1)
003Ez1s6 | Interrupt control register 1 (ICON1)
T T

Fig. 2.6.1 Memory map of registers relevant to serial 1/0

2.6.2 Relevant registers

Transmit/Receive buffer register

b7 b6 b5 b4 b3 b2 bl bO

Transmit/Receive buffer register (TB/RB) [Address : 18 16]

Function

T
E
- o
|

iy

The transmission data is written to or the receive data is read out

from this buffer register.

« At writing: A data is written to the transmit buffer register.

« At reading: The contents of the receive buffer register are read
out.

At reset W
? O
2 o
? O
2 o
? O
? O
? O
? O

Note: The contents of transmit buffer register cannot be read out.

The data cannot be written to the receive buffer register.

Fig. 2.6.2 Structure of Transmit/Receive buffer register
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Serial 1/01 status reqister
b7 b6 b5 b4 b3 b2 bl b0

Serial I/01 status register (SIO1STS) [Address : 19 16]

I I I I I I I

i i i i i i i i B Name Function Atreset | R W
b 111 Lo | Transmit buffer empty flag 0 : Buffer full 0 0
oL (TBE) 1 : Buffer empty

L L Lo |1 |Receive buffer full flag (RBF) | O : Buffer empty 0 0
N 1 : Buffer full

T R N I 2 | Transmit shift register shift 0 : Transmit shift in progress 0 0
b completion flag (TSC) 1 : Transmit shift completed

T T T SO 3 [overrun error flag (OE) 0 : No error 0 0
bl 1: Overrun error

T T S S 4 | Parity error flag (PE) 0 : No error 0 0
o 1 : Parity error

R 5 | Framing error flag (FE) 0 : No error 0 0
I 1: Framing error

| | B -

} . 6 | Summing error flag (SE) 0: (OE) O (PE) O (FE)=0 0 0
| 1: (OE) O(PE) O (FE)=1
b 7 | Nothing is allocated for this bit. This is a write disabled bit. 1 0

When this bit is read out, the value is “1".
Fig. 2.6.3 Structure of Serial I/01 status register
Serial /01 control register
b7 b6 b5 b4 b3 b2 bl b0
Serial 1/01 control register (SIO1CON) [Address : 1A 16]
I I I I I I I I
i i i i i i i i B Name Function Atreset| R |W
A } Lo BRG count source 0 : f(XIN) 0 0
borh selection bit (CSS) 1: f(XIN)/4
oo I L___[1 |Serial I/O1 synchronous clock [When clock synchronous serial /O| 0 @)
b selection bit (SCS) is selected;
o 0: BRG output divided by 4
A 1: External clock input
I When UART is selected;
N 0: BRG output divided by 16
A 1: External clock input divided by 16
T T N 2 | SRDY1 output enable bit 0: P13 pin 0 O
b (SRDY) 1: SRDY1 output pin
oo 3 | Transmit interrupt 0 : Interrupt when transmit buffer 0 (@]
T T R R S source selection bit (TIC) has emptied
Fo 1 : Interrupt when transmit shift
bl operation is completed
B L 7777777777 4 | Transmit enable bit (TE) 0 : Transmit disabled 0 e}
B 1 : Transmit enabled
I 5 | Receive enable bit (RE) 0 : Receive disabled 0 o
b 1: Receive enabled
o] 6 | Serial I/01 mode selection bit |0: Clock asynchronous (UART) 0 e
| (SIOM) serial I/0
| 1: Clock synchronous serial /1O
L 7 | Serial 1/01 enable bit 0: Serial 1/01 disabled 0 o)
(SIOE) 1: Serial I/O1 enabled

Fig. 2.6.4 Structure of Serial 1/01 control register
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UART control register
b7 b6 b5 b4 b3 b2 bl b0
_ UART control register (UARTCON) [Address : 1B1s]
1 1 T 1 1
TR i 1 [B Name Function [Atreset | R [W
ol L, o |Character length 0 : 8 bits 0 |lolo
} } } } } } } selection bit (CHAS) 1 7 bits
B | |1 [Parity enable bit 0 : Parity checking disabled o |lolo
T R (PARE) 1 : Parity checking enabled
AR 2 |Parity selection bit 0 : Even parity 0 lolo
A (PARS) 1 : Odd parity
r 3 [Stop bitTengih sefection 0 : 1 stop bhit 0 |olo
. bit (STPS) 1: 2 stop bits
AR 4 | P11/TxD P-channel In output mode 0 [ofo
[ R S output disable bit 0 : CMOS output .
Lo (POEF) 1 : N-channel open-drain
[ output
| | |
Do ] 5 | Nothing is allocated for these bits. These are write disabled bits. 1 |olo
o || When these bits are read out, the values are “1".
} L 6 1 o0
|
b 7 1 [olo
Fig. 2.6.5 Structure of UART control register
Baud rate generator
b7 b6 b5 b4 b3 b2 bl b0
Baud rate generator (BRG) [Address : 1C 16]
I I I I I I I I
|
i i i i i ! i i B Function Atreset| R |W
i i i i i i i L0 | set a count value of baud rate generator. ? [©]0
LT
| | | | | |
IR - > [°[°
| | | | | ||
P AR
| | | | _—
i i i L 4 2 |ofo
| | | —
i i L 5 ? [O]O
R S 6 | > |ofo
‘ —
b 7 2 |ofo

Fig. 2.6.6 Structure of Baud rate generator
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Interrupt request register 1

b7 b6 b5 b4 b3 b2 bl b0

Interrupt request register 1 (IREQ1) [Address : 3C 16]

I I I I I I I I

BEEE R - m— Funcion e [R[w

Lo b1 Lo | Serial 1101 receive 0 : No interrupt request issued 0 0

Lorr interrupt request bit 1 : Interrupt request issued

Cor o[ [Serial I/O1 transmit interrupt |0 @ No interrupt request issued 0 0

N request bit 1 : Interrupt request issued

I R N 2 | INTo interrupt request bit 0 : No interrupt request issued 0 O

A 1 : Interrupt request issued

S R 3 | INTz interrupt request bit 0: No interrupt request issued 0 O

A 1 : Interrupt request issued

T 4 | Key-on wake up interrupt 0 : No interrupt request issued 0 0

o request bit 1 : Interrupt request issued

N 5 | CNTRo interrupt request bit 0 : No interrupt request issued 0 0

[ 1 : Interrupt request issued

| | m - B g

[ I 6 | CNTRu interrupt request bit 0 : No interrupt request issued 0 0

| 1 : Interrupt request issued

Lo 7 | Timer X interrupt request bit |0 : No interrupt request issued 0 O
1 : Interrupt request issued

O: These bits can be cleared to “0” by program, but cannot be set to “1".
Fig. 2.6.7 Structure of Interrupt request register 1
Interrupt control register 1
b7 b6 b5 b4 b3 b2 bl b0
Interrupt control register 1 (ICON1) [Address : 3E 16]

I I I I I I I I

i i i i i i i i B Name Function At reset W

b 111 Lo | Serial 1101 receive 0 : Interrupt disabled 0 O

borh interrupt enable bit 1 : Interrupt enabled

} } } } } } L___|1 | Serial I/O1 transmit interrupt 0 : Interrupt disabled 0 @)

B enable bit 1 : Interrupt enabled

| | | | | 3

AN S —— 2 | INTo interrupt enable bit 0 : Interrupt disabled 0 )

Lo 1 : Interrupt enabled

R 3 [ INT1 interrupt enable bit 0 : Interrupt disabled 0 o

Lo 1 : Interrupt enabled

A T I 4 | Key-on wake up interrupt 0 : Interrupt disabled 0 (@)

} } } enable bit 1 : Interrupt enabled

N R 5 | CNTRo interrupt enable bit (1) : :nterrupt disagleg 0 o

Lo . Interrupt enable

| | 3

e 6 | CNTRu interrupt enable bit 0 : Interrupt disabled 0 @)

| 1 : Interrupt enabled

| 3

e 7 | Timer X interrupt enable bit 0 : Interrupt disabled 0 o
1

: Interrupt enabled

Fig. 2.6.8 Structure of Interrupt control register 1
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2.6.3 Serial 1/01 transfer data format
Figure 2.6.9 shows the serial 1/01 transfer data format.

Clock
[ synchronous
serial 1/0

Serial I/01

L UART —

__ LSBfirst

1ST-8DATA-1SP

sT KLse X X X X XX Xusey'sp

1ST-7DATA-1SP

sT KLse X X X X X Xwusey'sp

1ST-8DATA-1PAR-1SP

sT Kse X X X X X X XuseXPar y’SP

1ST-7DATA-1PAR-1SP

sT KLss X X X X X XmseXPaR)” sp

1ST-8DATA-2SP

sT KLse X X X X X X Xwsey/2sp

1ST-7DATA-2SP

sT KLse X X X X X Xusey'asp

1ST-8DATA-1PAR-2SP

ST KLsB X X X X X X XmsexPaRr )y 2sp

1ST-7DATA-1PAR-2SP

ST KLse X X X X X XMseXPAR y/25P

ST: Start bit
SP: Stop bit
PAR: Parity bit

Fig. 2.6.9 Serial 1/01 transfer data format
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2.6.4 Application example of clock synchronous serial 1/01

For clock synchronous serial 1/01, the transmitter and the receiver use the same clock. Synchronizing with
this clock, the transmit operation of the transmitter and the receive operation of the receiver are executed
at the same time. If an internal clock is used as the operation clock, transfer is started by a write signal
to the TB/RB.

(1) Data transfer rate
The synchronous clock frequency is calculated by the following formula;

e When the internal clock is selected (when baud rate generator is used)

f(Xin)
Division ratio ** 0 (BRG setting value *2 + 1) 00 4

Synchronous clock frequency [Hz] =
Division ratio*! : “1” or “4” is selected (set by bit 0 of serial I/01 control register)
BRG setting value*? : 0 to 255 (0016 to FFie) is set

e When the external clock is selected

Synchronous clock frequency [Hz] = Clock input to Sciki pin
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(2) Clock synchronous serial 1/0 setting method
Figure 2.6.10 and Figure 2.6.11 show the setting method for the clock synchronous serial 1/01.

Process 1: Stop and initialize serial 1/0.

b7 b0

[ T Jofo] T[T 1] Serial /01 control register (SIO1CON) [Address 1Ai1s6]

t— Transmit operation stop and initialized

Receive operation stop and initialized

Process 2: Disable serial /01 transmit/receive interrupt.

b7 b0
LT[ [o]o] Interrupt control register 1 ICON1) [Address 3E16]

Serial I/01 receive interrupt disabled
Serial I/01 transmit interrupt disabled

Process 3: Set serial I/O1 control register.

b7 b0

...... Serial 1/01 control register (SIO1CON) [Address 1A16]

L BRG count source selected (set in internal clock selected)
0: f(XiN)

1: f(Xin)/4

Serial 1/01 synchronous clock selected

0: BRG output/4 (Note 1)

1: External clock input

Srbv1 output enable selected

0: P13 pin operates as normal 1/O pin

1: P13 pin operates as Sroy1 output pin (Note 2)

Transmit interrupt source selected

0: When transmit buffer has emptied

1: When transmit shift operation is completed

Transmit enable selected

0: Transmit disabled (at half-duplex communication receive)
1: Transmit enabled (at full-duplex communication) (Note 3)
Receive enable selected

0: Receive disabled (at half-duplex communication transmit)
1: Receive enabled (at full-duplex communication) (Note 3)
Clock synchronous serial 1/0

Serial I/01 enabled

(P1o-P13 pins operate as serial /01 pins)

Notes 1: Setting of serial I/O1 synchronous selection bit is as follows:
“0": P12 pin is set to be an output pin of the synchronous clock.
“1": P12 pin is set to be an input pin of the synchronous clock.

2: When an external clock input is selected as the synchronous clock, and the receiver
performs the Srovi output, set “1” to the transmit enable bit in addition to the receive
enable bit and Srov1 output enable bit.

3: When data transmission is executed at the state that an external clock input is
selected as the synchronous clock, set “1” to the transmit enable bit while the Scik1
is “H” state.

Process 4: When BRG output/4 is selected as synchronous clock, set value to baud rate generator.

: Baud rate generator (BRG) [Address 1C16]
\— Set baud rate value

Fig. 2.6.10 Setting method for clock synchronous serial 1/01 (1)
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Process 5: In order not to execute the no requested interrupt processing, set “0” (no requested)
to the serial I/O1 transmit/receive interrupt request bit.

b7 b0
D:m@ Interrupt request register 1 (IREQ1) [Address 3C16]

L No serial /01 receive interrupt request issued

No serial /01 transmit interrupt request issued

Process 6: When the interrupt is used, set “1” (interrupt enabled) to the serial /O transmit/receive
interrupt enable bit.

b7 b

0
HBEREREE Interrupt control register 1 (ICON1) [Address 3Ez16]

L Serial I/01 receive interrupt enabled
Serial I/0O1 transmit interrupt enabled

Process 7: Transmit/Receive of serial data (Notes 1, 2).

: Transmit/Receive buffer register (TB/RB) [Address 1816]
\7 Set transmit data (in full-duplex communication)

Set dummy data (in half-duplex communication)

Notes 1: When data transmission is executed at the state that an external clock input is
selected as the synchronous clock, set the transmit data while the Scik is “H” state.
2: When inputting the Srpy1 signal, set used pins to to the input mode before
transmitting data.

Fig. 2.6.11 Setting method for clock synchronous serial 1/01 (2)
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(3) Communication using clock synchronous serial 1/01 (transmit/receive)
Outline : 2-byte data is transmitted and received, using the clock synchronous serial 1/01. Srov:
signal is used for communication control.
Specifications : *The serial 1/01 (clock synchronous serial 1/0 selected ) is used.
*Synchronous clock frequency : 125 kHz; f(Xin) = 4 MHz divided by 32
*The receiver outputs the Srovi signal at 2 ms intervals which the timer generates,
and 2-byte data is transferred from the transmitter to the receiver.

Figure 2.6.12 shows a connection diagram, Figure 2.6.13 shows a timing chart, Figure 2.6.14 shows
the control procedure of transmitter, and Figure 2.6.15 shows an example of control procedure of
receiver.

Transmitter Receiver
P37/INTo |« SRDY1
ScLK1 ScLK1
TxD1 RxD1
7540 Group 7540 Group

Fig. 2.6.12 Connection diagram

T EeeeeER EEREeEE® T BeX -

2ms

P
4

B
>

Fig. 2.6.13 Timing chart
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( RESET )

SEI
CLD
CLT

Set serial /01 control register

[1]1]O]1]O]O]0]0] SIO1CON(Address 1A16)

P L. BRG count source: f(XIN)

----- Synchronous clock:

BRG output/4

e P13 pin (Normal I/O pin)

-------- Transmit interrupt source:

When transmit buffer has em ptied
--------- Transmit enabled

------------- Receive disabled

Clock synchronous serial /0

Serial /01 enabled

Set baud rate generator

BRG(Address 1Ct16)

Set INTo interrupt active edge

[ TT T T 110 INTEDGE(Address 3A1s)

~-- INTo falling edge active

INTo falling edge input?

Write the first-byte transmission data to
the transmit/receive buffer register

[ TBIRB(Address 1816)

Transmit buffer has emptied?
(checked by b0 of SIO1STS

Write the second-byte transmission data to
the transmit/receive buffer register

[ TB/RB(Address 1816)

Transmit buffer has emptied?
(checked by b0 of SIO1STS

Transmit shift has completed?
(checked by b2 of SIO1STS

Fig. 2.6.14 Control procedure of transmitter
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( RESET )

_Initialization- - - - - - -~ - - - - -

SEI
CLD
CLT

Set serial /01 control register

;‘ [T[I]I[] [A[1] | SIO1CON(Address 1A1s)
1 v 11 Lo synchronous clock:

I External clock input

! P R SRDY1 output pin

! R Transmit enabled

| pommmmmmmmeme Receive enabled
Lommmmmmmmmes Clock synchronous serial /0
N R R e e e Serial I/O enabled

2 ms elapsed ?
(generated by timer)

Set dummy data to the transmit/receive buffer

[ 1 TB/RB(Address 1816)

Receive buffer is full?
(checked by b1l of SIO1STS

Read the first-byte reception data from
the transmit/receive buffer register

[ 1 TB/RB(Address 1816)

Receive buffer is full?
(checked by bl of SIO1STS

Read the second-byte reception data from
the transmit/receive buffer register

[ 1 TB/RB(Address 1816)

Fig. 2.6.15 Control procedure

of receiver
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2.6.5 Application example of clock asynchronous serial 1/01
For clock asynchronous serial /01 (UART), the transfer formats used by a transmitter and receiver must

be identical.

In the 7540 Group, eight serial data transfer formats can be selected.

(1) Data transfer rate

The transfer bit rate is calculated by the following formula;

e When the internal clock is selected (when baud rate generator is used)

Transfer bit rate [bps] =

f(Xin)

Division ratio * 0 (BRG setting value 2 + 1) O 16

Division ratio*! : “1” or “4” is selected (set by bit 0 of serial I/01 control register)
BRG setting value*? ; 0 to 255 (0016 to FF1se) is set

e When the external clock is selected

Transfer bit rate [bps] = Clock input to Scixi pin/16

Table 2.6.1 shows the setting example of baud rate generator and transfer bit rate values.

Table 2.6.1 Setting example of baud rate generator (BRG) and transfer bit rate values

BRG count source BRG set value Transfer bit rate (bps)
At f(Xin) = 4.9152 MHz At f(Xin) = 8 MHz

f(Xi) / 4 255 (FFas) 300 488.28125
f(Xin) / 4 127 (7F1s) 600 976.5625
f(Xin) / 4 63 (3Fus) 1200 1953.125
f(Xin) / 4 31 (1Fus) 2400 3906.25
f(Xin) 1 4 15 (OF1s) 4800 7812.5
f(Xin) 1 4 7 (0716) 9600 15625
f(Xin) 1 4 3 (0316) 19200 31250
f(Xin) 1 4 1 (0le) 38400 62500

f(Xin) 3 (0316) 76800 125000

f(Xin) 1 (0le) 153600 250000

f(Xin) 0 (001s) 307200 500000
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(2) UART setting method

Figure 2.6.16 and Figure 2.6.17 show the setting method for UART of serial I/O1.

Process 1: Stop and initialize serial 1/O.

b7 b0
I | |0|0| | | | I Serial I/O1 control register (SIO1CON) [Address 1A16]

; Transmit operation stop and initialization
Receive operation stop and initialization

Process 2: Disable serial I/O1 transmit/receive interrupt.

b7 b0
[ [ ]]][o]o] Interrupt control register 1 (ICON1) [Address 3E16]

b7

Serial 1/01 receive interrupt disabled
Serial 1/01 transmit interrupt disabled

‘ L

Process 3: Set serial /01 control register.

b0

[L[o] [ [ | [ || serial o1 control register (SIO1CON) [Address 1A1s]

L

BRG count source selected (set in internal clock selected)
0: f(XiN)

1: f(Xin)/4

Serial 1/01 synchronous clock selected (Note 1)

0: BRG output/16

1: External clock input/16

Transmit interrupt source selected

0: When transmit buffer has emptied

1: When transmit shift operation is completed

Transmit enable selected

0: Transmit disabled (at half-duplex communication receive)
1: Transmit enabled (at full-duplex communication) (Note 2)
Receive enable selected

0: Receive disabled (at half-duplex communication transmit)
1: Receive enabled (at full-duplex communication) (Note 2)
Clock asynchronous serial /O

Note 1:

Serial /01 enabled (P1o—P12 pins operate as serial /01 pins)(Note 3)

Setting of serial /01 synchronous clock selection bit is as follows;
“0": P12 pin can be used as a normal I/O pin
“1": P12 pin is used as an input pin for an external clock.

: When data transmission is executed at the state that an external clock input is selected

as the synchronous clock, set “1” to the transmit enable bit while the Scik1 is “H” state.

: When clock asynchronous (UART) serial I/O is selected, P13 pin can be used as a

normal 1/O pin.

Fig. 2.6.16 Setting

method for UART of serial I/O1 (1)
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Process 4: Set UART control register.

b7 b0

-j:[l:l] UART control register (UARTCON) [Address 1B16]

L Select character length
0: 8 bits
1: 7 bits
Select parity enable
0: Parity disabled
1: Parity enabled
Select parity (valid only when parity is enabled)
0: Even parity
1: Odd parity
Select stop bit length
0: 1 stop bit
1: 2 stop bits
Select P11/TxD P-channel output disable (in output mode)
0: CMOS output
1: N-channel open-drain output

Process 5: When BRG output/16 is selected as synchronous clock, set value to baud rate generator.

I:l Baud rate generator (BRG) [Address 1C16]
\7 Set baud rate value

Process 6: In order not to execute the no requested interrupt processing, set “0” (no requested)
to the serial I/01 transmit/receive interrupt request bit.

b7 bo
[DID: Interrupt request register 1 (IREQ1) [Address 3C16]

L No serial I/01 receive interrupt request issued
No serial /01 transmit interrupt request issued

Process 7: When the interrupt is used, set “1” (interrupt enabled) to the serial /01
transmit/receive interrupt enable bit.

b7 b0
[DID: Interrupt control register 1 (ICON1) [Address 3E16]
‘— Serial I/01 receive interrupt enabled

Serial 1/01 transmit interrupt enabled

Process 8: When transmitting, start serial data transmission (Note).

I:l Transmit/Receive buffer register (TB/RB) [Address 1816]

Set transmit data

Note: When data transmission is executed at the state that an external clock input is
selected as the synchronous clock, set the transmit data while the Sciki is “H” state.

Fig. 2.6.17 Setting method for UART of serial I/O1 (2)
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(3) Communication using UART of serial I/O (transmit/receive)
Outline : 2-byte data is transmitted and received, using UART. Port PQo is used for communication
control.

Specifications : *The Serial 1/01 (UART selected ) is used.
*Transfer bit rate : 9600 bps (f(Xi) = 4.9152 MHz divided by 512)
«Communication control using port POo (output level of port POo is controlled by
software)
2-byte data is transferred from the transmitter to the receiver at 10 ms intervals
which the timer generates.

Figure 2.6.18 shows a connection diagram, Figure 2.6.19 shows a timing chart, Figure 2.6.20 shows
the control procedure of transmitter, and Figure 2.6.21 shows an example of control procedure of
receiver.

Transmitter Receiver
P0Oo POo
TXD RxD

7540 Group 7540 Group

Fig. 2.6.18 Connection diagram

POO_I |_ 82 Ji .....

TxD

-----

ST BB BN Y OX TG By SN BN BN XXXy v (¢

10 ms
pr 4 \'§
« V.l

Fig. 2.6.19 Timing chart
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( RESET )

~Initialization--------------1------------------------- -

SEI
CLD
CLT

Set serial 1/01 control register
[Z[O[OTI[O] IO[T] SIO1CON(Address 1A16)

. “--"BRG count source: f(XIN)/4 ;
------ Synchronous clock: '
BRG output/16 ;
--------- Transmit interrupt source: '
W hen transmit buffer has em ptied '
Transmit enabled ‘
Receive disabled '
-- UART '
Serial /01 enabled H

I
Set UART control register

[CTTTTTOTE JOJ0] UARTCON(Address 1B16)

-+ Character length: 8 bits
-+ Parity disabled
-------- Stop bit length: 2 bits
---------- TxD: CMOS output
I
Set baud rate generator

BRG(Address 1C16)
I

Set the communication control port PQo to the
output mode.

10 ms elapsed ?
(generated by timer)

| Set “1" to the communication control port POo.

Write the first-byte transmission data to
the transmit/receive buffer register

[ TBI/RB(Address 1816)

Transmit buffer has emptied?
(checked by b0 of SIO1STS
(address 1916))

Write the second-byte transmission data to
the transmit/receive buffer register

[ TB/RB(Address 1815)

Transmit buffer has emptied?
(checked by b0 of SIO1STS

Transmit shift has completed?
(checked by b2 of SIO1STS

Set “0” to the communication control port POo.

Fig. 2.6.20 Control procedure of transmitter
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SEI
CLD
CLT

1
Set serial /01 control register

[Z[O[I[O] T JO[1] SIO1CON(Address 1A16)

1 ----BRG count source: f(XIN)/4
------ Synchronous clock:

BRG output/16
"""""" Transmit disabled

Receive enabled

--- UART

Serial /01 enabled

Set UART control register

[T T I [0[0] UARTCON(Address 1B16)

! L--- Character length: 8 bits
[ Parity disabled
.......... Stop bit length: 2 bits

I
Set baud rate generator
BRG(Address 1Cz6)

I
Set the communication control port POo to the
input mode.

Receive buffer is full?
(checked by b1 of SIO1STS

Read the first-byte transmission data from
the transmit/receive buffer register

|:| TB/RB(Address 1816)

Error occurs?
(checked by b6 of SIO1STS
address 1916

Receive buffer is full?
(checked by b1l of SIO1STS

Read the second-byte transmission data from
the transmit/receive buffer register

[ TBIRB(Address 1816)

Error occurs?
(checked by b6 of SIO1STS
address 1916

>y

Error processing

Communication control port POo = “0" ?

Fig. 2.6.21 Control procedure of receiver
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2.6.6 Notes on Serial 1/01
Notes on using serial 1/01 are described below.

(1) Notes when selecting clock synchronous serial I/O

O When the clock synchronous serial I/O1 is used, serial /02 cannot be used.

0 When the transmit operation is stopped, clear the serial I/O1 enable bit and the transmit enable
bit to “0” (serial 1/01 and transmit disabled).

e Reason
Since transmission is not stopped and the transmission circuit is not initialized even if only the
serial 1/01 enable bit is cleared to “0” (serial 1/01 disabled), the internal transmission is running
(in this case, since pins TxDi, RxD1, Sciki, and Srova function as 1/0O ports, the transmission data
is not output). When data is written to the transmit buffer register in this state, data starts to be
shifted to the transmit shift register. When the serial 1/01 enable bit is set to “1” at this time, the
data during internally shifting is output to the TxD: pin and an operation failure occurs.

0 When the receive operation is stopped, clear the receive enable bit to “0” (receive disabled), or
clear the serial I/01 enable bit to “0” (serial 1/01 disabled).

O When the transmit/receive operation is stopped, clear both the transmit enable bit and receive
enable bit to “0” (transmit and receive disabled) simultaneously. (any one of data transmission and
reception cannot be stopped.)

e Reason

In the clock synchronous serial 1/O mode, the same clock is used for transmission and reception.
If any one of transmission and reception is disabled, a bit error occurs because transmission and
reception cannot be synchronized.

In this mode, the clock circuit of the transmission circuit also operates for data reception. Accordingly,
the transmission circuit does not stop by clearing only the transmit enable bit to “0” (transmit
disabled). Also, the transmission circuit cannot be initialized even if the serial I/O1 enable bit is
cleared to “0” (serial 1/01 disabled) (same as 0).

0 When signals are output from the Srovi pin on the reception side by using an external clock, set
all of the receive enable bit, the Srovi output enable bit, and the transmit enable bit to “1".

O When the Srov: signal input is used, set the using pin to the input mode before data is written to
the transmit/receive buffer register.

0 Setup of a serial 1/01 synchronous clock selection bit when a clock synchronous serial 1/O is
selected;
“0” : P12 pin turns into an output pin of a synchronous clock.
“1" : P12 pin turns into an input pin of a synchronous clock.
Setup of a Srovi output enable bit (Srovi) when a clock synchronous serial 1/01 is selected:;
“0” : P1s pin can be used as a normal I/O pin.
“1” : P1s pin turns into a Srovi output pin.
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(2) Notes when selecting UART

O When the clock asynchronous serial 1/01 (UART) is used, serial 1/02 can be used only when BRG
output divided by 16 is selected as the synchronous clock.

O When the transmit operation is stopped, clear the transmit enable bit to “0” (transmit disabled).

e Reason
Same as (1) O.

O When the receive operation is stopped, clear the receive enable bit to “0” (receive disabled).

O When the transmit/receive operation is stopped, clear the transmit enable bit to “0” (transmit
disabled) and receive enable bit to “0” (receive disabled).

0 Setup of a serial 1/01 synchronous clock selection bit when a clock asynchronous (UART) serial
I/O is selected;
“0": P12 pin can be used as a normal I/O pin.
“1": P12 pin turns into an input pin of an external clock.
When clock asynchronous (UART) type serial I/O is selected, it is P1s pin. It can be used as a normal 1/O pin.

(3) Notes common to clock synchronous serial I/O0 and UART

O Set the serial I/O control register again after

the transmission.and the receptionl circuits Clear both the transmit enable bit (TE)
are reset by clearing both the transmit enable and the receive enable bit (RE) to “0”
bit and the receive enable bit to “0.” T
Set the bits 0 to 3 and bit 6 of the
O The transmit shift completion flag changes serial 1/01 control register Can be set
from “1” to “0” with a delay of 0.5 to 1.5 1 with the LDM

shift clocks. When data transmission is Set both the transmit enable bit (TE)] [instruction at
controlled with referring to the flag after and the receive enable bit (RE), or one Hthe same time
writing the data to the transmit buffer register, of them to "1”
note the delay.

Fig. 2.6.22 Sequence of setting serial 1/01 control
register again

0 When data transmission is executed at the state that an external clock input is selected as the
synchronous clock, set “1” to the transmit enable bit while the Scuwx: is “H” state. Also, write to the
transmit buffer register while the Scuw is “H” state.

0 When the transmit interrupt is used, set as the following sequence.
O Serial 1/01 transmit interrupt enable bit is set to “0” (disabled).
O Serial I/O1 transmit enable bit is set to “1”.
O Serial 1/01 transmit interrupt request bit is set to “0”.
O Serial 1/01 transmit interrupt enable bit is set to “1” (enabled).

e Reason
When the transmit enable bit is set to “1”, the transmit buffer empty flag and transmit shift
completion flag are set to “1”.
Accordingly, even if the timing when any of the above flags is set to “1” is selected for the transmit
interrupt source, interrupt request occurs and the transmit interrupt request bit is set.

0 Write to the baud rate generator (BRG) while the transmit/receive operation is stopped.
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2.7 Serial 1/02

This paragraph explains the registers setting method and the notes relevant to the serial I/O.

2.7.1 Memory map

1 L
000316 | Port P1 direction register (P1D)
003016 | Serial I/02 control register (SIO2CON)
003116 | Serial /02 register (S102)
~ A“.J
003D16 | Interrupt request register 2 (IREQ2)
~ ~
003F16 | Interrupt control register 2 (ICON2)
Fig. 2.7.1 Memory map of registers relevant to serial 1/02
2.7.2 Relevant registers
Port P1 direction register
b7 b6 b5 b4 b3 b2 bl b0
Port P1 direction register (P1D) [Address : 03 16]
I I I I I
i i i i i i i i B Name Function Atreset| R
L1 Lo |Port P1 direction register 0: Port P1oinput mode o |o]o
[ N A 1 : Port P1ooutput mode
| [
S L777 1 0 : Port P11input mode o |O
A i 1 : Port P11 output mode
TR ] 2 0 : Port P12input mode o |O
A | 1: Port P12 output mode
L1 1 Lo 3 0 : Port P13input mode o |o
A | 1: Port P13 output mode
N N 4 0 : Port P14input mode 0o |O
(I 1 : Port P14 output mode
| | |
A 5 | Nothing is allocated for these bits. ? |0
} } | When these bits are read out, the values are undefined.
bbb - 6 ? |0
| E—
Lo 7 2 |o

Fig. 2.7.2 Structure of Port P1 direction register
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Note: When using it as a SpaTta input, set the port P13 direction register bit to “0".

2.7 Serial 1/02
Serial 1/02 control register
b7 b6 b5 b4 b3 b2 bl b0
- Serial 1/02 control register (SIO2CON) [Address : 3016]
1 1 1 1 T 1 1
i [B Name Function [Atreset | R [W
| | | | | | | |
"1 1 1 1 1 1 L]0 | Internal synchronous b2 bl b0 -y 0 [o]o
Lo clock selection bits 0 0 0:f(Xin/8
N on 0 0 1:f(Xn)16
I 0 1 0:f(Xin)/32 0 [o]o
T T S || 0 1 1:f(Xin)/64
[ N N N 2 1 1 0:f(Xin)/128 0
I 11 1:f(Xin)/256 °l°
R 3 | Spartaz pin selection bit 0 : 1/0 port / Spataz input 0 [olo
o (Note) 1 : Spataz output
. 4 | Nothing is allocated for this bit. This is a write disabled bit. 0 |olo
[ When this bit is read out, the value is “0".
| | | n
I T 5 | Transfer direction selection bit [ O : LSB first 0 [olo
I 1: MSB first
| t ,,,,,,,,,,,,,,, 6 | Scikz pin selection bit 0 : External clock (Scikz is input) 0 |olo
| 1: Internal clock (ScLk2 is output)
] 7 | Transmit/ receive shift 0 : shift in progress 0 |[o]o
completion flag 1 : shift completed

Fig. 2.7.3 Structure of Serial 1/02 control register

Serial 1/02 register
b7 b6 b5 b4 b3 b2 bl b0

Serial /02 register (SI02) [Address : 31 16]

I I I I I I I I
|
i i i i i | i i B Function Atreset| R |W
TR } 0| Ashift register for serial transmission and reception. ? [©]0
A N N || «+ At transmitting : Set a transmission data.
oo R — 1 | « At receiving : A reception data is stored. ? |O0|O
| | | | | |
IR - AEE
| | | | | ||
I b » [
| | | | _—
T T T 4 2 |o|o
| | |
| | | —
i i R — 5 ? |OfOo
S 6| 2 [ofo
‘ —
o 7 2 |olo
Fig. 2.7.4 Structure of Serial 1/02 register
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Interrupt request register 2

b7 b6 b5 b4 b3 b2 bl b0

Interrupt request register 2 (IREQ2) [Address : 3D 16]

I I I I I I
BEEE R - —
1111 Lo | Timer Y interrupt request bit |0 : No interrupt request issued 0 0
. | | 1 : Interrupt request issued
~0 L[ | Timer Zinterrupt request bit |0 : No interrupt request issued 0 O
IR 1 : Interrupt request issued
| z 5

I N N 2 | Timer A interrupt request bit |0 : No interrupt request issued 0 0
b 1 : Interrupt request issued
A T T N 3 | Serial /02 interrupt request 0 : No interrupt request issued 0 0
A bit 1 : Interrupt request issued
T S 4 | AD converter interrupt 0 : No interrupt request issued 0 0
. request bit 1 : Interrupt request issued
R 5 | Timer 1 interrupt request bit 0 : No interrupt request issued 0 O
I 1 : Interrupt request issued
| |
Do 6 | Nothing is allocated for these bits. These are write disabled bits. 0 u
| || When these bits are read out, the values are “0”.
L 7 0 O

0: These bits can be cleared to “0” by program, but cannot be set to “1”.

Fig. 2.7.5 Structure of Interrupt request register 2
Interrupt control register 2
b7 b6 b5 b4 b3 b2 bl b0
Interrupt control register 2 (ICON2) [Address : 3F 16]
I I I I I I

BEER R - — Funcion e [Rw
1111 Lo |TimerY interrupt 0 : Interrupt disabled 0 O
A . | } enable bit 1 : Interrupt enabled
oo or o1 | Timer Zinterrupt enable bit 0 : Interrupt disabled 0 (@)
S 1 : Interrupt enabled
| | | | | | 7
N I 2 | Timer A interrupt enable bit 0 : Interrupt disabled 0 o
b 1 : Interrupt enabled
oo L 3 | Serial 1/02 interrupt enable bit | 0 : Interrupt disabled 0 e)
bl 1: Interrupt enabled
T R 4 | AD conversion interrupt 0 : Interrupt disabled 0 o}
} } } enable bit 1 : Interrupt enabled
A 5 | Timer 1 interrupt enable bit 0 : Interrupt disabled 0 e)
I 1 : Interrupt enabled
| |
e 6 | Nothing is allocated for these bits. These are write disabled bits. 0 u
\ | | When these bits are read out, the values are “0".
|
S 7 0 O

Fig. 2.7.6 Structure of Interrupt control register 2
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2.7 Serial 1/102

2.7.3 Application example of serial 1/02

(1) Serial 1/02 setting method
Figure 2.7.7 and Figure 2.7.8 show the setting method for the serial 1/02.

Process 1: Disable serial 1/02 transmit/receive interrupt.

b7 b0
.n... Interrupt control register 2 (ICON2) [Address 3Fi6]
\— Serial 1/02 interrupt disabled

Process 2: Set port P1 according to the usage condition.
b7 b0

DID]]]] Port P1 direction register (P1D) [Address 0316]
\— P12/Scik2 pin (Note 1)
P13/Spata2 pin (Notes 2, 3)

Notes 1: When an external clock input is selected, set P12/ScLk2 pin to the input mode.
2: When P13/SpaTa2 pin is used as the P13 pin, set this bit to “0”".
3: When this bit is set to “0” at transmit and the internal clock is selected for Scik2,
the SpaTA2 pin is in a high impedance state after the data transfer is completed.

Process 3: Set serial 1/02 control register.

b7 bo

D]]]]:D] Serial 1/02 control register (SIO2CON) [Address 3016]

\—‘—‘— Internal synchronous clock selected (set in internal clock selected)
b2b1b0
00 0: f(Xin)/8
00 1: f(XiN)/16
01 0: f(XiN)/32
01 1: f(Xin)/64
11 0: f(Xin)/128
11 1: f(Xin)/256
SpaTaA2 pin selected
0: /0 port/Spataz input (at receive)
1: SpaTA2 output (at transmit)
Transfer direction selected
0: LSB first
1: MSB first
L Scik2pin selected
0: External clock (Scikz is input)
1: Internal clock (SciLkz2 is outpu)

Process 4: In order not to execute the no requested interrupt processing, set “0” (no requested)
to the serial I/O2 interrupt request bit.

b7 b0

. .n .. Interrupt request register 2 (IREQZ2) [Address 3D16]
\

——— No serial /02 interrupt request issued

Fig. 2.7.7 Setting method for serial 1/02
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Process 5: When the interrupt is used, set “1” (interrupt enabled) to the serial /02 interrupt.
enable bit.
b7 b0

[ [ | [ [t[ ][] interrupt control register 2 1CON2) [Address 3Fis]
[

Serial I/02 interrupt enabled

Process 6: When transmitting, start serial data transmission.

: Serial 1/02 register (S102) [Address 3116]
.

Set transmit data

Fig. 2.7.8 Setting method for serial 1/02
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(2) Communication using serial 1/02 (transmit/receive)

Outline: 2-byte data is transmitted and received, using the serial 1/02. Port PQo is used for communication
control and outputs the quasi-Srov signal.

Specifications: « The serial 1/02, clock synchronous serial /O, is used

* Synchronous clock frequency : 125 kHz; f(Xw) = 8 MHz divided by 64
» Transfer direction : LSB first

» The receiver outputs the quasi-Srov signal at 2 ms intervals which the timer generates
and 2-byte data is transferred from the transmitter to the receiver

Figure 2.7.9 shows a connection diagram, Figure 2.7.10 shows a timing chart, Figure 2.7.11 shows
the control procedure of transmitter, and Figure 2.7.12 shows an example of control procedure of

receiver.
Transmitter Receiver
P37/INTo POo
ScLK SciLk
SDATA SDATA
7540 Group 7540 Group
Fig. 2.7.9 Connection diagram
Quasi-SRpy 33 —Ui .....
s« TUUUUUUY uuuuy m -----
SDATA 1 88
- (DoXDiXDzXDaXDeXDsXDeXD7y  XDoXD1 XDz XDsXD4XDs XDs X D7) m """
;‘ 2ms R
Fig. 2.7.10 Timing chart
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( RESET )

SEI
CLD
CLT

|
Set port P12 to the output mode.
I

Set port P13 to the output mode. (Note)
1
Set serial /02 control register

[ THOT TI[O[I[1] SI02CON(Address 3016)

i\ 1 “-=7---Synchronous clock: f(XIN)/64
E teeeeeee- SDATA2 pin: SDATA2 output

Pommmmmmmmmeee LSB first

B R ScLk2 pin: Internal clock

]
Set INTo interrupt active edge

[ITTTTTI9 INTEDGE(Address 3A1e)

-~ INTo falling edge active

INTo falling edge input?

