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Embedded in Tomorrow™

Features

m Three output frequencies and reference out

m Programmable output frequencies through two-wire serial
interface

m Output frequencies from 27 MHz to 74.25 MHz

m Uses an external 27 MHz crystal

m Programmable output drive strength to minimize EMI

m 16-pin thin-shrink small outline package (TSSOP) package

m 3.3 V operation

Benefits
m Meets most digital set top box, DVD recorder, and DTV
application requirements

m Multiple high performance phase-locked loops (PLLs) allow
synthesis of unrelated frequencies

m Integration eliminates the need for external loop filter

components

Logic Block Diagram

CY24488-001
Quad-PLL Clock Generator

with Two-Wire Serial Interface

Functional Description

The CY24488-001 generates up to three independent clock
frequencies and a buffered copy of the reference crystal
frequency from a single crystal reference input. Four clock output
pins are available to drive some frequencies on two or more
output pins. Outputs are also individually enabled or disabled.
When a CLK output is individually disabled, it drives low.

A serial programming interface (SPI) permits in-system configu-
ration of the device by writing to internal registers. It is used to
set the output frequencies. The SPI provides volatile
programming. When powered down, the device reverts to its
preSPI state. When the system is powered back up, the SPI
registers are configured again. Specific configuration details are
provided in the following sections of this data sheet.

XN VCXO H B —74M
XOUT — Drivers 27M
VIN J Multiplexers 33.33M
—pp-AUDIO
SCLK——— B serial
SDAT g > Interface
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Pin Definitions

YPRESS

CY24488-001

Figure 1. 16-pin TSSOP pinout

XIN |: l@ 16 ]XOUT

VIN |: 4 13 ] VDD2
vop1[ |5 12 | Jvss
VSS |: 6 11 ] NC

16-pin TSSOP
Pin Name | Pin Number Pin Description
XIN 1 Crystal reference input
XOuUT 16 Crystal output
33.33M 33.3333 MHz clock output
74M 74.175824/74.25 MHz clock output
27TM 27 MHz clock output
AUDIO 10 36.864/33.8688/24.576 MHz clock output
NC 11 Unused output, leave floating
SCLK Serial interface clock input
SDAT Serial interface data
VIN Unused input, connect to AVDD
NC 14 Unused input, connect to VSS
AVDD 15 Core and input voltage supply
VDD1 5 Voltage supply for 33.33M output
VDD2 13 Voltage supply for pin 8 - 11 outputs
VSS 6, 12 Ground

Document Number: 001-17448 Rev. *D
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Default Startup Configuration Serial Programming Interface Protocol and
The default state of the device refers to its state at power on. All Timi ng
output clocks are running. For more information, refer Pin  The Cy24488-001 uses pins SDAT and SCLK for a two-wire
Definitions on page 3. Pin 8 outputs 74.17582418 MHz. Pin 10 geyig| interface that operates up to 400 kbit/s in read or write
outputs 36.864 MHz. The serial programming interface is used  mode, Except for the data hold time (tpyy), it is compliant to the
to configure the device for the desired output frequencies. I2C bus standard. The basic Write protocol follows:
Because the serial programming memory is volatile, the device . . . .

Start Bit; 7-bit Device Address (DA); R/W Bit; Slave Clock

reverts to its default configuration when power is cycled. v f
Acknowledge (ACK); 8-bit Memory Address (MA); ACK; 8-bit
Data; ACK; 8-bit Data in MA+1 if desired; ACK; 8-bit Data in
MA+2; ACK; and so on, until STOP Bit. The basic serial format
is shown in Figure 3.

