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1.0VERVIEW

This module is an I>’C bus interface-compliant real-time clock which includes a 32.768 kHz DTCXO. In
addition to providing a calendar (year, month, date, day, hour, minute, second) function and a clock counter
function, this module provides an abundance of other functions including an alarm function, Wakeup timer
function, time update interrupt function, and 32.768 kHz output function. By the battery backup switchover
function and the interface power supply input pin, RFAD806 can support various power supply circuitries. The

devices in this module are fabricated via a CMOS process for low current consumption, which enables long-term

battery back-up.

2. BLOCK DIAGRAM
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3.Features

* Built-in 32.768 kHz DTCXO

* High Stability: <=5 ppm

* Supports I’C-Bus's high-speed mode (Up to 400 kHz)

¢ Alarm interrupt function for day, date, hour, and minute settings
* Wakeup timer interruption

* Time update interrupt function for Seconds, minutes

» Temperature compensated 32.768 kHz output with OE function (FOE and FOUT pins)
* Auto correction of leap years (from 2000 to 2099)

» Wide interface voltage range: 2.5V ~5.5V

* Wide time-keeping voltage range:1.6 V~5.5V

* Low current consumption: 0.90 uA /3 V (Typ.)

¢ Built-in Backup switchover circuit (trickle charge)

* Industry Temperature (- 40°C ~ +105 °C)

Specifications
No Parameters Symbol Notes
Min Type Max Units
1 Nominal Frequency FO 32.768 KHz
2 Oscillation Mode - Fundamental
3 ppm | -40°C~+85°C
3 Frequency Stability Fr
5 ppm | +85°C~+105C
4 Operating Temperature Torr -40 ~ 105 °C
5 Storage Temperature Range Tste -55 ~ 125 °C
6 Supply Voltage Voo 25 3.0 5.5
7 Backup Battery Voltage Veat 1.6 3.0 5.5 \Y
8 1 S 25°C
Start-up Time tsta
9 3 s -40C~ +105C
10 FOUT Duty Cycle twit 40 50 60 %
11 Year Aging - 3 ppm | Firstyear
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4.Pin definition

1. FOE 10. /INT
2. VoD " R 9. GND
3. Vear : : 8. T2
4. FOUT § 7. SDA
5. SCL 6. T1

Table 1. Pin Definition

Pin Pin

/o Description
Number | Name

This is an input pin used to control the output mode of the FOUT pin.

1 FOE | Input| When this pin's level is high, the FOUT pin is in output mode. When it is low, output via
the FOUT pin is stopped.
) VDD |Power| This pinis connected to a positive power supply.

This is the power supply pin for backup battery.

3 VBAT |Power] Connect this pinto a large-capacity capacitor, a secondary battery or similar.

When the battery switchover function is not needed, VBAT must be connected to VDD.
This is the C-MOS output pin with output control provided via the FOE pin. When FOE =
4 FOUT |Outputf "H" (high level), this pin outputs a 32.768 kHz signal. (depend on FSEL bit) When
output is stopped, the FOUT pin ="Hi-Z” (high impedance).

5 SCL | Input This is the serial clock input pin for 12C Bus communications.

T1 | Input Used by the manufacturer for testing. (Do not connect externally.)

This pin's signal is used for input and output of address, data, and ACK bits, synchronized
with the serial clock used for I*C communications.

7 SDA | IO . o o . .
Since the SDA pin is an N-ch open drain pin during output, be sure to connect a suitable

pull- up resistance relative to the signal line capacity.

3 T2 | Input Used by the manufacturer for testing. (Do not connect externally.)

GND |Power| This pin is connected to a ground.

This pin is used to output alarm signals, timer signals, time update signals, and other
10 | /INT |Input| o o
signals. This pin is an open drain pin.
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5.Electrical Characteristics

5.1. Absolute Maximum Ratings

Table 2. Absolute Maximum Ratings

Symbol Parameter Min TYP Max Unit
Tstore | Storage Temperature =55 - +125 °C
VDD | DC Supply Voltage VDD -0.3 - 6.5 M
VBAT | Battery Supply voltage -0.3 - 6.5 A%
VI Input Voltage on FOE,SCL,SDA GND-0.3 - 6.5 A%
VvO1 |Output Voltage on FOUT pins GND-0.3 VDD+0.3 A%
VO2 |Output Voltage on SDA and /INT pins GND-0.3 6.5 A%
ESD | ESD HBM protection (input) 2000 \

Notes:

Stresses greater than those listed under MAXIMUM RATINGS may cause permanent damage to the
device. This is a stress rating only and functional operation of the device at these or any other conditions
above those indicated in the operational sections of this specification is not implied. Exposure to absolute

maximum rating conditions for extended periods may affect reliability.

5.2. Recommended Operating Conditions

Table 3. Recommended Operating Conditions

Symbol Parameter Min TYP Max Unit

VACCSW)| Operating supply voltage. Normal mode *1 2.5 3.0 55 A%
Operating supply voltage

VACC i 1.6 3.0 55 \Y
In case of single supply (VDD =VBAT) *2

VBAT | Backup power supply voltage 1.6 3.0 55 v

VTEM | Temp. compensation voltage*3 2.0 3.0 5.5 v

VCLK Clock supply voltage*3 1.6 3.0 5.5 A"

TOPR Operating temperature -40 +25 +105 C

Notes:

1. VACCSW is the normal mode operation voltage, at which the Battery backup switchover function is
enabled.

2. To apply Min. value of VACC and VCLK, the VDD and VBAT needs to be supplied with more than
2.5V at least for the oscillation to stabilize (oscillation start time tSTA).