Set “0” to the serial I/02 interrupt request bit.

Write the first-byte transmission data to
the serial 1/02 register

[ slo2(Address 3116)

Transmit shift has completed?
checked by serial 1/02 interrupt

Set “0” to the serial /02 interrupt request bit.

Write the second-byte transmission data to
the serial /02 register

[ slo2(Address 3116)

Transmit shift has completed?
checked by serial /02 interrupt

Note: When direction register of P13/SpATA2 pin is set to the input mode and
the internal clock is selected, the SpbATA2 pin is in a high impedance
state after the data transfer is completed.

Fig. 2.7.11 Control procedure of transmission side
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( RESET )

SEI
CLD
CLT

Set quasi-Sroy signal port POo to the output mode.

I
| Output “1” from quasi-SRroy signal port POo.

|
Set port P12 to the input mode. |

Set port P13 to the input mode.
I
Set serial 1/02 control register

[ TO[O[ JO[°[Z[1] SIO2CON(Address 3016)

. -~ Synchronous clock: f(Xin)/64
SDATA2 pin: SDATA2 input
--LSB first

eieeean Scikz pin: External clock

2 ms elapsed ?
(generated by timer)

Output “0" from quasi-Sroy signal port P0o. |
I
Output “1” from quasi-Sroy signal port P0o. |

I
Set dummy data to the serial /02 register
(Note 1)

|:| SIO2(Address 3116)

le

Receive has completed?
(checked by b7 of SIO2CON

Wait for half cycle of clock (Note 2)
I

Read receive data from serial 1/02 register

[ sio2(Address 3116)
I

Set dummy data to serial /02 register
(Note 1)

[ slo2(Address 3116)

Receive has completed?
(checked by b7 of SIO2CON

Wait for half cycle of clock (Note 2)

Read receive data from serial 1/02 register

[ slo2(Address 3116)

Notes 1: The transmit/receive shift completion flag of the serial /02 control register is “1" after
transmit/receive shift is completed. In order to set “0” to this flag, set data (dummy data at
receive) to the serial /02 register by program.

: Bit 7 (transmit/receive shift completion flag) of the serial /02 control register is set earlier
than the completion of the actual shift operation for a half cycle of shift clock. Accordingly,
when the shift completion is checked by using this bit, read/write the serial /02 register after
a half or more cycle of clock from the setting “1” to this bit is checked.

N

Fig. 2.7.12 Control procedure of reception side
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2.7.4 Notes on serial 1/02
Notes on using serial 1/02 are described below.

(1) Note on serial I/O1
Serial 1/02 can be used only when serial I/01 is not used or serial I/01 is used as UART and the
BRG output divided by 16 is selected as the synchronous clock.

(2) Note on Scikz pin
When an external clock is selected, set “0” to bit 2 of the port P1 direction register (input mode).

(3) Note on Spataz pin
When P1s/Srovi/Soataz pin is used as the Spata input, set “0” to bit 3 of the port P1 direction register
(input mode).
When the internal clock is selected as the transfer and P1s/Spataz pin is set to the input mode, the
Soataz pin is in a high-impedance state after the data transfer is completed.

(4) Notes on serial 1/02 transmit/receive shift completion flag

O The transmit/receive shift completion flag of the serial 1/02 control register is “1" after transmit/
receive shift is completed. In order to set “0” to this flag, set data (dummy data at receive) to the
serial 1/02 register by program.

O Bit 7 (transmit/receive shift completion flag) of the serial 1/02 control register is set earlier than
the completion of the actual shift operation for a half cycle of shift clock. Accordingly, when the
shift completion is checked by using this bit, read/write the serial /02 register after a half or more
cycle of clock from the setting “1” to this bit is checked.
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2.8 A-D converter
This paragraph explains the registers setting method and the notes relevant to the A-D converter.

2.8.1 Memory map

1 i)
003416 | A-D control register (ADCON)

003516 | A-D conversion register (low-order) (ADL)
003616 | A-D conversion register (high-order) (ADH)

by
C(

2
2

003D16 | Interrupt request register 2 (IREQ2)

PR
—~

pp)
C(

N7
N

003F16 | Interrupt control register 2 (ICON2)

Fig. 2.8.1 Memory map of registers relevant to A-D converter

2.8.2 Relevant registers

A-D control reqgister
b7 b6 b5 b4 b3 b2 bl b0

A-D control register (ADCON) [Address : 34 16]

I I I
i i i i i i i i B Name Function Atreset| R [W
"1 1 L 1 I | | |0 Analoginput pin selection bits | b2 b1 bo o |olo
e 0 0 0:P20/ANo
I A 0 0 1:P21/AN1
e 0 1 9% P3YAN; o |ofo
N N 1 0 0:P24/AN4
} } } } } } — 1 0 1:P25/ANs
[ R T R R 2 11 0:P26/ANe  (Note) o |olo
A 11 1:P27/AN7  (Note)
| | | | |
R 3 [ Nothing is allocated for this bit. This is a write disabled bit. o |olo
[ T T When this bit is read out, the value is “0".
| | | | N .
e 4 | AD conversion completion bit | : Conversion in progress 1 |o(O
Lo 1: Conversion completed
| | |
i 5 [ Nothing is allocated for these bits. These are write disabled bits. 0 |0O]|0
rol L1 When these bits are read out, the values are “0".
| L 6 o |olo
|
- 7 o |o|o

Note: These can be used only for the 36-pin package versions.
O: This bit can be cleared to “0” by program, but cannot be set to “1".

Fig. 2.8.2 Structure of A-D control register
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A-D conversion register (lo

w-order)

b7 b6 b5 b4 b3 b2 bl bO

A-D conversion register (low-order) (ADL) [Address : 35 16]

I I I I I I I I

| | | | | | | |

. B Function Atreset| R
1 1 1 | 1 | -0 The read-only register in which the A-D conversion’s results are ? [o
| | | | | | | Stored

| | | | | | | 1 .

S E 2 [0
| | | | | |

T T B < 8-bit read>

L o 0 2 °
i i i i L 3 b9 [b8 [b7 |b6 |b5 (b4 [b3 |b2 2 |o
| | | | _—

| | | |

e 4 < 10-bit read> 7 |°
o a0 >

T 5 b7 |06 [b5 |b4 [b3 |b2 b1 [b0 ? |©
| | |

Do 6 ? |O
‘ —

b 7 2 |o

Fig. 2.8.3 Structure of A-D conversion register (low-order)
A-D conversion register (high-order)
b7 b6 b5 b4 b3 b2 bl b0
A-D conversion register (high-order) (ADH) [Address : 36 16]
I I

| | | | | | | |

L Function ese R
TR | } L 0 | The read-only register in which the A-D conversion’s results are ? |0
| | | | | | |

R T S T T stored.

N == < 10-bit read>

[ T R B 1 b7 b0 ) @)
| | | | | | L !
RN RN - |-

| | | | | |

| | | | | |

T 2 | Nothing is allocated for these bits. These are write disabled bits. ? |©
oo — When these bits are read out, the values are “0".

I ? 7 e
| | | | —

e 4 ' |°
I 5| e
I ||

N S — 6 2 |o
| —

S 7 ? |O

Fig. 2.8.4 Structure of A-D conversion register (high-order)
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Interrupt request register 2

b7 b6 b5 b4 b3 b2 bl b0

Interrupt request register 2 (IREQ2) [Address : 3D 16]

I I I I I I
REEERRE - Funcion e[ w
01111 Lo |TimerY interrupt request bit |0 : No interrupt request issued o |ol|o
. } | 1 : Interrupt request issued
N } I ___|1 | Timer Z interrupt request bit 0 : No interrupt request issued 0 |O|O
Lo 1 : Interrupt request issued
| g 5

} } } } } ] 2 Timer A interrupt request bit 0:No Interl’upt requ.est issued 0 O O
b 1 : Interrupt request issued
A T T N 3 | Serial I/02 interrupt request 0 : No interrupt request issued o |olo
A bit 1 : Interrupt request issued
T T 4 | AD converter interrupt 0 : No interrupt request issued o |olo
. request bit 1 : Interrupt request issued
T S 5 | Timer 1 interrupt request bit 0 : No interrupt request issued o |oln
I 1 : Interrupt request issued
| |
o 6 | Nothing is allocated for these bits. These are write disabled bits. 0 |O|0
\ || When these bits are read out, the values are “0".
o 7 o |olo

0: These bits can be cleared to “0” by program, but cannot be set to “1”.

Fig. 2.8.5 Structure of Interrupt request register 2
Interrupt control register 2
b7 b6 b5 b4 b3 b2 bl b0
Interrupt control register 2 (ICON2) [Address : 3F 16]
I I I I I I

i i i i i i i i B Name Function Atreset| R |W
} } } } } } } L {0 | Timer Y interrupt 0 : Interrupt disabled o |o|o
A | ! enable bit 1 : Interrupt enabled
N } ____| 1 | Timer Z interrupt enable bit 0 : Interrupt disabled o |olo
Lo 1 : Interrupt enabled
| | | | | | 7
N 2 | Timer A interrupt enable bit 0: Interrupt disabled 0 [o]o
b 1 : Interrupt enabled
oo L 3 | Serial /02 interrupt enable bit | 0 : Interrupt disabled o |olo
Lo 1 : Interrupt enabled
R 4 | AD conversion interrupt 0 : Interrupt disabled o |olo
b enable bit 1 : Interrupt enabled
A 5 | Timer 1 interrupt enable bit 0 : Interrupt disabled o |olo
- 1 : Interrupt enabled
| |
Do 6 | Nothing is allocated for these bits. These are write disabled bits. 0 |ofCb
| |__| When these bits are read out, the values are “0”".
L 7 0 (Of|O

Fig. 2.8.6 Structure of Interrupt control register 2
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2.8.3 A-D converter application examples

(1) Setting of A-D converter
Figure 2.8.7 shows the relevant registers setting.

Process 1: Disable A-D conversion interrupt.
b7 b0

L[] o] [ [ ][] Interruptcontrol register 2 ICON2) [Address 3F1q]
.

A-D conversion interrupt disabled

Process 2: Set A-D control register.

b7 b0

D:l:l:':l:l:l] A-D control register (ADCON) [Address 3416]
u_‘i Analog input pins selected

b2b1b0

0 0 0: P20/ANo

00 1: P21/AN1

01 0: P22/AN2

01 1: P23/AN3

10 0: P24/AN4

10 1: P25/ANs

11 0: P26/ANs (Note)
11 1: P27/AN7 (Note)

Note: These can be used only for 36-pin version.

Process 3: In order not to execute the no requested interrupt processing, set “0” (no requested)
to the A-D conversion interrupt request bit.

b7 bo
...E.... Interrupt request register 2 (IREQ2) [Address 3D1e]
I

No A-D conversion interrupt request issued

Process 4: When the interrupt is used, set “1” (interrupt enabled) to
the A-D conversion interrupt enable bit.

b7 b0
L[] [2] [ [ ]] rnterruptcontrol register 2 (ICON2) [Address 3F16]
I

A-D conversion interrupt enabled

Process 5: Start A-D conversion.
b7 b0

...ﬂ.... A-D control register (ADCON) [Address 3416]

Start A-D conversion

Fig. 2.8.7 Relevant registers setting
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(2) Control procedure

Outline : The analog input voltage input from a sensor is converted to digital values.
Specifications : «The analog input voltage input from a sensor is converted to digital values.
*P20/ANo pin is used as an analog input pin.

Figure 2.8.8 shows a connection diagram, and Figure 2.8.9 shows an example of control procedure.

P20/ANo Sensor

7540 Group

Fig. 2.8.8 Connection diagram

( A-D conversion processing )

Set “0” to the A-D conversion interrupt enable bit.
(A-D conversion interrupt disabled)

I
Set analog input pins
LT[ ]oJoJo] ADCON(Address 3416)
L-.4--- Analog input pins: P20/ANo
|

| Set “0” to the A-D conversion interrupt request bit.
I

Set “1” to the A-D conversion interrupt enable bit.
(A-D conversion interrupt enabled) (Note 1)

|
Start A-D conversion

[ I [ [o] JoJoJo] ADCON(Address 3416)

. Start A-D conversion

<€

| Read ADH (address 3616) (Note 3) |

|
| Read ADL (address 3516) (Note 4) |

( R

Notes 1: In this case, the A-D conversion interrupt is used.
2: The completion of the A-D conversion is checked by the following;
* The A-D conversion completion bit of the A-D control register is “1”.
« The A-D conversion interrupt request bit of the interrupt request register 2 is “1”.

« Branch to the A-D conversion interrupt processing routine is executed. (In this time,
the A-D conversion interrupt is enabled.)

3: At 10-bit read: the conversion result of the high-order 2 bits (b9, b8) can be read.
At 8-bit read: Not used.

4: At 10-bit read: the conversion result of the low-order 8 bits (b7 to b0) can be read.
At 8-bit read: the conversion result of b7 to bO can be read.

Fig. 2.8.9 Control procedure
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2.8.4 Notes on A-D converter
Notes on A-D converter are described below.

(1) Analog input pin
Figure 2.8.10 shows the internal equivalent circuit of an analog input. In order to execute the A-D
conversion correctly, to complete the charge to an internal capacitor within the specified time is
required. The maximum output impedance of the analog input source required to complete the
charge to a capacitor within the specified time is as follows;

About 35 kQ (at f(Xn) = 8 MHz)

When the maximum output impedance exceeds the above value, equip an analog input pin with an
external capacitor of 0.01pF to 1pF between an analog input pin and Vss.
Further, be sure to verify the operation of application products on the user side.

e Reason
An analog input pin includes the capacitor for analog voltage comparison. Accordingly, when
signals from signal source with high impedance are input to an analog input pin, charge and
discharge noise generates. This may cause the A-D conversion/comparison precision to be worse.

Vce

o

ZS (Note 1)
R 1.5 kQ(Typical) c2

i(i= : 36-pi i 1.5 pF(Typical)
ANi (i=0 to 7: 36-pin version O N—

i=0 to 5: 32-pin version) SW1 2
(Note 2)

e ZE(Note 1)

12 pF(Typical) ]

Typical voltage Chopper Amp.
generation circuit
Switch tree,

Vss Vss ladder resistor

Notes 1: This is a parasitic diode. l 1 AD [ Gircui
2: Only the selected analog input pin is turned on. ’f f ¢ '
Vss

VREF

Fig. 2.8.10 Connection diagram

(2) Clock frequency during A-D conversion
The comparator consists of a capacity coupling, and a charge of the capacity will be lost if the clock
frequency is too low. Thus, make sure the following during an A-D conversion.
o f(Xi) is 500 kHz or more
* Do not execute the STP instruction
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2.9 Oscillation control
This paragraph explains the registers setting method and the notes relevant to the oscillation control.

2.9.1 Memory map

v

g2

003816 | MISRG
003916 | Watchdog timer control register (WDTCON)

pp)
C(

3
g2

003B16 | CPU mode register (CPUM)

A

~ A
| T
Fig. 2.9.1 Memory map of registers relevant to oscillation control
2.9.2 Relevant registers
MISRG
b7 b6 b5 b4 b3 b2 bl b0
L—__ MISRG [Address : 381s]
1 1 1 1
A N N A A A = Name Function At reset | R [W
| | | | | | | |
oo | ! | | O [Oscillation stabilization time 0 : Set “0l116” in timer 1, and 0 |o|oO
} } } } } } } ] set bit after release of the “FF16" in prescaler 1
A STP instruction automatically
I 1 : Not set automatically
| | | | | | |
0L |1 [Ceramic or RC oscillation stop [ O : Detection function inactive 0 |olo
[ detection function active bit 1 : Detection function active
|
R ] 2 | These are reserved bits. 0 |o|ng
oo Do not write “1” to these bits.
| | | | | |
N —— 3 0 |o|O
| | | |
T 4 | Nothing is allocated for these bits. These are write disabled bits. 0 |o|o
Lol || When these bits are read out, the values are “0".
3 3 AR 5 0 |ofo
| | —
i b 6 0 |o]|D
L 7 | Oscillation stop detection 0 : Osclllation stop not detected  |(Note) olo
status bit 1 : Oscillation stop detected
Note: “0” at normal reset
“1" at reset by detecting the oscillation stop

Fig. 2.9.2 Structure of MISRG

7540 Group User's Manual 2-135



APPLICATION

2.9 Oscillation control

Watchdog timer control register
b7 b6 b5 b4 b3 b2 bl b0
Watchdog timer control register (WDTCON) [Address : 39 16]
I I I I I I I I
|
i i i i i | i i B Name | Function Atreset| R |W
1L 1 1 1 | .40 [watchdog timer H 1 |O|0O
b | | || (The high-order 6 bits are read-only bits.)
T
] 2 1 |o[o
| | | | | ||
P BEE
| | | | _—
IR R R S 4 1 |o|D
| | |
| | | —
[ R S 5 1 |of|o
| |
| | S -
e 6 | STP instruction disable bit 0 : STP instruction enabled 0o |olo
| 1: STP instruction disabled
L 7 | Watchdog timer H.count 0 : Watchdog timer L underflow o |[o]o
source selection bit 1:f(Xin)/16
Fig. 2.9.3 Structure of Watchdog timer control register
CPU mode register
b7 b6 b5 b4 b3 b2 bl b0
CPU mode register (CPUM) [Address : 3B 16]
I I I I I I I I
i i i i i i i i B Name Function Atreset| R |W
1 1 1 | 1 | | |0|Processor mode bits (Note 1) |b1bO . o |olo
[ N A 0 O: Single-chip mode
T T T T R - 0 1: Not available
R B 1 1 0: Not available o |olo
. | T 1 1: Not available
| .
I N 2 | Stack page selection bit 0:0page o |o]|o
b 1:1 page
} } } } L 77777777 3 | Ring oscillator oscillation 0: Ri.ng oscil!ator oscilla}tion. enabled o |olo
o control bit 1 : Ring oscillator oscillation stop
} } } e 4 | XN oscillation control bit 0 : Ceramic or RC oscillation enabled 0o |olo
. 1 : Ceramic or RC oscillation stop
o] 5 Oscillation mode selection bit | g : Ceramic oscillation o |olo
o (Note 1) 1 : RC oscillation
| |
Lo 6 | Clock division ratio selection | b7 b6 0 [O]|O
[ bits 0 0: @=f(Xin)/2
| (high-speed mode)
| 0 1:@=f(Xin)/8
| — (middle-speed mode)
\ 7 1 0: Applied from ring oscillator 1 |ofo
STt 11:@=f(Xn)
(double-speed mode)
(Note 2)

Notes 1: The bit can be rewritten only once after releasing reset. After rewriting it is
disable to write any data to the bit. However, by reset the bit is initialized and
can be rewritten, again.

(It is not disable to write any data to the bit for emulator MCU “M37540RSS".)
2: These bits are used only when a ceramic oscillation is selected.
Do not use these when an RC oscillation is selected.

Fig. 2.9.4 Structure of CPU

mode register
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2.9.3 Application example of ring oscillator

The ring oscillator is the oscillation circuit which is equipped with the 7540 Group. External circuits can be
eliminated by using this oscillator as the operation clock or by using this oscillator with a ceramic or RC
oscillation circuit. When this oscillator is used as the operation clock, all peripheral functions can be used.
In this section, the setting method and application example are explained.

Note: The 7540 Group starts operation by the ring oscillator.

(1) Setting method
Figure 2.9.5 shows the setting method when the ring oscillator is used as the operation clock.

Process 1: Enable ring oscillator oscillation.

b7 b0
[TTTTe[Tele]  cPumode register (CPUM) [Address 3B1]
.

Ring oscillatior oscillation enabled

Process 2: Set the operation clock to ring oscillator.

b b0
.E.EE CPU mode register (CPUM) [Address 3B16]
e

Applied from ring oscillator

Process 3: When f(XIN) is not used, stop f(XIN).

b7 b0
E.EE CPU mode register (CPUM) [Address 3B1s]
I

Ceramic or RC oscillation stop

Fig. 2.9.5 Setting method when the ring oscillator is used as the operation clock

(2) Example of control procedure

Outline: The frequency of the ring oscillator is measured, and an error by the power source voltage
or temperature is confirmed.

Specifications: « The f(Xi) = 4 MHz is divided by timer Z and 10 ms is detected. The ring oscillator
is divided by timer Y.

e The count value of timer Y is read out in the timer Z interrupt processing routine
which occurs every 10 ms, and an error from f(Xin) is confirmed.

Figure 2.9.6 shows an example of control procedure.
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C

-Initialization

SEI
CLD
CLT

Set CPU mode register

Qmmm.m [0] CPUM(Address 3B16)

*- 4= --Single-chip mode

-Ring oscillator oscillation enabled

- --f(Xin) oscillation (ceramic/RC)
enabled

- - -Ceramic oscillation

- --Applied from ring oscillator

Wait until f(Xin) oscillation is stabilized (Note 1)

Set CPU mode register

.QEE.E [0] CPUM(Address 3B16)

............ 00 : @=f(X)/2 (High-speed mode)
01 : ¢=f(Xin)/8 (Middle-speed mode)
10 : Applied from ring oscillator
(Note 2)
11 : @=f(Xin) (Double-speed mode)

Set “0” to the timer Y interrupt enable bit.
(Timer Y interrupt disabled)

Set “0” to the timer Z interrupt enable bit.
(Timer Z interrupt disabled)

Set timer Y, Z mode register

llﬂﬂll[ﬂﬁ] TYZM(Address 2016)

I - Timer Y: Timer mode selected
- Timer Y count stop
- Timer Z: Timer mode selected
--- Timer Z count stop

Set timer count source set register
[OTOTOT[2[O] T ] Tcss(Address 2E16)

----Timer Y count source:
Ring oscillator selected
[ Timer Z: f(XiN)/2 selected

Set value to prescaler Y, timer Y

Prescaler Y (Address 2116)
Timer Y (Address 2316)

Set value to prescaler Z, timer Z (Note 3)

Prescaler Z (Address 2516)
Timer Z primary (Address 2716)

Set “0” to the timer Y interrupt request bit.
Set “0” to the timer Z interrupt request bit.

Set “1” to the timer Z interrupt enable bit.
(Timer Z interrupt enabled)

Set timer Y, Z mode register

[0 TO[OTO]_[0[0] TYZM(Address 2016)

Timer Y count start
""""""" Timer Z count start

Processing

2: In this example, this setting cannot be selected.

3:10ms = 1/4 MHz 0 2 0 (F916 + 1) O (4F16 + 1)

Notes 1: For the concrete time, ask the oscillator manufacture.

Timer Z
division primary
ratio
( Timer Z interrupt processing routine

)

Read prescaler Y and timer Y and
compare their complement with the setting
values of prescaler Z and timer Z

Processing

( RTI

Fig. 2.9.6 Control procedure
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2.9.4 Oscillation stop detection circuit

The oscillation stop detection circuit can be used to detect the stop by some failure or disconnection of
an external ceramic oscillation circuit.
In this section, the setting method and application example.

(1) Operation description
When the stop of an external oscillation circuit is detected by the oscillation stop detection circuit,
the oscillation stop detection status bit of MISRG is set to “1” and the internal reset occurs.
The 7540 Group starts operation by the built-in ring oscillator after system is released from reset.
Accordingly, error of the external oscillation circuit can be detected by checking the oscillation stop
detection status bit after system starts operation.

Notes 1: When the stop mode is used, set the oscillation stop detection function to “invalid”.
2: When f(Xi) oscillation is stopped, set the oscillation stop detection function to “invalid”.
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(2) Setting method
Figure 2.9.7 shows the initial setting method oscillation stop detection circuit.
Figure 2.9.8 shows the setting method for the oscillation stop detection circuit in the main processing.

* Execute the following set at the beginning of program after system is released from reset.

Process 1: Check that reset by oscillation stop detection is executed
by referring the oscillation stop detection status bit.

b7 b0
[ TeJoJoJe[o] T]  mISRG (MISRG) [Address 3816]
L

Oscillation stop detection status bit
0: Oscillation stop not detected
1: Oscillation stop detected

« Oscillation stop is detected
Some error occus in the oscillation circuit.
Do not switch the operation clock and execute the processing when some error occurs.

« Oscillation stop is not detected
Execute the Process 2.

Process 2: Select oscillation mode.

b7 b0
E.ﬂn.ﬂﬂ CPU mode register (CPUM) [Address 3B16]
.

Oscillation mode selection bit (Note)
0: Ceramic oscillation
1: RC oscillation

Note: The bit can be rewritten only once after releasing reset. After rewriting it is disable to write
any data to the bit. However, by reset the bit is initialized and can be rewritten, again.
(It is not disable to write any data to the bit for emulator MCU “M37540RSS").

Process 3: Wait oscillation stabilizing (Note).

Note: This process can be eliminated when the RC oscillation is selected.
For the oscillation stabilizing time, ask the oscillator manufacture.

Process 4: Set the ceramic or RC oscillation stop detection function active bit.

b7 b0
ﬂﬂﬂﬂﬂl MISRG (MISRG) [Address 3816]
L

Detection function active (Note)

Note: When some error occurs in the oscillation circuit, system is released from reset
after setting of Process 4 is executed.

Process 5: Select clock division ratio.

b7 b0
.....ﬂﬂ CPU mode register (CPUM) [Address 3B16]
(0

Clock division ratio selection bits

b7b6

0 0: f(¢) = f(XiN)/2 (high-speed mode)

0 1: f(@)= f(Xin)/8 (middle-speed mode)

1 0: Applied from ring oscillator

1 1: f(g)=f(XiN) (double-speed mode) (Note)

Note: These bits are used only when a ceramic oscillation is selected.
Do not use these when an RC oscillation is selected.

Fig. 2.9.7 Initial setting method for the oscillation stop detection circuit
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Process: Start ring oscillation when it is stopped.

b7 bo

. .Eﬂ.ﬂﬂ CPU mode register (CPUM) [Address 3B16]
L

Ring oscillatior oscillation enabled

Process 2: Set ceramic or RC oscillation stop detection function active bit.

b7 b0
[ Jo[o[o[o]o][t] ]  MISRG (MISRG) [Address 381s]

Detection function active (Note)

Note: When some error occurs in the oscillation circuit, system is released from reset
after setting of Process 2 is executed.

Fig. 2.9.8 Setting method for the oscillation stop detection circuit in main processing
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2.9.5 State transition

In the 7540 Group, the operation clock is selected from the following 4 types.
* f(Xin)/2 (high-speed mode)

» f(Xin)/8 (middle-speed mode)

* Ring oscillator

» f(Xin) (double-speed mode) (Note 1)

Note 1: f(Xin) can be used only at the ceramic oscillation. Do not use f(Xi) at RC oscillation.

Also, in the 7540 Group, the function to stop CPU operation by software and to keep CPU wait in the
following 2-type low power dissipation.

e Stop mode with the STP instruction (Notes 2, 3, 4, 5, 6, 7)
e Wait mode with the WIT instruction (Note 8)

Notes 2: When the stop mode is used, set the oscillation stop detection function to “invalid”.

3: When the stop mode is used, set “0” (STP instruction enabled) the STP instruction disable bit

of the watchdog timer control register.

4: Timer 1 can be used to set the oscillation stabilizing time after release of the STP instruction. The
oscillation stabilizing time after release of STP instruction can be selected from “set automatically”/
“not set automatically” by the oscillation stabilizing time set bit after release of the STP instruction
of MISRG. When “0” is set to this bit, “0116” is set to timer 1 and “FFis” is set to prescaler 1
automatically. When “1” is set to this bit, nothing is set to timer 1 and prescaler 1. Therefore, set
the wait time according to the oscillation stabilizing time of the oscillation. Also, when timer 1 is
used, set values again to timer 1 and prescaler 1 after system is returned from the stop mode.
The STP instruction cannot be used during CPU is operating by the ring oscillator.

When the stop mode is used, stop the ring oscillator oscillation.
Do not execute the STP instruction during the A-D conversion.
: When the wait mode is used, stop the clock except the operation clock source.

NG

Figure 2.9.9 shows the state transition.

Stop mode Wait mode

instruction

State 1
Operation clock source:
f(XiN) (Note 1)

f(XiN) oscillation enabled
Ring oscillator stop

State 2
Operation clock source:
f(XIN) (Note 1)

f(XIN) oscillation enabled
Ring oscillator enabled

State 3
Operation clock source:
Ring oscillator (Note 3)
f(XIN) oscillation enabled
Ring oscillator enalbed

State 4
Operation clock source:
Ring oscillator (Note 3)
f(Xin) oscillation stop

Ring oscillator enalbed

CPUM?76 - 002
012
112
(Note 2)

Notes on switch of clock
(1) In operation clock source = f(XiN), the following can be
selected for the CPU clock division ratio.
MISRG1 02 o f(XIN)/2 (high-speed mode)
o f(XIN)/8 (middle-speed mode)
o f(XIN) (double-speed mode, only at a ceramic oscillation)
(2) Execute the state transition state 3 to state 2 or
state 3' to state 2’ after stabilizing Xin oscillation.
(3) In operation clock source = ring oscillator, the middle-
speed mode is selected for the CPU clock division ratio.
(4) When the state transition state 2 — state 3 - state 4
is performed, execute the NOP instruction as shown below
according to the division ratio of CPU clock.

MISRG1 - 12 MISRG1 - 02

MISRG1 12

State 2’
Operation clock source:
f(XiN) (Note 1)

f(XIN) oscillation enabled
Ring oscillator enabled

State 3’
Operation clock source:
Ring oscillator (Note 3)
f(XiN) oscillation enabled
Ring oscillator enalbed

CPUM?76 — 102

CPUM76 — 002
012

112 « CPUM76 — 102 (State 2 — state 3)
(Note 2) « NOP instruction
Oscillation stop detection circuit valid Reset released «CPUM4 _ 12 (State 3 _ state 4)

Double-speed mode at ring oscillator: NOP O 3
High-speed mode at ring oscillator: NOP [0 1
Reset state Middle-speed mode at ring oscillator: NOP O 0

Fig. 2.9.9 State transition
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2.9 Oscillation control

(1) Example of control procedure
Outline: The ring oscillator is used, and the intermittent operation for the low-power dissipation can
be realized.
Specifications: A mode is selected from the following modes 1 to 4 according to the usage condition.
The return from mode 1 is executed by the timer A interrupt request which occurs
every 0.5 s.
Mode 1: Wait mode by the ring oscillator oscillation
Operation clock source: Ring oscillator
CPU stop, ceramic oscillation stop, ring oscillator oscillation
Mode 2: Middle-speed mode by the ring oscillator oscillation
Operation clock source: Ring oscillator
CPU operation, ceramic oscillation stop, ring oscillator oscillation
Mode 3: Middle-speed mode by the ceramic oscillation
Operation clock source: Ceramic oscillation
CPU operation, ceramic oscillation, ring oscillator oscillation
Mode 4: Double-speed mode by the ceramic oscillation
Operation clock source: Ceramic oscillation
CPU operation, ceramic oscillation, ring oscillator oscillation

Figure 2.9.10 shows an example of mode transition and Figure 2.9.11 shows an example of control
procedure.

A Mode 4

Ceramic oscillation
Double-speed mode (1/

=

Ceramic oscillation start
Middle-speed mode (1/8)

CPU operation is started
by interrupt of timer Mode 3
underflow

Power dissipation

Wait mode by
ring oscillation

* CPU stop

« TImer operating

Mode 2 Mode 2

Mode 1 Mode 1 Mode 1 Mode 1

Time

Fig. 2.9.10 Example of mode transition
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RESET )
nitialization------ - - -~ t ,,,,,,,,,,,,,,,,,,,,,,,, R
SEI
CLD - - -
LT ( Operation mode by ceramic oscillation )
T Mode 3 B

Set CPU mode register

[ITOTOT[0] To0] cPuUM(Address 3Bus)

‘= #=--- Single-chip mode

- - Ring oscillator oscillation enabled
- - f(XiN) oscillation (ceramic) stop
Ceramic oscillation

Applied from ring oscillator (Note 1

Set CPU mode register

EEEIEIE CPUM(Address 3B16)

-------- f(XIN) oscillation (ceramic) enabled
I
| Wait until f(Xin) oscillation is stabilized (Note 4) |

I
Set CPU mode register

PIRT T cPum(address 3816) :

"""""""" Middle-speed mode
I
Processing

Set “0” to the timer A interrupt enable bit.
(Timer A interrupt disabled)
I

Set timer A mode register

IIE]EJ|||| TAM(Address 1D16)

- Timer mode selected
Count stop

Switch to double-speed
mode is required?

|
Set values to timer A (Notes 2, 3)
Timer A (low-order) [Address 1E16]
Timer A (high-order) [Address 1F1g]

Set CPU mode register

IQEE.E CPUM(Address 3B16)

Double-speed mode )

I I
| Set “0” to the timer A interrupt request bit Processing
|
Set “0” to the timer A interrupt enable bit. B P~ sttt 2
(Timer A interrupt disabled) -Modes 3, 4 (common).- ( ”””””””””””

Set “0" to other interrupt enable bits.
(Other interrups disabled)
|

Set CPU mode register

mm.m.m CPUM(Address 3B1s)

Ring oscillator oscillation enabled
- - XiN oscillation (ceramic) stop
________________ Applied from ring oscillator

| cLl

|
Set timer A mode register

ﬁ.mg.... TAM(Address 1D16)

.Mode2 _______________

................. Count start
I
| WIT instruction executed

-Mode 1. t ,,,,,,,,,,,,,,,,,,,,,,,,, :

: Wait mode :

' ' Mode 2o R a

e } ,,,,,,,,,,,,,,,,,,, T ( Timer A interrupt processing routine )
: ‘ | Processing |

Set timer A mode register

.E]Elll TAM(Address 1D16)

................. Count stop
I Notes 1: At Vcc = 5V, the timer A count source when a ring oscillator
Processing is selected as the operation clock is as follows;

About 2 MHz / 16 = about 125 kHz
Timer A division ratio (fixed)

Switch to ceramic
oscillation is required?

N

When setting the value to timer, set in order of low-order byte
and high-order byte following.

w

0.5s=1/125 kHz O (F42316 + 1)

~Modes 3,4 _______} - Timer A setting value

' . . i ' 4: For the concrete time, ask the oscillator manufacture.
! Operation mode by ceramic oscillation !

Fig. 2.9.11 Control procedure
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2.9.6 Notes on oscillation stop detection circuit
Notes on using oscillation stop detection circuit are described below.

(1) Note on ring oscillator
O The 7540 Group starts operation by the ring oscillator.
(2) Notes on oscillation circuit stop detection circuit
O When the stop mode is used, set the oscillation stop detection function to “invalid”.
O When f(Xin) oscillation is stopped, set the oscillation stop detection function to “invalid”.
O The oscillation stop detection circuit is not included in the emulator MCU “M37540RSS".
(3) Notes on stop mode
O When the stop mode is used, set the oscillation stop detection function to “invalid”.

O When the stop mode is used, set “0” (STP instruction enabled) to the STP instruction disable bit
of the watchdog timer control register.

O Timer 1 can be used to set the oscillation stabilizing time after release of the STP instruction. The
oscillation stabilizing time after release of STP instruction can be selected from “set automatically”/
“not set automatically” by the oscillation stabilizing time set bit after release of the STP instruction
of MISRG. When “0” is set to this bit, “0116” is set to timer 1 and “FFis” is set to prescaler 1
automatically. When “1” is set to this bit, nothing is set to timer 1 and prescaler 1. Therefore, set
the wait time according to the oscillation stabilizing time of the oscillation. Also, when timer 1 is
used, set values again to timer 1 and prescaler 1 after system is returned from the stop mode.

0 The STP instruction cannot be used during CPU is operating by the ring oscillator.
00 When the stop mode is used, stop the ring oscillator oscillation.
O Do not execute the STP instruction during the A-D conversion.
(4) Note on wait mode
O When the wait mode is used, stop the clock except the operation clock source.
(5) Notes on state transition
O When the operation clock source is f(Xw), the CPU clock division ratio can be selected from the
following;
o f(Xi)/2 (high-speed mode)
o f(Xi)/8 (middle-speed mode)
e f(Xi) (double-speed mode)
The double-speed mode can be used only at ceramic oscillation.

Do not use the mode at RC oscillation.

O Stabilize the f(Xi) oscillation to change the operation clock source from the ring oscillator to f(Xm).
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O When the ring oscillation is used as the operation clock, the CPU clock division ratio is the middle-
speed mode.