Figure 2. Data Transfer Sequence on the Serial Bus

|
|
I ! I I | I
I ! I I /7 | I
SDAT | | : I , |
AA /ARE
I ' ! ; | I
| ! | [ // . /STOP
.STARTI , Address or  Datamay ! Condition
! Acknowledge be changed
Condition valid
Figure 3. Data Frame Architecture
1Bit 1Bit 1 Bit 1 Bit 1 Bit 1 Bit 1 Bit 1 Bit
i _1Bit Slave Slave Slave Slave Slave Slave Slave Slave
SDA_T Write R/W =0 ACK ACK ACK ACK ACK ACK ACK ACK
Multiple 7-bit b b b b b b
i -bi 8-bit 8-bit 8-bit 8-bit 8-bit 8-bit
Con.tlg uous Device Register | Register | Register | Register Register | Register
Registers Address Address | Data Data Data Data Data
(XXH) (XXH) | (xxH+1) | (XXH+2) (FFH) (00H)
Start Signal [l Il I I +_l Il [[ -+ __[] Stopsigna
~ 1Bit é IBit 1 Bit
SDAT Read _1Bit Slave Slave Master
RW=1 ACK ACK NACK
Current 7-bit 8-bit
Device Register
Address Address Data
Read  start Signal | Ml 11 [] Stop signal
1Bit 1Bit 1 Bit 1 Bit 1 Bit 1 Bit 1 Bit 1 Bit
_1Bit gSlave Slave Master Master Master Master Master Master
SDA_T Read RW=0 ACK  ACK ACK ACK ACK ACK ACK NACK
Multiple 7-bit 8-b b 8-b| 8-b 8-b 8-b
; -bi -bit 7-bit -bit -bit -bit -bit
Co n.tlg uous Device Register | Device Register | Register Register | Register
Registers Address || Address | Address | Data Data Data Data
(XXH) +R/W=1 | (XXH) (XXH+1) (FFH) (OOH)
Start Signal [l 1] I I +_l I [ -+ __[] StopSigna
ted
Start bit

Document Number: 001-17448 Rev. *D Page 4 of 15
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Device Address

The device address is a 7-bit value. The default serial interface
address is 47H.

Data Valid

Data is valid when the clock is HIGH and is only transitioned
when the clock is LOW, as shown in Figure 4.

Figure 4. Data Valid and Data Transition Periods

Data Valid Transition to
next Bit
|
SDAT / \
S gl g
tsy
<€ CLK g1 P
!IH_ —
SCLK !IL ’_ . x"CLKLOW‘»’ \

Data Frame

Every new data frame is indicated by a start and stop sequence,
as shown in Figure 5.

Figure 5. Start and Stop Frame

Transition

START Sequence: Start frame is indicated by SDAT going LOW
when SCLK is HIGH. Every time a start signal is given, the_next
8-bit data must be the device address (seven bits) and a R/W bit
followed by register address (eight bits) and register data (eight
bits).

STOP Sequence: Stop frame is indicated by SDAT going HIGH
when SCLK is HIGH. A stop frame frees the bus to write to
another part on the same bus or writing to another random
register address.

to next Bit

Acknowledge Pulse

During write mode, the CY24488-001 responds with an
Acknowledge (ACK) pulse after every eight bits. This is
accomplished by pulling the SDAT line LOW during the Nxgth
clock cycle as shown in Figure 6 (N = the number of bytes
transmitted). During read mode, the acknowledge pulse is
generated by the master, after the data packet is sent.

Figure 6. Frame Format (Device Address, R/V_v, Register Address, Register Data)

—

SDAT
A SR S YA S YA G SR
START DA6 DA5 DAO RW ACK RA7 RA6 RAL RAO ACK D7 D6 DI DO  ACK

STOP

[ N A U A N U A W U A N U A W W A W A

SCLK

Document Number: 001-17448 Rev. *D
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Write Operations

Writing Individual Bytes

A valid write operation has a full 8-bit register address after the
device address word from the master followed by an
acknowledge bit from the slave (SDAT = 0/LOW). The next eight
bits contain the data word intended for storage. After the data
word is received, the slave responds with another acknowledge
bit (SDAT = 0/LOW) and the master ends the write sequence with
a STOP condition.

Writing Multiple Bytes

To write more than one byte at a time, the master does not end
the write sequence with a STOP condition. Instead, the master
sends multiple contiguous bytes of data for storage. After each
byte, the slave responds with an acknowledge bit. It is the same
as the first byte and accepts data until the acknowledge bit
responds to the STOP condition. When receiving multiple bytes,
the CY24488-001 internally increments the register address.