3. The temperature compensation stops working below Min. value of VTEM .The Min. value of VCLK is
the Min voltage required to retain the time counting function; it is however necessary to maintain VTEM

till the oscillation of the oscillator has stabilized (oscillation start time tSTA).
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5.3.Frequency Characteristics
Table 4. Frequency Characteristics
Symbol Parameter Condition Min| Typ| Max| Unit
Ta=-40to +85°C , VDD=3.0V -3 3
Af/f Frequency stability PPM
Ta=85 to +105°C , VDD=3.0 V -5 5
g/v | Frequency/voliage Ta=+25°C, VDD=20V 055V | -1.0 10| PPM
characteristics
Ta=+25°C ,VDD=1.6 Vto 5.5V 1.0
tSTA Oscillation start time Ta=-40 to +105°C , VDD=1.6 V to s
3.0
55V
fa Year Aging Ta=+25°C, VDD=3.0V, first year | -3.0 30| PPM
Tsensor | Temperature Sensor Accuracy | VDD=3.0 V -5.0 5.0 °C
Duty FOUT duty 50% of VDD level 40 | 50 | 60 %
5.4.DC Characteristics
Table 5. DC Characteristics
Symbol Item Condition Min. Typ. Max. Unit
IDD1 Average Surrelnt fSCL=0Hz,/INT=VDD VDD =5V 0.92 1,50
consumption(l) |poE = GND, VDD = VBAT
FOUT : output OFF (High Z) LA
IDD2 Average Current Compensation interval 2.0 s VDD=3V 0.86 1.40
consumption(2) VDET3 voltage detection time
2ms
IDD3 Current fSCL =0Hz,/INT=VDD VDD =5V 160 5 50
consumption(3) FOE=VDD, VDD = VBAT . :
FOUT :32.768 kHz, CL =0pF
Current Compensation interval 2.0 s pA
IDD4 consumption(4) | YDET3 voltage detection time VDD=3V 115 2:40
2ms
IDD5 Current fSCL=0Hz,/INT =VDD VDD =5V 6.70 8.00
consumption (5) FOE=VDD, VDD =VBAT : :
FOUT :32.768 kHz, CL =30pF
Current Compensation interval 2.0 s pA
IDD6 consumption (6) | YDET3 voltage detection time VDD =3V 430 3-30
2ms
Current fSCL=0Hz,/INT=VDD
IDD7 ) VDD=5V 0.70 1.45
consumption (7) |FOE=GND, VDD =VBAT
FOUT : output OFF (High Z)
Current Compensation OFF pA
IDD8 ) . VDD=3V 0.68 1.35
consumption (8) | VDET3 voltage detection time
2ms
Peak C t = =
DDY | et - SCL=0Hz JINT=VDD |y pp 5y 120 200
consumption(9) |FOE = GND, VDD = VBAT
Peak C t : i
D1 | T2k Curren FOUT : output OFF (HighZ) |\,pn_3y % 150 HA
consumption (10) Compensation ON ( peak )
High-level input . 0.8 x
VIH voltage SCL, SDA, FOE pins VDD 55 \Y
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yir, | Lowlevelinput gy spA FOE pins GND - 02xVDD V
voltage 0.3
VOHI | VDD=5V,IOH=-1 mA 45 5.0
vomy |High-leveloutput | oy VDD=3V,IOH=ImA | 22 3.0
voltage \V4
VOH3 VDD=3 V, IOH=-100 pA 2.9 3.0
Symbol Item Condition Min. Typ. Max. Unit
VOLI1 VDD=5V,IOL~=1 mA GND GND+0.5
VOL2 FOUT pin VDD=3 V,IOL~1 mA GND GND+0.8 \%
VOL3 VDD=3 V, IOL=100 pA GND GND+0.1
voL4 | Low-level output , VDD=5V, [OL=1 mA GND GND-+0.25
voltage /INT pin A
VOL5 VDD=3 V,IOL~1 mA GND GND+0.4
VOL6 SDA pin VDD >2 V,IOL=3 mA GND GND+0.4 \%
Input leakage FOE, SCL, SDA pins, VIN=VDD or
LK | current GND 0.5 0.5 nA
Output leakage /INT, SDA, FOUT pins, VOUT = VDD or
I0Z | current GND 05 0.5 nA
Compensation OMN
1.4 ms
-
D04, 10
..................................................................................... ----- Average
o7 8 Compensation OFF I IoDi.2

Compensation interval [ 205 )
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5.5. AC Characteristics

Table 6. AC Characteristics

Item Symbol Condition Min. Typ. Max. Unit
SCL clock frequency fSCL 400 kHz
Start condition setup time tSU;STA 0.6 us
Start condition hold time tHD;STA 0.6 us
Data setup time tSU;DAT 100 ns
Data hold time tHD;DAT 0 ns
Stop condition setup time tSU;STO 0.6 us
Bus idle time between tBUF 1.3 us
start condition and stop condition
Time when SCL= "L" tLOW 1.3 us
Time when SCL="H" tHIGH 0.6 us
Rise time for SCL and SDA tr 0.3 us
Fall time for SCL and SDA tf 0.3 us
Allowable spike time on bus tSP 50 ns
s | a7 A e | | o
i) A7) 18} W) i) iP) (=)
(U 1T TE 111500 1501 ; STA
I th* /—i Ay | I —— 4
j \_I E\'- I L mj LRl & \—
| ek — =t |
[ ) i - '_3(‘ :
HD: 5TA I5U; DAY EHD ; DAT tsp EBiy; STD b 5TR
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6.Registers

6.1.Register Lists

Table 7. Basic Time and Calendar Registers

Address| Function bit7 bit6 | bit5 | bitd | bit3 | bit2 bit1 bit0
00 or 10 | SEC o 40 20 10 8 4 2 1
0lor1l |MIN o 40 20 10 8 4 2 1
02 or 12 |HOUR o o 20 10 8 4 2 1
03 or 13 | WEEK o 6 5 4 3 2 1 0
04 or 14 |DAY o o 20 10 8 4 2 1
05o0r 15 | MONTH o o o 10 8 4 2 1
06 or 16 | YEAR 80 40 20 10 8 4 2 1

07 RAM ° ° ° ° ° ° ° °
08  |MIN Alarm AE 40 20 10 8 4 2 1
09 |HOUR Alarm AE . 20 10 8 4 2 1
WEEK Alarm 6 5 4 3 2 1 0
0A AE
DAYAlarm . 20 10 8 4 2 1
0B or 1B | Timer Counter 0 128 64 32 16 8 4 2 1
0C or 1C | Timer Counter 1 ° ° ° ° 2048 1024 512 256
0D or 1D ﬁ’;tgefslfé‘rm TEST | WADA| USEL | TE | FSEL1 | FSELO| TSELI | TSELO
OE or 1E | Flag Register o o UF TF AF o VLF VDET
OF or IF ggggf;r CSELI | CSELO| UIE | TIE | AIE o o RESET
Note:

1. After the initial power-up (from 0 V) or in case the VLF bit returns "1" , make sure to initialize all
registers,

before using the RTC.Be sure to avoid entering incorrect date and time data, as clock operations are not
guaranteed when the data or time data is incorrect.