0 When the state transition state 2 - state 3 - state 4 is performed, execute the NOP instruction as
shown below according to the division ratio of CPU clock.
* CPUM7 - 102 (State 2 - state 3)
* NOP instruction
* CPUM4- 1, (State 3 - state 4)
Double-speed mode at ring oscillator: NOPO3
High-speed mode at ring oscillator: NOPO1
Middle-speed mode at ring oscillator: NOPOO
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APPENDIX

3.1 Electrical characteristics

3.1 Electrical characteristics

3.1.1 7540 Group (General purpose)
Applied to: M37540M2-XXXFP/SP/GP, M37540M4-XXXFP/SP/GP, M37540E2FP/SP/GP, M37540E8FP/SP/GP

(1) Absolute Maximum Ratings (General purpose)

Table 3.1.1 Absolute maximum ratings

Symbol Parameter Conditions Ratings Unit
Vcc Power source voltage —-0.3t0 6.5 (Note 1) \%
Vi Input voltage -0.3to Vcc +0.3 \%

P00-PO07, P10-P14, P20-P27, P30-P37, VREF All voltages are
Vi Input voltage RESET, XiN based on Vss. -0.3to Vcc +0.3 \%
Vi Input voltage CNVss (Note 2) Output transistors -0.3t0 13 \Y
Vo Output voltage are cut off. -0.3to Vcc + 0.3 \%
P00-P07, P10-P14, P20-P27, P30—P37, XouT
Pd Power dissipation Ta = 25°C 300 (Note 3) mwW
Topr Operating temperature —20to 85 °C
Tsty Storage temperature -40to 125 °C

Notes 1: This is the rating value for the Mask ROM version.
The rating value for the One Time PROM version is —0.3 to 7.0 V.
2: Itis a rating only for the One Time PROM version. Connect to Vss for the mask ROM version.
3: 200 mW for the 32P6U package product.
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(2) Recommended Operating Conditions (General purpose)

Table 3.1.2 Recommended operating conditions (1)

APPENDIX

3.1 Electrical characteristics

(Vcc = 2.2to 5.5V, Ta = —20 to 85 °C, unless otherwise noted)

Limits .
Symbol Parameter - Unit
Min. Typ. Max.
\Velo) Power source voltage (ceramic) |f(XIN) = 8 MHz (High-, Middle-speed mode) 4.0 5.0 5.5 \%
f(XIN) = 4 MHz (High-, Middle-speed mode) 2.4 5.0 5.5 \Y
f(XIN) =2 MHz (High-, Middle-speed mode) 2.2 5.0 5.5 V
f(XIN) = 6 MHz (Double-speed mode) 45 5.0 5.5 \%
f(XIN) = 4 MHz (Double-speed mode) 4.0 5.0 5.5 V
f(XIN) = 2 MHz (Double-speed mode) 2.4 5.0 5.5 \%
f(XIN) = 1 MHz (Double-speed mode) 2.2 5.0 5.5 \%
Power source voltage (RC) f(XIN) = 4 MHz (High-, Middle-speed mode) 4.0 5.0 5.5 \%
f(XIN) = 2 MHz (High-, Middle-speed mode) 2.4 5.0 5.5 \
f(XiN) = 1 MHz (High-, Middle-speed mode) 2.2 5.0 5.5 V
Vss Power source voltage 0 \Y
VREF Analog reference voltage 2.0 \Y/ele} \Y
VIH “H” input voltage 0.8Vcc Vcc \%
P00—-PO07, P10-P14, P20-P27, P30—P37
VIH “H” input voltage (TTL input level selected) 2.0 \Yele! \%
Plo, P12, P13, P36, P37 (Note 1)
VIH “H” input voltage 0.8vcc Vvce \Y
RESET, XIN
ViL “L” input voltage 0 0.3Vce Y,
P00-P07, P10-P14, P20-P27, P30-P37
ViL “L” input voltage (TTL input level selected) 0 0.8 Y,
Plo, P12, P13, P36, P37 (Note 1)
ViL “L” input voltage 0 0.2vVce Y,
RESET, CNVss
ViL “L” input voltage 0 0.16Vcc Y,
XIN
SloH(peak) | “H” total peak output current (Note 2) -80 mA
P00-PO07, P10-P14, P20-P27, P30—P37
SloL(peak) |“L” total peak output current (Note 2) 80 mA
P00—P07, P10-P14, P20-P27, P37
SloL(peak) |“L” total peak output current (Note 2) 60 mA
P30-P36
> loH(avg) “H” total average output current (Note 2) -40 mA
P00-P07, P1o-P14, P20-P27, P30-P37
SloL(avg) “L” total average output current (Note 2) 40 mA
P00—P07, P10-P14, P20-P27, P37
SloL(avg) “L” total average output current (Note 2) 30 mA
P30-P36

Note 1: Vcc = 4.0 to 5.5V

2: The total output current is the sum of all the currents flowing through all the applicable ports. The total average current is an average value measured

over 100 ms. The total peak current is the peak value of all the currents.
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Table 3.1.3 Recommended operating conditions (2)

(Vec = 2.2 to 5.5V, Ta = —20 to 85 °C, unless otherwise noted)

at RC oscillation

High-, Middle-speed mode

Limits
Symbol Parameter - Unit
Min. Typ. Max.
|IOH(peak) “H" peak output current (Note 1) P00-P07, P10-P14, P20-P27, P30-P37 -10 mA
0L (peak) “L"” peak output current (Note 1) P00-P07, P10-P14, P20-P27, P37 10 mA
0L (peak) “L"” peak output current (Note 1) P30-P36 30 mA
I0H(avg) “H" average output current (Note 2) P00-P07, Plo—P14, P20-P27, P30-P37 -5 mA
loL(avg) “L" average output current (Note 2)  P00o-P07, P1o-P14, P20-P27, P37 5 mA
loL(avg) “L" average output current (Note 2)  P30-P3e6 15 mA
f(XIN) Internal clock oscillation frequency (Note 3) | Vcc=4.5t05.5V 6 MHz
at ceramic oscillation or external clock input | Double-speed mode
Internal clock oscillation frequency (Note 3) | Vcc=4.0t0 5.5V 4 MHz
at ceramic oscillation or external clock input | Double-speed mode
Internal clock oscillation frequency (Note 3) | Vcc=2.4t05.5V 2 MHz
at ceramic oscillation or external clock input | Double-speed mode
Internal clock oscillation frequency (Note 3) | Vcc=2.2t0 5.5V 1 MHz
at ceramic oscillation or external clock input | Double-speed mode
Internal clock oscillation frequency (Note 3) | Vcc=4.0t0 5.5V 8 MHz
at ceramic oscillation or external clock input | High-, Middle-speed mode
Internal clock oscillation frequency (Note 3) | Vcc=2.4t05.5V 4 MHz
at ceramic oscillation or external clock input | High-, Middle-speed mode
Internal clock oscillation frequency (Note 3) | Vcc=2.2t0 5.5V 2 MHz
at ceramic oscillation or external clock input | High-, Middle-speed mode
Internal clock oscillation frequency (Note 3) | Vcc=4.0t0 5.5V 4 MHz
at RC oscillation High-, Middle-speed mode
Internal clock oscillation frequency (Note 3) | Vcc=2.4t05.5V 2 MHz
at RC oscillation High-, Middle-speed mode
Internal clock oscillation frequency (Note 3) | Vcc=2.2t0 5.5V 1 MHz

Notes 1: The peak output current is the peak current flowing in each port.

2: The average output current loL (avg), loH (avg) in an average value measured over 100 ms.

3: When the oscillation frequency has a duty cycle of 50 %.
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(3) Electrical Characteristics (General purpose)

Table 3.1.4 Electrical characteristics (1)
Vee = 2.2t0 55V, Vss=0V, Ta =-20to 85 °C, unless otherwise noted)

APPENDIX

3.1 Electrical characteristics

Limits
| P Té iti i
Symbo arameter est conditions Min. Tvp. Max. Unit
VOH “H” output voltage IoH = -5 mA Vce-1.5 \Y
P00-P07, P10—P14, P20-P27, P30-P37 (Note 1) Vcc=4.0to55V
loH =-1.0 mA Vce-1.0 \%
Vcc=2.2t055V
VoL “L” output voltage loL=5mA 15 \%
P00-PO07, P1o-P14, P20-P27, P37 Vcc=4.0to55V
loL=1.5mA 0.3 \Y
Vcc=4.0to 55V
loL=1.0 mA 1.0 \Y,
Vcc=22t055V
VoL “L” output voltage P30-P36 loL =15 mA 2.0 \
Vcc=4.0to 55V
loL=1.5mA 0.3 \Y,
Vcc=4.0to 55V
loL =10 mA 1.0 \Y
Vcc=2.2t055V
VT+-VT- Hysteresis 0.4 \%
CNTRo, CNTR1, INTo, INT1(Note 2)
P00-PO07 (Note 3)
VT+-VT- Hysteresis 0.5 \%
RxD, SCLK1, SCLK2, SDATA2 (Note 2)
VT+-VT- Hysteresis 0.5 \Y
RESET
IIH “H” input current Vi=Vcc 5.0 HA
P00-PO07, P10—P14, P20-P27, P30-P37 (Pin floating. Pull up
transistors “off”)
IIH “H” input current Vi=Vcc 5.0 HA
RESET
IiH “H” input current Vi =Vcc 4.0 HA
XIN
liL “L” input current VI=Vss -5.0 HA
P0O0-PO07, P10—P14, P20-P27, P30-P37 (Pin floating. Pull up
transistors “off”)
liL “L” input current VI=Vss -5.0 HA
RESET, CNVss
I “L” input current Vi =Vss —4.0 HA
XIN
liL “L” input current VI=Vss -0.2 -0.5 mA
P00-PO07, P30-P37 (Pull up transistors “on”)
VRAM RAM hold voltage When clock stopped 2.0 5.5 \%
Rosc Ring oscillator oscillation frequency Vcc =50V, Ta=25°C 1000 2000 3000 kHz
Dosc Oscillation stop detection circuit detection frequency |Vcc=5.0V, Ta=25°C 62.5 125 187.5 kHz

Notes 1: P11 is measured when the P11/TxD1 P-channel output disable bit of the UART control register (bit 4 of address 001B16) is “0”".

2: RxD1, ScLK1, SCLK2, SDATA2, INT0, and INT1 have hysteresises only when bits 0 to 2 of the port P1P3 control register are set to “0” (CMOS level).
3: It is available only when operating key-on wake up.
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Table 3.1.5 Electrical characteristics (2)
(Vcc = 2.2to 5.5V, Vss =0V, Ta =-20to 85 °C, unless otherwise noted)

Output transistors “off”

N Limits )
Symbol | Parameter Test conditions Min. Tp. Max. Unit
Icc Power source |One Time PROM High-speed mode, f(XIN) = 8 MHz 5.0 8.0 mA
current version QOutput transistors “off”
High-speed mode, f(XIN) =2 MHz, Vcc = 2.2V 0.5 15 mA
Output transistors “off”
Double-speed mode, f(XIN) = 6 MHz 6.0 10.0 mA
QOutput transistors “off”
Middle-speed mode, f(XIN) = 8 MHz 2.0 5.0 mA
Output transistors “off”
Ring oscillator operation mode, Vcc =5V 350 1000 HA
QOutput transistors “off”
f(XIN) = 8 MHz (in WIT state), 1.6 3.2 mA
functions except timer 1 disabled,
QOutput transistors “off”
f(XIN) = 2 MHz, Vcc = 2.2 V (in WIT state), 0.2 mA
functions except timer 1 disabled,
QOutput transistors “off”
Ring oscillator operation mode, Vcc = 5V 150 450 HA
Output transistors “off”
Increment when A-D conversion is executed 0.5 mA
f(XIN) =8 MHz, Vcc =5V
All oscillation stopped Ta=25°C 0.1 1.0 pA
(in STP state) —ac o 10 A
Output transistors “off” Ta=85°C K
Mask ROM version | High-speed mode, f(XIN) = 8 MHz 3.5 6.5 mA
Output transistors “off”
High-speed mode, f(XIN) =2 MHz, Vcc =2.2V 0.4 1.2 mA
QOutput transistors “off”
Double-speed mode, f(XIN) = 6 MHz 4.5 8.0 mA
Output transistors “off”
Middle-speed mode, f(XIN) = 8 MHz 2.0 5.0 mA
Output transistors “off”
Ring oscillator operation mode, Vcc =5V 300 900 HA
Output transistors “off”
f(XIN) = 8 MHz (in WIT state), 1.6 3.2 mA
functions except timer 1 disabled,
Output transistors “off”
f(XIN) = 2 MHz, Vcc = 2.2 V (in WIT state), 0.2 mA
functions except timer 1 disabled,
Output transistors “off”
Ring oscillator operation mode, Vcc = 5V 150 450 HA
QOutput transistors “off”
Increment when A-D conversion is executed 0.5 mA
f(XIN) =8 MHz, Vcc =5V
All oscillation stopped Ta=25°C 0.1 1.0 HA
(in STP state) Ta=85°C 10 LA
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(4) A-D Converter Characteristics (General purpose)

Table 3.1.6 A-D Converter characteristics
(Vcc = 2.7t0 5.5V, Vss =0V, Ta = -20 to 85 °C, unless otherwise noted)

. Limits .
Symbol Parameter Test conditions Min. Tp. Max. Unit
— Resolution 10 Bits
— Linearity error Vcc=27t055V +3 LSB
Ta=25°C
— Differential nonlinear error Vcc=2.7t055V +0.9 LSB
Ta=25°C
Vot Zero transition voltage Vcc=VREF=5.12V 0 5 20 mvV
One Time Vcc = VREF = 3.072 V 0 3 15 mV
PROM version | VFST Full scale transition voltage Vcec=VREF =5.12 V 5105 5115 5125 mV
Vcc = VREF = 3.072 V 3060 3069 3075 11\
tCONV Conversion time 122 tc(XIN)
RLADDER |Ladder resistor 55 kQ
IVREF Reference power source input current |VRer = 5.0 V 50 150 200 HA
VREF=3.0V 50 70 120
lI(AD) A-D port input current 5.0 UA
— Resolution 10 Bits
— Linearity error Vcc=27t055V +3 LSB
Ta=25°C
— Differential nonlinear error Vcc=2.7t055V +1.5 LSB
Ta=25°C
Vot Zero transition voltage Vcc=VREF=5.12V 0 15 35 mVvV
Mask ROM version Vcc = VREF =3.072V 0 9 21 mV
VEST Full scale transition voltage Vcc=VREF=5.12V 5105 5125 5150 mV
Vcc = VREF = 3.072 V 3060 3075 3090 mV
tCONV Conversion time 122 tc(XIN)
RLADDER |Ladder resistor 55 kQ
IVREF Reference power source VREF =5.0V 50 150 200 HA
input current VREF = 3.0V 50 70 120
lI(AD) A-D port input current 5.0 UA
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(5) Timing Requirements (General purpose)

Table 3.1.7 Timing requirements (1)
(Vcc =4.0to 5.5V, Vss =0V, Ta =-20to 85 °C, unless otherwise noted)

Limits )
Symbol Parameter Unit
Min. Typ. Max.
tw(RESET) Reset input “L” pulse width 2 us
tC(XIN) External clock input cycle time 125 ns
TWH(XIN) External clock input “H” pulse width 50 ns
tWL(XIN) External clock input “L” pulse width 50 ns
tc(CNTRo) CNTRo input cycle time 200 ns
twH(CNTRO) CNTRo, INTo, INTZ1, input “H” pulse width 80 ns
tWL(CNTRO) CNTRo, INTo, INTZ1, input “L” pulse width 80 ns
tc(CNTR1) CNTRu1 input cycle time 2000 ns
twH(CNTR1) CNTR1 input “H” pulse width 800 ns
tWL(CNTR1) CNTR1 input “L” pulse width 800 ns
tc(ScLK1) Serial 1/01 clock input cycle time (Note) 800 ns
tWH(SCLK1) Serial 1/01 clock input “H” pulse width (Note) 370 ns
twL(ScLk1) Serial 1/01 clock input “L” pulse width (Note) 370 ns
tsu(RxD1-ScLK1) Serial I/01 input set up time 220 ns
th(ScLk1—RxD1) Serial 1/01 input hold time 100 ns
tc(ScLk?2) Serial 1/02 clock input cycle time 1000 ns
tWH(SCLK2) Serial 1/02 clock input “H” pulse width 400 ns
twL(ScLk2) Serial 1/02 clock input “L” pulse width 400 ns
tsu(SDATA2—SCLK2) Serial /02 input set up time 200 ns
th(SCLK2—SDATA2) Serial 1/02 input hold time 200 ns
Note: In this time, bit 6 of the serial I/0O1 control register (address 001A16) is set to “1” (clock synchronous serial 1/01 is selected).
When bit 6 of the serial /01 control register is “0” (clock asynchronous serial I/O1 is selected), the rating values are divided by 4.
Table 3.1.8 Timing requirements (2)
(Vcc = 2.41t0 5.5V, Vss =0V, Ta = -20 to 85 °C, unless otherwise noted)
Limits )
Symbol Parameter Unit
Min. Typ. Max.

tw(RESET) Reset input “L” pulse width 2 us
tC(XIN) External clock input cycle time 250 ns
tWH(XIN) External clock input “H” pulse width 100 ns
tWL(XIN) External clock input “L” pulse width 100 ns
tc(CNTRo) CNTRo input cycle time 500 ns
twH(CNTRO) CNTRo, INTo, INT1, input “H” pulse width 230 ns
tWL(CNTRO) CNTRo, INTo, INT1, input “L” pulse width 230 ns
tc(CNTR1) CNTR1 input cycle time 4000 ns
twWH(CNTR1) CNTR1 input “H” pulse width 1600 ns
tWL(CNTR1) CNTR1 input “L” pulse width 1600 ns
tc(ScLK1) Serial 1/01 clock input cycle time (Note) 2000 ns
tWH(SCLK1) Serial 1/01 clock input “H” pulse width (Note) 950 ns
tWL(SCLK1) Serial 1/01 clock input “L” pulse width (Note) 950 ns
tsu(RxD1-ScLK1) Serial 1/01 input set up time 400 ns
th(ScLK1-RxD1) Serial /01 input hold time 200 ns
tc(ScLk2) Serial 1/02 clock input cycle time 2000 ns
tWH(SCLK2) Serial 1/02 clock input “H” pulse width 950 ns
tWL(SCLK2) Serial 1/02 clock input “L” pulse width 950 ns
tsu(SDATA2—SCLK2) Serial 1/02 input set up time 400 ns
th(SCLK2—SDATA2) Serial 1/02 input hold time 400 ns

Note: In this time, bit 6 of the serial /01 control register (address 001A16) is set to “1” (clock synchronous serial I/O1 is selected).

When bit 6 of the serial /01 control register is “0” (clock asynchronous serial I/01 is selected), the rating values are divided by 4.
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Table 3.1.9 Timing requirements (3)
(Vecc = 2.21t0 5.5V, Vss =0V, Ta = —20 to 85 °C, unless otherwise noted)

APPENDIX

3.1 Electrical characteristics

Limits .
Symbol Parameter Unit
Min. Typ. Max.
tw(RESET) Reset input “L” pulse width 2 us
tc(XIN) External clock input cycle time 500 ns
tWH(XIN) External clock input “H” pulse width 200 ns
tWL(XIN) External clock input “L” pulse width 200 ns
tc(CNTRo) CNTRo input cycle time 1000 ns
twH(CNTRO) CNTRo, INTo, INT1, input “H” pulse width 460 ns
tWL(CNTRO) CNTRo, INTo, INT1, input “L” pulse width 460 ns
tc(CNTR1) CNTR1 input cycle time 8000 ns
twWH(CNTR1) CNTR1 input “H” pulse width 3200 ns
tWL(CNTR1) CNTR1 input “L” pulse width 3200 ns
tc(ScLk1) Serial 1/01 clock input cycle time (Note) 4000 ns
tWH(SCLK1) Serial 1/01 clock input “H” pulse width (Note) 1900 ns
tWL(SCLK1) Serial 1/01 clock input “L” pulse width (Note) 1900 ns
tsu(RxD1-ScLK1) Serial /01 input set up time 800 ns
th(ScLK1-RxD1) Serial /01 input hold time 400 ns
tc(ScLk2) Serial 1/02 clock input cycle time 4000 ns
twH(SCLK2) Serial 1/02 clock input “H” pulse width 1900 ns
tWL(SCLK2) Serial 1/02 clock input “L” pulse width 1900 ns
tsu(SDATA2—SCLK2) Serial 1/02 input set up time 800 ns
th(SCLK2—SDATA2) Serial 1/02 input hold time 800 ns
Note: In this time, bit 6 of the serial /01 control register (address 001A16) is set to “1” (clock synchronous serial /01 is selected).
When bit 6 of the serial /01 control register is “0” (clock asynchronous serial I/O1 is selected), the rating values are divided by 4.
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APPENDIX

3.1 Electrical characteristics

(6) Switching Characteristics (General purpose)

Table 3.1.10 Switching characteristics (1)

(Vcce = 4.0to 5.5V, Vss =0V, Ta = -20 to 85 °C, unless otherwise noted)

Limits )
Symbol Parameter - Unit
Min. Typ. Max.
tWH(SCLK1) Serial 1/01 clock output “H” pulse width tc(ScLk1)/2-30 ns
twL(ScLk1) Serial 1/01 clock output “L” pulse width tc(ScLk1)/2-30 ns
td(ScLK1-TxD1) Serial 1/01 output delay time 140 ns
tv(ScLK1-TxD1) Serial 1/01 output valid time -30 ns
tr(ScLK1) Serial /01 clock output rising time 30 ns
tf(SCLK1) Serial /01 clock output falling time 30 ns
tWH(SCLK2) Serial 1/02 clock output “H” pulse width tc(ScLk2)/2-30 ns
twL(ScLk2) Serial 1/02 clock output “L” pulse width tc(ScLk2)/2-30 ns
td(ScLk2—SDATA2) | Serial /02 output delay time 140 ns
tv(ScLk2—SDATA2) | Serial I/02 output valid time 0 ns
tr(ScLk2) Serial 1/02 clock output rising time 30 ns
tf(SCLK2) Serial 1/02 clock output falling time 30 ns
tr(CMOS) CMOS output rising time (Note 1) 10 30 ns
tf(CMOS) CMOS output falling time (Note 1) 10 30 ns
Note 1: Pin XouT is excluded.
Table 3.1.11 Switching characteristics (2)
(Vcc =2.4to0 55V, Vss=0V, Ta=-20to 85 °C, unless otherwise noted)
Limits )
Symbol Parameter Min. Typ, Max. Unit
twH(SCLK1) Serial 1/01 clock output “H” pulse width tc(ScLk1)/2-50 ns
twL(SCLK1) Serial /01 clock output “L” pulse width tc(ScLk1)/2-50 ns
td(ScLk1-TxD1) Serial /01 output delay time 350 ns
tv(ScLk1-TxD1) Serial /01 output valid time -30 ns
tr(ScLK1) Serial /01 clock output rising time 50 ns
tf(SCLK1) Serial /01 clock output falling time 50 ns
twH(SCLK2) Serial 1/02 clock output “H” pulse width tc(ScLk2)/2-50 ns
twL(SCLK?2) Serial 1/02 clock output “L” pulse width tc(ScLk2)/2-50 ns
td(ScLk2—SDATA2) | Serial /02 output delay time 350 ns
tv(SCcLK2—SDATA2) | Serial /02 output valid time 0 ns
tr(ScLk2) Serial 1/02 clock output rising time 50 ns
tf(SCLK2) Serial 1/02 clock output falling time 50 ns
tr(CMOS) CMOS output rising time (Note 1) 20 50 ns
t{(CMOS) CMOS output falling time (Note 1) 20 50 ns

Note 1: Pin XouT is excluded.
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APPENDIX

3.1 Electrical characteristics

Table 3.1.12 Switching characteristics (3)
(Vecc = 2.2to 5.5V, Vss =0V, Ta =-20 to 85 °C, unless otherwise noted)
Limits .

Symbol Parameter Min. Typ, Max. Unit
twH(SCLK1) Serial 1/01 clock output “H” pulse width tc(ScLk1)/2-70 ns
twL(SCLK1) Serial 1/01 clock output “L” pulse width tc(ScLk1)/2-70 ns
td(ScLk1-TxD1) Serial /01 output delay time 450 ns
tv(ScLK1-TxD1) Serial /01 output valid time -30 ns
tr(ScLK1) Serial 1/01 clock output rising time 70 ns
tf(ScLK1) Serial /01 clock output falling time 70 ns
twH(SCLK2) Serial 1/02 clock output “H” pulse width tc(ScLk2)/2-70 ns
twL(ScLK2) Serial 1/02 clock output “L” pulse width tc(ScLk2)/2-70 ns
td(ScLk2—SDATA2) | Serial /02 output delay time 450 ns
tv(ScLk2—SDATA2) | Serial /02 output valid time 0 ns
tr(ScLK2) Serial 1/02 clock output rising time 70 ns
tf(ScLk2) Serial 1/02 clock output falling time 70 ns
tr(CMOS) CMOS output rising time (Note 1) 25 70 ns
t((CMOS) CMOS output falling time (Note 1) 25 70 ns
Note 1: Pin XouT is excluded.

Measured . .

output pin i "

100 pF
CMOS output
Fig. 3.1.1 Switching characteristics measurement
circuit diagram (General purpose)
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3.1 Electrical characteristics
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Fig. 3.1.2

Timing chart (General purpose)
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3.1.2 7540Group (Extended operating temperature version)
Applied to: M37540M2T-XXXFP/GP, M37540M4T-XXXFP/GP, M37540E8T-XXXFP/GP

APPENDIX

3.1 Electrical characteristics

(2) Absolute Maximum Ratings (Extended operating temperature version)

Table 3.1.13 Absolute maximum ratings

Symbol Parameter Conditions Ratings Unit
Vcc Power source voltage -0.3t0 6.5 (Note 1) \%
Vi Input voltage -0.3to Vcc +0.3 \%

All voltages are

P00-PO07, P1o-P14, P20-P27, P30-P37, VREF based on Vss.
Vi Input voltage RESET, XIN, CNVss Output transistors -0.3to Vcc +0.3 \Y
Vo Output voltage are cut off. —-0.3to Vce + 0.3 v

P00-PO07, P1o-P14, P20-P27, P30—P37, XouT
Pd Power dissipation Ta = 25°C 300 (Note 2) mw
Topr Operating temperature —40 to 85 °C
Tsty Storage temperature —65 to 150 °C

Notes 1: This is the rating value for the Mask ROM version.
The rating value for the One Time PROM version is —=0.3to 7.0 V.
2: 200 mW for the 32P6U package product.
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3.1 Electrical characteristics

(2) Recommended Operating Conditions (Extended operating temperature version)

Table 3.1.14 Recommended operating conditions (1)
(Vcc = 2.4 to 5.5V, Ta = —40 to 85 °C, unless otherwise noted)

Limits
Symbol Parameter - Unit
Min. Typ. Max.
Vce Power source voltage (ceramic) |f(XIN) = 8 MHz (High-, Middle-speed mode) 4.0 5.0 5.5 \%
f(XIN) = 4 MHz (High-, Middle-speed mode) 2.4 5.0 5.5 \Y
f(XIN) = 6 MHz (Double-speed mode) 45 5.0 5.5 V
f(XIN) = 4 MHz (Double-speed mode) 4.0 5.0 5.5 V
f(XIN) = 2 MHz (Double-speed mode) 2.4 5.0 5.5 \%
Power source voltage (RC) f(XIN) = 4 MHz (High-, Middle-speed mode) 4.0 5.0 5.5 \Y
f(XIN) = 2 MHz (High-, Middle-speed mode) 2.4 5.0 5.5 \Y
Vss Power source voltage 0 \%
VREF Analog reference voltage 2.0 Vcc \%
VIH “H” input voltage 0.8Vcc Vcc \%
P00-PO7, P1o-P14, P20-P27, P30-P37
VIH “H” input voltage (TTL input level selected) 2.0 Vcc \%
P10, P12, P13, P36, P37 (Note 1)
VIH “H” input voltage 0.8Vcc Vcc \%
RESET, XIN
ViL “L” input voltage 0 0.3vVcce \%
P00-PO7, P1o-P14, P20-P27, P30-P37
VIL “L” input voltage (TTL input level selected) 0 0.8 Y,
P10, P12, P13, P36, P37 (Note 1)
ViL “L” input voltage 0 0.2Vcce \%
RESET, CNVss
ViL “L” input voltage 0 0.16Vcc \%
XIN
SloH(peak) | “H” total peak output current (Note 2) -80 mA
P00-PO7, P1o-P14, P20-P27, P30-P37
SloL(peak) | “L” total peak output current (Note 2) 80 mA
P00-PO7, P1lo-P14, P20-P27, P37
SloL(peak) | “L” total peak output current (Note 2) 60 mA
P30-P36
> loH(avg) “H” total average output current (Note 2) —40 mA
P00—P07, P10-P14, P20—P27, P30—P37
>loL(avg) “L” total average output current (Note 2) 40 mA
P00-PO07, P10-P14, P20-P27, P37
SloL(avg) “L” total average output current (Note 2) 30 mA
P30-P36

Note 1: Vcc = 4.0 to 5.5V
2: The total output current is the sum of all the currents flowing through all the applicable ports. The total average current is an average value measured
over 100 ms. The total peak current is the peak value of all the currents.
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3.1 Electrical characteristics

Table 3.1.15 Recommended operating conditions (2)

(Vcc = 2.4 to 5.5V, Ta = —40 to 85 °C, unless otherwise noted)

Limits .
Symbol Parameter Min, Typ, Max. Unit
IOH(peak) “H” peak output current (Note 1) P00-PO07, P1o-P14, P20-P27, P30-P37 -10 mA
lOL(peak) “L” peak output current (Note 1) P00-P07, P10-P14, P20-P27, P37 10 mA
lOL(peak) “L” peak output current (Note 1) P30-P36 30 mA
IOH(avg) “H” average output current (Note 2)  P00o-PO07, P10—P14, P20-P27, P30-P37 -5 mA
loL(avg) “L"” average output current (Note 2)  P0o-PO07, P1o—P14, P20-P27, P37 5 mA
loL(avg) “L"” average output current (Note 2)  P30-P36 15 mA
f(XIN) Internal clock oscillation frequency (Note 3) | Vcc=4.5t05.5V 6 MHz
at ceramic oscillation or external clock input | Double-speed mode
Internal clock oscillation frequency (Note 3) | Vcc=4.0t0 5.5V 4 MHz
at ceramic oscillation or external clock input | Double-speed mode
Internal clock oscillation frequency (Note 3) | Vcc=2.4t05.5V 2 MHz
at ceramic oscillation or external clock input | Double-speed mode
Internal clock oscillation frequency (Note 3) | Vcc=4.0t0 5.5V 8 MHz
at ceramic oscillation or external clock input | High-, Middle-speed mode
Internal clock oscillation frequency (Note 3) | Vcc=2.4t05.5V 4 MHz
at ceramic oscillation or external clock input | High-, Middle-speed mode
Internal clock oscillation frequency (Note 3) | Vcc=4.0t0 5.5V 4 MHz
at RC oscillation High-, Middle-speed mode
Internal clock oscillation frequency (Note 3) | Vcc=2.4t05.5V 2 MHz
at RC oscillation High-, Middle-speed mode
Notes 1: The peak output current is the peak current flowing in each port.
2: The average output current loL (avg), IoH (avg) in an average value measured over 100 ms.
3: When the oscillation frequency has a duty cycle of 50 %.
7540 Group User’s Manual 3-15



APPENDIX

3.1 Electrical characteristics

(3) Electrical Characteristics (Extended operating temperature version)

Table 3.1.16 Electrical characteristics (1)
(Vcc = 2.4t0 5.5V, Vss =0V, Ta = —40 to 85 °C, unless otherwise noted)

Limits
| P Te iti i
Symbo arameter est conditions Min. Tvp. Max. Unit
VOH “H” output voltage IoH = -5 mA Vce-1.5 \Y
P00-P07, P10—P14, P20-P27, P30-P37 (Note 1) Vcc=4.0to55V
loH =-1.0 mA Vce-1.0 \%
Vcc=24t055V
VoL “L” output voltage loL=5mA 15 \%
P00-PO07, P1o-P14, P20-P27, P37 Vcc=4.0to55V
loL=15mA 0.3 \%
Vcc=4.0to 55V
loL=1.0 mA 1.0 \Y,
Vcc=24t055V
VoL “L” output voltage P30-P36 loL =15 mA 2.0 \Y
Vcc=4.0to 55V
loL=1.5mA 0.3 \Y,
Vcc=40to55V
loL =10 mA 1.0 \%
Vcc=24t055V
VT+-VT- Hysteresis 0.4 \%
CNTRo, CNTR1, INTo, INT1(Note 2)
P00-PO07 (Note 3)
VT+-VT- Hysteresis 0.5 \%
RxD, SCLK1, SCLK2, SDATA2 (Note 2)
VT+-VT- Hysteresis 0.5 \Y
RESET
IIH “H” input current Vi=Vcc 5.0 HA
P0O0-PO07, P10—P14, P20-P27, P30-P37 (Pin floating. Pull up
transistors “off”)
IIH “H” input current Vi=Vcc 5.0 HA
RESET
IiH “H” input current Vi =Vcc 4.0 HA
XIN
liL “L” input current VI=Vss -5.0 HA
P0O0-PO07, P10—P14, P20-P27, P30-P37 (Pin floating. Pull up
transistors “off”)
liL “L” input current VI=Vss -5.0 HA
RESET, CNVss
I “L” input current Vi =Vss —4.0 HA
XIN
liL “L” input current VI=Vss -0.2 -0.5 mA
P00-PO07, P30-P37 (Pull up transistors “on”)
VRAM RAM hold voltage When clock stopped 2.0 5.5 \%
Rosc Ring oscillator oscillation frequency Vcc =50V, Ta=25°C 1000 2000 3000 kHz
Dosc Oscillation stop detection circuit detection frequency |Vcc=5.0V, Ta=25°C 62.5 125 187.5 kHz

Notes 1: P11 is measured when the P11/TxD1 P-channel output disable bit of the UART control register (bit 4 of address 001B16) is “0”".

2: RxD1, ScLK1, ScLK2, SDATA2, INTo, and INT1 have hysteresises only when bits 0 to 2 of the port P1P3 control register are set to “0” (CMOS level).
3: It is available only when operating key-on wake up.
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Table 3.1.17 Electrical characteristics (2)
(Vcc =2.4to 55V, Vss=0V, Ta=-40to 85 °C, unless otherwise noted)

APPENDIX

3.1 Electrical characteristics

bol Limits
Symbo Test conditions - i
4 H Min. Typ. Max. Unit
Icc One Time PROM version | High-speed mode, f(XIN) = 8 MHz 5.0 8.0 mA
Output transistors “off”
High-speed mode, f(XIN) =2 MHz, Vcc =24V 0.5 15 mA
Output transistors “off”
Double-speed mode, f(XIN) = 6 MHz, 6.0 10.0 mA
Output transistors “off”
Middle-speed mode, f(XIN) = 8 MHz, 2.0 5.0 mA
Output transistors “off”
Ring oscillator operation mode, Vcc =5V 350 1000 pA
Output transistors “off”
f(XIN) = 8 MHz (in WIT state), 1.6 3.2 mA
functions except timer 1 disabled,
Output transistors “off”
f(XIN) = 2 MHz, Vcc = 2.4 V (in WIT state), 0.2 mA
functions except timer 1 disabled,
Output transistors “off”
Ring oscillator operation mode, Vcc = 5V (in WIT state), 150 450 pA
functions except timer 1 disabled, Output transistors “off”
Increment when A-D conversion is executed 0.5 mA
f(XIN) = 8 MHz, Vcc =5V
All oscillation stopped Ta=25°C 0.1 1.0 HA
(in STP state) P 10 A
Output transistors “off” Ta=85"C "
Mask ROM version High-speed mode, f(XIN) = 8 MHz 3.5 6.5 mA
Output transistors “off”
High-speed mode, f(XIN) =2 MHz, Vcc = 2.4V 0.4 1.2 mA
Output transistors “off”
Double-speed mode, f(XIN) = 6 MHz 4.5 8.0 mA
Output transistors “off”
Middle-speed mode, f(XIN) = 8 MHz 2.0 5.0 mA
Output transistors “off”
Ring oscillator operation mode, Vcc =5V 300 900 HA
Output transistors “off”
f(XIN) = 8 MHz (in WIT state), 1.6 3.2 mA
functions except timer 1 disabled,
Output transistors “off”
f(XIN) =2 MHz, Vcc = 2.4 V (in WIT state), 0.2 mA
functions except timer 1 disabled,
Output transistors “off”
Ring oscillator operation mode, Vcc =5V (in WIT state), 150 450 pA
functions except timer 1 disabled, Output transistors “off”
Increment when A-D conversion is executed 0.5 mA
f(XIN) =8 MHz, Vcc =5V
All oscillation stopped Ta=25°C 0.1 1.0 HA
(in STP state_) Ta = 85 °C 10 HA
Output transistors “off”
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3.1 Electrical characteristics

(4) A-D Converter Characteristics (Extended operating temperature version)

Table 3.1.18 A-D Converter characteristics

Vcc = 2.71t0 5.5V, Vss =0V, Ta = —40 to 85 °C, unless otherwise noted)

N Limits .
Symbol Parameter Test conditions Min. Typ. Max. Unit
— Resolution 10 Bits
— Linearity error Vcc=2.7t055V +3 LSB
Ta=25°C
— Differential nonlinear error Vcc=2.7t05.5V +0.9 LSB
Ta=25°C
Vot Zero transition voltage Vcec=VREF=5.12V 0 5 20 mV
One Time Vcce = VREF = 3.072 V 0 3 15 mV
PROM version | VFST Full scale transition voltage Vce =VREF=5.12 V 5105 5115 5125 mV
Vcce = VREF = 3.072 V 3060 3069 3075 mV
tCONV Conversion time 122 tc(XIN)
RLADDER |Ladder resistor 55 kQ
IVREF Reference power source input current |VRer = 5.0 V 50 150 200 HA
VREF = 3.0V 50 70 120
lI(AD) A-D port input current 5.0 A
— Resolution 10 Bits
— Linearity error Vcc=2.7t055V +3 LSB
Ta=25°C
— Differential nonlinear error Vcc=2.7t055V +1.5 LSB
Ta=25°C
Vort Zero transition voltage Vcc=VREF=5.12V 0 15 35 mV
Mask ROM version Vcc = VREF = 3.072 V 0 9 21 mV
VFST Full scale transition voltage Vcc=VREF=5.12V 5105 5125 5150 mV
Vcce = VREF = 3.072 V 3060 3075 3090 mV
tCONV Conversion time 122 tc(XIN)
RLADDER |Ladder resistor 55 kQ
IVREF Reference power source VREF=5.0V 50 150 200 HA
input current VREF = 3.0V 30 70 120
lI(AD) A-D port input current 5.0 HA

3-18

7540 Group User’s Manual




(5) Timing Requirements (Extended operating temperature version)

Table 3.1.19 Timing requirements (1)
(Vcc =4.0to 5.5V, Vss =0V, Ta =-40 to 85 °C, unless otherwise noted)

APPENDIX

3.1 Electrical characteristics

Limits .
Symbol Parameter Unit
Min. Typ. Max.
tw(RESET) Reset input “L” pulse width 2 us
tC(XIN) External clock input cycle time 125 ns
tWH(XIN) External clock input “H” pulse width 50 ns
tWL(XIN) External clock input “L” pulse width 50 ns
tc(CNTRo) CNTRo input cycle time 200 ns
twH(CNTRO) CNTRo, INTo, INT1, input “H” pulse width 80 ns
tWL(CNTRO) CNTRo, INTo, INT1, input “L” pulse width 80 ns
tc(CNTR1) CNTR1 input cycle time 2000 ns
twWH(CNTR1) CNTR1 input “H” pulse width 800 ns
tWL(CNTR1) CNTR1 input “L” pulse width 800 ns
tc(ScLK1) Serial /01 clock input cycle time (Note) 800 ns
tWH(SCLK1) Serial 1/01 clock input “H” pulse width (Note) 370 ns
tWL(SCLK1) Serial 1/01 clock input “L” pulse width (Note) 370 ns
tsu(RxD1-ScLK1) Serial /01 input set up time 220 ns
th(ScLK1-RxD1) Serial /01 input hold time 100 ns
tc(ScLk2) Serial 1/02 clock input cycle time 1000 ns
tWH(SCLK2) Serial 1/02 clock input “H” pulse width 400 ns
tWL(SCLK2) Serial 1/02 clock input “L” pulse width 400 ns
tsu(SDATA2—SCLK2) Serial 1/02 input set up time 200 ns
th(SCLK2—SDATA2) Serial 1/02 input hold time 200 ns
Note: In this time, bit 6 of the serial /01 control register (address 001A16) is set to “1” (clock synchronous serial I/O1 is selected).
When bit 6 of the serial /01 control register is “0” (clock asynchronous serial /01 is selected), the rating values are divided by 4.
Table 3.1.20 Timing requirements (2)
(Vcc = 2.41t0 5.5V, Vss =0V, Ta = -40 to 85 °C, unless otherwise noted)
Limits .
Symbol Parameter Unit
Min. Typ. Max.
tw(RESET) Reset input “L” pulse width 2 us
tC(XIN) External clock input cycle time 250 ns
tWH(XIN) External clock input “H” pulse width 100 ns
tWL(XIN) External clock input “L” pulse width 100 ns
tc(CNTRo) CNTRo input cycle time 500 ns
twH(CNTRO) CNTRo, INTo, INT1, input “H” pulse width 230 ns
tWL(CNTRO) CNTRo, INTo, INT1, input “L” pulse width 230 ns
tc(CNTR1) CNTR1 input cycle time 4000 ns
twWH(CNTR1) CNTR1 input “H” pulse width 1600 ns
tWL(CNTR1) CNTR1 input “L” pulse width 1600 ns
tc(ScLK1) Serial 1/01 clock input cycle time (Note) 2000 ns
tWH(SCLK1) Serial /01 clock input “H” pulse width (Note) 950 ns
tWL(SCLK1) Serial 1/01 clock input “L” pulse width (Note) 950 ns
tsu(RxD1-ScLK1) Serial /01 input set up time 400 ns
th(ScLK1-RxD1) Serial /01 input hold time 200 ns
tc(ScLk2) Serial 1/02 clock input cycle time 2000 ns
tWH(SCLK2) Serial 1/02 clock input “H” pulse width 950 ns
tWL(SCLK2) Serial 1/02 clock input “L” pulse width 950 ns
tsu(SDATA2—SCLK2) Serial 1/02 input set up time 400 ns
th(SCLK2—SDATA2) Serial 1/02 input hold time 400 ns
Note: In this time, bit 6 of the serial /01 control register (address 001A16) is set to “1” (clock synchronous serial I/O1 is selected).
When bit 6 of the serial /01 control register is “0” (clock asynchronous serial I/01 is selected), the rating values are divided by 4.
7540 Group User’s Manual 3-19



APPENDIX

3.1 Electrical characteristics

(6) Switching Characteristics (Extended operating temperature version)

Table 3.1.21 Switching characteristics (1)
(Vcc = 4.0to 5.5V, Vss =0V, Ta = —40 to 85 °C, unless otherwise noted)

Limits )
Symbol Parameter - Unit
Min. Typ. Max.
tWH(SCLK1) Serial 1/01 clock output “H” pulse width tc(ScLk1)/2-30 ns
twL(ScLk1) Serial 1/01 clock output “L” pulse width tc(ScLk1)/2-30 ns
td(ScLK1-TxD1) Serial 1/01 output delay time 140 ns
tv(ScLK1-TxD1) Serial /01 output valid time -30 ns
tr(SCLK1) Serial 1/01 clock output rising time 30 ns
tf(SCLK1) Serial 1/01 clock output falling time 30 ns
tWH(SCLK2) Serial 1/02 clock output “H” pulse width tc(ScLk2)/2-30 ns
twL(ScLk2) Serial 1/02 clock output “L” pulse width tc(ScLk2)/2-30 ns
td(ScLk2—SDATA2) | Serial /02 output delay time 140 ns
tv(ScLk2—SDATA2) | Serial I/O2 output valid time 0 ns
tr(ScLk2) Serial 1/02 clock output rising time 30 ns
tf(SCLK2) Serial 1/02 clock output falling time 30 ns
tr(CMOS) CMOS output rising time (Note 1) 10 30 ns
tf(CMOS) CMOS output falling time (Note 1) 10 30 ns
Note 1: Pin XouT is excluded.
Table 3.1.22 Switching characteristics (2)
(Vcc = 2.41t0 5.5V, Vss =0V, Ta = -40 to 85 °C, unless otherwise noted)
Limits )
Symbol Parameter Min. Typ. Max. Unit
twH(SCLK1) Serial /01 clock output “H” pulse width tc(ScLk1)/2-50 ns
twL(SCLK1) Serial /01 clock output “L” pulse width tc(ScLk1)/2-50 ns
td(ScLk1-TxD1) Serial I/O1 output delay time 350 ns
tv(ScLk1-TxD1) Serial /01 output valid time -30 ns
tr(ScLK1) Serial /01 clock output rising time 50 ns
tf(SCLK1) Serial /01 clock output falling time 50 ns
twH(ScCLK2) Serial 1/02 clock output “H” pulse width tc(ScLk2)/2-50 ns
twL(SCLK?2) Serial 1/02 clock output “L” pulse width tc(ScLk2)/2-50 ns
td(ScLk2—SDATA2) | Serial /02 output delay time 350 ns
tv(ScLk2—SDATA2) | Serial /02 output valid time 0 ns
tr(ScLk2) Serial 1/02 clock output rising time 50 ns
tf(SCLK2) Serial 1/02 clock output falling time 50 ns
tr(CMOS) CMOS output rising time (Note 1) 20 50 ns
t((CMOS) CMOS output falling time (Note 1) 20 50 ns

Note 1: Pin XouT is excluded.