Read Operations

Read operations are initiated in the same method as write
operations, except that the R/W bit of the slave address is set to
‘1’ (HIGH). There are three basic read operations:

m Current address read
m Random read
m Sequential read

Current Address Read

The CY24488-001 has an onboard address counter that retains
‘1’ more than the address of the last word access. If the last word
written or read was word ‘n’, then a current address read

operation returns the value stored in location ‘n+1’. When the
CY24488-001 receives the slave address with the R/W bit set to
a'l’, the CY24488-001 issues an acknowledge and transmits the
8-bit word. The master device does not acknowledge the transfer
but generates a STOP condition that causes the CY24488-001
to stop transmission.

Random Read

Through random read operations, the master accesses any
memory location. To perform this type of read operation, first set
the word address, then send the address to the CY24488-001 as
part of a write operation. After the word address is sent, the
master generates a START condition following the acknowledge.
This terminates the write operation before any data is stored in
the address, but not before the internal address pointer is set.
Next, the master reissues the control byte with the R/W byte set
to ‘1'. The CY24488-001 then issues an acknowledge and
transmits the 8-bit word. The master device does not
acknowledge the transfer, but generates a STOP condition that
causes the CY24488-001 to stop transmission.

Sequential Read

Sequential read operations follow the same process as random
reads, except that the master issues an acknowledge instead of
a STOP condition after transmission of the first 8-bit data word.
This action results in an incrementing of the internal address
pointer and subsequent output of the next 8-bit data word. By
continuing to issue acknowledges instead of STOP conditions,
the master serially reads the entire contents of the slave device
memory. Note that register addresses outside of 0AH to 17H and
40H to 57H are read from, but are not real registers and do not
contain configuration information. When the internal address
pointer points to the FFH register, after the next increment, the
pointer points to the OOH register.

Table 1. Register Settings for AUDIO (Pin 10) Output Frequency

Frequency
Address
36.864 (Default) 33.8688 24.576
13H 07H 26H 10H
14H 04H 16H 06H
15H EOH F2H E4H
Table 2. Register Settings for 74M (Pin 8) Output Frequency
Frequenc
Address g o
74.17582418 (Default) 74.25
OAH 59H OOH
OBH F8H 03H
OCH D8H C2H

Document Number: 001-17448 Rev. *D
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Table 3. Register Settings for 74M Output Control (On/Off)

Pin 8 (74M)
On (Default) Off (Low)
OH 14H OCH

Address

[

Table 4. Register Settings for AUDIO Output Control (On/Off)

Pin 10 (AUDIO)
On (Default) Off (Low)
55H D3H CFH

Address

Serial Programming Interface Timing

Table 5. Serial Programming Interface Timing Specifications

Parameter Description Min Max Unit
fscLk Frequency of SCLK - 400 kHz
Start mode time from SDA LOW to SCL LOW 0.6 - ms

CLK ow SCLK LOW period 1.3 - ms
CLKHiGH SCLK HIGH period 0.6 - ms
tsu Data transition to SCLK HIGH 100 - ns
toH Data hold (SCLK LOW to data transition) 100 - ns
Rise time of SCLK and SDAT - 300 ns

Fall time of SCLK and SDAT - 300 ns

Stop mode time from SCLK HIGH to SDAT HIGH 0.6 - ms

Stop mode to start mode 1.3 - ms

Document Number: 001-17448 Rev. *D Page 7 of 15
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Absolute Maximum Conditions

Exceeding maximum ratings may shorten the useful life of the device. User guidelines are not tested.