2. During the initial power-up, the following are the default settings for the register values

Initial value O :
TEST,WADA,USEL,TE,FSEL1,FSELO,TSELO,UF,TF,AF,CSEL1,UIE,TIE,AIE,RESETVDETOFF,SW
OFF,BKSMP1,BKSMPO Initial value 1 :

TSEL1,VLF,VDET,CSELO

At this point, all other register values are undefined, so be sure to perform a reset before using the
module.

3.0nly a "0" can be written to the UF, TF, AF, VLF, or VDET bit.

4. Any bit marked with "o" should be used with a value of "0" after initialization.

5.Any bit marked with "e" is a RAM bit that can be used to read or write any data.

6.The TEST bit is used by the manufacturer for testing. Be sure to set "0" for this bit when writing.

7.1f an alarm function is not used, registers 08h-0Ah can be used as RAM. (AIE : "0")

8.Reading register value of address 0Bh-0Ch is pre-set data.

9.If a timer function is not used, register of 0Bh-0Ch can be used as RAM. ( TE,TIE : "0")
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Table 8.Temperature Data, Backup power supply control register

Address| Function bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0 R/W

17 TEMP 128 64 32 16 8 4 2 1 READ
Backup VDET SW BK BK

18 Function © © © © OFF OFF SMP1 SMPO R/W

19 Not use o o o o o o o o READ

1A Not use o o o o o o o o READ

The temperature data are updated during operation of the temperature compensation circuit. You can
make a conversion to a centigrade by temperature data by calculating in the following expression.
Temperature[°C] = ( TEMP[ 7:0 ] * 2 — 187.19) / 3.218

6.2. Details of Registers

6.2.1. Clock counter (SEC - HOUR)

Address Function bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0 R/W

00or 10 SEC o 40 20 10 8 4 2 1 R/W

Olorll MIN o 40 20 10 8 4 2 1 R/W

02o0r12 HOUR o o 20 10 8 4 2 1 R/W
Note:

1."o" indicates write-protected bits. A zero is always read from these bits.

2.The clock counter counts seconds, minutes, and hours.

3.The data format is BCD format. For example, when the "seconds" register value is "0101 1001" it
indicates 59 seconds.

4. Note with caution that writing non-existent time data may interfere with normal operation of the clock

counter.

Second counter:

This second counter counts from "00" to "01," "02," and up to 59 seconds, after which it starts again from
00 seconds.

Minute counter:

This minute counter counts from "00" to "01," "02," and up to 59 minutes, after which it starts again from
00 minutes.

Hour counter:

This hour counter counts from "00" hours to "01," "02," and up to 23 hours, after which it starts again

from 00 hours.

6.2.2. Calendar counter (WEEK - YEAR)

Address Function bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0 R/W
03or13 WEEK o 6 5 4 3 2 1 0 R/'W
Day of the WEEK counter

The day (of the week) is indicated by 7 bits, bit 0 to bit 6.
The day data values are counted as follows: Day 01h , Day 02h ,Day 04h ,Day 08h ,Day 10h ,Day 20h
Day 40h ,Day 01h, Day 02h, etc.
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Week Data bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0
Sunday 01h 0 0 0 0 0 0 0 1
Monday 02h 0 0 0 0 0 0 1 0
Tuesday 04h 0 0 0 0 0 1 0 0
Wednesday 08h 0 0 0 0 1 0 0 0
Thursday 10h 0 0 0 1 0 0 0 0
Friday 20h 0 0 1 0 0 0 0 0
Saturday 40h 0 1 0 0 0 0 0 0
6.2.3. Date counter
Address Function bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0 R/W
04 or 14 DAY o o 20 10 8 4 2 1 R/W
The updating of dates by the date counter varies according to the month setting.
A leap year is set whenever the year value is a multiple of four (such as 04, 08, 12, 88, 92, or 96). In
February of a leap year, the counter counts dates from "01," "02," "03," to "28," "29," "01," etc.
Month Date update pattern
1,3,5,7,8,10,0r 12 1~31
4,6,9,0r11 1~30
February in normal year 1~28
February in leap year 1~29
6.2.4. Month counter
Address Function bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0 R/W
05o0r15 MONTH o o o 10 8 4 2 1 R/'W
060r16 YEAR 80 40 20 10 8 4 2 1 R/'W
The month counter counts from 01 (January), 02 (February), and up to 12 (December), then starts again
at 01 (January).
6.2.5. Year counter
Address Function bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0 R/W
060r16 YEAR 80 40 20 10 8 4 2 1 R/'W
The year counter counts from 00, 01, 02 and up to 99, then starts again at 00.
Any year that is a multiple of four (04, 08, 12, 88, 92, 96, etc.) is handled as a leap year.
6.2.6. Alarm registers
Address Function bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0 R/W
08 MIN Alarm AE 40 20 10 8 4 2 1 R/'W
09 HOUR Alarm AE ) 20 10 8 4 2 1 R/'W
0A WEEK Alarm AE 6 5 4 3 2 1 0 R/W
DAY Alarm ° 20 10 8 4 2 1 R/'W
The alarm interrupt function is used, along with the AEI, AF, and WADA bits, to set alarms for specified
date, day, hour, and minute values.
When the settings in the above alarm registers and the WADA bit match the current time, the /INT pin
goes to low level and "1" is set to the AF bit to report that an alarm interrupt event has occurred.
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6.2.7. Fixed-cycle timer control registers

Address Function bit7 bit6 bitS bit4 bit3 bit2 bitl bit0 R/W
OBor 1B | Timer Counter 0 128 64 32 16 8 4 2 1 R/W
0C or 1C | Timer Counter 1 ° ° ° ° 2048 1024 512 256 R/W
Note:
These registers are used to set the preset countdown value for the fixed-cycle timer interrupt function.
The TE, TF, TIE, and TSELO/1 bits are also used to set the fixed-cycle timer interrupt function.
When the value in the above fixed-cycle timer control register changes from 001h to 000h, the /INT pin
goes to low level and "1" is set to the TF bit to report that a fixed-cycle timer interrupt event has
occurred.
6.2.8. Extension register
Address Function bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0 R/W
OBor 1B | Timer Counter 0 128 64 32 16 8 4 2 1 R/W
0C or 1C | Timer Counter 1 ° ° ° ° 2048 1024 512 256 R/W
ODor 1D Eﬁ‘;eg?:t‘gf TEST | WADA| USEL | TE | FSELI| FSELO| TSEL1 | TSELO | R/W

Note:

1. The default value is the value that is read (or is set internally) after powering up from 0 V

2."0” mandatory" 0” Make sure to always write 0 into this bit.