Measured i R
output pin i g
100 pF
CMOS output
Fig. 3.1.3 Switching characteristics measurement

circuit diagram (Extended operating

temperature)
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tc(CNTRo)
twH(CNTRo) . twL(CNTRo)

CNTRo 4 0.8Vce N 0.2Vee /

|

tc(CNTR1)
) twH(CNTR1) . twL(CNTR1)
CNTR1 /f 08vee N 0.2vee //
) twH(CNTRo) . twi(CNTRo) ,
INTo, INT1 fO.SVCC 0.2Vee
) tw(RESET) )
RESET N\ 0.2Vee /0.8Vcc
tc(Xin)
) twH(XIN) . twi(Xin)
XIN 0.8Vcc N 0.2Vee /

tc(Sciki)
tf twi(ScLki) tr, twH(ScLk1)

Sciki \ 0.2Vcc 0.8Vee N\

tsu(RxD1-ScLk1) th(ScLk1-RxD1)
% 0.2Vce Z

td(ScLk1-TxD1) tv(ScLk1-TxD1)

|

RxDz (at receive)

:

TxDz (at transmit)

tc(ScLk2)
t twi(ScLk2) I, twH(ScLk2)

Scikz N 0.2vee 0.8Vee \

tsu(SpATA2-ScLka) | th(ScLk2-SpaTA2)

S (a receve)  EREEOTOTTIE SOOI

td(ScLk2-SpATA2) tv(ScLk2-SDATAZ)

Soataz (at transmit)

Fig. 3.1.4 Timing chart (Extended operating temperature version)
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3.1.3 7540Group (Extended operating temperature 125 °C version)

Applied to: M37540M2V-XXXFP/GP, M37540M4V-XXXFP/GP, M37540E8V-XXXFP/GP

(1) Absolute Maximum Ratings (Extended operating temperature 125 °C version)

Table 3.1.23 Absolute maximum ratings

Symbol Parameter Conditions Ratings Unit
Vcc Power source voltage —0.3t0 6.5 (Note 1) \Y
Vi Input voltage -0.3toVcc +0.3 \Y

All voltages are

P00-P07, P1o-P14, P20-P27, P30-P37, VREF based on Vss.
Vi Input voltage RESET, XIN, CNVss Output transistors —-0.3to Vcc +0.3 \%
Vo Output voltage are cut off. —-0.3to Vcc + 0.3 v

P00—PO07, P1o-P14, P20-P27, P30—P37, XouT
Pd Power dissipation Ta = 25°C 300 (Note 2) mw
Topr Operating temperature —40 to 125 (Note 3) °C
Tstg Storage temperature —65 to 150 °C

Notes 1: This is the rating value for the Mask ROM version.

The rating value for the One Time PROM version is 0.3 to 7.0 V.

2: 200 mW for the 32P6U package product.

3: In this version, the operating temperature range and total time are limited as follows;
55 °C to 85 °C: within total 6000 hours,
85 °C to 125 °C: within total 1000 hours.
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(2) Recommended Operating Conditions (Extended operating temperature 125 °C version)

Table 3.1.24 Recommended operating conditions (1)

(Vce = 2.4 to 5.5V, Ta = —40 to 125 °C, unless otherwise noted)

APPENDIX

3.1 Electrical characteristics

Limits .
Symbol Parameter - Unit
Min. Typ. Max.
Vcc Power source voltage (ceramic) |f(XIN) = 8 MHz (High-, Middle-speed mode) 4.0 5.0 5.5 V
f(XIN) = 4 MHz (High-, Middle-speed mode) 2.4 5.0 5.5 \Y
f(XIN) = 4 MHz (Double-speed mode) 4.0 5.0 5.5 V
f(XIN) = 2 MHz (Double-speed mode) 2.4 5.0 5.5 \%
Power source voltage (RC) f(XIN) = 4 MHz (High-, Middle-speed mode) 4.0 5.0 5.5 \%
f(XIN) = 2 MHz (High-, Middle-speed mode) 2.4 5.0 5.5 \Y
Vss Power source voltage 0 \%
VREF Analog reference voltage 2.0 Vcc \Y
VIH “H” input voltage 0.8Vcc Vcc \Y
P00-P07, P1o-P14, P20-P27, P30-P37
VIH “H” input voltage (TTL input level selected) 2.0 Vcc \Y
Plo, P12, P13, P36, P37 (Note 1)
VIH “H” input voltage 0.8Vcc Vcc \Y
RESET, XIN
ViL “L” input voltage 0 0.3vVcce Vv
P00-P07, P1o-P14, P20-P27, P30-P37
ViL “L” input voltage (TTL input level selected) 0 0.8 \%
P1lo, P12, P13, P36, P37 (Note 1)
ViL “L” input voltage 0 0.2Vcce Vv
RESET, CNVss
ViL “L” input voltage 0 0.16Vcc Vv
XIN
>loH(peak) | “H” total peak output current (Note 2) -80 mA
P00-P0O7, P1o-P14, P20-P27, P30-P37
SloL(peak) | “L” total peak output current (Note 2) 80 mA
P00-P07, P1o-P14, P20-P27, P37
SloL(peak) | “L” total peak output current (Note 2) 60 mA
P30-P36
> IOH(avg) “H” total average output current (Note 2) -40 mA
P00-P07, P10-P14, P20-P27, P30-P37
> loL(avg) “L” total average output current (Note 2) 40 mA
P00-P07, P1o-P14, P20—P27, P37
> loL(avg) “L” total average output current (Note 2) 30 mA
P30-P36

Note 1: Vcc = 4.0 to 5.5V
2: The total output current is the sum of all the currents flowing through all the applicable ports. The total average current is an average value measured
over 100 ms. The total peak current is the peak value of all the currents.
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Table 3.1.25 Recommended operating conditions (2)
(Vecc = 2.4 to 5.5 V, Ta = —40 to 125 °C, unless otherwise noted)

at RC oscillation

High-, Middle-speed mode

Limits .
Symbol Parameter Min. Typ. Max. Unit
IOH(peak) “H" peak output current (Note 1) P00-P07, P10-P14, P20-P27, P30-P37 -10 mA
lOL(peak) “L"” peak output current (Note 1) P00-P07, P10-P14, P20-P27, P37 10 mA
lOL(peak) “L"” peak output current (Note 1) P30-P36 30 mA
IOH(avg) “H" average output current (Note 2) P00-P07, P1o—P14, P20-P27, P30-P37 -5 mA
loL(avg) “L" average output current (Note 2)  P00o-P07, P1o-P14, P20-P27, P37 5 mA
loL(avg) “L" average output current (Note 2)  P30-P3e6 15 mA
f(XIN) Internal clock oscillation frequency (Note 3) | Vcc=4.0t0 5.5V 4 MHz
at ceramic oscillation or external clock input | Double-speed mode
Internal clock oscillation frequency (Note 3) | Vcc=2.4t05.5V 2 MHz
at ceramic oscillation or external clock input | Double-speed mode
Internal clock oscillation frequency (Note 3) | Vcc=4.0t0 5.5V 8 MHz
at ceramic oscillation or external clock input | High-, Middle-speed mode
Internal clock oscillation frequency (Note 3) | Vcc=2.4t05.5V 4 MHz
at ceramic oscillation or external clock input | High-, Middle-speed mode
Internal clock oscillation frequency (Note 3) | Vcc=4.0t0 5.5V 4 MHz
at RC oscillation High-, Middle-speed mode
Internal clock oscillation frequency (Note 3) | Vcc=2.4t05.5V 2 MHz

Notes 1: The peak output current is the peak current flowing in each port.

2: The average output current loL (avg), loH (avg) in an average value measured over 100 ms.

3: When the oscillation frequency has a duty cycle of 50 %.
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(3) Electrical Characteristics (Extended operating temperature 125 °C version)

Table 3.1.26 Electrical characteristics (1)
(Wcc = 2.41t0 5.5V, Vss =0V, Ta =-40 to 125 °C, unless otherwise noted)

" Limits )
Symbol Parameter Test conditions Min. Tp. Max. Unit
VOoH “H” output voltage IoH = -5 mA Vcc-1.5 \%
P00-P07, P10—P14, P20-P27, P30-P37 (Note 1) Vcc=4.0t055V
IoH =-1.0 mA vce-1.0 \Y
Vcc=24t055V
VoL “L” output voltage loL=5mA 15 \Y
P00-PO07, P1o-P14, P20-P27, P37 Vcc=4.0t055V
loL=1.5mA 0.3 \%
Vcc=4.0to 55V
loL=1.0 mA 1.0 \%
Vcc=24t055V
VoL “L” output voltage P30-P36 loL =15 mA 2.0 \%
Vcc=4.0to 55V
loL=15mA 0.3 \%
Vcc=4.0to 55V
loL =10 mA 1.0 \%
Vcc=24t055V
VT+-VT- Hysteresis 0.4 \%
CNTRo, CNTR1, INTo, INT1(Note 2)
P00-PO07 (Note 3)
VT+-VT- Hysteresis 0.5 \%
RxD, SCLK1, SCLK2, SDATA2 (Note 2)
VT+-VT- Hysteresis 0.5 \Y,
RESET
IIH “H” input current Vi =Vcc 5.0 HA
P00-PO07, P1o-P14, P20-P27, P30-P37 (Pin floating. Pull up
transistors “off")
IIH “H” input current Vi=Vcc 5.0 HA
RESET
IIH “H” input current Vi =Vcc 4.0 HA
XIN
liL “L” input current VI =Vss -5.0 HA
P00-PO07, P1o-P14, P20-P27, P30-P37 (Pin floating. Pull up
transistors “off")
li “L” input current VI=Vss -5.0 HA
RESET, CNVss
I “L” input current Vi =Vss —4.0 HA
XIN
liL “L” input current VI =Vss -0.2 -0.5 mA
P00-PO07, P30-P37 (Pull up transistors “on”)
VRAM RAM hold voltage When clock stopped 2.0 5.5 \Y
Rosc Ring oscillator oscillation frequency Vcc=5.0V,Ta=25°C 1000 2000 3000 kHz
Dosc Oscillation stop detection circuit detection frequency |Vcc=5.0V,Ta=25"°C 62.5 125 187.5 kHz

Notes 1: P11 is measured when the P11/TxD1 P-channel output disable bit of the UART control register (bit 4 of address 001B1s6) is “0”".

2: RxD1, ScLK1, ScLk2, SDATA2, INTo, and INT1 have hysteresises only when bits 0 to 2 of the port P1P3 control register are set to “0” (CMOS level).
3: Itis available only when operating key-on wake up.
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Table 3.1.27 Electrical characteristics (2)
(Vcc =2.4to 55V, Vss=0V, Ta=-40 to 125 °C, unless otherwise noted)

bol Limits
Symbo Test conditi - i
y est conditions Min. . Max. Unit
Icc One Time PROM version | High-speed mode, f(XIN) = 8 MHz 5.0 8.0 mA
Output transistors “off”
High-speed mode, f(XIN) =2 MHz, Vcc =24V 0.5 15 mA
Output transistors “off”
Middle-speed mode, f(XIN) = 8 MHz, 2.0 5.0 mA
Output transistors “off”
Ring oscillator operation mode, Vcc =5V 350 1000 HA
Output transistors “off”
f(XIN) = 8 MHz (in WIT state), 1.6 3.2 mA
functions except timer 1 disabled,
Output transistors “off”
f(XIN) =2 MHz, Vcc = 2.4 V (in WIT state), 0.2 mA
functions except timer 1 disabled,
Output transistors “off”
Ring oscillator operation mode, Vcc =5V (in WIT state), 150 450 pA
functions except timer 1 disabled, Output transistors “off”
Increment when A-D conversion is executed 0.5 mA
f(XIN) =8 MHz, Vcc =5V
All oscillation stopped Ta=25°C 0.1 1.0 pA
(in STP state_) Ta = 125 °C 50 vy
Output transistors “off”
Mask ROM version High-speed mode, f(XIN) = 8 MHz 3.5 6.5 mA
Output transistors “off”
High-speed mode, f(XIN) =2 MHz, Vcc =24V 0.4 1.2 mA
Output transistors “off”
Middle-speed mode, f(XIN) = 8 MHz, 2.0 5.0 mA
Output transistors “off”
Ring oscillator operation mode, Vcc =5V 300 900 HA
Output transistors “off”
f(XIN) = 8 MHz (in WIT state), 1.6 3.2 mA
functions except timer 1 disabled,
Output transistors “off”
f(XIN) =2 MHz, Vcc = 2.4 V (in WIT state), 0.2 mA
functions except timer 1 disabled,
Output transistors “off”
Ring oscillator operation mode, Vcc =5V (in WIT state), 150 450 pA
functions except timer 1 disabled, Output transistors “off”
Increment when A-D conversion is executed 0.5 mA
f(XIN) =8 MHz, Vcc =5V
All oscillation stopped Ta=25°C 0.1 1.0 pA
(in STP state) Ta=125° 50 A
Output transistors “off” a 5°C K
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(4) A-D Converter Characteristics (Extended operating temperature 125 °C version)

Table 3.1.28 A-D Converter characteristics

(MWecc = 2.71t0 5.5V, Vss =0V, Ta = -40 to 125 °C, unless otherwise noted)

. Limits .
Symbol Parameter Test conditions Min. Tvp. Max. Unit
— Resolution 10 Bits
— Linearity error Vcc=27t055V +3 LSB
Ta=25°C
— Differential nonlinear error Vcc=2.7t055V +0.9 LSB
Ta=25°C
Vor Zero transition voltage Vcc=VREF =5.12 V 0 5 20 mV
One Time Vcc = VREF = 3.072 V 0 3 15 mV
PROM version | VFST Full scale transition voltage Vce=VREF =5.12 V 5105 5115 5125 mV
Vcc =VREF = 3.072 V 3060 3069 3075 mV
tCONV Conversion time 122 tc(XIN)
RLADDER |Ladder resistor 55 kQ
IVREF Reference power source input current |VRer = 5.0 V 50 150 200 UHA
VREF = 3.0V 30 70 120
11(AD) A-D port input current 7.0 HA
— Resolution 10 Bits
— Linearity error Vcc=27t055V +3 LSB
Ta=25°C
— Differential nonlinear error Vcc=2.7t05.5V +1.5 LSB
Ta=25°C
Vot Zero transition voltage Vcc =VREF =5.12 V 0 15 35 mV
Mask ROM version Vcc = VREF = 3.072 V 0 9 21 mV
VFST Full scale transition voltage Vcc=VREF =5.12V 5105 5125 5150 mV
Vcc =VREF = 3.072V 3060 3075 3090 mV
tCONV Conversion time 122 tc(XIN)
RLADDER |Ladder resistor 55 kQ
IVREF Reference power source VREF = 5.0V 50 150 200 HA
input current VREF = 3.0V 30 70 120
11(AD) A-D port input current 7.0 HA
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(5) Timing Requirements (Extended operating temperature 125 °C version)

Table 3.1.29 Timing requirements (1)
(Vcc =4.0to 5.5V, Vss =0V, Ta = -40 to 125 °C, unless otherwise noted)

Limits .
Symbol Parameter Unit
Min. Typ. Max.
tw(RESET) Reset input “L” pulse width 2 us
tC(XIN) External clock input cycle time 125 ns
tWH(XIN) External clock input “H” pulse width 50 ns
tWL(XIN) External clock input “L” pulse width 50 ns
tc(CNTRo) CNTRo input cycle time 200 ns
twH(CNTRO) CNTRo, INTo, INT1, input “H” pulse width 80 ns
tWL(CNTRO) CNTRo, INTo, INT1, input “L” pulse width 80 ns
tc(CNTR1) CNTR1 input cycle time 2000 ns
twWH(CNTR1) CNTR1 input “H” pulse width 800 ns
tWL(CNTR1) CNTR1 input “L” pulse width 800 ns
tc(ScLK1) Serial /01 clock input cycle time (Note) 800 ns
tWH(SCLK1) Serial 1/01 clock input “H” pulse width (Note) 370 ns
tWL(SCLK1) Serial 1/01 clock input “L” pulse width (Note) 370 ns
tsu(RxD1-ScLK1) Serial /01 input set up time 220 ns
th(ScLK1-RxD1) Serial /01 input hold time 100 ns
tc(ScLk2) Serial 1/02 clock input cycle time 1000 ns
tWH(SCLK2) Serial 1/02 clock input “H” pulse width 400 ns
tWL(SCLK2) Serial 1/02 clock input “L” pulse width 400 ns
tsu(SDATA2—SCLK2) Serial 1/02 input set up time 200 ns
th(SCLK2—SDATA2) Serial 1/02 input hold time 200 ns
Note: In this time, bit 6 of the serial /01 control register (address 001A16) is set to “1” (clock synchronous serial I/O1 is selected).
When bit 6 of the serial /01 control register is “0” (clock asynchronous serial /01 is selected), the rating values are divided by 4.
Table 3.1.30 Timing requirements (2)
(MWcc = 2.41t0 5.5V, Vss =0V, Ta =-40 to 125 °C, unless otherwise noted)
Limits .
Symbol Parameter Unit
Min. Typ. Max.

tw(RESET) Reset input “L” pulse width 2 us
tC(XIN) External clock input cycle time 250 ns
tWH(XIN) External clock input “H” pulse width 100 ns
tWL(XIN) External clock input “L” pulse width 100 ns
tc(CNTRo) CNTRo input cycle time 500 ns
twH(CNTRO) CNTRo, INTo, INT1, input “H” pulse width 230 ns
tWL(CNTRO) CNTRo, INTo, INT1, input “L” pulse width 230 ns
tc(CNTR1) CNTR1 input cycle time 4000 ns
twWH(CNTR1) CNTR1 input “H” pulse width 1600 ns
tWL(CNTR1) CNTR1 input “L” pulse width 1600 ns
tc(ScLK1) Serial 1/01 clock input cycle time (Note) 2000 ns
tWH(SCLK1) Serial /01 clock input “H” pulse width (Note) 950 ns
tWL(SCLK1) Serial 1/01 clock input “L” pulse width (Note) 950 ns
tsu(RxD1-ScLK1) Serial /01 input set up time 400 ns
th(ScLK1-RxD1) Serial /01 input hold time 200 ns
tc(ScLk2) Serial 1/02 clock input cycle time 2000 ns
tWH(SCLK2) Serial 1/02 clock input “H” pulse width 950 ns
tWL(SCLK2) Serial 1/02 clock input “L” pulse width 950 ns
tsu(SDATA2—SCLK2) Serial 1/02 input set up time 400 ns
th(SCLK2—SDATA2) Serial 1/02 input hold time 400 ns

Note: In this time, bit 6 of the serial /01 control register (address 001A16) is set to “1” (clock synchronous serial I/O1 is selected).

When bit 6 of the serial /01 control register is “0” (clock asynchronous serial I/01 is selected), the rating values are divided by 4.
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(6) Switching Characteristics (Extended operating temperature 125 °C version)

Table 3.1.30 Switching characteristics (1)

APPENDIX

3.1 Electrical characteristics

(Vcc =4.0to 5.5V, Vss =0V, Ta = -40 to 125 °C, unless otherwise noted)

Limits .
Symbol Parameter - Unit
Min. Typ. Max.
twH(SCLK1) Serial /01 clock output “H” pulse width tc(ScLk1)/2-50 ns
twL(SCLK1) Serial /01 clock output “L” pulse width tc(ScLk1)/2-50 ns
td(ScLk1-TxD1) Serial /01 output delay time 140 ns
tv(ScLK1-TxD1) Serial /01 output valid time -30 ns
tr(ScLK1) Serial /01 clock output rising time 30 ns
tf(SCLK1) Serial 1/01 clock output falling time 30 ns
twH(SCLK2) Serial 1/02 clock output “H” pulse width tc(ScLk2)/2-50 ns
twL(SCLK?2) Serial 1/02 clock output “L” pulse width tc(ScLk2)/2-50 ns
td(ScLk2—SDATA2) | Serial I/02 output delay time 140 ns
tv(ScLk2—SDATA2) | Serial I/02 output valid time 0 ns
tr(ScLk2) Serial 1/02 clock output rising time 30 ns
tf(SCLK2) Serial 1/02 clock output falling time 30 ns
tr(CMOS) CMOS output rising time (Note 1) 10 30 ns
tf(CMOS) CMOS output falling time (Note 1) 10 30 ns
Note 1: Pin XouT is excluded.
Table 3.1.31 Switching characteristics (2)
(Vcc =2.4to 55V, Vss=0V, Ta=-40 to 125 °C, unless otherwise noted)
Limits )
Symbol Parameter Min. Typ, Max. Unit
twH(SCLK1) Serial 1/01 clock output “H” pulse width tc(ScLk1)/2-80 ns
twL(SCLK1) Serial /01 clock output “L” pulse width tc(ScLk1)/2-80 ns
td(ScLk1-TxD1) Serial /01 output delay time 350 ns
tv(ScLk1-TxD1) Serial /01 output valid time -30 ns
tr(ScLK1) Serial /01 clock output rising time 50 ns
tf(SCLK1) Serial /01 clock output falling time 50 ns
twH(SCLK2) Serial 1/02 clock output “H” pulse width tc(ScLk2)/2-80 ns
twL(SCLK?2) Serial 1/02 clock output “L” pulse width tc(ScLk2)/2-80 ns
td(ScLk2—SDATA2) | Serial /02 output delay time 350 ns
tv(SCcLK2—SDATA2) | Serial /02 output valid time 0 ns
tr(ScLk2) Serial 1/02 clock output rising time 50 ns
tf(SCLK2) Serial 1/02 clock output falling time 50 ns
tr(CMOS) CMOS output rising time (Note 1) 20 50 ns
t{(CMOS) CMOS output falling time (Note 1) 20 50 ns
Note 1: Pin XouT is excluded.
Measured ) R
output pin i e
7__|; 100 pF
CMOS output
Fig. 3.1.5 Switching characteristics measurement
circuit diagram (Extended operating
temperature 125 °C version)
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CNTRo

CNTR1

INTo, INT2

RESET

XN

SciLki

RxD1 (at receive)

TxDa1 (at transmit)

ScLk2

Soataz (at receive)

Soataz (at transmit)

)

tc(CNTRo)
) twH(CNTRo) DL twL(CNTRo)
0.8Vce
/( 0.2Vce
tc(CNTR1)
) twH(CNTR1) . tw(CNTR1)
0.8Vcc
74 0.2Vcc
) twH(CNTRo) . tw(CNTRo) )
ﬂ 0.8Vcc 0.2Vee
) tw(RESET) ,
0.8Vcc
0.2Vcc
te(XiN)
) twH(XIN) L twi(XIN)
0.8Vcc H 0.2Vee
tc(ScLki1)
tr twi(ScLk1) tr, twH(ScLk1)
E—
N 0.2vee 0.8vee

tsu(RxD1-ScLk1)

th(ScLk1-RxD1)

N
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td(ScLk1-TxD1)
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tc(Scik2)

twi(ScLk2) tr,
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N

0.2Vcce

tsu(SDATA2-ScLK2)

0.8Vce

th(ScLk2-SpATA2)

N

% 0.2Vce

PRI

td(ScLk2-SpATA2)

tv(ScLk2-SpATA2)

Ig. 3.1.6

Timing chart (Extended operating temperature 125 °C version)
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3.2 Typical characteristics

Standard characteristics described below are just examples of the 7540 Group’s characteristics and are not
guaranteed. For rated values, refer to “3.1 Electrical characteristics”.

3.2.1 Mask ROM version
(1) Power source current characteristic example (Vcc-lcc characteristics)

Measuring condition: When system is operating in double-speed mode (A-D conversion not executed),
Ta = 25 °C, Ceramic oscillation

6 f(Xin) = 6 MHz
 f(Xin) = 4 MHz
4 R R
 f(Xin) = 2 MHz
 f(Xm) = 1 MHz

o | | | |
2 3

Power source current lcc [mA]

4 5
Power source voltage Vcc [V]
. 3.2.1 Vcc-lee characteristics (in double-speed mode: Mask ROM version)

Fi

«Q

Measuring condition: When system is operating in high-speed mode (A-D conversion not executed),
Ta = 25 °C, Ceramic oscillation

<

e 5

— f(Xin) = 8 MHz
S l

S 4l
s Cf(Xin) = 4 MHz
!5 I

© » f(Xin) = 2 MHz
o 2 i
e

=]

R B T S e
5 ‘ ‘ ‘ ‘

; 0 | | | |

g 2 3

4 5
Power source voltage Vcc [V]

Fi

«Q

. 3.2.2 Vcc-lee characteristics (in high-speed mode: Mask ROM version)

Measuring condition: When system is operating in middle-speed mode (A-D conversion not executed),

< Ta = 25 °C, Ceramic oscillation

E 3

— ;f(Xin) = 8 MHz
o ,

= |

= f(Xi) = 4 MHz
D 2 T
= f(Xin) = 2 MHz
> ,

o I

O]

e T o
>

o

(%]

5 ‘ ‘ ‘ ‘

; 0 | | | |

g 2 3

4 5
Power source voltage Vcc [V]
Fig. 3.2.3 Vcc-lce characteristics (in middle-speed mode: Mask ROM version)
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Measuring condition: At WIT instruction execution (at wait), Ta = 25 °C, Ceramic oscillation

<3
£
3 :
° f(Xin) = 8 MHz
r=R R R S ]
2 f(Xin) = 6 MHz
>S5
o '
S f(Xin) = 4 MHz!
Sl e B EEEEE
o
7]
)
g —
go

2 3 4 5 6

Power source voltage Vcc [V]

Fig. 3.2.4 Vcc-lcc characteristics (at WIT instruction execution: Mask ROM version)

Measuring condition: At STP instruction execution (at stop), Ta = 25 °C, Ring oscillator stop

=
3]

=
o

©
o

Power source current Icc [nA]

o
o

N
w

4 5 6
Power source voltage Vcc [V]

Fig. 3.2.5 Vcc-lecc characteristics (at STP instruction execution: Mask ROM version)
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Measuring condition: A-D conversion executed/not executed (f(Xin) = 8 MHz in high-speed mode),
Ta = 25 °C, Ceramic oscillation
< g
£
(&)
2 6 L
= During A-D conversion
S ‘
a4l e
g During not A-D conversion |
>
o 2 ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
7]
)
g 0 | | |
o3 4 5 6
Power source voltage Vcc [V]

Fig. 3.2.6 Vcc-lec characteristics (addition when operating A-D conversion, f(Xin) = 8 MHz in high-
speed mode: Mask ROM version)

Measuring condition: A-D conversion executed/not executed (f(Xiw) = 6 MHz in double-speed mode),
Ta = 25 °C, Ceramic oscillation

'During A-D conversion

Power source current lcc [mA]
N

Power source voltage Vcc [V]

Fig. 3.2.7 Vcec-lcc characteristics (addition when operating A-D conversion, f(Xw) = 6 MHz in double-
speed mode: Mask ROM version)
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Power source current Icc [HA]

Measuring condition: When system is operating by ring oscillator (A-D conversion not executed),

600

400

200

Ceramic oscillation stop

3 4 5 6

Power source voltage Vcc [V]

Fig. 3.2.8 Vcc-lec characteristics (When system is operating by ring oscillator, Ceramic oscillation

stop: Mask ROM version)

Power source current Icc [HA]

Measuring condition: When system is operating by ring oscillator, at WIT instruction execution

w
o
o

Ceramic oscillation stop

N
o
o

=
o
o

o

Ta = 130 °C

N

3 4 5 6
Power source voltage Vcc [V]

Fig. 3.2.9 Vcc-lcc characteristics (When system is operating by ring oscillator, at WIT instruction

execution, Ceramic oscillation stop: Mask ROM version)
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3.2 Typical characteristics

(2) Power source current characteristic example (f(Xin)-lcc characteristics)

Measuring condition: When system is operating in double-speed mode (A-D conversion not executed),

Ta = 25 °C, Ceramic oscillation
5

Vec = 5.0V

Power source current Icc [mA]

Oscillation frequency f(Xin) [MHZ]
Fig. 3.2.10 f(Xin)-lcc characteristics (in double-speed mode: Mask ROM version)

Measuring condition: When system is operating in high-speed mode (A-D conversion not executed),
Ta = 25 °C, Ceramic oscillation

IN

Vee = 5.0V

w

N

[N

o

Power source current Icc [mA]

N
w
SN
o
o
~
©

Oscillation frequency f(Xin) [MHz]
Fig. 3.2.11 f(Xmw)-lcc characteristics (in high-speed mode: Mask ROM version)

Measuring condition: When system is operating in middle-speed mode (A-D conversion not executed),

< Ta = 25 °C, Ceramic oscillation

£ 25

S 1 1

2 20 ,,,,,,,,,,,,,,,ﬁ,,,,,,,,,,,,,,,‘,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,L,,,,,,,,,,,,,,J,,,,V,C,c,,:,?,o,,v,,
E 4:__//
e \ ]

S N T S R e
o

<))

e s e R T e L
2 Vee = 3.0 V
(%]

s 0.5 b —
(5]

=

@)

o 0.0 | | | | |

N
w
D
o
o
~
®

Oscillation frequency f(Xin) [MHz]
Fig. 3.2.12 f(X)-lcc characteristics (in middle-speed mode: Mask ROM version)
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Power source current Icc [mA]

Measuring condition: At WIT instruction execution, Ta = 25 °C, Ceramic oscillation

2.0

0.0

' Vece =3.0V
!

1 2 3 4 5 6 7
Oscillation frequency f(Xin) [MHz]

Fig. 3.2.13 f(Xin)-lcc characteristics (at WIT instruction execution: Mask ROM version)

(3) Power source current characteristic example (Ta-lecc characteristics)

Power source current Icc [UA]

Measuring condition: When system is operating by ring oscillator (A-D conversion not executed),

S
o
o

w
o
o

N
o
o

100

o

Ceramic oscillation stop

‘Vec = 5.0V
| | | | | 'Vee = 3.0 V!
| | | | | | |
-50 -25 0 25 50 75 100 125 150

Operating temperature range [°C]

Fig. 3.2.14 Ta-lcc characteristics (When system is operating by ring oscillator, Ceramic oscillation

stop: Mask ROM version)

Power source current Icc [UA]

Measuring condition: When system is operating by ring oscillator, at WIT instruction execution,

200

150

100

50

Ceramic oscillation stop

””””””””””””””””””””””””””” Vec=5.0V.
Vee =30V
| | | | | | |
-50 -25 0 25 50 75 100 125 150

Operating temperature range Ta [°C]

Fig. 3.2.15 Ta-lec characteristics (When system is operating by ring oscillator, at WIT instruction

execution, Ceramic oscillation stop: Mask ROM version)
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3.2 Typical characteristics

(4) Port typical characteristic example (Vcc-Vine characteristics)

Measuring condition: Vcc—VinL characteristics of 1/0 port (CMOS), Vecc = 5.0 V, Ta = 25 °C
(same characteristics pins: P01—P07, P11, P20o—P27, P30—P3s)

Input voltage Vi [V]

Power source voltage Vcc [V]
Fig. 3.2.16 Vcc-VinL characteristics (I/0 port (CMOS): Mask ROM version)

Measuring condition: Vcc—Vin characteristics of 1/0 port (TTL), Vec = 5.0 V, Ta = 25 °C
(same characteristics pins: Plo, P12, P13, P3s, P37)

N

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

w

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

[N

Input voltage Vi [V]
N

o

w
5
[6)]
[«2)

Power source voltage Vcc [V]
Fig. 3.2.17 Vcc-Viie characteristics (1/O port (TTL): Mask ROM version)
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Measuring condition: Vcc—Viu characteristics of RESET pin, Vecc = 5.0 V, Ta = 25 °C
5 I I
> | |
I e e
>E H input voltage (Vi
R I B -
o ‘
g
Sl — e —
> ‘ 1“L” input voltage (Vi)
= | 1
g— Lo o o oo 7777777777777777777777777777777777777777777777
0 | ; |
2 3 4 5 6
Power source voltage Vcc [V]
Fig. 3.2.18 Vcc-Vine characteristics (RESET pin: Mask ROM version)

Measuring condition: Vcc—VinL characteristics of Xin pin, Vec = 5.0 V, Ta = 25 °C

5
e T
5 T e
(O]

(@]
2 b
©
>
— 1 ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
>
o
= o0
2 3 4 5 6
Power source voltage Vcc [V]
Fig. 3.2.19 Vcc-Viie characteristics (Xin pin: Mask ROM version)

Input voltage Vi [V]

Measuring condition: Vcc—Viw characteristics of CNVss pin, Vec = 5.0 V, Ta = 25 °C

5

Power source voltage Vcc [V]

Fig. 3.2.20 Vcc-ViL characteristics (CNVss pin: Mask ROM version)
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3.2 Typical characteristics

Measuring condition: Vcc—HYS characteristics of RESET pin, Vcc = 5.0 V, Ta = 25 °C

1.0

0.8

0.6

0.4

0.2

Hysteresis HYS [V]

0.0 } } }
2 3 4 5
Power source voltage Vcc [V]
Fig. 3.2.21 Vcc-HYS characteristics (RESET pin: Mask ROM version)

Measuring condition: Vcc—HYS characteristics of SIO pin, Vcc = 5.0 V, Ta = 25 °C
(same characteristics pins: RxD1, Sciki, Scikz, Spataz)
1.0

0.8

0.6

0.4

Hysteresis HYS [V]

0.2

0.0 i i i
2 3 4 5 6
Power source voltage Vcc [V]

Fig. 3.2.22 Vcc-HYS characteristics (SIO pin: Mask ROM version)

Measuring condition: Vcc—HYS characteristics of INT pin, Vec = 5.0 V, Ta = 25 °C
(same characteristics pins: CNTRo, CNTR1, INTo, INT1, POo—P07)

1.0

0.8

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

0.6

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

04 [ oo

0.2

Hysteresis HYS [V]

0.0 | | |

Power source voltage Vcc [V]
Fig. 3.2.23 Vcc-HYS characteristics (INT pin: Mask ROM version)
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3.2 Typical characteristics

(5) Port typical characteristic example (Von-lon characteristics)

Measuring condition: Von—lon characteristics of P-channel (normal port), Vcc = 3.0 V
(same characteristics pins: P0o—P07, P1o—P14, P20—P27, P30—P37)
-15
e Ta = —40 °C
I
= Ta = 25 °C ‘
2 10
o Ta = 125 °C
5
o
5
o
I T e e e E
o
-
0 |
0 1 2 3
“H” output voltage Von [V]

Fig. 3.2.24 Vou-lon characteristics of P-channel (Vcc = 3.0 V, normal port: Mask ROM version)

Measuring condition: Von—Ilon characteristics of P-channel (normal port), Vec = 5.0 V
(same characteristics pins: P0o—P07, P1o—P14, P20—P27, P30—P37)

__ -40
<
(S
- Ta = —40 °C
= .30
c Ta = 25 °C
Q
5 Ta = 125 °C
o ' '
o 20 fr
> I \
=
>
o
I 10 oo Y

0

0 1 2 3 4 5
“H” output voltage Vou [V]

Fig. 3.2.25 Vor-lon characteristics of P-channel (Vcc = 5.0 V, normal port: Mask ROM version)
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(6) Port typical characteristic example (Vor-lo. characteristics)

Measuring condition: Vo—lo. characteristics of N-channel (normal port), Vcc = 3.0 V
(same characteristics pins: P0o—P07, P1o—P14, P20—P27, P37)

25

“L” output current lo. [mA]

“L" output voltage Vo [V]

Fig. 3.2.26 Voi-lo. characteristics of N-channel (Vcc = 3.0 V, normal port: Mask ROM version)

Measuring condition: Vo—lo. characteristics of N-channel (normal port), Vcc = 5.0 V
(same characteristics pins: P0o—P07, P1o—P14, P20—P27, P37)

60
Ta = -40 °C

<
e Ta = 25 °C
S
- Ta = 125 °C
c
el S
S
o
=
s
3 ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
o
-

4 5

“L” output voltage Vo [V]

Fig. 3.2.27 Voi-lo. characteristics of N-channel (Vcc = 5.0 V, normal port: Mask ROM version)
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Measuring condition: Voi—lo. characteristics of N-channel (LED drive port), Vcc = 3.0 V
(same characteristics pins: P30c—P3s)

50
_ Ta = —40 °C
<
,§, ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
3 Ta = 25 °C
5
= Ta = 125 °C
>
o
S ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
=
>
o
_' ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

3
“L" output voltage Vo [V]

Fig. 3.2.28 Voi-lo. characteristics of N-channel (Vcc = 3.0 V, LED drive port: Mask ROM version)

Measuring condition: Vo—lo. characteristics of N-channel (LED drive port), Vcc = 5.0 V
(same characteristics pins: P30c—P3s)

100

80 3 3 ,,,,,,,,:,,,,,,,,,,,,,,,,,,3, ,,,,,,, Ta =25 °C

60 | | — Ta =125 °C

40 ‘ T

wl L7

“L” output current lo. [mA]

0 1 2 3 4 5
“L” output voltage Vo [V]

Fig. 3.2.29 Voi-lo. characteristics of N-channel (Vcc = 5.0 V, LED drive port: Mask ROM version)
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3.2 Typical characteristics

(7) Port typical characteristic example (Vcc-1IL characteristics)

Measuring condition: Port “L” input current when connecting pull-up transistor
(same characteristics pins: P0o—P07, P30—P37)

-0.4
g Ta = -45 °C
= | : : Ta = —25 °C
f'°'3 I N ~ _Ta=25°C
S Ta = 90 °C
502 oo = _ — -
(&] ' ' ' '
= Ta = 130 °C!
= : : : :
01 - = — SRR
g -

0 | | | |

2 3 4 5 6

Power source voltage Vcc [V]

Fig. 3.2.30 Vcc-lIL characteristics (Port “L” input current when connecting pull-up transistor: Mask
ROM version)
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(8) Port typical characteristic example (Vin-1I(AD) characteristics)

Measuring condition: f(Xiw) = 8 MHz in high-speed mode, Vcc = 5.0 V, Ta = 25 °C
(same characteristics pins: P20o—P27)

©
w

03 | | | |

Input current [I(AD) [uA]

Input voltage Vin [V]

Fig. 3.2.31 Vin-lI(AD) characteristics (A-D port input current during A-D conversion, f(Xm) = 8 MHz
in high-speed mode: Mask ROM version)

Measuring condition: f(Xw) = 6 MHz in double-speed mode, Vcc = 5.0 V, Ta = 25 °C
(same characteristics pins: P20c—P27)

< 0.3
3
= 0.2
)
< 0.1
= o0
c
2 01
3 -0.2
3 -03
£

o
=
N
w
IN
al

Input voltage Vin [V]

Fig. 3.2.32 Vw-II(AD) characteristics (A-D port input current during A-D conversion, f(Xi) = 6 MHz
in double-speed mode: Mask ROM version)

Measuring condition: f(Xin) = 4 MHz in double-speed mode, Vcc = 5.0 V, Ta = 25 °C

(same characteristics pins: P20c—P27)
0.3

0.2
0.1
0

_O.l - I I I I
02| S

o | | | |

Input current 1I(AD) [uA]

Input voltage Vin [V]

Fig. 3.2.33 Vw-II(AD) characteristics (A-D port input current during A-D conversion, f(Xi) = 4 MHz
in double-speed mode: Mask ROM version)
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(9) Ring oscillator frequency typical characteristic example

Measuring parameter: Ring oscillator frequency

4

Ring oscillator frequency Rosc [MHZz]
N

3 ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
Ta = -25 °Q
Ta = 25 °C
Ta =90 °C

0 | | |
2 3 4 5 6
Power source voltage Vcc [V]
Fig. 3.2.34 Vcc-Rosc characteristics (ring oscillator frequency: Mask ROM version)

Measuring parameter: Ring oscillator frequency

3
N
I
2.
3
O
x
>
(8]
[
[}
>
(on
g
§ 1
o
%
(2]
o
c) I I I I I I I I I
-DE: 0 | | | | | | | | |

-60 -40 -20 0 20 40 60 80 100 120 140

Operating temperature range Ta [°C]
Fig. 3.2.35 Ta-Rosc characteristics (ring oscillator frequency: Mask ROM version)
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3.2 Typical characteristics

(10) RC oscillation frequency typical characteristic example

RC oscillation frequency f(Xin) [MHZz]

Measuring parameter: RC oscillation frequency
Measuring condition: Vecc = 5.0 V, Ta = 25 °C, C = 33 pF
6

o | | | |

0 10 20 30 40
External resistor R [kQ]

50

Fig.