Table 6. Absolute Maximum Conditions

Parameter Description Condition Min Max Unit
AVpp/Vpp1/Vppz |Core supply voltage -0.5 4.6 \Y,
VN Input voltage Relative to Vgg -0.5 Vpp+ 0.5 | VDC
Ts Temperature, storage Nonfunctional -65 +125 °C
ESDpem ESD protection (Human Body  [JEDEC STD 22-A114-B 2000 - \Y,

Model)
UL-94 Flammability rating V-0 at 1/8 in. - 10 ppm
MSL Moisture sensitivity level 16-pin TSSOP 1

Crystal Specifications

Parameter Description Condition Min Typ Max Unit
Fnowm AT-cut crystal Parallel resonance, fundamental - 27 - MHz
mode
CLnom Nominal load capacitance - 115 - pF
R, Equivalent series resistance Fundamental mode (CL = Series) - - 40 Q
(ESR)
DL Crystal drive level Nominal Vpp at 25 °C - - 300 pw

Recommended Operating Conditions

Parameter Description Min Typ Max Unit
AVpp Core operating voltage 3.0 3.3 3.6 \%
Vpp1/Vop2 Output operating voltage 3.0 3.3 3.6 \Y,
Ta Ambient temperature -10 - 70 °C
CLoap Maximum load capacitance - - 15 pF
tpu Power-up time for all Vpp's reach minimum specified voltage (power 0.05 - 500 ms

ramps are monotonic)

Document Number: 001-17448 Rev. *D Page 8 of 15
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DC Parameters

Parameter [ Description Conditions Min Typ Max Unit
lon Output high current Von=Vpp—0.5, Vpp=3.3V 12 - - mA
loL Output low current VoL=0.5,Vpp=3.3V 12 - - mA
A Input high current V|4 = Vpp, excluding XIN/CLKIN - 5 10 HA
m Input low current V=0V, excluding XIN/CLKIN - 5 10 A
V4 Input high voltage 0.7 x AVpp - - \Y,
VL Input low voltage - - 0.3xAVpp| V
lvoD Supply current Vpp current - 40 60 mA

AC Parameters

Parameter [ Description Conditions Min Typ Max |Units
DC, Output duty cycle (excluding Duty cycle is defined in Figure 8 on 45 50 55 %
27M) page 10; t,/ty, 50% of Vpp

External reference duty cycle
between 40% and 60% measured at
Vpp/2

DCyy Output duty cycle Duty cycle is defined in Figure 8 on 40 50 60 %
27TM page 10; t,/ty, 50% of Vpp

(XIN/CLKIN duty cycle = 45/55%)
ER Rising edge rate Output clock edge rate. Measured 0.75 1.2 - V/ns
from 20% to 80% of Vpp.

CLOAD_ =15 pF
See Figure 9 on page 10.

EF Falling edge rate Output clock edge rate. Measured 0.75 1.2 - V/ns
from 80% to 20% of Vpp.
CLOAD_ =15 pF

See Figure 9 on page 10.

To Clock jitter Period jitter; Vpp1 = Vppp = 3.3V - 250 - ps

T10 PLL lock time From end of serial programming - 1 5 ms
sequence to correct output
frequency

Note
1. Parameters are guaranteed by design and characterization. Not 100% tested in production. All parameters specified with fully loaded outputs.

Document Number: 001-17448 Rev. *D Page 9 of 15
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Test and Measurement Setup
Figure 7. Test and Measurement Diagram

Outputs

VDDS
L Jour | L c
LOAD
0.1uF I I

GND

Voltage and Timing Definitions
Figure 8. Duty Cycle Definition

+——————— | ———————»

1

<—t2 —
— Voo

— 50% of V

Clock / \ oV

Output

Figure 9. ER= (06 X VDD)/tg, EF = (06 X VDD)/t4

t3 > il t4
VDD
80% of V

20% of V.,

Clock
_/ o

Output
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Ordering Information

Part Number Type Production Flow
Pb-free
CY24488ZXC-001 16-pin TSSOP Commercial, 0 °C to +70 °C
CY24488ZXC-001T 16-pin TSSOP — Tape and Reel Commercial, 0 °C to +70 °C

Ordering Code Definitions

\7 X=blankorT

Blank = Tube; T = Tape and Reel
Dash or Variant Code

Temperature Range:
C = Commercial =0 °C to +70 °C

X = Pb-free; Blank = Leaded
Package Type: Z = 16-pin TSSOP
Part Identifier

Company ID: CY = Cypress

Cy 24488 z X C - o001 T

Document Number: 001-17448 Rev. *D
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Package Drawing and Dimensions
Figure 10. 16-pin TSSOP (4.40 mm Body) Z16.173/2Z16.173, 51-85091

. PIN 11D DIMENSIONS IN MMIINCHESI MIN.
IRz e
REFERENCE JEDEC MO-153
+ 6.25[0.246] PACKAGE WEIGHT 0.05gms
6.5000.2561]
4,3000169] PART #
4,5000.1771
716173 | STANDARD PKG.
7716.173| LEAD FREE PKG.