3."-" indicates a default value is undefined.

This register is used to specify the target for the alarm function or time update interrupt function and to
select or set operations such as fixed-cycle timer operations.

¢ TEST bit

This is the manufacturer's test bit. Its value should always be "0". Be careful to avoid writing a "1" to this

bit when writing to other bits.

TEST Data Description
. 0 Normal operation mode ( Default )
Write/Read . o .
1 Setting prohibited (manufacturer's test bit)

& WADA (Week Alarm/Day Alarm) bit

This bit is used to specify either WEEK or DAY as the target of the alarm interrupt function.

Writing a "1" to this bit specifies a DAY alarm, meaning the alarm interrupt is initiated independent of
the actual day when the set time is reached.

Writing a "0" to this bit specifies a WEEK alarm, so an alarm interrupt is only generated when the set
time is reached on a dedicated day of a week.

¢ USEL (Update Interrupt Select) bit

This bit is used to define if the RTC should output a "second update" or "minute update" interrupt,

allowing to synchronize external clocks with the time registers of the RTC.

. Auto reset time
USEL Data update interrupts
tRTN
, 0 second update ( Default) 500 ms
Write/Read . .
minute update Min. 7.813 ms
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4 TE (Timer Enable) bit

This bit controls the start/stop setting for the fixed-cycle timer interrupt function.

Writing a "1" to this bit specifies starting of the fixed-cycle timer interrupt function (a countdown starts
from a preset value).

Writing a "0" to this bit specifies stopping of the fixed-cycle timer interrupt function.

4 FSELO0,1 (FOUT frequency Select 0, 1) bits

The combination of these two bits is used to set the FOUT frequency. Note: All frequencies are

temperature compensated

USEL Data USEL
0 0 32768Hz
0 1 1024Hz
1 0 1Hz
1 1 32768

¢ TSELO,1 (Timer Select 0, 1) bits
The combination of these two bits is used to set the countdown period (source clock) for the fixed-cycle

timer interrupt function (four settings can be made).

TSEL1 TSELO Timer
0 0 4096 Hz Once per 244.14 ps
0 1 64 Hz Once per 15.625 ms
1 0 "Second" update Once per second
1 1 "Minute" update Once per minute

6.2.9. Flag register

Address Function bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0

OEor 1E | Flag Register o 0 UF TF AF o VLF VDET

Default is values loaded automatically after power ON from OV.

"0" indicates write-protected bits. A zero is always read from these bits. "-" indicates a default value is
undefined.

4 UF ( Update Flag ) bit

If set to "0" beforehand, this flag bit's value changes from "0" to 1" when a time update interrupt event
has occurred. Once this flag bit's value is "1", its value is retained until a "0" is written to it.

¢ TF ( Timer Flag ) bit

If set to "0" beforehand, this flag bit's value changes from "0" to 1" when a fixed-cycle timer interrupt
event has occurred. Once this flag bit's value is "1", its value is retained until a "0" is written to it.

¢ AF (Alarm Flag ) bit

If set to "0" beforehand, this flag bit's value changes from "0" to 1" when an alarm interrupt event has
occurred. Once this flag bit's value is "1", its value is retained until a "0" is written to it.

4 VLF (Voltage Low Flag) bit

VLF indicates the retained reliability of clock functions and internal data.

When VLF was set to "1", it indicates possibility that was lost of both memorized data and clock
calendar data. The factor of VLF are 2kinds.

1 Supply voltage drop less than 1.6V(VCLK) was detected.

VLF-voltage-detector is active in anytime. Detection velocity is about 1ms to 10ms. 2 The internal
crystal oscillation was stopped. This detector is active in anytime.

Detection velocity is about 100ms.
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Once VLF value was set to "1", its "1" is retained until a "0" is written to it. After initial power ON from

0V, make sure VLF was setto "1".

VLF Data Description
0 The VLF bit is cleared to zero to prepare for the next status detection.
Write 1 Invalid (writing a 1 will be ignored)!
0 No supply voltage drop occurred, so data are not compromised.
Low voltage has been detected, so data loss might have occurred, and
Read timeinformation might be compromised.
1 All registers must be initialized.
(This setting is retained until a "zero" is written to this bit. )

4 VDET (Voltage Detection Flag) bit

VDET indicates the retained reliability of temperature compensation.

When VDET was set to "1", it indicates possibility that was lost of clock stability history. The factor of
VDET. Supply voltage drop less than 1.95V(VDET) was detected.

VDET is detected in every temperature compensation timing. Detection velocity is about 1ms to 10ms.
Once VDET value is "1", VDET is retained until a "0" is written to it.

After powering up from 0 V, make sure to set this bit's value to "1".

VDET Data Description

0 The VDET bit is cleared to zero to prepare for the next low voltage
. detection.

Write
1 Invalid (writing a 1 will be ignored)!
0 Temperature compensation is normal.

Read .
1 Temperature compensation has been stopped.

6.2.10. Control register

Address Function bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0 R/W

OF or 1F Control CSEL1 | CSELO| UIE | TIE | AIE o o RESET | R/W
Register

Notes:

The default value is the value that is read (or is set internally) after powering up from 0 V. "o" indicates
write-protected bits. A zero is always read from these bits.

"-" indicates no default value has been defined.

This register is used to control interrupt event output from the /INT pin and the stop/start status of clock
and calendar operations.

4 CSELO,1 (Compensation interval Select 0, 1) bits

The combination of these two bits is used to set the temperature compensation interval.

CSELO,1 CSELI1 (bit 7)| CSELO (bit 6) | Compensation Interval
0 0 0.5s
. 0 1 2.0 s (default)
Write/Read
1 0 10s
1 1 30s
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¢ UIE (Update Interrupt Enable) bit

When a time update interrupt event is generated (when the UF bit value changes from "0" to "1"), this
bit's value specifies if an interrupt signal is generated (/INT status changes from Hi-Z to low) or is not
generated (/INT status remains Hi-Z).

When a "1" is written to this bit, an interrupt signal is generated (/INT status changes from Hi-Z to low)
when an interrupt event is generated.

When a "0" is written to this bit, no interrupt signal is generated when an interrupt event occurs.

UIE Data Function

When a time update interrupt event occurs, an interrupt signal is not
generated or is canceled (/INT status changes from low to Hi-Z).

0

When a time update interrupt event occurs, an interrupt signal is generated
(/INT status changes from Hi-Z to low).