3.2.36 R-f(Xi) characteristics (RC oscillation frequency: Mask ROM version)

RC oscillation frequency f(Xin) [MHZz]

Measuring parameter: RC oscillation frequency
Measuring condition: Vcc = 5.0 V, Ta = 25 °C, R = 6.8 kQ (fixed)

5

77777777

0 10 20 30 40 50
External capacitor C [pF]

60

Fig. 3.2.37 C-f(Xi) characteristics (RC oscillation frequency: Mask ROM version)
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Measuring parameter: RC oscillation frequency
Measuring condition: Ta = 25 °C, f(Xiw) 04 MHz (R = 5.1 kQ, C = 20 pF)
5

N
T
2,
4
Z
X
N T ' -
c
(5}
>
o
L ol
c
=)
5]
= T Y ' SH———————
[S]
(2]
o
O
x 0 | | |

2 3 4 5 6

Power source voltage Vcc [V]
Fig. 3.2.38 Vcc-f(Xin) characteristics (RC oscillation frequency: Mask ROM version)
Measuring parameter: RC oscillation frequency
Measuring condition: f(Xw) 04 MHz (R = 5.1 kQ, C = 20 pF)
5.0

N |
T !
=3 | | | |
T oas|o L Ve S0V R i ]
> "
[&] .
T . 1
L 40t} e e T R
S : Vee =:13.0 V
< | | | | | | | | |
= \ \ \ \ \ ! \ ! \
8 ¥ S A S - S ]
S :
a !
° :
&) 3.0 i i i i i i i i

-60 -40 -20 0 20 40 60 80 120 140

Operating temperature range Ta [°C]

Fig. 3.2.39 Ta-f(Xi) characteristics (RC oscillation frequency: Mask ROM version)
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(11) A-D conversion typical characteristics example

O Definition of A-D conversion accuracy
The A-D conversion accuracy is defined below (refer to Fig. 3.2.40).

e Relative accuracy

e Zero transition voltage (Vor)
This means an analog input voltage when the actual A-D conversion output data changes from
“0” to “1.”

 Full-scale transition voltage (VrsT)
This means an analog input voltage when the actual A-D conversion output data changes from
“1023" to “1022.”

* Non-linearity error
This means a deviation from the line between Vor and Vest of a converted value between Vor and
VEsT.

« Differential non-linearity error
This means a deviation from the input potential difference required to change a converted value
between Vor and Vest by 1 LSB of the 1 LSB at the relative accuracy.

e Absolute accuracy
This means a deviation from the ideal characteristics between 0 to Vrer of actual A-D conversion
characteristics.

Output data

Full-scale transition voltage (VFsT)
1023 [—————— -~ e

1022 f————— -
Differential non-linearity error= b%aa [LSB] J

Non-linearity error= % [LSB] b /

Actual A-D conversion
characteristics ~]

a: 1LSB at relative accuracy /

. Vn+1-Vn // %
/ \ |

c: Difference between
the ideal Vn and actual Vn
Ideal line of A-D
conversion between

Vo to V1022

Vo Vi Vn  Vn+1 V1022

" Analog voltage VREF
Zero transition voltage (Vo)

Fig. 3.2.40 Definition of A-D conversion accuracy

Vn: Analog input voltage when the output data changes from “n” to “n + 1" (n = 0 to 1022)

« 1 LSB at relative accuracy — _Vest — Vor (V)
1022
VREF
«1LSB | a5 — V
SB at absolute accuracy 1074 (V)
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O A-D conversion accuracy typical characteristics-1

M37540M4-XXXFP A-D CONVERTER STEP WIDTH MEASUREMENT

*Vcc = 5.12 [V] *Zero transition voltage: 13.75 mV

*VREF = 5.12 [V] *Full-scale transition voltage: 5120.94 mV

*XIN = 4 [MHz] Differential non-linearity error: —1.72 mV (-0.34 LSB)
*Temp. = 25 [°C] *Non-linearity error: =5.09 mV (-1.02 LSB)

*CPU mode = double-speed mode

10 ! . ‘

o

ERROR/1LSB WIDTH [mV]

&

iy
o

=
(4,1

=
&)

=
o

o

o

N

, ERROR/1LSB WIDTH [mV]
&

=
o

i
o

ERROR/1LSB WIDTH [mV]
&

R T B PR EEPEEPEPREPEPE B EREREEEEEE R CERCErI EEEEEETPEPEPEY FEPEPERPEPPEPE B RRCREEE R

, ERROR/1LSB WIDTH [mV]

=
o

-15

Fig. 3.2.41 A-D conversion accuracy typical characteristic example-1 (Mask ROM version)
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Typical characteristics

O A-D conversion accuracy typical characteristics-2

M37540M4-XXXFP A-D CONVERTER STEP WIDTH MEASUREMENT

*Vcec = 5.12 [V] *Zero transition voltage: 14.38 mV

*VREF = 5.12 [V] *Full-scale transition voltage: 5121.88 mV

*XIN = 6 [MHZz] Differential non-linearity error: 1.41 mV (0.28 LSB)
*Temp. = 25 [°C] *Non-linearity error: —4.23 mV (-0.85 LSB)

*CPU mode = double-speed mode

[
o
—

[y
o

o

ERROR/1LSB WIDTH [mV]
o

Reference(ERROR(ABSOLUTE))

1LSB WIDTH

=
o

o

. ERROR/1LSB WIDTH [mV]
&

[u
o

-15

Fig.

3.2.42 A-D conversion accuracy typical characteristic example-2 (Mask ROM version)
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3.2 Typical characteristics

O A-D conversion accuracy typical characteristics-3

M37540M4-XXXFP A-D CONVERTER STEP WIDTH MEASUREMENT

*Vcc = 5.12 [V] *Zero transition voltage: 30.31 mV

*VREF = 5.12 [V] *Full-scale transition voltage: 5143.33 mV

*XIN = 8 [MHZz] Differential non-linearity error: 1.72 mV (0.34 LSB)
*Temp. = 25 [°C] *Non-linearity error: —7.64 mV (-1.53 LSB)

*CPU mode = high-speed mode

ERROR/1LSB WIDTH [mV]
2R N N W
o oo o o o u O

&

-10

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

ABSOLU

ERROR/1LSB WIDTH [mV]

288 320 352 384 416 448 480 512

ERROR/1LSB WIDTH [mV]
2R NN
o o u o ua

UTU_‘O

=
(=)

= =N N W
(S -] [ -] u O

ERROR/1LSB WIDTH [mV]
o

Y

-10

Fig. 3.2.43 A-D conversion accuracy typical characteristic example-3 (Mask ROM version)
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3.2

Typical characteristics

3.2.2 One Time PROM version
(1) Power source current characteristic example (Vcc-lcc characteristics)

Power source current Icc [mA]

Measuring condition: When system is operating in double-speed mode (A-D conversion not executed),

Ta = 25 °C, Ceramic oscillation

10 ‘

. f(Xin) = 6 MHz
O R S f(Xw) = 4 MHz__
al e _f(Xw)=2MHz
e ——f(Xw) = 1 MHz__
o L= ‘ | | |

2 3 4 5
Power source voltage Vcc [V]

Fi

«Q

. 3.2.44 Vcc-lce characteristics (in double-speed mode: One Time PROM version)

Power source current Icc [mA]

Measuring condition: When system is operating in high-speed mode (A-D conversion not executed),

Ta = 25 °C, Ceramic oscillation
8

6 | | |

f(Xi) = 8 MHz

2 3 4 5
Power source voltage Vcc [V]

Fi

«Q

. 3.2.45 Vcc-lce characteristics (in high-speed mode: One Time PROM version)

Power source current lcc [mA]

Measuring condition: When system is operating in middle-speed mode (A-D conversion not executed),

Ta = 25 °C, Ceramic oscillation
4

6 | | |

:f(XIN) = 8 MHz

2 3 4 5
Power source voltage Vcc [V]

Fig.

3.2.46 Vcc-lcc characteristics (in middle-speed mode: One Time PROM version)
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Measuring condition: At WIT instruction execution (at wait), Ta = 25 °C, Ceramic oscillation
< 3
£
(&) |
2 |
- f(Xin) = 8 MHz .
[ TR NN NN H—S
2 f(Xin) = 6 MHz
>S5
(&)
q’ I
N N S T I
8 : f(Xiw) = 4 MHz
7] l
c;a ‘ | | |
32 0 | | | |
) 3 4 5 6
Power source voltage Vcc [V]

Fig. 3.2.47 Vcc-lcc characteristics (at WIT instruction execution: One Time PROM version)

Measuring condition: At STP instruction execution (at stop), Ta = 25 °C, Ring oscillator stop

3

Power source current Icc [nA]

0 | ; ;
2 3 4 5 6

Power source voltage Vcc [V]

Fig. 3.2.48 Vcc-lcc characteristics (at STP instruction execution: One Time PROM version)
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Measuring condition: A-D conversion executed/not executed (f(Xin) = 8 MHz in high-speed mode),
Ta = 25 °C, Ceramic oscillation

During A-D: conversion

6 e e s
w w During not A-D conversion

Power source current Icc [mA]

3.5 4.0 4.5 5.0 5.5 6.0 6.5
Power source voltage Vcc [V]

Fig. 3.2.49 Vcc-lcc characteristics (addition when operating A-D conversion, f(Xw) = 8 MHz in high-
speed mode: One Time PROM version)

Measuring condition: A-D conversion executed/not executed (f(Xiw) = 6 MHz in double-speed mode),
Ta = 25 °C, Ceramic oscillation

10

During A-D conversion

| ' ' ' '
,,,,,,,,,,,,,,, e
'

During not A-D!conversion

3.5 4.0 4.5 5.0 5.5 6.0 6.5

Power source current lcc [mA]
D

Power source voltage Vcc [V]

Fig. 3.2.50 Vcc-lcc characteristics (addition when operating A-D conversion, f(Xi) = 6 MHz in double-
speed mode: One Time PROM version)
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Measuring condition: When system is operating by ring oscillator (A-D conversion not executed),
Ceramic oscillation stop
800

600

400

200

Power source current Icc [HA]

2 3 4 5 6

Power source voltage Vcc [V]

Fig. 3.2.51 Vcc-lec characteristics (When system is operating by ring oscillator, Ceramic oscillation
stop: One Time PROM version)

Measuring condition: When system is operating by ring oscillator, at WIT instruction execution
Ceramic oscillation stop

w
o
o

Ta = -45 °C
 Ta = —25 °C
200 |- -l 4P Ta =25 °C __
Ta = 90 °C
O Ta = 130 °C

Power source current Icc [pUA]

o

N
w

4 5 6
Power source voltage Vcc [V]

Fig. 3.2.52 Vcc-lec characteristics (When system is operating by ring oscillator, at WIT instruction
execution, Ceramic oscillation stop: One Time PROM version)
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Typical characteristics

(2) Power source current characteristic example (f(Xin)-lcc characteristics)

Power source current Icc [mA]

Measuring condition: When system is operating in double-speed mode (A-D conversion not executed),

Ta = 25 °C, Ceramic oscillation
8

Vee = 5.0V

Vee = 3.0V
. | | | |

1 2 3 4 5
Oscillation frequency f(Xin) [MHZ]

Fi

«Q

. 3.2.53 f(Xin)-lcc characteristics (in double-speed mode: One Time PROM version)

Power source current Icc [mA]

Measuring condition: When system is operating in high-speed mode (A-D conversion not executed),
Ta = 25 °C, Ceramic oscillation

6
Vee = 5.0V
4
D o
Vee = 3.0V
0 | | | | |
2 3 4 5 6 7

Oscillation frequency f(Xin) [MHz]

Fi

«

. 3.2.54 f(X)-lcc characteristics (in high-speed mode: One Time PROM version)

Power source current lcc [mA]

Measuring condition: When system is operating in middle-speed mode (A-D conversion not executed),

Ta = 25 °C, Ceramic oscillation
3

Vee = 5.0V

Vee = 3.0 V

Oscillation frequency f(Xin) [MHz]

Fig.

3.2.55 f(X)-lcc characteristics (in middle-speed mode: One Time PROM version)

3-56

7540 Group User's Manual




APPENDIX
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Measuring condition: At WIT instruction execution, Ta = 25 °C, Ceramic oscillation
2.0

LB [ SRR e

"Vec = 3.0V 3 !
0.0 | | | | | |

1 2 3 4 5 6 7 8
Oscillation frequency f(Xin) [MHz]

Fig. 3.2.56 f(Xin)-lcc characteristics (at WIT instruction execution: One Time PROM version)

Power source current Icc [mA]

(3) Power source current characteristic example (Ta-lecc characteristics)

Measuring condition: When system is operating by ring oscillator (A-D conversion not executed),
Ceramic oscillation stop

()]
o
o

N
o
o

w
o
o

N
o
o

[Eny

o

o
T

o

Power source current Icc [UA]

[6)]
o
'
N
4]
o

25 50 75 100 125 150
Operating temperature range [°C]

Fig. 3.2.57 Ta-lcc characteristics (When system is operating by ring oscillator, Ceramic oscillation
stop: One Time PROM version)

Measuring condition: When system is operating by ring oscillator, at WIT instruction execution,

Ceramic oscillation stop
200 ; ‘

150

100

50

Power source current Icc [UA]

-50 -25 0 25 50 75 100 125 150
Operating temperature range Ta [°C]

Fig. 3.2.58 Ta-lcc characteristics (When system is operating by ring oscillator, at WIT instruction
execution, Ceramic oscillation stop: One Time PROM version)
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3.2 Typical characteristics

(4) Port typical characteristic example (Vcc-Vine characteristics)

Input voltage Vi [V]

Measuring condition: Vcc—VinL characteristics of 1/0 port (CMOS), Vecc = 5.0 V, Ta = 25 °C

5

(same characteristics pins: P01—P07, P11, P20o—P27, P30—P3s)

Power source voltage Vcc [V]

Fig.

3.2.59 Vcc-VinL characteristics (/0O port (CMOS): One Time PROM version)

Input voltage Vi [V]

Measuring condition: Vcc—Vin characteristics of 1/0 port (TTL), Vec = 5.0 V, Ta = 25 °C

5

(same characteristics pins: Plo, P12, P13, P3s, P37)

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Power source voltage Vcc [V]

Fig. 3.2.60 Vcc-Viie characteristics (1/0O port (TTL): One Time PROM version)
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Input voltage Vi [V]

Measuring condition: Vcc—Viu characteristics of RESET pin, Vecc = 5.0 V, Ta = 25 °C

5

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

,,,,,,,,, AR
'
'

‘L” input voltage (Vu)

Power source voltage Vcc [V]

Fig.

3.2.61 Vcc-Vine characteristics (RESET pin: One Time PROM version)

Input voltage Vin [V]

Measuring condition: Vcc—VinL characteristics of Xin pin, Vec = 5.0 V, Ta = 25 °C

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

3 Power source volfage Vcc [V] 5 6

Fig.

3.2.62 Vcc-Vine characteristics (Xin pin: One Time PROM version)

Input voltage Vi [V]

Measuring condition: Vcc—Vi characteristics of CNVss pin, Vec = 5.0 V, Ta = 25 °C

5

Power source voltage Vcc [V]

Fig. 3.2.63 Vcc-ViL characteristics (CNVss pin: One Time PROM version)
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Measuring condition: Vcc—HYS characteristics of RESET pin, Vcc = 5.0 V, Ta = 25 °C

1.0

0.8

0.6

oal e e

0.2 f-mmmmmm b S EEEEETEE T ETE T R EREE R T

Hysteresis HYS [V]

0.0 1 1 1
2 3 4 5 6

Power source voltage Vcc [V]

Fig. 3.2.64 Vcc-HYS characteristics (RESET pin: One Time PROM version)

Measuring condition: Vcc—HYS characteristics of SIO pin, Vcc = 5.0 V, Ta = 25 °C
(same characteristics pins: RxD1, Sciki, Scikz, Spataz)
1.0

0.8

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

0.6 F----mm oo . . e

Hysteresis HYS [V]

04 F------------——----- - = e o — o M
0.2 oo
0.0 | | |

2 3 4 5 6

Power source voltage Vcc [V]

Fig. 3.2.65 Vcc-HYS characteristics (SIO pin: One Time PROM version)

Measuring condition: Vcc—HYS characteristics of INT pin, Vec = 5.0 V, Ta = 25 °C
(same characteristics pins: CNTRo, CNTR1, INTo, INT1, POo—P07)
1.0

08 |- R ERECEEEEE TP R R TP E P TEE e

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Hysteresis HYS [V]

Power source voltage Vcc [V]
Fig. 3.2.66 Vcc-HYS characteristics (INT pin: One Time PROM version)
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3.2 Typical characteristics

(5) Port typical characteristic example (Von-lon characteristics)

Measuring condition: Von—lon characteristics of P-channel (normal port), Vcc = 3.0 V
(same characteristics pins: P0o—P07, P1o—P14, P20—P27, P30—P37)

-15
<
£
5
- [Ta = 25 °C ; !
B 100 fo s e ol
o Ta = 125 °C
5
o
5 ‘ ‘
T N
(@]
T

0 | |

0 1 2 3

“H” output voltage Von [V]

Fig. 3.2.67 Vou-lon characteristics of P-channel (Vcc = 3.0 V, normal port: One Time PROM version)

Measuring condition: Von—Ilon characteristics of P-channel (normal port), Vec = 5.0 V
(same characteristics pins: P0o—P07, P1o—P14, P20—P27, P30—P37)

-50

“H” output current lon [MA]

“H” output voltage Vou [V]

Fig. 3.2.68 Vor-lon characteristics of P-channel (Vcc = 5.0 V, normal port: One Time PROM version)
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(6) Port typical characteristic example (Vor-lo. characteristics)

Measuring condition: Vo—lo. characteristics of N-channel (normal port), Vcc = 3.0 V
(same characteristics pins: P0o—P07, P1o—P14, P20—P27, P37)

25

<
E 20 e
2 | | Ta=25°C
§ ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
3 Ta = 125 °C
5 ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
=
>
o
-

0 1 2 3

“L" output voltage Vo [V]

Fig. 3.2.69 Voi-lo. characteristics of N-channel (Vcc = 3.0 V, normal port: One Time PROM version)

Measuring condition: Vo—lo. characteristics of N-channel (normal port), Vcc = 5.0 V
(same characteristics pins: P0o—P07, P1o—P14, P20—P27, P37)
60
—_ Ta = -40 °C
<
E oas b T
o Ta = 25 °C
e
© sl e— Ta = 125 °C
=}
(@]
5
(o
45' ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
o
4 5
“L” output voltage Vo [V]

Fig. 3.2.70 Voi-lo. characteristics of N-channel (Vcc = 5.0 V, normal port: One Time PROM version)
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40

Measuring condition: Voi—lo. characteristics of N-channel (LED drive port), Vcc = 3.0 V

(same characteristics pins: P30c—P3s)

“L” output current lo. [mA]

Ta =25 °C

Ta = 125 °C

“L" output voltage Vo [V]

Fig. 3.2.71 Voi-lo. characteristics of N-channel (Vcc = 3.0 V, LED drive port: One Time PROM version)

Measuring condition: Vo—lo. characteristics of N-channel (LED drive port), Vcc = 5.0 V

(same characteristics pins: P30c—P3s)

100

“L” output current lo. [mA]

80 |-

60 |-~

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

40 |-

20 f- - g

'Ta = —40 °C

Ta = 25 °C

Ta =125 °C

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

1 2 3 4 5

“L” output voltage Vo [V]

Fig. 3.2.72 Voi-lo. characteristics of N-channel (Vcc = 5.0 V, LED drive port: One Time PROM version)
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(7) Port typical characteristic example (Vcc-1IL characteristics)

Measuring condition: Port “L” input current when connecting pull-up transistor
(same characteristics pins: P0o—P07, P30—P37)

_., -05
T Ta = —45 °C
j 0.4 b -[ a= ,_,2,5,0,C, -
= Ta = 25 °C
< _O 3 ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
g . Ta = 90 °C
=}
o
2 02f T ™ e
a Ta = 130 °C
5
O 0| T
-

0 | | | |

2 3 4 5 6
Power source voltage Vcc [V]

Fig. 3.2.73 Vcc-lIL characteristics (Port “L” input current when connecting pull-up transistor: One
Time PROM version)
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(8) Port typical characteristic example (Vin-1I(AD) characteristics)

Input current [I(AD) [uA]

Measuring condition: f(Xiw) = 8 MHz in high-speed mode, Vcc = 5.0 V, Ta = 25 °C

0.3
0.2
0.1

-0.1
-0.2 L
-0.3

(same characteristics pins: P20o—P27)

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Input voltage Vin [V]

Fig. 3.2.74 Vin-1I(AD) characteristics (A-D port input current during A-D conversion, f(Xw) = 8 MHz

in high-speed mode: One Time PROM version)

Input current 1I(AD) [pA]

Measuring condition: f(Xw) = 6 MHz in double-speed mode, Vcc = 5.0 V, Ta = 25 °C
(same characteristics pins: P20c—P27)

Input voltage Vin [V]

Fig. 3.2.75 Vw-II(AD) characteristics (A-D port input current during A-D conversion, f(Xin) = 6 MHz
in double-speed mode: One Time PROM version)
Measuring condition: f(Xin) = 4 MHz in double-speed mode, Vcc = 5.0 V, Ta = 25 °C
(same characteristics pins: P20c—P27)
<
=
a
<
c
o
S
(&)
5
Qo
£

Input voltage Vin [V]

Fig. 3.2.76 Vw-II(AD) characteristics (A-D port input current during A-D conversion, f(Xi) = 4 MHz

in double-speed mode: One Time PROM version)
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(9) Ring oscillator frequency typical characteristic example

Measuring parameter: Ring oscillator frequency

4

Power source voltage Vcc [V]

~
I
=3
2 Ta = -45 °C
o 2
o Ta = —25 °C
>
2 Ta = 25 °C
(0]
% P D R i e Ta =90 °C_
= Ta = 130 °C|
S
©
T L R e T
[%2]
o
(@)]
£
m O l l l

2 3 4 5 6

Fig. 3.2.77 Vcc-Rosc characteristics (ring oscillator frequency: One Time PROM version)

Measuring parameter: Ring oscillator frequency

4

Ring oscillator frequency Rosc [MHZz]

-60 -40 -20 0 20 40 60 80 100 120

Operating temperature range Ta [°C]

140

Fig. 3.2.78 Ta-Rosc characteristics (ring oscillator frequency: One Time PROM version)
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(10) RC oscillation frequency typical characteristic example

Measuring parameter: RC oscillation frequency
Measuring condition: Vcc = 5.0 V, Ta = 25 °C
— 6 ‘
T C = 20 pF
s :
=z C = 33 pF
X
- S N TN
[&]
c
S
o C =
g
S 2 NN
=
%
(2]
o
O ! ! ! !
o 0 | | | |
0 10 20 30 40 50
External resistor R [kQ]

Fig. 3.2.79 R-f(Xi) characteristics (RC oscillation frequency: One Time PROM version)

Measuring parameter: RC oscillation frequency
Measuring condition: Vcc = 5.0 V, Ta = 25 °C

8

R =5.1kQ .

RC oscillation frequency f(Xin) [MHZz]

0 10 20 30 40 50 60

External capacitor C [pF]

Fig. 3.2.80 C-f(Xin) characteristics (RC oscillation frequency: One Time PROM version)
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RC oscillation frequency f(Xin) [MHZz]

Measuring parameter: RC oscillation frequency
Measuring condition: Ta = 25 °C, R = 5.1 kQ/C = 33 pF

5.0

3.0

2.0

1.0

0.0

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777

Power source voltage Vcc [V]

Fig.

3.2.81 Vcc-f(XiN) characteristics (RC oscillation frequency: One Time PROM version)

RC oscillation frequency f(Xin) [MHZz]

Measuring parameter: RC oscillation frequency
Measuring condition: R = 5.1 kQ, C = 33 pF

5.0

4.2

4.0

fffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffff

-60 -30 0 30 60 90 120 150

Operating temperature range Ta [°C]

Fig. 3.2.82 Ta-f(Xi) characteristics (RC oscillation frequency: One Time PROM version)
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(11) A-D conversion typical characteristics example

O Definition of A-D conversion accuracy
The A-D conversion accuracy is defined below (refer to Fig. 3.2.83).

e Relative accuracy

e Zero transition voltage (Vor)
This means an analog input voltage when the actual A-D conversion output data changes from
“0” to “1.”

 Full-scale transition voltage (VrsT)
This means an analog input voltage when the actual A-D conversion output data changes from
“1023" to “1022.”

* Non-linearity error
This means a deviation from the line between Vor and Vest of a converted value between Vor and
VEsT.

« Differential non-linearity error
This means a deviation from the input potential difference required to change a converted value
between Vor and Vest by 1 LSB of the 1 LSB at the relative accuracy.

e Absolute accuracy
This means a deviation from the ideal characteristics between 0 to Vrer of actual A-D conversion
characteristics.

Output data

Full-scale transition voltage (VFsT)
1023 [————— -~ e

1022 [~ ————————
Differential non-linearity error= b%aa [LSB] j

Non-linearity error= % [LSB] b /

Actual A-D conversion
characteristics ~_|

a: 1LSB at relative accuracy ’
b: Vn+1-Vn /
c: Difference between ’

the ideal Vn and actual Vn /

/

Ideal line of A-D
conversion between
Vo to V1022

Vi Vn+1
N Vo Vi n n+ V1022 Analog voltage VREF
Zero transition voltage (Vo)

Fig. 3.2.83 Definition of A-D conversion accuracy

Vn: Analog input voltage when the output data changes from “n” to “n + 1" (n = 0 to 1022)

« 1 LSB at relative accuracy — _Vest — Vor (V)
1022
VREF
«1LSB | a5 — V
SB at absolute accuracy 1074 (V)
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O A-D conversion accuracy typical characteristics-1

M37540E8FP A-D CONVERTER STEP WIDTH MEASUREMENT

*Zero transition voltage: 6.88 mV

*Vcc = 5.12 [V]
*VREF = 5.12 [V]

*Full-scale transition voltage: 5115.63 mV
Differential non-linearity error: —2.34 mV (

0.47 LSB)

= 4 [MHz]

*XIN

1.13 LSB)

linearity error: =5.66 mV (

*Non

Cl
double-speed mode

=25 [°

*Temp.
*CPU mode
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w S
IRE 3
LAV o4 >
0 < '
Q¢
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= 8 o
‘‘‘‘‘‘‘‘‘‘ = D = |- - 0 -2 S - ]
@ q ™
o) x >
£3 2588
2 wh, § & >
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@ o> i
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.
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>
Te] o Te} N n Te] [Te)

[AW] HLAIM gS1T/H04843

-10

o
—

[AW] HLAIM 8S1T/40443

-10

o
—

[AW] H1QIM 8S1T/40443

-10

o
—

[AwW] HLAQIM gS1T/H0843

-10

Fig. 3.2.84 A-D conversion accuracy typical characteristic example-1 (One Time PROM version)
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O A-D conversion accuracy typical characteristics-2

M37540E8FP A-D CONVERTER STEP WIDTH MEASUREMENT

*Vcec = 5.12 [V] *Zero transition voltage: 5.94 mV

*VREF = 5.12 [V] *Full-scale transition voltage: 5113.44 mV

*XIN = 6 [MHZz] Differential non-linearity error: 3.28 mV (0.66 LSB)
*Temp. = 25 [°C] *Non-linearity error: —4.91 mV (-0.98 LSB)

*CPU mode = double-speed mode

=
o

1LSB WIDTH -

o

o

ERROR/1LSB WIDTH [mV]

=
(=)

o

=
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o

o
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i
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o

)

b=3

®

2

& -+ -
® O

)

=~

N

~

p=3

Sy

~

s U

&>

~

©

o

ERROR/1LSB WIDTH [mV]

=

0

o

o

ERROR/1LSB WIDTH [mV]

-10

Fig. 3.2.85 A-D conversion accuracy typical characteristic example-2 (One Time PROM version)
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O A-D conversion accuracy typical characteristics-3

M37540E8FP A-D CONVERTER STEP WIDTH MEASUREMENT

*Zero transition voltage: 5.63 mV

*Vcc = 5.12 [V]
*VREF = 5.12 [V]

*Full-scale transition voltage: 5115.31 mV
Differential non-linearity error: —-2.66 mV (

0.53 LSB)

= 8 [MHz]

*XIN

1.20 LSB)

linearity error: =5.99 mV (.

*Non

C]

=25[°
*CPU mode = high-speed mode

*Temp.

WIAZNAAYY
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o
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P
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LAV o4 >
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Fig. 3.2.86 A-D conversion accuracy typical characteristic example-3 (One Time PROM version)
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3.3 Notes on use

3.3.1 Notes on input and output ports
Notes on using input and output ports are described below.

(1) Notes in stand-by state
In stand-by state*! for low-power dissipation, do not make input levels of an input port and an 1/0
port “undefined”.
Pull-up (connect the port to Vcc) or pull-down (connect the port to Vss) these ports through a
resistor.
When determining a resistance value, note the following points:
« External circuit
» Variation of output levels during the ordinary operation
When using a built-in pull-up resistor, note on varied current values:
* When setting as an input port : Fix its input level
« When setting as an output port : Prevent current from flowing out to external.

e Reason
The output transistor becomes the OFF state, which causes the ports to be the high-impedance
state. Note that the level becomes “undefined” depending on external circuits.
Accordingly, the potential which is input to the input buffer in a microcomputer is unstable in the
state that input levels of a input port and an I/O port are “undefined”. This may cause power
source current.

*1 stand-by state : the stop mode by executing the STP instruction
the wait mode by executing the WIT instruction

(2) Modifying output data with bit managing instruction
When the port latch of an 1/0 port is modified with the bit managing instruction*?, the value of the
unspecified bit may be changed.

e Reason
The bit managing instructions are read-modify-write form instructions for reading and writing data
by a byte unit. Accordingly, when these instructions are executed on a bit of the port latch of an
I/0 port, the following is executed to all bits of the port latch.
» As for a bit which is set for an input port :
The pin state is read in the CPU, and is written to this bit after bit managing.
» As for a bit which is set for an output port :
The bit value of the port latch is read in the CPU, and is written to this bit after bit managing.

Note the following :

« Even when a port which is set as an output port is changed for an input port, its port latch holds
the output data.

« As for a bit of the port latch which is set for an input port, its value may be changed even when
not specified with a bit managing instruction in case where the pin state differs from its port latch
contents.

*2 bit managing instructions : SEB, and CLB instructions
(3) Usage for the 32-pin version

O Fix the P3s, P36 pull-up control bit of the pull-up control register to “1”.
O Keep the P36/INT: input level selection bit of the port P1P3 control register “0” (initial state).
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3.3.2 Termination of unused pins
(1) Terminate unused pins

O 1/O ports :

« Set the 1/O ports for the input mode and connect them to Vcc or Vss through each resistor of
1 kQ to 10 kQ.

Ports that permit the selecting of a built-in pull-up resistor can also use this resistor. Set the I/
O ports for the output mode and open them at “L” or “H".

« When opening them in the output mode, the input mode of the initial status remains until the
mode of the ports is switched over to the output mode by the program after reset. Thus, the
potential at these pins is undefined and the power source current may increase in the input
mode. With regard to an effects on the system, thoroughly perform system evaluation on the user
side.

« Since the direction register setup may be changed because of a program runaway or noise, set
direction registers by program periodically to increase the reliability of program.

(2) Termination remarks

O Input ports and 1/O ports :
Do not open in the input mode.

e Reason
« The power source current may increase depending on the first-stage circuit.
« An effect due to noise may be easily produced as compared with proper termination O and
O shown on the above.

O 1/O ports :
When setting for the input mode, do not connect to Vcc or Vss directly.

e Reason
If the direction register setup changes for the output mode because of a program runaway or
noise, a short circuit may occur between a port and Vcc (or Vss).

O 1/O ports :
When setting for the input mode, do not connect multiple ports in a lump to Vcc or Vss through
a resistor.

e Reason
If the direction register setup changes for the output mode because of a program runaway or
noise, a short circuit may occur between ports.

« At the termination of unused pins, perform wiring at the shortest possible distance (20 mm or less)
from microcomputer pins.
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3.3.3 Notes on Timer
« When n (0 to 255) is written to a timer latch, the frequency division ratio is 1/(n+1).
« When a count source of timer X, timer Y or timer Z is switched, stop a count of timer X.

3.3.4 Notes on Timer A
Notes on using timer A are described below.

(1) Common to all modes

O When reading timer A (high-order) (TAH) and timer A (low-order) (TAL), the contents of timer A
is read out. Read both registers in order of TAH and TAL following, certainly.
TAH and TAL keep the values until they are read out.
Also, do not write to them during read. In this case, unexpected operation may occur.

O When writing data to TAL and TAH even when timer A is operating or stopped, the data are set
to timer A and timer A latch simultaneously. Write both registers in order of TAL and TAH following,
certainly.

Also, do not read them during write. In this case, unexpected operation may occur.

(2) Period measurement mode, event counter mode, and pulse width HL continuously measurement mode
O In order to use CNTRu: pin, set “0” to bit 0 of the port PO direction register (input mode).

O In order to use CNTRu pin, set “1” to bit 7 of the interrupt control register to disable the P0o key-
on wakeup function.

O CNTRu: interrupt active edge depends on the CNTR: active edge switch bit. When this bit is “0”,
the CNTR: interrupt request bit is set to “1” at the falling edge of the CNTRu: pin input signal. When
this bit is “1”, the CNTRu: interrupt request bit is set to “1” at the rising edge of the CNTR: pin input
signal.

However, in the pulse width HL continuously measurement mode, CNTR: interrupt request is
generated at both rising and falling edges of CNTR: pin input signal regardless of the setting of
CNTR: active edge switch bit.

3.3.5 Notes on timer 1
Note on timer 1 is described below.

(1) Notes on set of the oscillation stabilizing time

Timer 1 can be used to set the oscillation stabilizing time after release of the STP instruction. The
oscillation stabilizing time after release of STP instruction can be selected from “set automatically”/
“not set automatically” by the oscillation stabilizing time set bit after release of the STP instruction
of MISRG. When “0” is set to this bit, “0116” is set to timer 1 and “FFis” is set to prescaler 1
automatically. When “1” is set to this bit, nothing is set to timer 1 and prescaler 1. Therefore, set the
wait time according to the oscillation stabilizing time of the oscillation. Also, when timer 1 is used,
set values again to timer 1 and prescaler 1 after system is returned from the stop mode.
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3.3.6 Notes on Timer X
Notes on using each mode of timer X are described below.
(1) Count source

O f(Xi) can be used only when a ceramic oscillator or a ring oscillator is used.
Do not use f(Xi) at RC oscillation.

(2) Pulse output mode

O In order to use CNTRo pin, set “1” to bit 4 of the port P1 direction register (output mode).
O In order to use TXour pin, set “1” to bit 3 of the port PO direction register (output mode).

O CNTRo interrupt active edge depends on the CNTRo active edge switch bit. When this bit is “0”,
the CNTRo interrupt request bit is set to “1” at the falling edge of CNTRo pin input signal. When
this bit is “1”, the CNTRo interrupt request bit is set to “1” at the rising edge of CNTRo pin input

signal.

(3) Pulse width measurement mode

O In order to use CNTRo pin, set “1” to bit 4 of the port P1 direction register (output mode).

O CNTRo interrupt active edge depends on the CNTRo active edge switch bit. When this bit is “0”,
the CNTRo interrupt request bit is set to “1” at the falling edge of CNTRo pin input signal. When
this bit is “1”, the CNTRo interrupt request bit is set to “1” at the rising edge of CNTRo pin input

signal.
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3.3.7 Notes on timer Y and timer Z
Notes on using each mode of Timer Y and Timer Z are described below.