16

0.6500.0261
B3 e }=— 0.19[0.007] 0.25[0.010]
030000121  —11000.0431 MAX. BSC
— GAUGE | o°-8°
[ | Il A\ { [ A
PLANE :
iV i STa At
f \ [ &= ]0.076[0.0031 J 7
0.8500.033] 0.5000.0207 0.09[[0.0031
0.95[0.0371 4.9000.1931] %L?% EEQLIENG 0.7000.0271 0.2000.0081
= 5.1000.200]
51-85091 *E
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Document Conventions

Units of Measure

Acronyms
Acronym Description
PLL Phase-Locked Loop
EMI Electromagnetic Interference
SPI Serial Programming Interface
TSSOP Thin-Shrunk Small Outline Package

Document Number: 001-17448 Rev. *D

Symbol Unit of Measure
°C degree Celsius
Q ohm
kQ kilohm
kHz kilohertz
MHz megahertz
W microwatt
HA microampere
mA milliampere
ms millisecond
mw milliwatt
ns nanosecond
% percent
pF picofarad
ppm parts per million
ps picosecond
\Y, volt

Page 13 of 15
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Sales, Solutions, and Legal Information

Worldwide Sales and Design Support

Cypress maintains a worldwide network of offices, solution centers, manufacturer’s representatives, and distributors. To find the office
closest to you, visit us at Cypress Locations.

Products PSoC®Solutions

ARM® Cortex® Microcontrollers cypress.com/arm PSoC 1| PSoC 3| PSoC 4 | PSoC 5LP
Automotive cypress.com/automotive Cypress Developer Community
Clocks & Buffers cypress.comyclocks Forums | Projects | Video | Blogs | Training | Components
Interface cypress.com/interface

Internet of Things cypress.com/iot Technical Support

Lighting & Power Control cypress.com/powerpsoc cypress.com/support

Memory cypress.com/memory

PSoC cypress.com/psoc

Touch Sensing cypress.com/touch

USB Controllers cypress.com/usb

Wireless/RF cypress.com/wireless

© Cypress Semiconductor Corporation, 2007-2016. This document is the property of Cypress Semiconductor Corporation and its subsidiaries, including Spansion LLC (“Cypress"). This document,
including any software or firmware included or referenced in this document ("Software"), is owned by Cypress under the intellectual property laws and treaties of the United States and other countries
worldwide. Cypress reserves all rights under such laws and treaties and does not, except as specifically stated in this paragraph, grant any license under its patents, copyrights, trademarks, or other
intellectual property rights. If the Software is not accompanied by a license agreement and you do not otherwise have a written agreement with Cypress governing the use of the Software, then Cypress
hereby grants you a personal, non-exclusive, nontransferable license (without the right to sublicense) (1) under its copyright rights in the Software (a) for Software provided in source code form, to
modify and reproduce the Software solely for use with Cypress hardware products, only internally within your organization, and (b) to distribute the Software in binary code form externally to end users
(either directly or indirectly through resellers and distributors), solely for use on Cypress hardware product units, and (2) under those claims of Cypress's patents that are infringed by the Software (as
provided by Cypress, unmodified) to make, use, distribute, and import the Software solely for use with Cypress hardware products. Any other use, reproduction, modification, translation, or compilation
of the Software is prohibited.