1 * When a time update interrupt event occurs, low-level output from the
/INT pin occurs only when the value of the control register's UIE bitis "1".
This /INT status is automatically cleared (/INT status changes from low to
Hi-Z) earliest 7.813 ms after the interrupt occurs.

Write/Read

¢ TIE (Timer Interrupt Enable) bit

When a fixed-cycle timer interrupt event occurs (when the TF bit value changes from "0" to "1"), this
bit's value specifies if an interrupt signal is generated (/INT status changes from Hi-Z to low) or is not
generated (/INT status remains Hi-Z). When a "1" is written to this bit, an interrupt signal is generated
(/INT status changes from Hi-Z to low) when an interrupt event is generated.

When a "0" is written to this bit, no interrupt signal is generated when an interrupt event occurs.

TIE Data Function

0 When a fixed-cycle timer interrupt event occurs, an interrupt signal is not
generated or is canceled (/INT status changes from low to Hi-Z).

When a fixed-cycle timer interrupt event occurs, an interrupt signal is

Write/Read generated (/INT status changes from Hi-Z to low).

1 * When a fixed-cycle timer interrupt event has been generated low-level
output from the /INT pin occurs only when the value of the control register's
TIE bitis "1". Earliest 7.813 ms after the interrupt occurs, the /INT status is
automatically cleared (/INT status changes from low to Hi-Z).

4 AIE (Alarm Interrupt Enable) bit

When an alarm timer interrupt event occurs (when the AF bit value changes from "0" to "1"), this bit's
value specifies if an interrupt signal is generated (/INT status changes from Hi-Z to low) or is not
generated (/INT status remains Hi-Z).

When a "1" is written to this bit, an interrupt signal is generated (/INT status changes from Hi-Z to low)
when an interrupt event is generated.

When a "0" is written to this bit, no interrupt signal is generated when an interrupt event occurs.

AIE Data Function

0 When an alarm interrupt event occurs, an interrupt signal is not generated or
is canceled (/INT status changes from low to Hi-Z).

When an alarm interrupt event occurs, an interrupt signal is generated (/INT

Write/Read status changes from Hi-Z to low).

1 * When an alarm interrupt event has been generated low-level output from
the /INT pin occurs only when the value of the control register's AIE bit is
"1". This setting is retained until the AF bit value is cleared to zero. (No
automatic cancellation)
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4 RESET bit

RESET bit was prepared for the synchronized starting of time or timer. The detailed function of reset.
For example:

S is start condition. P is stop condition. RS is re-start condition.

S---Slave address(w)---ACK1---0Fh---ACK2---01h---ACK3---RS---R/W access---P. RESET-bit is set at
ACK3, but RESET doesn't execute.

After set of RESET, RESET-function executes momentarily at next P, and RESET-bit clears
automatically. RESET area of circuit is the count-down-chain of 2Hz from 16kHz, are cleared.
Therefore, RESET do not affect 32kHz output.

Next update timing of a Seconds counter from RESET. That range is 1000ms-30.5 ps from just 1000ms.
RESET affects to time update interruption, alarm, and timer.

Note:

RESET is not released by the reception of a RE-START condition before receiving a STOP condition.
Unnecessary use of RESET will be the cause of delay error of Calendar and Clock.

6.2.11. Temperature Data register

Address | Function bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0 R/W
17 TEMP 128 64 32 16 8 4 2 1 READ
Notes:

This register can be used to read digital temperature data.

The temperature data are updated during operation of the temperature compensation circuit.

You can make a conversion to a centigrade by temperature data by calculating in the following
expression. Temperature[°C] = ( TEMP[ 7:0 ] * 2 — 187.19)/3.218

6.2.12. Backup power supply control register

Address| Function bit7 bit5 bit4 bit3 bit2 bitl bit0 R/W
BK BK
18 Backup ° ° o | VPET lswoFF RIW
Function OFF SMP1 SMPO

This register controls the functionality of the power switchover and backup function.
4 VDETOFF bit (Voltage Detector OFF)
This bit controls the voltage detection circuit of the main power supply VDD.
# SWOFF bit (Switch OFF)
This bit controls the internal P-MOS switch for preventing back flow between vcore and VBAT.
4 BKSMP1, BKSMPO bit (Backup mode Sampling time)
These bits control the operation time when to be intermittently driven the VDD voltage detection.
(@D The power switchover control.
To enable the battery backup switchover function, the voltage comparator (VDD Detector) should be
activated by means of the VDETOFF bit. If VDETOFF=0, the power switchover function is activated
and in case VDETOFF=1 this function is OFF.
In case the power switchover function is activated, the internal COMPEN signal is generated 62.5msec
after the second counter incremented and thus the voltage comparator becomes active.
The comparator active period (VDD measurement period) is controlled through BKSMP0, BKSMP1 bits.
There are two modes, VDET3 < VDD (Normal Mode), VDD < VDET3 (Backup Mode).
Normal Mode:
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VDD voltage is detected every one second.
Comparator function intermittently ON, Pch-Switch intermittently OFF In case of VDD = VDETS3,
it moves to Backup Mode.
Backup Mode:
VDD voltage is detected every one second.
Comparator function intermittently ON, Pch-Switch OFF in Backup Mode In case of VDET3 < VDD, it
moves to Normal Mode.

® Battery Backup switchover related register setting.
After power on reset, VDETOFF=0, SWOFF= 0, BKSMP0=0, BKSMP1=0 are set as default value.
So 1sec after power on reset, VDD voltage is detected and goes to Normal Mode (VDET3 < VDD) or
Backup Mode (VDD = VDET3).
The duration of VDD voltage detection is controlled by means of BKSMPO-bit, BKSMP1-bit and can be
set to be 2msec, 16msec, 128sec or 256msec. VDD voltage is detected at the end of this time, so at the

falling edge of the comparator ON signal.

VDET3
VDD Sampling |  Pch-Switch
VDETOFF, SWOFF BKSMP1| BKSMP( Remarks
detector operation ON/OFF
period
0 0 rms 2ms OFF VDETOFF:0,BKSMP1:0 ,BKSMPO:0
default
0 1 16ms 16ms OFF
ON 0 X
1 0 128ms 128ms OFF
1 1 256ms 256ms OFF
VDD and VBAT short circuit via
0 X X OFF ON .
1 Pch- switch
OFF ..
1 X X OFF OFF VDD connected via diode to VBAT

X :Don’t care.
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7. I2C Bus Interface

START RESTART sTOP

S N e N e N A N

[s] - [P]

| e \ —

SDA

i
el Ll

1S [max]
I2C bus supports bi-directional communications through a serial clock line SCL and a serial data
line SDA. I2C bus device can be defined as “Master” and “Slave”. RTC RFAD806 can only be used as

Slave.
7.1.Cautions

I2C bus includes START, RESTART, STOP conditions, the duration between START and STOP
must be less than 1 second just in case the bus to be set to standby mode automatically. A new START
condition must be transferred before restarting of any communications.