(1) Timer mode (timer Y and timer Z)
O In the timer mode, TYP and TYS is not used.
(2) Programmable waveform generation mode (timer Y and timer 2)

O In the programmable waveform generation mode, values of TYS, EXPYP, and EXPYS are valid
by writing to TYP because the setting to them is executed all at once by writing to TYP. Even
when changing TYP is not required, write the same value again.

O In the programmable waveform generation mode, when the setting value is changed while the
waveform is output, set by software in order not to execute the writing to TYP and the timing of
timer underflow during the secondary interval simultaneously.

An example of a measurement is shown below.

ex.) The underflow by the primary and the underflow by secondary are stored by polling etc. using
timer Y interrupt.
Writing to primary is performed in by judging that there is no problem if the underflow by
secondary is completed with reference to primary write operation before.
(Depending on a primary and a secondary setting values, and primary write timing, it may
be impossible.)

O The waveform extension function by the timer Y waveform extension control bits can be used only
when “0016” is set to Prescaler Y.
When the value other than “0016” is set to Prescaler Y, be sure to set “0” to EXPYP and EXPYS.
The waveform extension function by the timer Z waveform extension control bits can be used only
when “0016” is set to Prescaler Z. When the value other than “0016” is set to Prescaler Z, be sure
to set “0” to EXPZP and EXPZS. Also, when the timer Y underflow is selected as the timer Z
count source, the waveform extension function cannot be used.

O When using this mode, be sure to set “1” to the timer Y write control bit to select “write to latch
only”.

O When TYS is read out, the undefined value is read out. However, while timer Y counts the setting
value of TYS, the count value during the secondary interval can be obtained by reading the timer
Y primary.

O In order to use TYour pin, set “1” to bit 1 of the port PO direction register (output mode).

(3) Programmable one-shot generation mode (timer Z)

O In the programmable one-shot generation mode, the value of EXPZP becomes valid by writing
to TZP. Even when changing TZP is not required, write the same value again.

O In the programmable one-shot generation mode, when the setting value is changed while the
waveform is output, set by software in order not to execute the writing to TZP and the timing of
timer underflow simultaneously.
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O The waveform extension function by the timer Z waveform extension control bits can be used only

when “0016” is set to Prescaler Z.
When the value other than “0016” is set to Prescaler Z, be sure to set “0” to EXPZP. Also, when
the timer Y underflow is selected as the timer Z count source, the waveform extension function
cannot be used.
An example of a measurement is shown below.
ex.) The underflow of timer is stored by polling etc. using timer Z interrupt.
Writing to primary is performed in by judging that there is no problem if the underflow by
secondary is completed with reference to primary write operation before.
(Depending on a primary setting value, primary write timing, software and timing of external
trigger to INTo pin, it may be impossible.)

When using this mode, be sure to set “1” to the timer Z write control bit to select “write to latch
only”.

In order to use TZout pin, set “1” to bit 2 of the port PO direction register (output mode).

Stop Timer Z to change the INTo pin one-shot trigger control bit and INTo pin one-shot trigger
active edge selection bit.

(4) Programmable wait one-shot generation mode (timer 2)

O In the programmable wait one-shot generation mode, values of TZS, EXPZP and EXPZS are valid

by writing to TZP. Even when changing TZP is not required, write the same value again.

An example of a measurement is shown below.

ex.) The underflow by the primary and the underflow by secondary are stored by polling etc. using
timer Z interrupt.
Writing is performed in by judging that there is no problem if the underflow by secondary is
completed with reference to primary write operation before.
(Depending on a primary setting value, primary write timing, software and timing of external
trigger to INTo pin, it may be impossible.)

In the programmable wait one-shot generation mode, when the setting value is changed while the
waveform is output, set by software in order not to execute the writing to TZP and the timing of
timer underflow during the secondary interval simultaneously.

The waveform extension function by the timer Z waveform extension control bit can be used only
when “0016” is set to Prescaler Z.

When the value other than “0016” is set to Prescaler Z, be sure to set “0” to EXPZP and EXPZS.
Also, when the timer Y underflow is selected as the timer Z count source, the waveform extension
function cannot be used.

When using this mode, be sure to set “1” to the timer Z write control bits to select “write to latch
only”.

When TZS is read out, the undefined value is read out. However, while Timer Z counts the setting
value of TZS (during one-shot output), the count value during the secondary interval can be
obtained by reading TZP.

In order to use TZout pin, set “1” to bit 2 of the port PO direction register (output mode).

Stop Timer Z to change the INTo pin one-shot trigger control bit and INTo pin one-shot trigger
active edge selection bit.
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(5) Common to all modes (timer Y and timer Z)
Timer Y can stop counting by setting “1” to the timer Y count stop bit in any mode.
Also, when Timer Y underflows, the timer Y interrupt request bit is set to “1".
Timer Y reloads the value of latch when counting is stopped by the timer Y count stop bit. (When
timer is read out while timer is stopped, the value of latch is read. The value of timer can be read
out only while timer is operating.)

3.3.8 Notes on Serial 1/01
Notes on using serial 1/01 are described below.

(1) Notes when selecting clock synchronous serial I/O
O When the clock synchronous serial I/01 is used, serial /02 cannot be used.

0 When the transmit operation is stopped, clear the serial I/O1 enable bit and the transmit enable
bit to “0” (serial 1/01 and transmit disabled).

e Reason
Since transmission is not stopped and the transmission circuit is not initialized even if only the
serial 1/01 enable bit is cleared to “0” (serial 1/0O1 disabled), the internal transmission is running
(in this case, since pins TxDi1, RxD1, Sciki, and Srov: function as 1/O ports, the transmission data
is not output). When data is written to the transmit buffer register in this state, data starts to be
shifted to the transmit shift register. When the serial 1/01 enable bit is set to “1” at this time, the
data during internally shifting is output to the TxD: pin and an operation failure occurs.

O When the receive operation is stopped, clear the receive enable bit to “0” (receive disabled), or
clear the serial /01 enable bit to “0” (serial 1/01 disabled).

O When the transmit/receive operation is stopped, clear both the transmit enable bit and receive
enable bit to “0” (transmit and receive disabled) simultaneously. (any one of data transmission and
reception cannot be stopped.)

e Reason

In the clock synchronous serial I/O mode, the same clock is used for transmission and reception.
If any one of transmission and reception is disabled, a bit error occurs because transmission and
reception cannot be synchronized.

In this mode, the clock circuit of the transmission circuit also operates for data reception. Accordingly,
the transmission circuit does not stop by clearing only the transmit enable bit to “0” (transmit
disabled). Also, the transmission circuit cannot be initialized even if the serial I/O1 enable bit is
cleared to “0” (serial I/01 disabled) (same as 0O).

O When signals are output from the Srovi pin on the reception side by using an external clock, set
all of the receive enable bit, the Srovi output enable bit, and the transmit enable bit to “1".

0 When the Srovi signal input is used, set the using pin to the input mode before data is written to
the transmit/receive buffer register.

O Setup of a serial I/01 synchronous clock selection bit when a clock synchronous serial I/O is selected;
“0” : P12 pin turns into an output pin of a synchronous clock.
“1" : P12 pin turns into an input pin of a synchronous clock.
Setup of a Srovi output enable bit (Srovi) when a clock synchronous serial I/0O1 is selected;
“0” : P1s pin can be used as a normal I/O pin.
“1” : P1s pin turns into a Srovi output pin.
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(2) Notes when selecting UART

O When the clock asynchronous serial 1/01 (UART) is used, serial 1/02 can be used only when BRG
output divided by 16 is selected as the synchronous clock.

0 When the transmit operation is stopped, clear the transmit enable bit to “0” (transmit disabled).

e Reason

Same as (1) O.

O When the receive operation is stopped, clear the receive enable bit to “0” (receive disabled).

O When the transmit/receive operation is stopped, clear the transmit enable bit to “0” (transmit

disabled) and receive enable bit to “0” (receive disabled).

O Setup of a serial 1/01 synchronous clock selection bit when a clock asynchronous (UART) serial

I/0 is selected;

“0”: P12 pin can be used as a normal 1/O pin.

“1": P12 pin turns into an input pin of an external clock.

When clock asynchronous (UART) type serial 1/O is selected, it is P13 pin. It can be used as a normal 1/O pin.

(3) Notes common to clock synchronous serial 1/0 and UART

O Set the serial I/O control register again after

O The transmit shift completion flag changes | |Serial I/O1 control register Can be set

the transmission and the reception circuits Clear both the transmit enable bit (TE)
are reset by clearing both the transmit enable and the receive enable bit (RE) to “0”
bit and the receive enable bit to “0.” |

Set the bits 0 to 3 and bit 6 of the

from “1” to “0” with a delay of 0.5 to 1.5 L _ with the LDM
. L . Set both the transmit enable bit (TE)| [instruction at
shift clocks. When data transmission is

. . and the receive enable bit (RE), or one Hthe same time
controlled with referring to the flag after

. . ) of them to “1”
writing the data to the transmit buffer register,
note the delay.

Fig. 3.3.1 Sequence of setting serial 1/01 control
register again

O When data transmission is executed at the state that an external clock input is selected as the

synchronous clock, set “1” to the transmit enable bit while the Scwx is “H” state. Also, write to the
transmit buffer register while the Scu« is “H” state.

0 When the transmit interrupt is used, set as the following sequence.

O Serial 1/01 transmit interrupt enable bit is set to “0” (disabled).
O Serial I/01 transmit enable bit is set to “1”.

O Serial I/01 transmit interrupt request bit is set to “0”.

O Serial 1/01 transmit interrupt enable bit is set to “1” (enabled).

e Reason

When the transmit enable bit is set to “1”, the transmit buffer empty flag and transmit shift
completion flag are set to “1”.

Accordingly, even if the timing when any of the above flags is set to “1” is selected for the transmit
interrupt source, interrupt request occurs and the transmit interrupt request bit is set.

O Write to the baud rate generator (BRG) while the transmit/receive operation is stopped.
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3.3.9 Notes on serial 1/02
Notes on using serial 1/02 are described below.

(1) Note on serial I/01
Serial 1/02 can be used only when serial 1/01 is not used or serial I/O1 is used as UART and the
BRG output divided by 16 is selected as the synchronous clock.

(2) Note on Scik2 pin
When an external clock is selected, set “0” to bit 2 of the port P1 direction register (input mode).

(3) Note on Spataz pin
When P1s/Srovi/Spataz pin is used as the Soara input, set “0” to bit 3 of the port P1 direction register
(input mode).
When the internal clock is selected as the transfer and P1s/Spataz pin is set to the input mode, the
Soataz pin is in a high-impedance state after the data transfer is completed.

(4) Notes on serial 1/02 transmit/receive shift completion flag

O The transmit/receive shift completion flag of the serial 1/02 control register is “1” after transmit/
receive shift is completed. In order to set “0” to this flag, set data (dummy data at receive) to the
serial 1/02 register by program.

O Bit 7 (transmit/receive shift completion flag) of the serial 1/02 control register is set earlier than
the completion of the actual shift operation for a half cycle of shift clock. Accordingly, when the
shift completion is checked by using this bit, read/write the serial 1/02 register after a half or more
cycle of clock from the setting “1” to this bit is checked.
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3.3.10 Notes on A-D converter
Notes on A-D converter are described below.

(1) Analog input pin

Figure 3.3.2 shows the internal equivalent circuit of an analog input. In order to execute the A-D
conversion correctly, to complete the charge to an internal capacitor within the specified time is
required. The maximum output impedance of the analog input source required to complete the
charge to a capacitor within the specified time is as follows;

About 35 kQ (at f(Xin) = 8 MHz)

When the maximum output impedance exceeds the above value, equip an analog input pin with an
external capacitor of 0.01pF to 1pF between an analog input pin and Vss.
Further, be sure to verify the operation of application products on the user side.

e Reason
An analog input pin includes the capacitor for analog voltage comparison. Accordingly, when
signals from signal source with high impedance are input to an analog input pin, charge and
discharge noise generates. This may cause the A-D conversion/comparison precision to be worse.

Vcc

S

ZX (Note 1)

R 1.5 k(Typical) c2
ANi (i=0 to 7: 36-pin version e . ﬁ——o 1.5 pF(Typical)
i=0 to 5: 32-pin version) SW1 —
(Note 2) *

generation circuit
777 Switch tree,
Vss Vss ladder resistor

Notes 1: This is a parasitic diode. i l D | Gircui
2: Only the selected analog input pin is turned on. _f f<_‘
Vss

12 PF(Typicilj). Zk(Note 1)
Typical voltage Chopper Amp.

VREF

Fig. 3.3.2 Connection diagram

(2) Clock frequency during A-D conversion

The comparator consists of a capacity coupling, and a charge of the capacity will be lost if the clock
frequency is too low. Thus, make sure the following during an A-D conversion.

e f(Xin) is 500 kHz or more

» Do not execute the STP instruction
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3.3.11 Notes on oscillation stop detection circuit
Notes on using oscillation stop detection circuit are described below.

(1) Note on ring oscillator

O The 7540 Group starts operation by the ring oscillator.

(2) Notes on oscillation circuit stop detection circuit

O When the stop mode is used, set the oscillation stop detection function to “invalid”.

O When f(Xi) oscillation is stopped, set the oscillation stop detection function to “invalid”.

O The oscillation stop detection circuit is not included in the emulator MCU “M37540RSS".

(3) Notes on stop mode

O

O

O

O

When the stop mode is used, set the oscillation stop detection function to “invalid”.

When the stop mode is used, set “0” (STP instruction enabled) to the STP instruction disable bit
of the watchdog timer control register.

Timer 1 can be used to set the oscillation stabilizing time after release of the STP instruction. The
oscillation stabilizing time after release of STP instruction can be selected from “set automatically”/
“not set automatically” by the oscillation stabilizing time set bit after release of the STP instruction
of MISRG. When “0” is set to this bit, “0116” is set to timer 1 and “FFis” is set to prescaler 1
automatically. When “1” is set to this bit, nothing is set to timer 1 and prescaler 1. Therefore, set
the wait time according to the oscillation stabilizing time of the oscillation. Also, when timer 1 is
used, set values again to timer 1 and prescaler 1 after system is returned from the stop mode.

The STP instruction cannot be used during CPU is operating by the ring oscillator.
When the stop mode is used, stop the ring oscillator oscillation.

Do not execute the STP instruction during the A-D conversion.

(4) Note on wait mode

O

When the wait mode is used, stop the clock except the operation clock source.

(5) Notes on state transition

O

When the operation clock source is f(Xin), the CPU clock division ratio can be selected from the
following;

o f(Xi)/2 (high-speed mode)

» f(Xin)/8 (middle-speed mode)

* f(Xi) (double-speed mode)

The double-speed mode can be used only at ceramic oscillation.

Do not use the mode at RC oscillation.

00 Stabilize the f(Xi) oscillation to change the operation clock source from the ring oscillator to f(Xw).
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O When the ring oscillation is used as the operation clock, the CPU clock division ratio is the middle-

speed mode.

O When the state transition state 2 - state 3 - state 4 is performed, execute the NOP instruction as
shown below according to the division ratio of CPU clock.

e CPUM7 - 102 (State 2 - state 3)

* NOP instruction

* CPUM4- 1, (State 3 - state 4)

Double-speed mode at ring oscillator: NOPO3
High-speed mode at ring oscillator: NOPO1
Middle-speed mode at ring oscillator: NOPOO

(6) Switch of ceramic and RC oscillations

After releasing reset the operation starts by starting a built-in ring oscillator. Then, a ceramic oscillation
or an RC oscillation is selected by setting bit 5 of the CPU mode register.

(7) Double-speed mode

When a ceramic oscillation is selected, a double-speed mode can be used. Do not use it when an

RC oscillation is selected.

(8) Clock division ratio, Xin oscillation control, ring oscillator control
The state transition shown in Figure 3.3.3 can be performed by setting the clock division ratio
selection bits (bits 7 and 6), Xin oscillation control bit (bit 4), ring oscillator oscillation control bit (bit
3) of CPU mode register. Be careful of notes on use in Figure 3.3.3.

Stop mode Wait mode

instruction

State 1
Operation clock source:
f(XIN) (Note 1)

f(XIN) oscillation enabled
Ring oscillator stop

State 2
Operation clock source:
f(XIN) (Note 1)

f(XIN) oscillation enabled
Ring oscillator enabled

State 3

CPUM76 — 102

CPUM3 12

CPUM76 002
012
112
(Note 2)

MISRG1 12 MISRG1 02

MISRG1 12 MISRG1 02

State 2’
Operation clock source:
f(XiN) (Note 1)

f(XIN) oscillation enabled
Ring oscillator enabled

State 3’
Operation clock source:
Ring oscillator (Note 3)
f(XIN) oscillation enabled
Ring oscillator enalbed

CPUM?76 102

CPUM76 002
012

112

(Note 2)
Oscillation stop detection circuit valid

Reset released

Reset state

Operation clock source:
Ring oscillator (Note 3)
f(XiN) oscillation enabled
Ring oscillator enalbed

WIT
instruction

Interrupt

State 4
Operation clock source:
Ring oscillator (Note 3)
f(XiN) oscillation stop

Ring oscillator enalbed

Notes on switch of clock
(1) In operation clock source = f(Xin), the following can be
selected for the CPU clock division ratio.
o f(XIN)/2 (high-speed mode)
e f(XiN)/8 (middle-speed mode)
e f(XiN) (double-speed mode, only at a ceramic oscillation)
(2) Execute the state transition state 3 to state 2 or
state 3’ to state 2’ after stabilizing Xin oscillation.
(3) In operation clock source = ring oscillator, the middle-
speed mode is selected for the CPU clock division ratio.
(4) When the state transition state 2 — state 3 — state 4
is performed, execute the NOP instruction as shown below
according to the division ratio of CPU clock.
*« CPUM76 - 102 (State 2 - state 3)
« NOP instruction
« CPUM4 -, 12 (State 3 - state 4)
Double-speed mode at ring oscillator: NOP J 3
High-speed mode at ring oscillator: NOP O 1
Middle-speed mode at ring oscillator: NOP O 0

Fig. 3.3.3 State transition
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3.3.12 Notes on CPU mode register

(1) Switching method of CPU mode register after releasing reset
Switch the CPU mode register (CPUM) at the head of program after releasing reset in the following

method.

( After releasing reset )

Switch the oscillation mode
selection bit (bit 5 of CPUM)

'

Wait by ring oscillator operation until
establishment of oscillator clock

Switch the clock division ratio
selection bits (bits 6 and 7 of CPUM)

Y

Main routine

Start with a built-in ring oscillator ( Note)

An initial value is set as a ceramic
oscillation mode. When it is switched to an
RC oscillation, its oscillation starts.

When using a ceramic oscillation, wait until
establlishment of oscillation from oscillation starts.
When using an RC oscillation, wait time is not
required basically (time to execute the instruction to
switch from a ring oscillator meets the requirement).

Select 1/1, 1/2, 1/8 or ring oscillator.

Note. After releasing reset the operation starts by starting a ring oscillator automatically.
Do not use a ring oscillator at ordinary operation.

Fig. 3.3.4 Switching method of CPU mode register

(2) CPU mode register

Bits 5, 1 and 0 of CPU mode register are used to select oscillation mode and to control operation
modes of the microcomputer. In order to prevent the dead-lock by error-writing (ex. program run-
away), these bits can be rewritten only once after releasing reset. After rewriting it is disable to write
any data to the bit. (The emulator MCU “M37540RSS” is excluded.)
Also, when the read-modify-write instructions (SEB, CLB) are executed to bits 2 to 4, 6 and 7, bits

5, 1 and 0 are locked.
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3.3.13 Notes on interrupts

(1) Switching external interrupt detection edge
For the products able to switch the external interrupt detection edge, switch it as the following
sequence.

| Clear an interrupt enable bit to “0” (interrupt disabled)l
!

| Switch the detection edge |
!

Clear an interrupt request bit to “0”

(no interrupt request issued)

!

Set the interrupt enable bit to “1” (interrupt enabled) |

Fig. 3.3.5 Sequence of switch the detection edge

e Reason
The interrupt circuit recognizes the switching of the detection edge as the change of external input
signals. This may cause an unnecessary interrupt.

(2) Check of interrupt request bit
When executing the BBC or BBS instruction to an interrupt request bit of an interrupt request register
immediately after this bit is set to “0” by using a data transfer instruction, execute one or more
instructions before executing the BBC or BBS instruction.

e Reason
If the BBC or BBS instruction is executed immediately after an interrupt request bit of an interrupt
request register is cleared to “0”, the value of the interrupt request bit before being cleared to “0”
is read.

|Clear the interrupt request bit to “0” (no interrupt issued)l
!

| NOP (one or more instructions) |
!

| Execute the BBC or BBS instruction |

Data transfer instruction:
LDM, LDA, STA, STX, and STY instructions

Fig. 3.3.6 Sequence of check of interrupt request bit
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(3) Structure of interrupt control register 2
Fix the bit 7 of the interrupt control register 1 to “0". Figure 3.3.7 shows the structure of the interrupt

control register 2.

0 Interrupt control register 2 (address: 003F16)

| | | | | | | Interrupt enable bit
Not used (fix this bit to “0")

Fig. 3.3.7 Structure of interrupt control register 2

(4) Interrupt
When setting the followings, the interrupt request bit may be set to “1”.
*When switching external interrupt active edge
Related register: Interrupt edge selection register (address 003Aus)
Timer X mode register (address 002Bu1s)
Timer A mode register (address 001Dis)

When not requiring the interrupt occurrence synchronized with these setting, take the following
sequence.

O Set the corresponding interrupt enable bit to “0” (disabled).

O Set the interrupt edge select bit (active edge switch bit).

O Set the corresponding interrupt request bit to “0” after 1 or more instructions have been executed.
O Set the corresponding interrupt enable bit to “1” (enabled).

3.3.14 Notes on RESET pin

(1) Connecting capacitor
In case where the RESET signal rise time is long, connect a ceramic capacitor or others across the
RESET pin and the Vss pin. And use a 1000 pF or more capacitor for high frequency use. When
connecting the capacitor, note the following :
« Make the length of the wiring which is connected to a capacitor as short as possible.
» Be sure to verify the operation of application products on the user side.

e Reason
If the several nanosecond or several ten nanosecond impulse noise enters the RESET pin, it may
cause a microcomputer failure.
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3.3.15 Notes on programming

(1) Processor status register

O Initializing of processor status register
Flags which affect program execution must be initialized after a reset.
In particular, it is essential to initialize the T and D flags because they have an important effect
on calculations.

e Reason
After a reset, the contents of the processor status register (PS) are undefined except for the |
flag which is “1".

C Reset )

!

| Initializing of flags |
!

| Main program |

Fig. 3.3.8 Initialization of processor status register

O How to reference the processor status register
To reference the contents of the processor status register (PS), execute the PHP instruction once
then read the contents of (S+1). If necessary, execute the PLP instruction to return the PS to its
original status.
A NOP instruction should be executed after every PLP instruction.

/_\—/
(PLP instruction execution) (S)
! (S)+1 Stored PS
NOP

Fig. 3.3.9 Sequence of PLP instruction execution Fig. 3.3.10 Stack memory contents after PHP
instruction execution
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(2) Decimal calculations

O Execution of decimal calculations
The ADC and SBC are the only instructions which will yield proper decimal notation, set the
decimal mode flag (D) to “1” with the SED instruction. After executing the ADC or SBC instruction,
execute another instruction before executing the SEC, CLC, or CLD instruction.

O Notes on status flag in decimal mode
When decimal mode is selected, the values of three of the flags in the status register (the N, V,
and Z flags) are invalid after a ADC or SBC instruction is executed.
The carry flag (C) is set to “1” if a carry is generated as a result of the calculation, or is cleared
to “0” if a borrow is generated. To determine whether a calculation has generated a carry, the C
flag must be initialized to “0” before each calculation. To check for a borrow, the C flag must be
initialized to “1” before each calculation.

( Set D flag to “1” )

!
ADC or SBC instruction
|
NOP instruction
|
SEC, CLC, or CLD instruction

Fig. 3.3.11 Status flag at decimal calculations

(3) JMP instruction
When using the JMP instruction in indirect addressing mode, do not specify the last address on a
page as an indirect address.

(4) Interrupts
The contents of the interrupt request bit do not change even if the BBC or BBS instruction is
executed immediately after they are changed by program because this instruction is executed for the
previous contents. For executing the instruction for the changed contents, execute one instruction
before executing the BBC or BBS instruction.

(5) Ports
* The values of the port direction registers cannot be read.
That is, it is impossible to use the LDA instruction, memory operation instruction when the T flag is
“1”, addressing mode using direction register values as qualifiers, and bit test instructions such as
BBC and BBS.
It is also impossible to use bit operation instructions such as CLB and SEB and read/modify/write
instructions of direction registers for calculations such as ROR.
For setting direction registers, use the LDM instruction, STA instruction, etc.

(6) A-D Conversion
Do not execute the STP instruction during A-D conversion.
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(7) Instruction Execution Timing
The instruction execution time can be obtained by multiplying the frequency of the internal clock f by
the number of cycles mentioned in the machine-language instruction table.
The frequency of the internal clock f is the same as that of the Xiv in double-speed mode, twice the
Xin cycle in high-speed mode and 8 times the X cycle in middle-speed mode.

(8) CPU Mode Register
The oscillation mode selection bit and processor mode bits can be rewritten only once after releasing
reset. However, after rewriting it is disable to write any value to the bit. (Emulator MCU is excluded.)
When a ceramic oscillation is selected, a double-speed mode of the clock division ratio selection bits
can be used. Do not use it when an RC oscillation is selected.

3.3.16 Programming and test of built-in PROM version

As for in the One Time PROM version (shipped in blank), its built-in PROM can be read or programmed
with a general-purpose PROM programmer using a special programming adapter.

The programming test and screening for PROM of the One Time PROM version (shipped in blank) are not
performed in the assembly process and the following processes. To ensure reliability after programming,
performing programming and test according to the Figure 3.3.12 before actual use are recommended.

Programming with
PROM programmer

Screening (Caution)
(150 °C for 40 hours)

(

Verification with PROM
programmer

N

Functional check in
target device

Caution: The screening temperature is far higher
than the storage temperature. Never
expose to 150 °C exceeding 100 hours.

Fig. 3.3.12 Programming and testing of One Time PROM version

(1) One Time PROM Version
The CNVss pin is connected to the internal memory circuit block by a low-ohmic resistance, since
it has the multiplexed function to be a programmable power source pin (Ver pin) as well.
To improve the noise reduction, connect a track between CNVss pin and Vss pin with 1 to 10 kQ
resistance.
The mask ROM version track of CNVss pin has no operational interference even if it is connected
via a resistor.

3.3.17 Handling of Power Source Pin

In order to avoid a latch-up occurrence, connect a capacitor suitable for high frequencies as bypass
capacitor between power source pin (Vcc pin) and GND pin (Vss pin). Besides, connect the capacitor to
as close as possible. For bypass capacitor which should not be located too far from the pins to be
connected, a ceramic capacitor of 0.01 puF to 0.1 uF is recommended.
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3.3.18 Notes on built-in PROM version

(1) Programming adapter

Use a special programming adapter shown in Table 3.3.1 and a general-purpose PROM programmer
when reading from or programming to the built-in PROM in the built-in PROM version.

Table 3.3.1 Programming adapters

Microcomputer

Programming adapter

M37540E8GP (One Time PROM version shipped in blank)

PCA7435GPG03

M37540E8SP (One Time PROM version shipped in blank)

PCA7435SPG02

M37540E8FP (One Time PROM version shipped in blank)

PCA7435FPG02

(2) Programming/reading

In PROM mode, operation is the same as that of the M5M27C101AK, but programming conditions
of PROM programmer are not set automatically because there are no internal device ID codes.
Accurately set the following conditions for data programming /reading. Take care not to apply 21 V
to VPP pin (is also used as the CNVss pin), or the product may be permanently damaged.

* Programming voltage: 12.5 V
» Setting of PROM programmer switch: refer to Table 3.3.2.

Table 3.3.2 PROM programmer address setting

Product name format

PROM programmer
start address

PROM programmer
end address

M37540E8GP

M37540E8SP

M37540E8FP

Address 0808016 (Note)

Address OFFFD16 (Note)

Note: Addersses 808016 to FFFD16 in the built-in PROM corresponds to addresses 0808016 to OFFFD16 in

the PROM programmer.

7540 Group User's Manual

3-91



APPENDIX

3.4 Countermeasures against noise

3.4 Countermeasures against noise
3.4.1 Shortest wiring length

(1) Package
Select the smallest possible package to make the total wiring length short.

e Reason
The wiring length depends on a microcomputer package. Use of a small package, for example
QFP and not DIP, makes the total wiring length short to reduce influence of noise.

DIP

——
O —
[ - SDIP
= =]
= = SOP
= =]
= =] -
g B - i
4 P =q

Fig. 3.4.1 Selection of packages

(2) Wiring for RESET pin
Make the length of wiring which is connected to the RESET pin as short as possible. Especially,
connect a capacitor across the RESET pin and the Vss pin with the shortest possible wiring (within
20mm).

e Reason
The width of a pulse input into the RESET pin is determined by the timing necessary conditions.
If noise having a shorter pulse width than the standard is input to the RESET pin, the reset is
released before the internal state of the microcomputer is completely initialized. This may cause
a program runaway.

Noise
—
Reset f !
circuit ¢ RESET
Vss Vss
N.G.
]
Reset__
circuit | RESET
Vss"T Vss
O.K.

Fig. 3.4.2 Wiring for the RESET pin
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(3) Wiring for clock input/output pins
« Make the length of wiring which is connected to clock I/O pins as short as possible.
» Make the length of wiring (within 20mm) across the grounding lead of a capacitor which is connected
to an oscillator and the Vss pin of a microcomputer as short as possible.
» Separate the Vss pattern only for oscillation from other Vss patterns.

e Reason
If noise enters clock I/O pins, clock waveforms may be deformed. This may cause a program
failure or program runaway. Also, if a potential difference is caused by the noise between the Vss
level of a microcomputer and the Vss level of an oscillator, the correct clock will not be input in
the microcomputer.

Noise
] ]
H—— XIN XN
= =
I+ XouT F—XouT
Vss Vss
N.G. O.K.

Fig. 3.4.3 Wiring for clock 1/O pins

(4) Wiring to CNVss pin
Connect the CNVss pin to the Vss pin with the shortest possible wiring.

e Reason
The processor mode of a microcomputer is influenced by a potential at the CNVss pin. If a
potential difference is caused by the noise between pins CNVss and Vss, the processor mode may
become unstable. This may cause a microcomputer malfunction or a program runaway.

CNVss é CNVss

Vss Vss

N.G. O.K.

Fig. 3.4.4 Wiring for CNVss pin
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(5) Wiring to Vpp pin of One Time PROM version
Connect an approximately 5 kQ resistor to the VPp pin the shortest possible in series and also to the
Vss pin. When not connecting the resistor, make the length of wiring between the VppP pin and the
Vss pin the shortest possible.

Note: Even when a circuit which included an approximately 5 kQ resistor is used in the Mask ROM
version, the microcomputer operates correctly.

e Reason
The VPP pin of the One Time PROM is the power source input pin for the built-in PROM. When
programming in the built-in PROM, the impedance of the VPP pin is low to allow the electric current
for writing flow into the PROM. Because of this, noise can enter easily. If noise enters the VPP pin,
abnormal instruction codes or data are read from the built-in PROM, which may cause a program
runaway.

Approximately
5kQ

CNVss/Vpp

Vss 1

In the shortest
distance

Fig. 3.4.5 Wiring for the VPP pin of the One Time PROM

3.4.2 Connection of bypass capacitor across Vss line and Vcc line

Connect an approximately 0.1 uF bypass capacitor across the Vss line and the Vcc line as follows:
« Connect a bypass capacitor across the Vss pin and the Vcc pin at equal length.

« Connect a bypass capacitor across the Vss pin and the Vcc pin with the shortest possible wiring.
* Use lines with a larger diameter than other signal lines for Vss line and Vcc line.

e Connect the power source wiring via a bypass capacitor to the Vss pin and the Vcc pin.

2t ce Vce
ls] =l
A 7

it AVAS Vss

N.G. O.K.

Fig. 3.4.6 Bypass capacitor across the Vss line and the Vcc line
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3.4.3 Wiring to analog input pins

« Connect an approximately 100 Q to 1 kQ resistor to an analog signal line which is connected to an analog
input pin in series. Besides, connect the resistor to the microcomputer as close as possible.

e Connect an approximately 1000 pF capacitor across the Vss pin and the analog input pin. Besides,
connect the capacitor to the Vss pin as close as possible. Also, connect the capacitor across the analog
input pin and the Vss pin at equal length.

e Reason
Signals which is input in an analog input pin (such as an A-D converter/comparator input pin) are
usually output signals from sensor. The sensor which detects a change of event is installed far from
the printed circuit board with a microcomputer, the wiring to an analog input pin is longer necessarily.
This long wiring functions as an antenna which feeds noise into the microcomputer, which causes
noise to an analog input pin.

Noise
(Note)

Microcomputer
¢ > — AN\, Analog
Thermistorl input pin
) l N.G. O.K.

Vss
7T

Note : The resistor is used for dividing
resistance with a thermistor.

Fig. 3.4.7 Analog signal line and a resistor and a capacitor

3.4.4 Oscillator concerns
Take care to prevent an oscillator that generates clocks for a microcomputer operation from being affected
by other signals.

(1) Keeping oscillator away from large current signal lines
Install a microcomputer (and especially an oscillator) as far as possible from signal lines where a
current larger than the tolerance of current value flows.

e Reason
In the system using a microcomputer, there are signal lines for controlling motors, LEDs, and
thermal heads or others. When a large current flows through those signal lines, strong noise
occurs because of mutual inductance.

’ Microcomputer
. [\ |
Mutual inductance

M%

Large | ~EXn
current | ~1H-{Xour
—Vss
GND

Fig. 3.4.8 Wiring for a large current signal line
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(2) Installing oscillator away from signal lines where potential levels change frequently
Install an oscillator and a connecting pattern of an oscillator away from signal lines where potential
levels change frequently. Also, do not cross such signal lines over the clock lines or the signal lines

which are sensitive to noise.

e Reason

Signal lines where potential levels change frequently (such as the CNTR pin signal line) may affect
other lines at signal rising edge or falling edge. If such lines cross over a clock line, clock waveforms
may be deformed, which causes a microcomputer failure or a program runaway.

3) Oscillator protection using Vss pattern

As for a two-sided printed circuit board, print a Vss pattern on the underside (soldering side) of the
position (on the component side) where an oscillator is mounted.

Connect the Vss pattern to the microcomputer Vss pin with the shortest possible wiring. Besides,
separate this Vss pattern from other Vss patterns.

o
N.G.

Do not cross CNTR
HZ XN
H—+—Xout

,J7 Vss
\J

Fig. 3.4.9 Wiring of signal lines where potential
levels change frequently

3.4.5 Setup for I/O ports
Setup /O ports using hardware and software as
follows:

<Hardware>
» Connect a resistor of 100 Q or more to an
I/O port in series.

<Software>

 As for an input port, read data several times
by a program for checking whether input
levels are equal or not.

« As for an output port, since the output data
may reverse because of noise, rewrite data
to its port latch at fixed periods.

* Rewrite data to direction registers and pull-
up control registers at fixed periods.

Note: When a direction register is set for input port
again at fixed periods, a several-nanosecond
short pulse may be output from this port. If this
is undesirable, connect a capacitor to this port
to remove the noise pulse.

An example of Vss patterns on the
underside of a printed circuit board
ERAYAE

Oscillator wiring
pattern example

XIN
Xout
; Vss

Separate the Vss line for oscillation from other Vss lines

Fig. 3.4.10 Vss pattern on the underside of an oscillator

Noise
O.K
Data bus S ANAN,
)
N.G.
e
4/ I/0 port
o<]— pins

Fig. 3.4.11 Setup for 1/O ports
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3.4.6 Providing of watchdog timer function by software

If a microcomputer runs away because of noise or others, it can be detected by a software watchdog timer
and the microcomputer can be reset to normal operation. This is equal to or more effective than program
runaway detection by a hardware watchdog timer. The following shows an example of a watchdog timer

provided by software.

In the following example, to reset a microcomputer to normal operation, the main routine detects errors of
the interrupt processing routine and the interrupt processing routine detects errors of the main routine.
This example assumes that interrupt processing is repeated multiple times in a single main routine processing.

<The main routine>

» Assigns a single byte of RAM to a software watchdog timer (SWDT) and writes the initial value
N in the SWDT once at each execution of the main routine. The initial value N should satisfy the

following condition:

N+1 = ( Counts of interrupt processing executed in each main routine)
As the main routine execution cycle may change because of an interrupt processing or others,

the initial value N should have a margin.

» Watches the operation of the interrupt processing routine by comparing the SWDT contents with
counts of interrupt processing after the initial value N has been set.

 Detects that the interrupt processing routine has failed and determines to branch to the program
initialization routine for recovery processing in the following case:
If the SWDT contents do not change after interrupt processing.

<The interrupt processing routine>

» Decrements the SWDT contents by 1 at each interrupt processing.

» Determines that the main routine operates normally when the SWDT contents are reset to the
initial value N at almost fixed cycles (at the fixed interrupt processing count).

» Detects that the main routine has failed and determines to branch to the program initialization
routine for recovery processing in the following case:
If the SWDT contents are not initialized to the initial value N but continued to decrement and if

they reach 0 or less.