TO THE EXTENT PERMITTED BY APPLICABLE LAW, CYPRESS MAKES NO WARRANTY OF ANY KIND, EXPRESS OR IMPLIED, WITH REGARD TO THIS DOCUMENT OR ANY SOFTWARE
OR ACCOMPANYING HARDWARE, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE. To the extent
permitted by applicable law, Cypress reserves the right to make changes to this document without further notice. Cypress does not assume any liability arising out of the application or use of any
product or circuit described in this document. Any information provided in this document, including any sample design information or programming code, is provided only for reference purposes. lItis
the responsibility of the user of this document to properly design, program, and test the functionality and safety of any application made of this information and any resulting product. Cypress products
are not designed, intended, or authorized for use as critical components in systems designed or intended for the operation of weapons, weapons systems, nuclear installations, life-support devices or
systems, other medical devices or systems (including resuscitation equipment and surgical implants), pollution control or hazardous substances management, or other uses where the failure of the
device or system could cause personal injury, death, or property damage ("Unintended Uses"). A critical component is any component of a device or system whose failure to perform can be reasonably
expected to cause the failure of the device or system, or to affect its safety or effectiveness. Cypress is not liable, in whole or in part, and you shall and hereby do release Cypress from any claim,
damage, or other liability arising from or related to all Unintended Uses of Cypress products. You shall indemnify and hold Cypress harmless from and against all claims, costs, damages, and other
liabilities, including claims for personal injury or death, arising from or related to any Unintended Uses of Cypress products.

Cypress, the Cypress logo, Spansion, the Spansion logo, and combinations thereof, WICED, PSoC, CapSense, EZ-USB, F-RAM, and Traveo are trademarks or registered trademarks of Cypress in
the United States and other countries. For a more complete list of Cypress trademarks, visit cypress.com. Other names and brands may be claimed as property of their respective owners.

Document Number: 001-17448 Rev. *D Revised November 29, 2016 Page 15 of 15


http://www.cypress.com/go/locations
http://www.cypress.com/go/products
http://www.cypress.com/go/products
http://www.cypress.com/products/32-bit-arm-cortex-mcus
http://www.cypress.com/applications/automotive-solutions
http://www.cypress.com/products/clocks-buffers
http://www.cypress.com/products/interface
http://www.cypress.com/internet-things-iot
http://www.cypress.com/products/powerpsoc-power-controllers
http://www.cypress.com/products/memory-products
http://www.cypress.com/psoc/
http://www.cypress.com/products/touch-sensing
http://www.cypress.com/products/usb-controllers
http://www.cypress.com/products/wirelessrf
http://www.cypress.com/psoc
http://www.cypress.com/psoc
http://www.cypress.com/psoc
http://www.cypress.com/products/psoc-1
http://www.cypress.com/products/psoc-3
http://www.cypress.com/products/psoc-4
http://www.cypress.com/products/psoc-5lp
http://www.cypress.com/cdc
http://www.cypress.com/forum
http://www.cypress.com/projects
http://www.cypress.com/video-library
http://www.cypress.com/blog
http://www.cypress.com/training
http://www.cypress.com/cdc/community-components
http://www.cypress.com/support
http://www.cypress.com/support

	Quad-PLL Clock Generator with Two-Wire Serial Interface
	Features
	Benefits
	Functional Description
	Logic Block Diagram
	Contents
	Pinouts
	Pin Definitions
	Default Startup Configuration
	Serial Programming Interface Protocol and Timing
	Device Address
	Data Valid
	Data Frame
	Acknowledge Pulse

	Write Operations
	Writing Individual Bytes
	Writing Multiple Bytes

	Read Operations
	Current Address Read
	Random Read
	Sequential Read

	Serial Programming Interface Timing
	Absolute Maximum Conditions
	Crystal Specifications
	Recommended Operating Conditions
	DC Parameters
	AC Parameters
	Test and Measurement Setup
	Voltage and Timing Definitions
	Ordering Information
	Ordering Code Definitions

	Package Drawing and Dimensions
	Acronyms
	Document Conventions
	Units of Measure

	Document History Page
	Sales, Solutions, and Legal Information
	Worldwide Sales and Design Support
	Products
	PSoC®Solutions
	Cypress Developer Community
	Technical Support