The 1°C bus device does not include a chip select pin such as is found in ordinary logic devices.
Instead of using a chip select pin, slave addresses are allocated to each device.

All communications begin with transmitting the [START condition] + [slave address (+ R/W
specification)].The receiving device responds to this communication only when the specified slave

address it has received matches its own slave address.

7.2. Slave Address

Slave address R/W
Transfer data
bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0
65h(Read) 1 (Read)
- 0 1 1 0 0 1 0 -
64h(Write) 0 (Write)

Slave addresses have a fixed length of 7 bits. This RTC's slave address is [0110 010 J.AnR/W

bit ("*" above) is added to each 7-bit slave address during 8-bit transfers.

7.3.12C bus protocol

It is assumed CPU is master and RTC RFADS806 is slave in this section.
7.3.1. Address specification write sequence

I>Cbus includes an address auto-increment function, once the initial address has been specified, the RTC RFAD806
increments (+1) the address automatically after each data is sent, then to write next data.

(1) CPU sends start condition[S]

(2) CPU sends RTC RFADS806’s slave address with R/W bit to set to write mode

(3) CPU verifies ACK signal from RTC RFAD806

(4) CPU sends write address to RTC RFAD806

(5) CPU verifies ACK signal from RTC RFAD806

(6) CPU sends write data to the address specified at step (4)

(7) CPU verifies ACK signal from RTC RFAD806

(8) Repeat (6) (7) if multiple bytes need to be written, address will be incremented automatically
(9) CPU ends stop condition[P]
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7.3.2. Address specification read sequence

Writing the address to be read with write mode firstly, then reading the data with read mode.
(1) CPU sends start condition[S]

(2) CPU sends RTC RFADS806’s slave address with R/W bit to set to write mode

(3) CPU verifies ACK signal from RTC RFAD806

(4) CPU sends address for reading from RTC RFAD806

(5) CPU verifies ACK signal from RTC RFAD806

(6) CPU sends RESTART condition [Sr]

(7) CPU sends RTC RFADS806’s slave address with R/W bit to set to read mode

(8) CPU verifies ACK signal from RTC RFAD806

(9) CPU reads data from the specified address in step (4)

(10) CPU sends ACK signal for “0”

(11) Repeat (9) (10) if multiple bytes need to be read, address will be incremented automatically
(12) CPU sends ACK signal for “1”

(13) CPU sends stop condition[P]

(1 @) 3) ) (@ ® (7) (8) (9) (10) (11 ) (13)
o T St oo | T To o] Soiob oo e To T T T 1]r]

- T— ACTKfrom Slave 4T T— ACK from CPU j

7.3.3. Read sequence when address is not specified

Once read mode has been initially set, data can be read immediately. In such cases, the address for each read
operation is the previously accessed address + 1.

(1) CPU transfers start condition [S].

(2) CPU transmits the RTC RFADS806's slave address with the R/W bit set to read mode.

(3) Check for ACK signal from RTC RFAD806

(from this point on, the CPU is the receiver and the RTC RFADS806 is the transmitter).

(4) Data is output from the RTC RFADS806 to the address following the end of the previously accessed address.
(5) CPU transfers ACK signal to RTC RFADS806.

(6) Repeat (4) and (5) if necessary. Read addresses are automatically incremented in the RTC RFAD806.

(7) CPU transfers ACK signal for "1".

(8) CPU transfers stop condition [P].

(1) @ (©) (4) (5) (6) @ ®

S Slave address 1 0 Data 0 Data 1 P
1 1 1 1 1

1 | 1 | | ] L 1 | Il | 1 | 1 |

ACK from Slave ACK from CPU

7.3.4. The address auto increment in Read/Write.

In Basic time and calendar register.

Address: 08-09-0A-0B-0C-0D-0E-0OF-00-01-02-
In Extension register

Address : 18-19-1A-1B-1C-1D-1E-1F-10-11-12-
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8.Function Description

system.The fixed-cycle timer interrupt generation function generates an interrupt event periodically at any fixed

cycle set between 244.14us and 4095 minutes.
When an interrupt event is generated, the /INT pin goes to low level and "1" is set to the TF bit to report that
an event has occurred. However, when a fixed-cycle timer interrupt event has been generated low-level output from
the /INT pin occurs only when the value of the control register's TIE bit is "1". Earliest 7.813 ms after the interrupt

occurs, the /INT status is automatically cleared (/INT status changes from low-level to Hi-Z).

8.1.Fixed Cycle Timer Interrupt Function
This interruption is released automatically, that is most suitable for a wakeup timer or an interval operation
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(1) When a "1" is written to the TE bit, the fixed-cycle timer countdown starts from the preset value.
(2) A fixed-cycle timer interrupt event starts a countdown based on the countdown period (source clock).
When the count value changes from 001h to 000h, an interrupt event occurs. After the interrupt event occurs, the
counter automatically reloads the preset value and again starts to countdown. (Repeated operation)
(3) When a fixed-cycle timer interrupt event occurs, "1" is written to the TF bit.
(4) When the TF bit="1" its value is retained until it is cleared to zero.
(5) If the TIE bit ="1" when a fixed-cycle timer interrupt occurs, /INT pin output goes low. If the TIE bit ="0"
when a fixed-cycle timer interrupt occurs, /INT pin output remains Hi-Z.
(6) Output from the /INT pin remains low during the tRTN period following each event, after which it is
automatically cleared to Hi-Z status. /INT is again set low when the next interrupt event occurs.
(7) When a "0" is written to the TE bit, the fixed-cycle timer function is stopped, and the /INT pin is set to Hi-Z
status. When /INT = low, the fixed-cycle timer function is stopped. The tRTN period is the maximum amount
of time before the /INT pin status changes from low to Hi-Z.
(8) Aslongas/INT = low, the /INT pin status does not change when the TF bit value changes from "1" to "0".
(9) When /INT = low, the /INT pin status changes from low to Hi-Z as soon as the TIE bit value changes from "1"
to "0".

8.2. Time Update Interrupt Function

The time update interrupt function generates interrupt events at one-second or one-minute intervals, according
to the timing of the internal clock.