(' Main routine ) Qnterrupt processing routin@
(SWDT)— N

l(swpT) - (swpT)—1|
|

| Interrupt processing |

Main processing

Return

Interrupt processing Main routine
routine errors errors

Fig. 3.4.12 Watchdog timer by software
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Port Pi
b7 b6 b5 b4 b3 b2 bl b0

Port Pi (Pi) (i=0, 2, 3) [Address : 00 16, 0416, 0616]

I I I I I I I I
| | | | | | | | R
A B Name Function Atreset| R |W
i i i i i i i 10 |Port Pio « In output mode ? 19]©
N Write
A . e Reag | Portlatch 2 |o|o
TR | - * In input mode
[ T T R S 2 | Port Piz Write : Port latch ? |19|0
A Read : Value of pins
| | | | ] 3 | Port Pis ? o]0
| | | |
| | | |
T S 4 | Port Pia 2 |of|o
| | |
| | |
A 5 | Port Pis ? [©]©
| |
| |
} L 6 | Port Pis 2 |0O|O
|
L 7 | Port Pi7 ? |O|O
Note: The 32-pin package versions have nothing to be allocated for the following:
«Bits 6 and 7 of port P2
«Bits 5 and 6 of port P3.
Fig. 3.5.1 Structure of Port Pi (i =0, 2, 3)
Port P1
b7 b6 b5 b4 b3 b2 bl b0
Port P1 (P1) [Address : 02 16]
I I I I I
| | | | | | | | -
A B Name Function Atreset| R |W
i i i i i i i 10 |Port P1o * In output mode ? |©]©
N Write
o L |1 |Port Pl Reag | Portlatch 2 |o|o
S * In input mode
A —— 2 | Port P12 Write : Port latch ? |0|0
A Read : Value of pins
ol ] 3 |Port P13 ? |[O]O
| | | |
| | | |
N R 4 |Port P14 2 |o]o
| | |
| | |
i i b 5 Nothing is allocated for these bits. ? |UP
Lo — When these bits are read out, the values are undefined.
} ] 6 ? opg
| —
o 7 2 [op

Fig. 3.5.2 Structure of Port P1
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Port Pi direction register
b7 b6 b5 b4 b3 b2 bl b0
Port Pi direction register (PiD) (i = 0, 2, 3) [Address : 01 16, 0516, 0716]
I I I I I I I I
i i i i i i i i B Name Function Atreset| R [W
L1 Lo |Port Pidirection register 0 : Port Pioinput mode o |o]o
[ A 1 : Port Pio output mode
| -
S L777 1 0 : Port Pi1input mode o |olo
A - 1 : Port Pi1 output mode
I 2 0 : Port Pizinput mode o |olo
b | 1 : Port Pi2 output mode
Lol Lo __ 3 0: Port P!sinput mode o |ofo
A | 1 : Port Piz output mode
N N 4 0 : Port Piainput mode o |lolo
. | 1 : Port Pi4 output mode
N 5 0 : Port Pisinput mode o |olo
} } [ | 1 : Port Pis output mode
| L ,,,,,,,,,,,,,,, 6 0 : Port Pis input mode o |olo
| 1 : Port Pis output mode
L 7 0 : Port Pi7input mode o lolo
1 : Port Pi7 output mode
Note: The 32-pin package versions have nothing to be allocated for the following:
*Bits 6 and 7 of P2D
*Bits 5 and 6 of P3D.
Fig. 3.5.3 Structure of Port Pi direction register (i = 0, 2, 3)
Port P1 direction register
b7 b6 b5 b4 b3 b2 bl b0
Port P1 direction register (P1D) [Address : 03 16]
I I I I I
i i i i i i i i B Name Function Atreset| R [W
bbb Lo [Port P1 direction register 0 : Port Ploinput mode o [o]o
[ A 1 : Port P1ooutput mode
| -
S L777 1 0 : Port P11input mode o |olo
A - 1 : Port P11 output mode
TR ] 2 0 : Port P12input mode o |olo
b | 1 : Port P12 output mode
Lol Lo __ 3 0 : Port P13input mode o |ofo
A | 1: Port P13 output mode
N N 4 0 : Port P14input mode o |olo
. 1: Port P14 output mode
R 5 | Nothing is allocated for these bits. ? [OfD
} } | When these bits are read out, the values are undefined.
N 6 2 |O|O
| —
Lo 7 > oo

Fig. 3.5.4 Structure of Port P1 direction register
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Pull-up control register
b7 b6 b5 b4 b3 b2 bl b0

Pull-up control register (PULL) [Address : 16 16]

I I I I I I I I
i i i i i i i i B Name Function Atreset| R [W
bbb 1o [POo pull-up control bit 0 : Pull-up Off 0o |o|o
[ 1: Pull-up On
| | | | | | |
I 1 1 1 1 1____|1|PO1 pull-up control bit 0 : Pull-up Off 0 |O|O
TR } 1: Pull-up On
L 2 | P02, POs pull-up control bit 0 : Pull-up Off o |olo
T 1: Pull-up On
Lo L] 3 | P04 — PO7 pull-up control bit 0 : Pull-up Off o |olo
o 1: Pull-up On
A T I 4 | P30 — P33 pull-up control bit 0 : Pull-up Off o |olo
. 1: Pull-up On
Lo ] 5 | P34 pull-up control bit 0 : Pull-up Off o |olo
I 1: Pull-up On
| L ,,,,,,,,,,,,,,, 6 | P3s, P36 pull-up control bit 0 : Pull-up Off o |olo
} 1: Pull-up On
L 7 | P37 pull-up control bit 0 : Pull-up Off o |olo

1: Pull-up On

Notes 1: Pins set to output are disconnected from the pull-up control.
2: Keep setting the P35, P36 pull-up control bit to “1” (initial value: 0)
for the 32-pin package versions.
Fig. 3.5.5 Structure of Pull-up control register
Port P1P3 control register
b7 b6 b5 b4 b3 b2 bl b0
Port P1P3 control register (P1P3C) [Address : 17 16]
I I I
i i i i i i i i B Name Function Atreset| R |W
0L 1111 Lo |P37/INTo input level selection |0 : CMOS level o lolo
} } } } } } } bit 1:TTL level
. A 1 [P36/INT1 input level selection |0 : CMOS level 0 |O|O
[ R R bit (Note) 1:TTL level
|

o L 2 | Plo, P12,P13s input level 0: CMOS level 0o (o]0
oo selection bit 1:TTL level
i i i i L] 3 [ Nothing is allocated for these bits. These are write disabled bits. 0 |O|O
Lo || When these bits are read out, the values are “0".
IR R R S 4 0 |o|O
| | |
| | | —
] 5 o |ofo
| |
| | |
} . 6 0 o0
‘ —
b 7 o |olo

Note: Keep setting the P3¢/INT1 input level selection bit to “0” (initial value) for the

32-pin package version.

Fig. 3.5.6 Structure of Port P1P3 control register
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Transmit/Receive buffer register
b7 b6 b5 b4 b3 b2 bl b0
Transmit/Receive buffer register (TB/RB) [Address : 18 16]
I I I I I I I I
|
i i i i i | i i B Function At reset W
B i | =40 [ The transmission data is written to or the receive data is read out ? O
R —{ from this buffer register.
bbb L] 1 [+ Atwriting: A data is written to the transmit buffer register. ? O
. || » Atreading: The contents of the receive buffer register are read
N 2 out EIE
| | | | | ||
IR S P o]
| | | | _—
IR R R S 4 ? o
| | |
| | | —
i i R — 5 ? o
T 6 | > |olo
‘ —
b 7 2 o
Note: The contents of transmit buffer register cannot be read out.
The data cannot be written to the receive buffer register.
Fig. 3.5.7 Structure of Transmit/Receive buffer register
Serial I/O1 status register
b7 b6 b5 b4 b3 b2 bl b0
Serial I/0O1 status register (SIO1STS) [Address : 19 16]
I I I I I I I
i i i i i i i i B Name Function atreset| R [wW
b 111 Lo | Transmit buffer empty flag 0 : Buffer full 0 0
oL (TBE) 1 : Buffer empty
CL L Lo |1 | Receive buffer full flag (RBF) | O : Buffer empty 0 0
N 1 : Buffer full
} } } } } } 7777777 2 | Transmit shift register shift 0 : Transmit shift in progress 0 0
b completion flag (TSC) 1 : Transmit shift completed
T T T SO 3 [overrun error flag (OE) 0 : No error 0 O
bl 1 : Overrun error
T T S S 4 | Parity error flag (PE) 0: No error 0 0
} } } 1 : Parity error
T T TR 5 | Framing error flag (FE) 0 : No error 0 0
I 1 : Framing error
| | . —
} . 6 | Summing error flag (SE) 0: (OE) O (PE) O (FE)=0 0 0
| 1: (OE) O (PE) O (FE)=1
b 7 | Nothing is allocated for this bit. This is a write disabled bit. 1 ]
When this bit is read out, the value is “1".

Fig. 3.5.8 Structure of Seri

al 1/01 status register

7540 Group User’'s Manual

3-101



APPENDIX

3.5 List of registers

Serial 1/01 control register
b7 b6 b5 b4 b3 b2 bl b0

Serial 1/01 control register (SIOLCON) [Address : 1A 16]

I I I I I I I I
EEEREE R O — Funcion R
A o) BRG count source 0 : f(XIN) 0 e}
A | } selection bit (CSS) 1: f(XiIN)/4
} } } } } } L ___|1 | Serial I/O1 synchronous clock [When clock synchronous serial /0| ( @]
N selection bit (SCS) is selected;
N 0: BRG output divided by 4
T | 1: External clock input
N When UART is selected;
N 0: BRG output divided by 16
} } } } } } 1: External clock input divided by 16
Lo L] 2 | SrbY1 output enable bit 0: P13 pin 0 e
} } } } } (SRDY) 1: SRDY1 output pin
b 3 [ Transmit interrupt 0 : Interrupt when transmit buffer 0 o)
A S — source selection bit (TIC) has emptied
[ 1 : Interrupt when transmit shift
bl operation is completed
Lo L 7777777777 4 | Transmit enable bit (TE) 0 : Transmit disabled 0 0]
} } } 1 : Transmit enabled
T 5 | Receive enable bit (RE) 0 : Receive disabled 0 0
b 1: Receive enabled
R 6 | Serial I/01 mode selection bit | 0: Clock asynchronous (UART) 0 O
| (SIom) serial /0
| 1: Clock synchronous serial 1/10
e 7 | Serial /01 enable bit 0: Serial /01 disabled 0 e}
(SIOE) 1: Serial I/0O1 enabled
Fig. 3.5.9 Structure of Serial I/01 control register

UART control register

b7 b6 b5 b4 b3 b2 bl b0

_ UART control register (UARTCON) [Address : 1B1s]

1 1 T 1 1
A N A N A ! Name Function At reset W
|

} } } } } } } L o |Character length 0 : 8 bits 0 e}
} } } } } | } selection bit (CHAS) 1: 7 bits
R | [ [Parity enable bit 0 : Parity checking disabled 0 0o
T R (PARE) 1 : Parity checking enabled
AR > |Parity selection bit 0. Even parity 0 5
A R (PARS) 1: Odd parity
L 3 [ Stop bitTength selection 0 : 1 stop bit 0 0]
A bit (STPS) 1: 2 stop bits
o 4 | P11/TxD P-channel In output mode 0 o
[ R S output disable bit 0 : CMOS output .
Lo (POEF) 1 : N-channel open-drain
[ output
| | |
Do ] 5 [ Nothing is allocated for these bits. These are write disabled bits. 1 O
o || When these bits are read out, the values are “1".
} - ] 6 1 g
|
b 7 1 0

Fig. 3.5.10 Structure of UART control register
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Baud rate generator
b7 b6 b5 b4 b3 b2 bl b0

Baud rate generator (BRG) [Address : 1C 16]

I I I I I T I I

|
i i i i i ! i i B Function Atreset| R |W
i i i i i i i L0 | set a count value of baud rate generator. ? 1010
EERRRR
| | | | | |
EEREEE TTofe
[ N N B [ |
R — Bk
| | | | —
i i i Lo 4 2 |olo
| | | —
i i L] 5 ?2 |O|O
T 6 | 2 |o|o
‘ —
b 7 2 |ofo

Fig. 3.5.11 Structure of Baud rate generator
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Timer A mode reqister
b7 b6 b5 b4 b3 b2 bl b0

Timer A mode register (TAM) [Address : 1D 16]

I I I I
i i i i i i i i B Name | Function Atreset| R |W
'L 1 1 | 1 _]0 | Nothing is allocated for these bits. These are write disabled bits. 0 |o]|O
o || When these bits are read out, the values are “0".
e il
I -y o [o["
| | | | | ||
I IR S o [°[°
| | | |
N 4 | Timer A operating mode bits 2504 0 |O|O
A T T 0 0: Timer mode
Lol 0 1: Period measurement mode
[ = | 1 0: Event counter mode

5 - . o|O
oo ] 1 1 : Pulse width HL continuously 0
} } measurement mode
| | .
} } 6 | CNTR1 active edge switch bit | The function depends on the 0 [OfO
o] operating mode.
| (Refer to Table 3.5.1)
|
R 7 | Timer A count stop bit 0 : Count start 0 |ofo

1 : Count stop

Fig. 3.5.12 Structure of Timer A mode register

Table 3.5.1 CNTR: active edge switch bit function

Timer A operating modes

CNTR: active edge switch bit

Timer mode

CNTR: interrupt request occurrence: Falling edge
; No influence to timer A count

CNTR: interrupt request occurrence: Rising edge
; No influence to timer A count

Period measurement mode

Pulse output start: Falling edge period measurement
CNTRu: interrupt request occurrence: Falling edge

Pulse output start: Rising edge period measurement
CNTR: interrupt request occurrence: Rising edge

Event counter mode

Timer A: Rising edge count
CNTR: interrupt request occurrence: Falling edge

Timer A: Falling edge count
CNTR: interrupt request occurrence: Rising edge

Pulse width HL continuously
measurement mode

CNTRu: interrupt request occurrence: Falling edge and rising edge
; No influence to timer A count

CNTR: interrupt request occurrence: Rising edge and falling edge
; No influence to timer A count
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Timer A reqister (low-order, high-order)

b7 b6 b5 b4 b3 b2 bl b0

Timer A register (low-order, high-order) (TAL, TAH) [Address : 1E 16, 1F16]

I I I I I I I I
| | | | | | | |
A B Function At reset W
1 1 1 1 1 | -0 |esetacountvalue of timer A. 1 o
A N N || +The value set in this register is written to both timer A and timer A
A I L__ |1 latch atthe same time. 1 @)
e || *When this register is read out, the timer A’s count value is read
R ROE
| | | | | ]
P 2EE
| | | | _—
R : L[
| | | —
i i R — 5 1 o
| | 1
Do 6 1 @)
‘ —
b 7 1 o
Notes 1: Be sure to write to/read out both the low-order of timer A (TAL) and the high-
order of timer A (TAH).
2: Read the high-order of timer A (TAH) first, and the high-order of timer A (TAL) next.
3: Write to the low-order of timer A (TAL) first, and the high-order of timer A (TAH) next.
4: Do not write to them during read, and do not read out them during write.
Fig. 3.5.13 Structure of Timer A register
Timer Y, Z mode register
b7 b6 b5 b4 b3 b2 bl b0
Timer Y, Z mode register (TYZM) [Address : 20 16)
I I I I I I
R — Foncion e R[w
b 1} 1 Lo | Timer Y operating mode bit 0 : Timer mode 0 O
A 1: Programmable waveform
N generation mode
| | | | | | |
'L 1 1} L___|1 |Nothingis allocated for this bit. This is a write disabled bit. 0 O
} } } } } } When this bit is read out, the value is “0".
I N A I 2 | Timer Y write control bit 0 : Write to latch and timer 0 O
B (Note) simultaneously
b 1 : Write to only latch
O 3 | Timer Y count stop bit 0 : Count start 0 (@]
o 1: Count stop
R 4 |Timer Z operating mode bits | b5 b4 0 @)
I 0 0 : Timer mode
Lol 0 1 : Programmable waveform
Lol [ | generation mode
] 5 10: Programmable one-shot 0 1o
- generation mode
b 11 : Programmable wait one-shot
b generation mode
oL 6 | Timer Z write control bit 0 : Write to latch and timer 0 e}
| (Note) simultaneously
| 1 : Write to only latch
|
L ___ 7 | Timer Z count stop bit 0 : Count start 0 o)
1: Count stop

Note: When modes other than the timer mode, set these bits to “1”.

Fig. 3.5.14 Structure of Timer Y, Z mode register
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Prescaler Y, Prescaler Z
b7 b6 b5 b4 b3 b2 bl b0

Prescaler Y (PREY) [Address : 21 16]
Prescaler Z (PREZ) [Address : 25 16]

I I I I I I I I

| | | | | | | |

B Function Atreset| R |W
11 11 11 L]0 |.setacount value of each prescaler. 1 |90
A N N || +The value set in this register is written to both each prescaler

T R — 1 | and the corresponding prescaler latch at the same time. 1 |O|O
[ || *When this register is read out, the count value of the corres-

A 2 | ponding prescaler is read out. 1 |olo
| | | | |

| | | | | ||

I b BEE
| | | | _—

T T T 4 1 |olo
| | |

| | | —

[ I SN 5 1 [o]o
| |

| | 1

N 6 1 |(ofo
‘ —

o 7 1 |olo

Fig. 3.5.15 Structure of Prescaler Y, Prescaler Z
Timer Y secondary, Timer Z secondary
b7 b6 b5 b4 b3 b2 bl b0
Timer Y secondary, Timer Z secondary (TYS, TZS) [Address : 22 16, 2616]
I I I I I I I I
|

i i i i i | i i B Function Atreset| R |W
1 1 1 I 1 | -0 |+setacountvalue of the corresponding timer. 1 |00
A N N || +The value set in this register is written to the corresponding

A | L___|1| secondary latch at the same time. 1 |O|O
I | [+These are read disabled bits.

A 2 | When these bits are read out, the values are undefined.

| | | | [ 1 ojo
| | | | | ||

I E BEE
| | | | _—

IR R R S 4 1 |Ofo
| | |

| | | —

[ R S 5 1 |Ofo
| |

| | 1

} L, 6 1 a|1o
‘ —

b 7 1 |ojo

Fig. 3.5.16 Structure of Timer

Y secondary, Timer Z secondary
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Timer Y primary, Timer Z primary
b7 b6 b5 b4 b3 b2 bl b0

Timer Y primary, Timer Z primary (TYP, TZP) [Address : 23 16, 2716]

I I I I I I I I

| | | | | | | |

B Function Atreset| R |W
b 1 11 Lo | +seta countvalue of the corresponding timer. 1 |O]|O
A N N || *When the corresponding timer is stopped, the value set in this

A register is written to both the corresponding primary latch and 1 |(ofo
A the corresponding timer at the same time.

A 5 | *When the corresponding timer is operating, the value set in this 1 lolo
N Y N register is written as follows;

oo — timer write control bit = 0:

b 3 | the value is written to both the corresponding primary latch and 1 [o]°
Fo L1 the corresponding timer at the same time.

T 4 | timer write control bit = 1: 1 |o|o
Lol || the value is written to the corresponding primary latch.

N 5 | *When these bits are read out, the count value of the corres- 1 |olo
b ponding timer is read out (Note).

| | |

e 6 1 |0]|O
|

| -

Lo _____ 7 1 (O} (@]

Note: The primary count value is read out at the primary interval, the secondary count
value is read out at the secondary interval.

Fig. 3.5.17 Structure of Timer Y primary, Timer Z primary

Timer Y, Z waveform output control register
b7 b6 b5 b4 b3 b2 bl b0

Timer Y, Z waveform output control register (PUM) [Address : 24 16]

I I I I I I I I

‘ .
i i i i i | i i B Name Function Atreset| R |W
b ) 1 Lo | Timer Y primary waveform 0 : Waveform not extended o |olo
o | | extension control bit 1 : Waveform extended
oo b L |1 [TimerY secondary waveform 0 : Waveform not extended o |olo
S extension control bit 1 : Waveform extended

|
IR . 2 | Timer Z primary waveform 0 : Waveform not extended o |o|o
b extension control bit 1 : Waveform extended
A 3 | Timer Z secondary waveform |0 : Waveform not extended o |olo
b extension control bit 1 : Waveform extended
N N R 4 | Timer Y output level latch 0: “L” output o |o|o
} } } 1:“H” output
Do ] 5 | Timer Z output level latch 0 : “L" output o |olo
Lo 1:“H” output
| L ,,,,,,,,,,,,,,, 6 | INTo pin one-shot trigger 0 : INTo pin one-shot trigger invalid| o [O|0O
} control bit (Note) 1: INTo pin one-shot trigger valid
L 7 [INTo pin one-shot trigger active (O : Falling edge trigger o |olo

edge selection bit (Note) 1: Rising edge trigger

Note: Stop timer Z to change the values of these bits.

Fig. 3.5.18 Structure of Timer Y, Z waveform output control register
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Prescaler 1
b7 b6 b5 b4 b3 b2 bl b0

Prescaler 1 (PRE1) [Address : 28 16]

I I I I I I I I

| | | | | | | |

A B Function At reset W
1 1 11 11 Lo [.setacount value of prescaler 1. 1 o
A N N || +The value set in this register is written to both prescaler 1

T R — 1 | and the prescaler 1 latch at the same time. 1 O
[ | | *When this register is read out, the count value of the prescaler 1

i i i i i ] 2 | latch is read out. 1 o
| | | | | ||

I b BEE
| | | | —

R : L]
[ —

i i R — 5 1 o
| | 1

Do 6 1 ©)
‘ —

o 7 1 o

Fig. 3.5.19 Structure of Prescaler 1
Timer 1
b7 b6 b5 b4 b3 b2 bl b0
Timer 1 (T1) [Address : 29 16]
I I I I I I I I
|

i i i i i | i i B Function At reset W
.1 L 1 1 1 1 .40 |esetacountvalue of timer 1. 1 o
A N N || +The value set in this register is written to both timer 1 and timer 1

A I L___|1| latch atthe same time. 0 @)
R | [ *When this register is read out, the timer 1’s count value is read
R G
| | | | | ||

P NEE
| | | | —

R : o ]°°
| | | —

] 5 o |ofo
| |

| | 1

Do 6 0 ©)
‘ —

o 7 0 o

Fig. 3.5.20 Structure of Timer 1
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One-shot start register
b7 b6 b5 b4 b3 b2 bl b0
One-shot start register (ONS) [Address : 2A 16]

e Forcior e
1 L 1 1 | | “{o|TimerZ one-shot start bit 0 : One-shot stop o |olo
. } | 1 : One-shot start

'l 1 1| L———|1|Nothing is allocated for these bits. These are write disabled bits. 0 [o]|d
} } } } } } || When these bits are read out, the values are “0".

L B 2 ° 1°L
[ T N R ||

N E EE
| | | | —

N R S 4 o (o]0
| | |

| | | _—

o] 5 0 |O|O
| |

T 6 0o |o|o
‘ —

Lo 7 o [ofo

Fig. 3.5.21 Structure of One-shot start register
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Timer X mode register
b7 b6 b5 b4 b3 b2 bl b0

Timer X mode register (TXM) [Address : 2B 1]

I I I I I

EEEREE R O — Funcion e [R[w

L1 1 L 1 1 I 1 |o|Timer X operating mode bits | b1 b0 o |o]|o

[ 0 0: Timer mode

N T N R | 0 1: Pulse output mode

b | | 1 0: Event counter mode

o e 1 1 1: Pulse width measurement 0 |©]|©

. mode

| | | | |

ST R 2 | CNTRo active edge switch bit | The function depends on the 0 |olo

e operating mode.

[ N T T (Refer to Table 3.5.2)

| | | | |

T T T 3 | Timer X count stop bit 0 : Count start o |olo

} } } } 1 : Count stop

o 4 | PO3/TXouT output valid bit 0 : Output invalid (I/O port) 0 |[O]O

[ T R S 1: Output valid (Inverted CNTR 0

R output)

| | |

L] 5 [ Nothing is allocated for these bits. These are write disabled bits. 0 |O|O

| || When these bits are read out, the values are “0”".

B 6 0 |O|O

| —

L 7 o [ofo
Fig. 3.5.22 Structure of Timer X mode register
Table 3.5.2 CNTRo active edge switch bit function

Timer X operating modes CNTRo active edge switch bit (bit 2 of address 2Bis) contents
Timer mode “0”"|CNTRo interrupt request occurrence: Falling edge

: No influence to timer count

“1"|CNTRo interrupt request occurrence: Rising edge
; No influence to timer count

Pulse output mode “0”| Pulse output start: Beginning at “H” level
CNTRo interrupt request occurrence: Falling edge

“1"|Pulse output start: Beginning at “L” level
CNTRo interrupt request occurrence: Rising edge

Event counter mode “0”| Timer X: Rising edge count
CNTRo interrupt request occurrence: Falling edge

“1”| Timer X: Falling edge count
CNTRo interrupt request occurrence: Rising edge

Pulse width measurement mode [“0”| Timer X: “H” level width measurement
CNTRo interrupt request occurrence: Falling edge

“1"| Timer X: “L” level width measurement
CNTRo interrupt request occurrence: Rising edge
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Prescaler X
b7 b6 b5 b4 b3 b2 bl b0

Prescaler X (PREX) [Address : 2C 1]

I I I I I I I I

|
i i i i i ! i i B Function Atreset| R |W
11 11 11 Lo [.setacount value of prescaler X. 1 |0(O
A N N || +The value set in this register is written to both prescaler X
T R — 1 | and the prescaler X latch at the same time. 1 |O]|O
e | | *When this register is read out, the count value of the prescaler X
R 2 | is read out. 1 lolo
| | | | |
[ N |
T 186
| | | | _—
T T T 4 1 |olo
| | |
| | | —
[ SN 5 1 |ofo
| |
| | 1
. 6 1 |ofo
‘ —
o 7 1 |olo

Fig. 3.5.23 Structure of Prescaler X

Timer X
b7 b6 b5 b4 b3 b2 bl b0

Timer X (TX) [Address : 2D 16]

I I I I I I I I

|
i i i i i | i i B Function Atreset| R |W
1 L 1 1 1 1 L0 |esetacountvalue of timer X. 1 |9]|0
A N N || +The value set in this register is written to both timer X and timer X
T R — 1| latch at the same time. 1 |O]|O
o | [ *When this register is read out, the timer X’s count value is read
] 2| o 1 |°]°
[ N |
P 186
| | | | _—
T T T 4 1 |olo
| | |
| | | —
R 5 1 |OfO
| |
| | 1
. 6 1 |ofo
‘ —
b 7 1 |ofo

Fig. 3.5.24 Structure of Timer X
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Timer count source set register

b7 b6 b5 b4 b3 b2 bl b0

0 Timer count source set register (TCSS) [Address : 2E 16]
I I I I I I I
e Furcion oAl
Loorr Timer X count source bl b0
o 0] 0 |O|O
L 11 1 | selection bits 00 : f(XIN)/16
I || 01: f(XiN)/2
A 1 1 0: f(XiN) (Note 1) 0 |O|0O
Lo 11 : Not available
o 2 | Timer Y count source b3 b2 o |[o]|o
I R At selection bits 00 : f(XIN)/16
[ 01:f(XiNn)/2
. | 1 0 : Ring oscillator output
| | | | |
T 3 (Note 2) 0 |°]°
b 11 : Not available
A 4 | Timer Z count source 85(;34 {XN)/L6 0 |o]o
Lo lection bit - TAIN
o || selection bits 01 f(XI)2
[ R 5 10 : Timer Y underflow 0 [OfO
b 1 1 : Not available
S — 6 | Fix this bit to “0". o |ofo
|
e 7 | Nothing is allocated for this bit. This is a write disabled bit. o (o]0
When this bit is read out, the value is “0".

Notes 1: f(XIN) can be used as timer X count source only when using a ceramic

oscillator or ring oscillator.
Do not use it at RC oscillation.

2: System operates using a ring oscillator as a count source by setting the
ring oscillator to oscillation enabled by bit 3 of CPUM.

Fig. 3.5.25 Structure of Timer count source set register
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Serial I/02 control register
b7 b6 b5 b4 b3 b2 bl b0

- Serial 1/02 control register (SIO2CON) [Address : 3016]

1 1 1 1 T 1 1

A N N A N = Name Function ireset | R W

| | | | | | | |

011 1 L]0 | Internal synchronous b2 bl b0 - 0 [o]o

N clock selection bits 0 0 0:f(Xin)/8

I ER 0 0 1:f(Xin)/16

o 1 0 1 0:f(Xi)/32 0 [o]o

o - 0 1 1:f(Xin)/64

[ N N A 2 11 0:f(Xin)/128 0

IR 11 1:f(Xin)/256 °l°

T T I 3 | Spataz pin selection bit 0 : 1/O port / Spataz input 0 |olo

o (Note) 1 : Spata2 output

oL 4 | Nothing is allocated for this bit. This is a write disabled bit. 0 |lolo

[ When this bit is read out, the value is “0".

| | | n

T S 5 | Transfer direction selection bit | O : LSB first 0 [olo

Lo 1: MSB first

| t ,,,,,,,,,,,,,,, 6 | Scikz pin selection bit 0 : External clock (Sctkz is input) 0 |olo

| 1 : Internal clock (Scikz is output)

b 7 | Transmit/ receive shift 0 : shift in progress 0 |olo
completion flag 1 : shift completed

Note: When using it as a Soara input, set the port P13 direction register bit to “0”".

Fig. 3.5.26 Structure of Serial 1/02 control register

Serial 1/02 register
b7 b6 b5 b4 b3 b2 bl b0

Serial 1/02 register (SI02) [Address : 31 16]

I I I I I I I I

|
i i i i i | i i B Function Atreset| R |W
L b1 L]0 | Ashift register for serial transmission and reception. ? [©]0
N T N R || « At transmitting : Set a transmission data.
' 11 L___|1[+Atreceiving : A reception data is stored. ? 1010
| | | | | |
P > [°°
| | | | | ||
L AEE
| | | | —
T R 4 ? |olo
| | |
| | | —
i i [ 5 ? |O|O
| | |
e —— 6 ? |00
‘ —
b 7 2 |o]o

Fig. 3.5.27 Structure of Serial 1/02 register
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A-D control reqgister
b7 b6 b5 b4 b3 b2 bl b0

A-D control register (ADCON) [Address : 34 16]

T I I

BEEE R O — Funcion [ [R[w
L b 1 111 |o| Analog input pin selection bits | b2 b1 bo 0 |00
[ } T 0 0 0:P20/ANo
I T N | 0 0 1:P21/AN1
[ N 0 1 0:P22/AN2
I 0 1 1:P23/ANs o |ofo
N 1 0 0:P24/ANa
A — 1 0 1:P25/ANs
I T B 2 1 1 0:P26/ANe  (Note) o |olo
borr T 11 1:P27/AN7 (Note)
| | | | |
o ] 3 [ Nothing is allocated for this bit. This is a write disabled bit. 0 |O|O
[ When this bit is read out, the value is “0".
| | | | B .
bl b 4 | AD conversion completion bit 0 : Conversion in progress 1 (OO
Lo 1 : Conversion completed
| | |
b S | Nothing is allocated for these bits. These are write disabled bits. 0 (O|b
. 1 When these bits are read out, the values are “0”".
| |
} e ——— — — ] 6 0 o0
| —
L 7 0 (oo

Note: These can be used only for the 36-pin package versions.

0: This bit can be cleared to “0” by program, but cannot be set to “1”.

Fig. 3.5.28 Structure of A-D control register

A-D conversion register (low-order)
b7 b6 b5 b4 b3 b2 bl b0

A-D conversion register (low-order) (ADL) [Address : 35 16]
I I I I I I I I

|
i i i i i ! i i B Function Atreset| R
"1 1 1 1 1 1 L]0 [ The read-only register in which the A-D conversion's results are ? |00
oL ] stored.
T A . 2 [o]o
| | | | | |
| | | | | | | .
< 8-bit read>

e o 0 ARE
i i i i L 3 b9 |b8|b7|b6 |b5 |b4 b3 [b2 2 lolo
| | | | _—
| | | |
e 4 < 10-bit read> ? |90
o a0 >
| T 5 b7 [06 |b5 |b4 [b3 |b2 [b1 |bO ? 100
| | |
Do 6 ? |00
‘ —
Lo 7 2 |olo

Fig. 3.5.29 Structure of A-D conversion register (low-order)
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A-D conversion register (high-order)
b7 b6 b5 b4 b3 b2 bl b0
A-D conversion register (high-order) (ADH) [Address : 36 16]
I I
| | | | | | | |
L Function Areset] R
TR i } L 0 | The read-only register in which the A-D conversion’s results are ? |O|0O
I N N T stored.
N == < 10-bit read>
[ N N Y R B 1 b7 b0 > |olOo
| | | | | | L !
RN L EE
| | | | | |
| | | | | |
N 2 | Nothing is allocated for these bits. These are write disabled bits. ? (O]|0
oo — When these bits are read out, the values are “0".
N N I S —— 3 ? |0|O
| | | |
| | | | —
i i i L ____ 4 2 |0O|0
o a 2CE
| |
I I |
B e 6 2 |o|O
| —
e 7 ? (O|O
Fig. 3.5.30 Structure of A-D conversion register (high-order)
MISRG
b7 b6 b5 b4 b3 b2 bl b0
L—__ MISRG [Address : 3816]
1 1 1 1
b [B Name Function [Atreset [ R [W
| | | | | | | |
Lo | ! | |0 [Oscillation stabilization time 0 : Set “0l116” in timer 1, and 0 |o]o
o] set bit after release of the “FF16” in prescaler 1
R T T A STP instruction automatically
A 1 : Not set automatically
| | | | | | |
0L |1 [ Ceramic or RC oscillation stop | O : Detection function inactive 0 |lolo
[ detection function active bit 1 : Detection function active
|
R ] 2 | These are reserved bits. 0 |olno
Lo Do not write “1” to these bits.
| | | | | |
e —— 3 0 |o|Oo
| | | |
T 4 | Nothing is allocated for these bits. These are write disabled bits. 0 [olO
Lo | | When these bits are read out, the values are “0".
3 3 ] 5 0 |ol|o
| | —
i b 6 0 |o]|D
] 7 | Oscillation stop detection 0 : Osclillation stop not detected  |[(Note) olo
status hit 1 : Oscillation stop detected
Note: “0” at normal reset
“1" at reset by detecting the oscillation stop

Fig. 3.5.31 Structure of MISRG
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Watchdog timer control register

b7 b6 b5 b4 b3 b2 bl b0

Watchdog timer control register (WDTCON) [Address : 39 16]

1: Key-on wakeup disabled

I I I I I I I I

i i i i i i i i B Name Function Atreset| R |W
11 1 1 1 1 L]o [ watchdog timer H 1 0
b | | || (The high-order 6 bits are read-only bits.)

N e
| | | | | } ||

BRI - AEE
| | | | | ||

s BEE
| | | | _—

e : ARE
| | | —

i i L 5 1 d
| | S .

e 6 | STP instruction disable bit 0 : STP instruction enabled 0 o}
| 1: STP instruction disabled

Lo - [ Watchdog timer H count 0 : Watchdog timer L underflow 0 o

source selection bit 1:f(Xin)/16
Fig. 3.5.32 Structure of Watchdog timer control register
Interrupt edge selection register
b7 b6 b5 b4 b3 b2 bl b0
Interrupt edge selection register (INTEDGE) [Address : 3A 16]
I I

i i i i i i i i B Name Function At reset W
b1 111 Lo |INTointerrupt edge 0 : Falling edge active 0 O
A | ! selection bit 1: Rising edge active

11 1 1 1 1 |1 |INTzinterrupt edge 0 : Falling edge active 0 o)
A selection bit 1: Rising edge active

|

i i i i i ] 2 | Nothing is allocated for these bits. These are write disabled bits. 0 O
I || When these bits are read out, the values are “0”".

| | | | |

L 3 o [o]o
| | | | _—

T T T 4 0 0
| | |

| | | —

i i R — 5 0 0
L o WEE
|

b 7 | POo key-on wakeup enable bit |0 : Key-on wakeup enabled 0 o

Fig. 3.5.33 Structure of Interrupt edge selection register

3-116

7540 Group User’'s Manual




APPENDIX

3.5 List of registers

CPU mode regqister
b7 b6 b5 b4 b3 b2 bl b0

CPU mode register (CPUM) [Address : 3B 16]

Name Function Atreset| R |W
Processor mode bits (Note 1) |b1bo o |[o]|o
0 0: Single-chip mode
0 1: Not available
1 0: Not available o |olo
1 1: Notavailable
Stack page selection bit 0:0page 0o |o|o
1:1 page
Ring oscillator oscillation 0 : Ring oscillator oscillation enabled 0 olo
control bit 1 : Ring oscillator oscillation stop
XIN oscillation control bit 0 : Ceramic or RC oscillation enabled o |ofo
1 : Ceramic or RC oscillation stop
Oscillation mode selection bit | g : Ceramic oscillation o |olo
(Note 1) 1 : RC oscillation
Clock division ratio selection | b7 b6 0 [O]|0O
bits 0 0: @=f(XN)/2
(high-speed mode)
0 1:@=f(XN)/8
(middle-speed mode)
1 0: Applied from ring oscillator 1 |00
1 1:@=fXn)

(double-speed mode)

(Note 2)

can be rewritten, again.

(It is not disable to write any data to the bit for emulator MCU “M37540RSS".)
2: These bits are used only when a ceramic oscillation is selected.
Do not use these when an RC oscillation is selected.

Notes 1: The bit can be rewritten only once after releasing reset. After rewriting it is
disable to write any data to the bit. However, by reset the bit is initialized and

Fig. 3.5.34 Structure of CPU mode register
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Interrupt request register 1

b7 b6 b5 b4 b3 b2 bl b0

Interrupt request register 1 (IREQ1) [Address : 3C 16]

I I I I I I I I
i i i i i i i i B Name Function At reset Wi
Lo b b Lo | Serial I/0O1 receive 0 : No interrupt request issued 0 O
borh interrupt request bit 1 : Interrupt request issued
o R — | Serial I/O1 transmit interrupt | 0 : No interrupt request issued 0 0
N request bit 1 : Interrupt request issued

| - s
o L 2 | INTo interrupt request bit 0: No interrupt request issued 0 0
b 1 : Interrupt request issued
Lo L] 3 | INTz interrupt request bit 0 : No interrupt request issued 0 0
. 1 : Interrupt request issued
N N 4 | Key-on wake up interrupt 0 : No interrupt request issued 0 O
} } } request bit 1 : Interrupt request issued
] 5 | CNTRo interrupt request bit 0 : No interrupt request issued 0 ]
L 1 : Interrupt request issued
| | - . . .
. 6 | CNTRu interrupt request bit 0 : No interrupt request issued 0 0
| 1 : Interrupt request issued
Lo 7 | Timer X interrupt request bit [0 : No interrupt request issued 0 O

1 : Interrupt request issued
[0: These bits can be cleared to “0” by program, but cannot be set to “1”".
Fig. 3.5.35 Structure of Interrupt request register 1
Interrupt request register 2
b7 b6 b5 b4 b3 b2 bl b0
Interrupt request register 2 (IREQ2) [Address : 3D 16]
I I I I I I

| -
REERRR - Funcion [
L1 1 11 Lo |TimerY interrupt request bit |0 : No interrupt request issued 0 0
A | ! 1 : Interrupt request issued
Lo Lo |1 | Timer Zinterrupt request bit 10 No interrupt request issued 0 0
N 1 : Interrupt request issued
| | | | | | . "
[ T A R 2 | Timer A interrupt request bit 0 : No interrupt request issued 0 O
b 1 : Interrupt request issued
Lo L] 3 | Serial I/02 interrupt request 0 : No interrupt request issued 0 0
Lo bit 1 : Interrupt request issued
T N I 4 | AD converter interrupt 0 : No interrupt request issued 0 0
. request bit 1 : Interrupt request issued
R 5 | Timer 1 interrupt request bit 0 : No interrupt request issued 0 O
I 1 : Interrupt request issued
| |
e 6 | Nothing is allocated for these bits. These are write disabled bits. 0 o
| || When these bits are read out, the values are “0".
L 7 0 O

O: These bits can be cleared to “0” by program, but cannot be set to “1”.