When an interrupt event occurs, the UF bit value becomes "1" and the /INT pin goes to low level to indicate
that an event has occurred. (However, when a fixed-cycle timer interrupt event has been generated, low- level
output from the /INT pin occurs only when the value of the control register's UIE bit is "1". This /INT status is
automatically cleared (/INT status changes from low level to Hi-Z) earliest 7.813 ms (fixed value) after the

interrupt occurs.
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(1) A time update interrupt event occurs when the internal clock's value matches either the second update time or
the minute update time. The USEL bit's specification determines whether it is the second update time or the
minute update time that must be matched.
(2) When a time update interrupt event occurs, the UF bit value becomes "1".
(3) When the UF bit value is "1" its value is retained until it is cleared to zero.
(4) When a time update interrupt occurs, /INT pin output is low if UIE= "1".IfUIE= "0" when a timer update
interrupt occurs, the /INT pin status remains Hi-Z.
(5) Each time an event occurs, /INT pin output is low only up to the tRTN time (which is fixed as 7.813 ms for time
update interrupts) after which it is automatically cleared to Hi-Z. /INT pin output goes low again when the next
interrupt event occurs.
(6) As long as /INT = low, the /INT pin status does not change, even if the  UF bit value changes from "1" to "0".
(7) When /INT = low, the /INT pin status changes from low to Hi-Z as soon as the UIE bit value changes from "1"
to "0".
8.3. Alarm Interrupt Function

The alarm interrupt generation function generates interrupt events for alarm settings such as date, day, hour,
and minute settings. =~ When an interrupt event occurs, the AF bit value is set to "1" and the /INT pin goes to low
level to indicate that an event has occurred.

* Example of R Sy R S e
/INT operation
- i AF ="1"= "0" or
AIE = !
o | (AF="0"="1") AE="1"—"0"
1
gy —  RTC internal opsration
=3 Wrila operation .y
AIE bit bl b
m T Hi-z
/INT output o
" - N | . T 11"
AF bit L
Event e
ooours

(1) The minute, hour, day and date, when an alarm interrupt event is supposed to occur has to be set in advance,
along with the WADA bit (Note) Even if the current date/time is used as the setting, the alarm will not occur until
the counter counts up to the current date/time (i.e., an alarm will occur next time, not immediately).

(2) When a time update interrupt event occurs, the AF bit values becomes "1".

(3) When the AF bit="1", its value is retained until it is cleared to zero.

(4) If AIE ="1" when an alarm interrupt occurs, the /INT pin output goes low. When an alarm interrupt event
occurs, /INT pin output goes low, and this status is then held until it is cleared via the AF bit or AIE bit.

(5) If the AIE value is changed from "1" to "0" while /INT is low, the /INT status immediately changes from low to
Hi-Z. After the alarm interrupt occurs and before the AF bit value is cleared to zero, the /INT status can be
controlled via the AIE bit.

(6) If the AF bit value is changed from "1" to "0" while /INT is low, the /INT status immediately changes from low
to Hi-Z.

(7) If the AIE bit value is "0" when an alarm interrupt occurs, the /INT pin status remains Hi-Z.
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® The interrupt functions via /INT-pin or polling.
(1) How to identify events, when the interruption was occurred /INT output pin is common output terminal of
interrupt events of three types (Fixed-cycle timer interrupt , Alarm interrupt, Time update interrupt).
When INT asserted to Low, the system can determine in which interruption was occurred, by confirming status of
(TF,AF, UF).
(2) The method of detection of interruption with not using an INT output.
1. be left open INT.
2. be clears to 0 in TIE, AIE, and UIE bits.
3. monitor the TF, AF, UF. (Polling).
8.4. Temperature compensation function

During the production process of the RTC, we are programming the individual characteristics of the built-in
crystal into the non-volatile memory of the RTC. The build-in temperature sensor measures the actual temperature
of the module and compensates the oscillation frequency of the crystal oscillator using the stored compensation
data. This way not only the time information is temperature compensated, but as well the FOUT signal, even when
outputting 32.768kHzThis function works in the supply voltage range VTEM.

Even if the power supply voltage falls below VTEM and a VDET bit is set to "1", the temperature
compensation operation is performed again if the supply voltage raises above VTEM.

Address[h] Function bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0
OF,1F Control | ~qpr | |cSELG UIE | TIE AIE o o RESET
register

CSEL1, CSELO bit (Compensation Interval Select 1,0)
This bit sets an interval of a temperature compensation operation.
Current consumption decreases when increasing the Compensation Interval by means CSEL1,0.CSEL1,0 is set at

the time of initial power-up to ("0","1")

CSEL1 CSELO | Compensation Interval
0 0 05s
0 1 2.0s
1 0 10s
1 1 30s

8.5. Battery backup switchover function
8.5.1. Description of Battery backup switchover function

This function consists of a supply voltage detector "Voltage Detector”, which detects if the main supply
voltage "VDD" drops below a threshold (VDET3).

During the voltage detection period, the built-in Pch-switch located between the main supply voltage pin
"VDD" and the backup power supply pin "VBAT" is opened, in case of VDET3 < VDD, the RTC moves back into
Normal Mode, else (VDD = VDET?3) it switches into Backup Mode. To be able to measure the supply voltage
applied to VDD-pin, the Pch-switch opens once every second and the diode stops current flows from VBAT over
the RTC into VDD.
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8.5.2. Battery Backup switchover related register setting.

After power on reset, VDETOFF=0, SWOFF= 0, BKSMP0=0, BKSMP1=0 are set as default value.

So 1 sec after power on reset, VDD voltage is detected and goes to Normal Mode (VDET3 < VDD) or Backup
Mode (VDD = VDET3).

The duration of VDD voltage detection is controlled by means of BKSMP0-bit, BKSMP1-bit and can be set to
be 2msec, 16msec, 128sec or 256msec. VDD voltage is detected at the end of this time, so at the falling edge of the
comparator ON signal.