Fig. 3.5.36 Structure of Interrupt request register 2
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Interrupt control register 1
b7 b6 b5 b4 b3 b2 bl b0
Interrupt control register 1 (ICON1) [Address : 3E 16]
I I I I I I I I
i i i i i i i i B Name Function Atreset| R |W
} } } } } } } L | o | Serial I/O1 receive 0 : Interrupt disabled o |ofo
borh interrupt enable bit 1 : Interrupt enabled
} } } } } } L___| 1 | Serial I/O1 transmit interrupt 0 : Interrupt disabled o |olo
N enable bit 1 : Interrupt enabled
| | | | | | -
I R 2 | INTo interrupt enable bit 0 : Interrupt disabled 0o |ofo
b 1: Interrupt enabled
A T T N 3 | INTz1 interrupt enable bit 0 : Interrupt disabled 0o (o]0
. 1 : Interrupt enabled
A T I 4 | Key-on vyake up interrupt 0 : Interrupt disabled 0 |O|O
} } } enable bit 1 : Interrupt enabled
N P 5 | CNTRo interrupt enable bit 0 : Interrupt disabled 0 |ofo
- 1 : Interrupt enabled
| | A
O 6 | CNTRu interrupt enable bit 0 : Interrupt disabled o (o]0
| 1: Interrupt enabled
L 7 | Timer X interrupt enable bit 0 : Interrupt disabled 0 |ofo
1 : Interrupt enabled
Fig. 3.5.37 Structure of Interrupt control register 1
Interrupt control register 2
b7 b6 b5 b4 b3 b2 bl b0
Interrupt control register 2 (ICON2) [Address : 3F 16]
I I I I I I
BEEE R - — Funcion e R
b 11 Lo | Timer Y interrupt 0 : Interrupt disabled o |o|o
A . | } enable bit 1 : Interrupt enabled
I N — Timer Z interrupt enable bit 0 : Interrupt disabled o |ofo
N 1 : Interrupt enabled
| | | | | | .
N 2 | Timer A interrupt enable bit 0 : Interrupt disabled 0o |o]o
b 1 : Interrupt enabled
Lo L] 3 | Serial /02 interrupt enable bit | 0 : Interrupt disabled o |o|o
bl 1: Interrupt enabled
A 4 | AD conversion interrupt 0 : Interrupt disabled 0 [©fO
} } } enable bit 1: Interrupt enabled
R 5 | Timer 1 interrupt enable bit 0 : Interrupt disabled o |olo
[ 1 : Interrupt enabled
| |
N S 6 | Nothing is allocated for these bits. These are write disabled bits. 0 |Of0
| | | When these bits are read out, the values are “0".
Lo 7 0 |O]|O

Fig. 3.5.38 Structure of Interrupt control register 2
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3.6 Package outline

32P4B MMP Plastic 32pin 400mil SDIP
EIAJ Package Code JEDEC Code Weight(g) Lead Material
SDIP32-P-400-1.78 - 2.2 Alloy 42/Cu Alloy

@ )
honnonnnonnnnnrr

O Of -

UAVAVAVAVEVAVAUAVEVACAVEVAVRVEY
@)

D Symbol Dimension in Millimeters
Min Nom Max
A - - 5.08
< A1 0.51 - -
A2 - 3.8 -
b 0.35 0.45 0.55
2 b1 0.9 1.0 13
b2 0.63 0.73 1.03
c 0.22 0.27 0.34
D 27.8 28.0 28.2
b2 E 8.75 8.9 9.05
le] — 1.778 =
SEATING PLANE - 10.16 -
L 3.0 - -
[ 0° - 15°

32P6U—A Plastic 32pin 7X7mm bedy LQFP

EIAJ Package Code JEDEC Code | Weight(g) Lead Material MD
LQFP32-P-0707-0.80 — Cu Alloy (0] )
Scale: 4/1 ~ m ﬁ W
Ho | =
D PR -
%Q Q Q Q Q Q? Recommended Mount Pad
— Dimension in Mllimeters
O Q @ Symbol Min Nom Max
— — A — — 17
] = . A | O 01 | 02
— - YT A2 — 1.4 —
- - b 0.32 0.37 0.45
oo R c 0105 | 0125 | 0175
(& (17) D 69 7.0 7
eCEELEED: | R T
© A Hb 8.8 9.0 9.2
He 8.8 9.0 9.2
L 0.3 05 0.7
L1 — 10
Lp 0.45 0.6 075
— 0.25 —
X — — 02
Y — — 0.1
4 0 — 8°
b2 — 05 —
[2 10 — —
Detal F MD — 7.4 —
Mg — 74 —
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36P2R-A

MMP

Plastic 36pin 450mil SSOP

EIAJ Package Code

JEDEC Code

Weight(g)

Lead Material

SSOP36-P-450-0.80

0.53

Alloy 42

Z1

Detail G

Detail F

Recommended Mount Pad

Symbol Dir_nension in Millimeters
Min Nom Max
A — — 2.4
Al 0.05 —
A2 — 2.0 —
b 0.35 0.4 0.5
c 0.13 0.15 0.2
D 14.8 15.0 15.2
E 8.2 8.4 8.6
e] - 0.8 -
HE 11.63 11.93 12.23
L 0.3 0.5 0.7
L1 — 1.765 —
- 0.7 -
Z1 - 0.85
y - - 0.15
') 0° - 10°
b2 - 0.5 -
- 11.43 -
12 1.27 — —
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3.7 Machine instructions

Symbol

Function

Details

Addressing mode

IMP

A BIT,A/R

ZP

BIT, ZP, R

OoP

oP

OP| n | # |OP| n

#

OoP

OoP

n

#

ADC
(Note 1)
(Note 5)

When T =0
A-A+M+C

WhenT=1
M(X) « M(X) +M +C

When T = 0, this instruction adds the contents
M, C, and A; and stores the results in A and C.
When T = 1, this instruction adds the contents
of M(X), M and C; and stores the results in
M(X) and C. When T=1, the contents of A re-
main unchanged, but the contents of status
flags are changed.

M(X) represents the contents of memory
where is indicated by X.

69

65

AND
(Note 1)

When T =0
A - AAM

WhenT=1
M(X) « M(X) AM

When T = 0, this instruction transfers the con-
tents of A and M to the ALU which performs a
bit-wise AND operation and stores the result
back in A.

When T = 1, this instruction transfers the con-
tents M(X) and M to the ALU which performs a
bit-wise AND operation and stores the results
back in M(X). When T = 1, the contents of A
remain unchanged, but status flags are
changed.

M(X) represents the contents of memory
where is indicated by X.

29

25

ASL

7

0
(o= «0

This instruction shifts the content of A or M by
one bit to the left, with bit 0 always being set to
0 and bit 7 of A or M always being contained in
C.

OA[ 2|1

06

BBC
(Note 4)

Aior Mi =0?

This instruction tests the designated bit i of M
or A and takes a branch if the bit is 0. The
branch address is specified by a relative ad-
dress. If the bit is 1, next instruction is
executed.

20i

17
20i

BBS
(Note 4)

Aior Mi=1?

This instruction tests the designated bit i of the
M or A and takes a branch if the bit is 1. The
branch address is specified by a relative ad-
dress. If the bit is 0, next instruction is
executed.

BCC
(Note 4)

c=07?

This instruction takes a branch to the ap-
pointed address if C is 0. The branch address
is specified by a relative address. If C is 1, the
next instruction is executed.

BCS
(Note 4)

This instruction takes a branch to the ap-
pointed address if C is 1. The branch address
is specified by a relative address. If C is 0, the
next instruction is executed.

BEQ
(Note 4)

This instruction takes a branch to the ap-
pointed address when Z is 1. The branch
address is specified by a relative address.

If Z is 0, the next instruction is executed.

BIT

AAM

This instruction takes a bit-wise logical AND of
A and M contents; however, the contents of A
and M are not modified.

The contents of N, V, Z are changed, but the
contents of A, M remain unchanged.

24

BMI
(Note 4)

This instruction takes a branch to the ap-
pointed address when N is 1. The branch
address is specified by a relative address.

If N is 0, the next instruction is executed.

BNE
(Note 4)

This instruction takes a branch to the ap-
pointed address if Z is 0. The branch address
is specified by a relative address. If Z is 1, the
next instruction is executed.
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Addressing mode Processor status register

ABS, X ABS, Y IND ZP, IND IND, X IND, Y REL SP 7/6(5[4|3|2|1|0

OP| n|#|OP| n|#|OP| n|# |OP| n|# |OP|n|# |[OP| n|# |OP| n|#|[OP|n|# |N|V|T|B|D|I|Z]|C
7D| 5|3 |79(5 |3 616 (2|71|6 |2 N[V | [e]|e|e|]|Z

3D|5|3|39(5|3 21({6|2|31|6 |2 N|e|e|e|e||Z]-"

1E| 7|3 Nfefe|e]e]|*]|Z]|C

90|22 e e oo ]|o]| oo

BO[2 |2 e|le|efofo]| o] o]

Fol2 |2 ol e oo | o] oo

M7[Me| e | e |e|e|Z]-

30(2 |2 efofo|e|e] o]

DO(2 |2 efefo|e|e]| o]l
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Addressing mode
Symbol Function Details IMP IMM A BIT, A ZP BIT, ZP
OP| n OP| n OP | n OP n|#|[OP|n|# |OP| n|#
BPL N =07? This instruction takes a branch to the ap-
(Note 4) pointed address if N is 0. The branch address
is specified by a relative address. If N is 1, the
next instruction is executed.
BRA PC « PC # offset This instruction branches to the appointed ad-
dress. The branch address is specified by a
relative address.
BRK B«~1 When the BRK instruction is executed, the |00| 7
(PC) « (PC)+2 CPU pushes the current PC contents onto the
M(S) « PCH stack. The BADRS designated in the interrupt
S<S-1 vector table is stored into the PC.
M(S) ~ PCL
S~S-1
M(S) - PS
S~S-1
<1
PCL —~ ADL
PCH « ADH
BVC V=07? This instruction takes a branch to the ap-
(Note 4) pointed address if V is 0. The branch address
is specified by a relative address. If Vis 1, the
next instruction is executed.
BVS V=17 This instruction takes a branch to the ap-
(Note 4) pointed address when V is 1. The branch
address is specified by a relative address.
When V is 0, the next instruction is executed.
CLB AiorMi - 0 This instruction clears the designated bit i of A Bl21 1F|5|2
or M. 20i 20i
CLC C-0 This instruction clears C. 18| 2
CLD D0 This instruction clears D. D8| 2
CLI -0 This instruction clears I. 58| 2
CLT T-0 This instruction clears T. 12| 2
CLV V<0 This instruction clears V. B8| 2
CMP When T =0 When T = 0, this instruction subtracts the con- C9| 2 C5(3 |2
(Note 3) | A-M tents of M from the contents of A. The result is
WhenT=1 not stored and the contents of A or M are not
M(X) - M modified.
When T = 1, the CMP subtracts the contents
of M from the contents of M(X). The result is
not stored and the contents of X, M, and A are
not modified.
M(X) represents the contents of memory
where is indicated by X.
COM MM This instruction takes the one’s complement of 4415 |2
the contents of M and stores the result in M.
CPX X-M This instruction subtracts the contents of M EO| 2 E4(3 |2
from the contents of X. The result is not stored
and the contents of X and M are not modified.
CPY Y-M This instruction subtracts the contents of M Cco| 2 Ca413 |2
from the contents of Y. The result is not stored
and the contents of Y and M are not modified.
DEC A-A-1lor This instruction subtracts 1 from the contents 1A} 2 C6|5 |2
M-M-1 of A or M.
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Addressing mode

Processor status register

ZP, X ZP,Y ABS ABS, X | ABS,Y IND ZP, IND IND, X IND, Y REL SP 7/6(5[4|3|2|1|0
OP[n|# |OP| n|# |OP|n |# |[OP| n|# |OP| n|# |[OP| n OP| n|# |OP| n|# |OP| n|# |OP| n|# |OP| n NV |T|B[D|I|Z]|C
10/ 2| 2 efo|oe|e|o|e]e]e

80| 4|2 e | e | e | e | e || e |e

o | e | e |1 | |21 ]| e]e

50(2 |2 e |loe|oe|o|o|ofe]e

7012 |2 e |le oo |o|ofe]e

S S O A R P P

efo o] e|O|o] o]

efo|oe|elo|O]| ]

elo|O|e|o|o]e]e

e |O|o|e|o|o]e]e

D5(4 |2 CD|(4 |3 [DD|5 |3 |D9|5 |3 Cl|6 |2 |D1|6 |2 N|fefe|e]e]|]|]Z]|C
Nfoe|eo|e|e|e|Z]e

EC|4 |3 N|ef[e|e]||*|Z]|C

CC|4 |3 N|fefe|e]e]|]|Z]|C

D6(6 |2 CE|6 |3 |IDE|7 |3 N|[of|e|e]e|e]|Z]|e
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Addressing mode
Symbol Function Details IMP IMM A BIT, A ZP BIT, ZP
OP[ n| #|OP| n| #|0OP| n [# |[OP| n| # |OP| n | # |OP| n | #

DEX X e« X=-1 This instruction subtracts one from the current [CA

contents of X.
DEY Y-Y-1 This instruction subtracts one from the current |88

contents of Y.
DIV A« (M(zz + X + 1), This instruction divides the 16-bit data in

M(zz + X))/ A M(zz+(X)) (low-order byte) and M(zz+(X)+1)

M(S) < one's comple- | (high-order byte) by the contents of A. The

ment of Remainder quotient is stored in A and the one's comple-

S~S8-1 ment of the remainder is pushed onto the stack.

EOR When T =0 When T = 0, this instruction transfers the con-
(Note 1) A~ AYM tents of the M and A to the ALU which
performs a bit-wise Exclusive OR, and stores

WhenT=1 the result in A.

M(X) « M(X) ¥ M When T = 1, the contents of M(X) and M are
transferred to the ALU, which performs a bit-
wise Exclusive OR and stores the results in
M(X). The contents of A remain unchanged,
but status flags are changed.

M(X) represents the contents of memory
where is indicated by X.
INC A-A+lor This instruction adds one to the contents of A

M-M+1 or M.

INX X« X+1 This instruction adds one to the contents of X. |E8
INY Y-Y+1 This instruction adds one to the contents of Y. |C8
JMP If addressing mode is ABS | This instruction jumps to the address desig-

PCL « ADL nated by the following three addressing

PCH ~ ADH modes:

If addressing mode is IND Absolute

PCL « M (ADH, ADL) Indirect Absolute

PCH « M (ADH, ADL + 1) | Zero Page Indirect Absolute

If addressing mode is ZP, IND

PCL « M(00, ADL)

PCH ~ M(00, ADL + 1)

JSR M(S) < PCH This instruction stores the contents of the PC

S~S-1 in the stack, then jumps to the address desig-

M(S) « PCL nated by the following addressing modes:

S~S-1 Absolute

After executing the above, Special Page

if addressing mode is ABS, | Zero Page Indirect Absolute

PCL -~ ADL

PCH « ADH

if addressing mode is SP,

PCL -~ ADL

PCH «~ FF

If addressing mode is ZP, IND,

PCL «~ M(00, ADL)

PCH ~ M(00, ADL + 1)

LDA When T =0 When T = 0, this instruction transfers the con-
(Note 2) A-M tents of M to A.

WhenT=1 When T = 1, this instruction transfers the con-

M(X) « M tents of M to (M(X)). The contents of A remain
unchanged, but status flags are changed.

M(X) represents the contents of memory
where is indicated by X.

LDM M < nn This instruction loads the immediate value in
M.

LDX X <M This instruction loads the contents of M in X.

LDY Y-M This instruction loads the contents of M in Y.
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Addressing mode Processor status register

ZP, X ZP, Y ABS ABS, X ABS, Y IND ZP, IND IND, X IND, Y REL SP 6|5|4[3|2]|1(|0

OP| n OP| n OP| n OP| n|#|OP| n|# |OP[n|[# |OP| n|# |OP| n|# [OP| n|# |OP| n|# |[OP| n V| (T|B|D|I|Z]|C

Nfeo|e|e|e|e]|Z]e

Nfeo|oe|e|e|e]|Z]e

E2|16 e |oe oo ]| o] oo

55| 4 4AD| 4 5D|5|3159| 5|3 4116 | 2|51(6 |2 N|e|o|oe|e|e]|Z]|e

F6| 6 EE| 6 FE| 7|3 Nlo|e|o]elol]z]e

Nfeo|oe|e|e|e]|Z]e

Nfeo|oe|e|e|e]|Z]e

4C| 3 6C|5|3|B2[4 |2 e |oe oo | o] oo

20| 6 02|72 22| 5 [ I I I R A

B5| 4 AD| 4 BD|5(3|B9| 5|3 All 6|2 |B1|6 |2 Nfe|[eo|o|[e||Z]-"

B6| 4 AE| 4 BE| 5|3 Nfe|[e|eo|e|e|Z]-

B4| 4 AC| 4 BC| 5|3 N|e|eo|eo|eo|e|Z]|-e
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Addressing mode
Symbol Function Details IMP IMM A BIT, A ZP BIT, ZP
OP| n OP| n OP| n |# |OP| n| # |OP| n OP| n | #
LSR 7 0 This instruction shifts either A or M one bit to 4A1 2 |1 46 | 5
0o-_1-d the right such that bit 7 of the result always is
set to 0, and the bit O is stored in C.
MUL M(S) * A « AOM(zz + X) | This instruction multiply Accumulator with the
S~S-1 memory specified by the Zero Page X address
mode and stores the high-order byte of the re-
sult on the Stack and the low-order byte in A.
NOP PC -« PC+1 This instruction adds one to the PC but does [EA| 2
no otheroperation.
ORA When T =0 When T = 0, this instruction transfers the con- 09| 2 053
(Notel) | A=« AVM tents of A and M to the ALU which performs a
bit-wise “OR”, and stores the result in A.
WhenT=1 When T = 1, this instruction transfers the con-
M(X) « M(X) VM tents of M(X) and the M to the ALU which
performs a bit-wise OR, and stores the result
in M(X). The contents of A remain unchanged,
but status flags are changed.
M(X) represents the contents of memory
where is indicated by X.
PHA M(S) - A This instruction pushes the contents of A to
S-S-1 the memory location designated by S, and |48 3
decrements the contents of S by one.
PHP M(S) <« PS This instruction pushes the contents of PS to
S-S-1 the memory location designated by S and dec- |08 3
rements the contents of S by one.
PLA S~S+1 This instruction increments S by one and
A « M(S) stores the contents of the memory designated |68 4
by Sin A.
PLP S~S+1 This instruction increments S by one and
PS « M(S) stores the contents of the memory location |28 4
designated by S in PS.
ROL 7 0 This instruction shifts either A or M one bit left 2A12 |1 26|5
[ 1<[C] through C. C is stored in bit 0 and bit 7 is
stored in C.
ROR 7 0 This instruction shifts either A or M one bit 6A[2 |1 66| 5
- 1- right through C. C is stored in bit 7 and bit 0 is
[="—" stored in C.
RRF 7 0 This instruction rotates 4 bits of the M content 828
- 1- to the right.
RTI S~S+1 This instruction increments S by one, and
PS « M(S) stores the contents of the memory location |40| 6
S~S+1 designated by S in PS. S is again incremented
PCL « M(S) by one and stores the contents of the memory
S<S+1 location designated by S in PCL. S is again
PCH < M(S) incremented by one and stores the contents of
memory location designated by S in PCH.
RTS S~S+1 This instruction increments S by one and
PCL « M(S) stores the contents of the memory location [60| 6
S<S+1 designated by S in PCL. S is again
PCH < M(S) incremented by one and the contents of the
(PC) -« (PC)+1 memory location is stored in PCH. PC is
incremented by 1.
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3.7 Machine instructions

Addressing mode Processor status register

ABS, X ABS, Y IND ZP, IND IND, X IND, Y REL SP 716(5(4(|3[|2|1]|0

OP| n|#|OP| n|#|OP| n|#|[OP| n|#|OP|n|#|OP|n|#|OP|n|#|OPn|#|N|V|T|B|D|I |Z

(Value saved in stack)
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3.7 Machine instructions

Addressing mode

Symbol Function Details IMP IMM A BIT, A ZP BIT, ZP

OP[ n| #|OP| n| #|0OP| n [# |[OP| n| # |OP| n | # |OP| n | #

SBC When T =0 When T = 0, this instruction subtracts the E9| 2|2 E5[3 |2
(Notel) | A« A-M-C value of M and the complement of C from A,
(Note 5) and stores the results in A and C.

WhenT=1 When T = 1, the instruction subtracts the con-

M(X) « M(X)-M-C tents of M and the complement of C from the
contents of M(X), and stores the results in
M(X) and C.

A remain unchanged, but status flag are
changed.

M(X) represents the contents of memory
where is indicated by X.

SEB AiorMi « 1 This instruction sets the designated bit i of A 0B|2 |1 oFl5 ]2
s
orM. 20i 20i
SEC C1 This instruction sets C. 38(2 |1
SED D1 This instruction set D. Esl2 |1
SEI <1 This instruction set I. 7812 |1
SET T<1 This instruction set T. 3202 |1
STA M~ A This instruction stores the contents of A in M. 854 |2

The contents of A does not change.

STP This instruction resets the oscillation control F/ 42| 2 | 1
F and the oscillation stops. Reset or interrupt
input is needed to wake up from this mode.

STX M« X This instruction stores the contents of X in M. 86| 4|2
The contents of X does not change.

STY M <Y This instruction stores the contents of Y in M. 84|14 |2
The contents of Y does not change.

TAX X <A This instruction stores the contents of Ain X. [AA| 2 |1
The contents of A does not change.

TAY Y <A This instruction stores the contents of Ain Y. [A8]| 2 |1
The contents of A does not change.

TST M =0? This instruction tests whether the contents of 64| 3|2
M are “0” or not and modifies the N and Z.

TSX X <S This instruction transfers the contents of Sin |BA| 2 | 1
X.

TXA A X This instruction stores the contents of X in A.  [8A]| 2 | 1

TXS S <X This instruction stores the contents of X inS.  [9A| 2 | 1

TYA A-Y This instruction stores the contents of Yin A.  [98| 2 | 1

WIT The WIT instruction stops the internal clock [C2| 2 |1

but not the oscillation of the oscillation circuit
is not stopped.

CPU starts its function after the Timer X over
flows (comes to the terminal count). All regis-
ters or internal memory contents except Timer
X will not change during this mode. (Of course
needs VDD).

Notes 1 : The number of cycles “n” is increased by 3 when T is 1.
: The number of cycles “n” is increased by 2 when T is 1.
: The number of cycles “n” is increased by 1 when T is 1.
: The number of cycles “n” is increased by 2 when branching has occurred.

: N, V, and Z flags are invalid in decimal operation mode.

ahWN PR
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3.7 Machine instructions

Addressing mode Processor status register
ZP, X ZP, Y ABS ABS, X ABS, Y IND ZP, IND IND, X IND, Y REL SP 6|5|4[3|2]|1(|0
OP[n |# |[OP| n|# |OP| n OP| n | # |OP #|OP| n|# |OP[ n|[# |OP| n|# |OP| n|# |[OP| n|# |OP| n V|T|B|D|I |Z]|C
F5| 4 ED| 4 FD|5 | 3 |F9 3 E1({ 6 |2 |F1| 6 N[{V|e|e]|e||Z]|C
el e o] o] o of1
el e e | 1| e of e
el o o o 1| o]
el 1] o] o] of of e
95(5 8D| 5 9D| 6 | 3 |99 3 81| 7(2]|91|7 e e ]-"
96|5 |2 |8E|5 o e | oo o] o]
94| 5 8C| 5 oo oo |efe]e
N|e|e|o|o]|e]|Z]|-
N|e|e|o|o]|e]|Z]|-
N|e|e|o|o]|e]|Z]|-
N|e|e|o|o]|e]|Z]|-
N|e|e|o|o]|e]|Z]|-
N|e|e|o|o]|e]|Z]|-
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3.7 Machine instructions

Symbol Contents Symbol Contents
IMP Implied addressing mode + Addition
IMM Immediate addressing mode - Subtraction
A Accumulator or Accumulator addressing mode O Multiplication
BIT, A Accumulator bit addressing mode / Division
BIT, A, R Accumulator bit relative addressing mode A Logical OR
ZP Zero page addressing mode \% Logical AND
BIT, ZP Zero page bit addressing mode ¥ Logical exclusive OR
BIT, ZP, R Zero page bit relative addressing mode — Negation
ZP, X Zero page X addressing mode - Shows direction of data flow
ZP,Y Zero page Y addressing mode X Index register X
ABS Absolute addressing mode Y Index register Y
ABS, X Absolute X addressing mode S Stack pointer
ABS, Y Absolute Y addressing mode PC Program counter
IND Indirect absolute addressing mode PS Processor status register
PCH 8 high-order bits of program counter
ZP, IND Zero page indirect absolute addressing mode PCL 8 low-order bits of program counter
ADH 8 high-order bits of address
IND, X Indirect X addressing mode ADL 8 low-order bits of address
IND, Y Indirect Y addressing mode FF FF in Hexadecimal notation
REL Relative addressing mode nn Immediate value
SP Special page addressing mode zz Zero page address
C Carry flag M Memory specified by address designation of any ad-
z Zero flag dressing mode
| Interrupt disable flag M(X) Memory of address indicated by contents of index
D Decimal mode flag register X
B Break flag M(S) Memory of address indicated by contents of stack
T X-modified arithmetic mode flag pointer
Y Overflow flag M(ADH, ADL) Contents of memory at address indicated by ADH and
N Negative flag ADL, in ADH is 8 high-order bits and ADL is 8 low-or-
der bits.
M(00, ADL) Contents of address indicated by zero page ADL
Ai Biti (i = 0 to 7) of accumulator
Mi Biti (i = 0 to 7) of memory
OoP Opcode
n Number of cycles
# Number of bytes
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3.8 List of instruction code

3.8 List of instruction code

D3 —-Do | 0000 | 0001 | 0010 | 0011 | 0100 | 0101 | 0110 | 0111 | 1000 | 1001 | 1010 | 1011 | 1100 | 1101 | 1110 | 1111
D7 — Da Hexa:ggtm 0 1 2 3 | 4 5 6 7 8 9o | A | B | c | Do | E|F
oo [ o [omc [0 Jon | 8BS | | onn | Ast | BB | pp | o | ASt | SE0 | | OA | ASL | seo
oo | 1 e (00 fcur | 380 | | ome | ast BB | cic SRR ofc | cis | O LASL | o
0010 2 JSR | AND | JSR BBS BIT AND [ ROL | BBS PLP AND | ROL SEB BIT AND | ROL SEB
ABS |IND, X| SP 1,A ZP ZP ZP 1, ZP IMM A 1,A ABS | ABS | ABS | 1,ZP
oot |3 fewn | GRS 1S | = | 2ok | ook [ nzp | SEC |aBsi¥| A | 1A | zP |aBS,x|aBSX| 1zp
o0 |4 [ RSSO [T | e | 2 [z | P | | A | 2A | ABS | ABS | ABS |22
owor | s eve |\GOR L = 15 | = [ zex | zox | 2ae | aesy| — | 2 | T [aes x|aes x| 220
0110 6 RTS ADC | MUL | BBS | TST | ADC | ROR | BBS PLA ADC | ROR | SEB | JMP | ADC | ROR | SEB
IND, X | ZP, X | 3,A ZP ZP ZP 3, ZP IMM A 3,A IND ABS | ABS | 3, ZP
ot |7 evs |GOS L = [ Sa | = [ Zex |zex |z | S [aesy| — | 3 A |~ |aes x|aesx| 5z
w000 | o eRa | R T Sa | T | 2o | 7o |mee | PEY| | A | G R | Aes | nes | aes |4z
| o feee | R — VBN [P x | 2ok [z [aze | T [asiy| ™S | aa |~ |aesix| — |aze
100 | A | (oix| e | A | zp | 20 |z [sizp | ™ | | ™| sa | ABs | aBS | aes |5 zp
011 | 8| BCS |\ ool sa [ zex | zpox | zpy [sizp | OV laesiv] S | 5a |as,x{aes, x|aes. ¥| 5. z¢
1100 | | ok | T oA | Zo |z | 20 [eze | ™ | | O | oA | ABs | aBS | a8s |6 zp
wor | o fene |G — VS| 2 |2k [ azp | C0 laBSy| — | oA |~ [aeS x|aesx| 627
1110 £ CPX | SBC DIV BBS | CPX | SBC INC BBS INX SBC NOP SEB | CPX | SBC INC SEB
IMM [IND, X | ZP, X | 7,A ZP ZP ZP 7,ZP IMM 7, A ABS | ABS | ABS | 7,ZP
mr | Fofeee S = VTR | = ek | ok e | S0 lamsy| — | 7oA | T [aes x|aesx| 720

: 3-byte instruction

: 2-byte instruction

: 1-byte instruction
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3.9 SFR memory map

000016 | Port PO (PO) 002016
000116 | Port PO direction register (POD) 002116
000216 | Port P1 (P1) 002216
000316 | Port P1 direction register (P1D) 002316
000416 | Port P2 (P2) 002416
000516 | Port P2 direction register (P2D) 002516
000616 | Port P3 (P3) 002616
000716 | Port P3 direction register (P3D) 002716
000816 002816
000916 002916
000A16 002A16
000B16 002B16
000C16 002C16
000D16 002D16
000E16 002E16
000F16 002F16
001016 003016
001116 003116
001216 003216
001316 003316
001416 003416
001516 003516
001616 | Pull-up control register (PULL) 003616
001716 | Port P1P3 control register (P1P3C) 003716
001816 | Transmit/Receive buffer register (TB/RB) 003816
001916 | Serial /01 status register (SIO1STS) 003916
001A16 | Serial /01 control register (SIO1CON) 003A16
001B16 | UART control register (ULARTCON) 003B16
001C16 | Baud rate generator (BRG) 003C16
001D16 | Timer A mode register (TAM) 003D16
001Ez1e | Timer A (low-order) (TAL) 003Ez16
001F16 | Timer A (high-order) (TAH) 003F16

Timer Y, Z mode register (TYZM)

Prescaler Y (PREY)

Timer Y secondary (TYS)

Timer Y primary (TYP)

Timer Y, Z waveform output control register (PUM)

Prescaler Z (PREZ)

Timer Z secondary (TZS)

Timer Z primary (TZP)

Prescaler 1 (PRE1)

Timer 1 (T1)

One-shot start register (ONS)

Timer X mode register (TXM)

Prescaler X (PREX)

Timer X (TX)

Timer count source set register (TCSS)

Serial 1/02 control register (SIO2CON)

Serial /02 register (SI02)

A-D control register (ADCON)

A-D conversion register (low-order) (ADL)

A-D conversion register (high-order) (ADH)

MISRG

Watchdog timer control register (WDTCON)

Interrupt edge selection register INTEDGE)

CPU mode register (CPUM)

Interrupt request register 1 (IREQ1)

Interrupt request register 2 (IREQ2)

Interrupt control register 1 (ICON1)

Interrupt control register 2 (ICON2)
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3.10 Pin configurations

3.10 Pin configurations

(Top view)
F e
|_

o)
3338LL
><N>-OZ

© 0 I O N d O I~
cNeolNeolNoNolNoNoRp
oW oW a W a W WY a W a Wy a B
EEREEEER

PO7 ==as]  \37540Mx-XXXGP |l P34(LEDq)
PLORXDL *=Lasl  \137540MxT-XxXGP [ < P3s(LED3)
PLUTXDL =>[oa]  acsomey-xxxgp B4~ P32(LED?)
P12/ScLk1/ScLk2 <[] M37540EXGP 13l <> P31(LED2)
P13/SRDY1/SpATA2 <> [2q] o] -> P30(LEDo)
P1J/CNTRo = [ag] Mo/2A0EBT-XMRXGP )y
Po0/ANG <> [og] MS7S40EBV-XXXGP  F o v

P21/AN1 <"l_g._z O __9_|<_ XN

BRREEERE
EEERRE

5
6

Vcc

T
m
>

RESET
CNVss

P22/AN2
P23/AN3
P24/ANa
P25/ANs

Package type: 32P6U-A

Fig. 3.10.1 32P6U-A package pin configuration
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3.10 Pin configurations

(Top view)

P12/Scik1/Scik2 <> [1 | [36] < P11/TxD1
P13/SRDY1/SDATA2 > [2 | O [35] <= P1o/RxD1
P14/CNTRo <+ [3 | (32] = P07
P20/ANo «— [4 | [33] ~— POs
P2UANI — (5] 0 3 o o5 5[] Pos
P2IAN2 > 6 [I N A S ooy 1B < Pos
P23/AN3 <> [7 | g g g C-b) 45 g [30] <= PO3/TXout
P2ANs+> s IMmmm= == [2] +> P02/TZour
P25/ANs > [9] 0<0 [ R X X X (28] +=> POY/TYout
P26/ANes < [10 ] X x T < T [27] < PO0/CNTR1

poriANy — [ & & § § 26] <= P37/INTo
Vrer — [12| X X X X 71 [25] = P3¢(LEDs)/INT:
RESET — (] § D5 Y [2] > Pas(LEDs)
CNVss — [14] 23| <> P34(LEDa)
Vce [15] 22] <= P33(LED3)
Xin — [16]] 21| “— P3y(LED2)
Xout «— [17] Q 20 | <= P31(LED2)
Vss  [18] 19] <= p30(LEDo)
Packaae tvpe: 36P2R-A

Fig. 3.10.2 36P2R-A package pin configuration
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3.10 Pin configurations

(Top view)

P12/ScLk1/SciLk2 <[]
P13/SRDY1/SDATA2 <a[ |
P14/CNTRo <e-»[3]
P20/ANo <&~ [ 4]
P21/AN1 <[ 5]
P22/AN2 <[]
P23/AN3 <= [7]
P24/AN4 <a-»[ 8]
P25/ANs <+ [o]

VREF —» [10]
RESET—* [

CNVss —»[12]

Vcc [13]
XIN—»[14]

XouT<— [15]

Vss E

O(

< <Z
W W
~N
g1 Ul
N
(=SS
=
D X
X
X
2
et

O

[32] <« P11/TxD1
3] <% P1o/RxD1
30| <« P07

29| <« P05

26] <+ P05

27 <> P04

26] < PO3/TXout
[25] < P02/TZouT
[24] <> PO1/TYoUT
3] <« P00/CNTR1
>,] <« P37/INTo
21] <~ p34(LED4)

20] < P33(LED3)
[19] <> P32(LED2)

1g] < P31(LED2)
171 <= P30(LEDo)

Package type: 32P4B

Fig. 3.10.3 32P4B package pin configuration
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3.10 Pin configurations

(Top view)

P14/CNTRO<— [T |

NC o [2]
NG [E]
P20/ANo «— [4 |

P21/AN1+— [5 |

NC [6 ]
P22/AN2 «— [7 |
P23/AN3 +— |8
P24/AN4 «— [9 |
P25/AN5 «— [10 |
P26/ANG ~— [1L]
P27/AN7 < [12]

NC [
NC [14]
VREF — [15]
RESET — [16]
CNVss — [17]
Vcce [18 ]
XiN— [19]
XouT «— [20]
Vss [21]

B
N

[ [ [ [ L] o] [ ] el ] ] [ [ L L] =

N
o

w
©

w
[ee]

w
J

w
)]

w
[&)]

A A R

w
o

N
[¢e]

SSHOVS.LEN

N
[ee]

N
(&)

N
i

PrErLL

Outline 42S1M

P13/SRDY1/SDATA2
P12/SCLK1/SCLK2
P11/TxD1
Plo/RxD1

PO7

POs

POs

P04

PO3/TXout
P0O2/TZout
PO1/TYout
POo/CNTR1

NC

P37/INTo
P36(LEDs)/INT1
P3s(LEDs)
P34(LEDa4)
P33(LED3)
P32(LED2)
P31(LEDz)
P3o(LEDo)

Fig. 3.10.4 42S1M package pin configuration
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3.11 Differences between 7540 Group and 7531 Group

3.11 Differences between 7540 Group and 7531 Group
Table 3.11.1 shows the differences between 7540 Group and 7531 Group.

Table 3.11.1 Differences between 7540 Group and 7531 Group
(Performance overview)

Parameter

7540 Group

7531 Group

Number of basic instructions

71 (DIV, MUL instruction added)

69

Memory sizes| ROM 16 to 32 K bytes 8to 16 K bytes
RAM 512 to 768 bytes 256 to 384 bytes
Input/Output Initial value: 0016 Initial value: FF16
ports (Ports PO and P3 pull-up Off) (Ports PO and P3 pull-up On)
Interrupt 32-pin version 14 sources, 14 vector 11 sources, 8 vector
sources (4 for external) (3 for external)
36-pin version 15 sources, 15 vector 12 sources, 8 vector
(5 for external) (4 for external)
16-bit timer 1 (Timer A)
8-bit timer 3 (Timer 1, X, Y, 2) 3 (Timer 1, 2, X)
Serial 1/01 Clock synchronous/UART UART only

Clock generation circuit

Cecamic oscillator/
Quartz-crystal oscillator/
RC oscillation/

Ring oscillator oscillation

Cecamic oscillator/
Quartz-crystal oscillator/
RC oscillation

Oscillation stop detection circuit

1
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3.11 Differences between 7540 Group and 7531 Group

Figure 3.11.1 shows the memory map of 7540 Group and 7531 Group.

7531 Group
000016 SFR area
004016
RAM
00FF16
010016 (256/384 bytes) [ ----------— -
XXXX16
Reserved area
044016
Not used
YYYY16| Reserved ROM area
(Common ROM area
128 bytes)
277716
ROM
FF0O016
FFDC16
Interrupt vector area
FFFE
FFFF11: Reserved ROMarea |
RAM area
RAM capacity| Address
(bytes) XXXX16
256 013F1s
384 01BF16
ROM area
ROM capacity} Address Address
(bytes) YYYY16 777716
8192 E00016 E08016
16384 C00016 C08016

7540 Group
000016 SFR area
004016
Zero page
RAM
00FF16
016016 (512/768 bytes) -
PPPP16
Reserved area
044016
Not used
QQQQ16[ Reserved ROM area
(Common ROM area
128 bytes)
RRRR16
ROM
FFO0016
Special
FFDC1e page
Interrupt vector area
FFFE16
FFFF16 Reserved ROM area
RAM area
RAM capacity| Address
(bytes) PPPP16
512 023F16
768 033F16
ROM area
ROM capacity] Address Address
(bytes) QQQQ16 RRRR16
16384 C00016 C08016
32768 800016 808016

Fig. 3.11.1 Memory map of 7540 Group and 7531 Group
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3.11 Differences between 7540 Group and 7531 Group

Figure 3.11.2 shows the memory map of interrupt vector area of 7540 Group and 7531 Group.

FFEC16
FFED16
FFEE16
FFEF16
FFFO16
FFF1lie
FFF216
FFF316
FFF416
FFF516
FFF616
FFF716
FFF816
FFF916
FFFA1e
FFFB16
FFFCi6

FFFD1s |

FFDC16| BRK instruction interrupt
FFDD16
FFDE1s | Reserved area
FFDF16
FFEO16 - Timer 1 interrupt
FFEl16
FFE216 - A-D conversion interrupt
FFE316
FFE410 - Serial 1/02 interrupt
FFES516
FFE616 . .
e Timer A interrupt
FFE716
FFE816 | Timer Z interrupt
FFE916
FFEAwS | Timer Y interrupt
FFEB16
- BRK instruction interrupt — FFEC16) Timer X interrupt
FFED16
- CNTROo/A-D conversion interrupt | FFEE - CNTRuz interrupt
FFEF16
|- Timer 2/Serial /02 interrupt —| FFFO6 | CNTRo interrupt
FFF1lie
- Timer 1 interrupt — FFF216 - Key-on wakeup interrupt
FFF316
. . FFF4 .
I Timer X/Key-on wakeup interrupt — o INT1 interrupt (Note)
FFF516
- INTo interrupt — FFF61 - INTo interrupt
FFF716
; i FFF816
- Serial 1/01 transmit/ - Serial I/O1 transmit interrupt
INT1 (Note) interrupt FFF916
. Lo FFFA16 . Lo
- Serial I/O1 receive interrupt - Serial I/O1 receive interrupt
FFFB16
FFFCi6
R — - R
eset FEED16 eset
7531 Group 7540 Group

D: Interrupts added in 7540 Group

Note: The interrupt can be used only for the 36-pin version.

Fig. 3.11.2 Memory map of interrupt vector area of 7540 Group and 7531 Group
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3.11 Differences between 7540 Group and 7531 Group

Figure 3.11.3 shows the timer function of 7540 Group and 7531 Group.

7531 Group

e Timer 1 (8-bit timer)

(- Timer mode

e Timer 2 (8-bit timer)

(- Timer mode

e Timer X (8-bit timer)

« Timer mode

« Pulse output mode

« Event counter mode

« Pulse width measurement mode

The number of
timer increased
Function
expanded

7540 Group

e Timer 1 (8-bit timer)

(- Timer mode

e Timer X (8-bit timer)

(- Timer mode

« Pulse output mode (inverted output port added)
» Event counter mode

L Pulse width measurement mode

e Timer Y (8-bit timer)

( .
* Timer mode

* Programmable waveform generation mode
L

e Timer Z (8-bit timer)

* Timer mode

* Programmable waveform generation mode
* Programmable one-shot generation mode

L Programmable wait one-shot generation mode

e Timer A (16-bit timer)

P
* Timer mode
« Period measurement mode

 Event counter mode

L Pulse width HL continuously measurement mode

Timer Y can be
used for the
timer Z count
source.

Fig. 3.11.3 Timer function of 7540 Group and 7531 Group
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