VDET3 Peh-
VDD Sampling .
VDETOFF, SWOFF BKSMP1| BKSMP0 . Switch Remarks
Detector operation
period ON/OFF
0 0 rms 2ms OFF VDETOFF:0,BKSMP1:0 ,BKSMPO:0
default
16ms
0 1 16ms OFF
ON 0 X T
ms
1 0 128ms OFF
256ms
1 1 256ms OFF
VDD and
0 X X OFF ON o )
VBAT short circuit via Pch- switch
OFF
1 1 X X OFF OFF | VDD connected via diode to VBAT
® Diode (between VDD and VBAT) reference characteristic’s:
term Characteristics Condition
On-Resistance of Pch-Switch. 100 ohm(typ.) VDD=3.0V, 25C
0.60V/1mA
VE WP ypps.0v, 25°C
0.85V/ 10mA (typ)
VDD=5.5V,
IR Less than 4 nA 40~105°C

8.5.3. The detection period Setting

Since a VDD drop below VDET3 is only detected while the Pch-switch is open, user should carefully set the
VDD detection period (by means of BKSMP0O and BKSMP1) to make sure the VDD voltage applied to theRTC
VDD-pin falls below the VDET3 threshold during this time.
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VDD voltage detection period
Term Remarks
[2 ms] [256 ms]
Longer detecting period
Current consumption small large Increases
(Normal Mode) VDD Detector current
consumption.
Backup battery Charging Smaller detection period During detection period-
. makes better charging Backup battery is charged
effectiveness (Normal Mode) effectiveness. through Diode.
Actual VDD voltage Smaller detection period is | Longer detection period
detecting better for slower VDD | 18 better for prompt VDD
period (Normal Mode) falling. falling.
. 1 sec. R
1Hz Conter L
‘1HE incramant ! - isec incremant
| E28maec {
| | o BL5m sec
COMPEN VDD Comparator Comparator O cﬂfﬂmr oN

am nec L—- i }

T, 4+ i VDD detaction fimineg

s [ S it

Notmal Mode Peh-Switch OFF !
Peh-Switch ON

Zm sec e

16msec .

12Bmsec | = 5

I%6muec - |

If the voltage detection period is not set long enough by means of BKSMP0O and BKSMP1, a steep VDD voltage
drop might not be detected and thus the backup power supply is discharged into VDD.

Between the voltage detection periods once per second, the Pch-switch is closed and thus the backup  power

supply discharges into VDD as well. To avoid this backup battery discharge, a diode might be set between VDD pin
to power line.

1sec
Mormal Mode r -
e I A ch-Switch O VOVDD drops to OV al the Bme oo s

T U g Advtaseivnitd (Comparater =OFF and PER-SWIN=CON ) b

Comparator ON VDD drog is not detected for up to s8¢ (158t Comparatar ON
' - ditection time set by BKSMPO,1)
Peh-Swilch OM H l
o --i ; i | Note

e vry v
b
Mo =

n this case, Pch-Switch keep ON
i 1seiMax, )

While this 1sec, VBAT connecled
o VDD (0.0 V) wia Poh-Switch

i VDD drops to OV a1 the ime

1 (Comperator =0N and Pch-Swith=0FF |

1 VDD drop s delected (f delection bme is long encwgh for VDD 1o drop
i

below threshold), RTC swilchad into Batkup Mode and Poh-Swilch

VOD drop ext 30V —
ooV paser

VDD drop ex2 30V

ooV _I""f:__'_ ==
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9.Connection examples
9.1.Ex-1 : Single power supply.

External supply should be connected to both VDD and VBAT. In this case, interface (I?°C, FOUT) are active in

a supply voltage range from 1.6V to 5.5V anytime. (C=0.1uF)

vbD ¥

I 1
1 F

VBAT
Bit 7 Bit6 Bit5 Bit4 Bit3 Bit 2 Bit 1 Bit 0
Address BK BK

18h O O O O VDET OFF| SW OFF

SMP1 SMPO
Data 0 0 0 0 1 X X X
9.2. Ex-2 : Non- rechargeable battery. ex. CR2032, AAA-battery
When VDD shut to OFF, Battery current is leak to VDD(0.0V) while 1sec(Max.).
VDD
: J s ic
UHA#
(b
R
c * CR2032
l l elc
C=0.1uF , R=100 ohm , D= Schottky Barrier type
Bit 7 Bit 6 Bit 5 Bit4 Bit3 Bit2 Bit 1 Bit0
Address BK BK

18h O O O O VDET OFF| SW OFF

SMP1 SMPO
Data 0 0 0 0 0 0 X X

In connection Example 2, VDD is 3.3V and CR2032 is 3.0V. when VF of RTC's Diode is 0.6V, out of RTC's diode

is 2.7V. and VF of outside diode is 0.2V, VBAT voltage is 2.8V.

In this case, even if VDD is active, RTC use 2.8V from CR2032 anytime. as a results, CR2032 life very shorten

than an assumption. In a choice of a diode, consider balance of the voltage carefully.
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Example of solution for above. A Schottky diode(D2) is installed in a VDD side. and RTC's diode is bypassed.
Therefore, voltage drop of VDD depends on only V/F of D2. As a result, examination of simple circuitry is

possible.

Confirm each of V/F characteristics carefully. To avoid a wasted leakage current. When VDD is OFF, I/R
characteristics of Diode(D2) is important. Confirm IR characteristics of Diode with Temp characteristics.

VOD | 3.3V
D2
w%{ D1
D —————————— R
c + CR2032

— oD ¢

5

zln..r Vﬂn};

VDD | 3.3V

’Ir c
2.8V
Shot-keyD
R
> + CR2032

T T3ov

l l 3oV
Bit 7 Bit 6 Bit5 Bit 4 Bit3 Bit 2 Bit 1 Bit 0
Address BK BK
18h O O O O VDET OFF| SW OFF
SMP1 SMPO
Data 0 0 0 0 1 0 X X
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9.3.Ex-3.

In this case the current limiting resistor on VBAT should be set to 100 Ohm. Smaller resistor value brings over
current to the RTC. Bigger resistor value might make the supply voltage of the RTC to drop below VLOW or
VDET at the time of power-switchover. When a bigger higher resistor value is required to control the charging
current to EDLC, or while 1sec(Max.), current leak into VDD(0.0V) from VBAT is so serious in system, it is

recommended to use connection example Ex.4.

VoD T

R= 100{2

» EDLC or
rechargeable
battery

C=0.1uF , R=100 ohm , D= Schottky Barrier type

Bit 7 Bit 6 Bit 5 Bit4 Bit3 Bit 2 Bit 1 Bit 0
Address 18h BK BK
O O O O VDET OFF| SW OFF
SMP1 SMPO
Data 0 0 0 0 0 0 X X
9.4.Ex-4 .

This circuit is recommended in case a current flow for up to 1 sec from VBAT into VDD, before entering
backup-mode is not acceptable or in case the current of the EDLC or rechargeable battery has to be limited to

values which can’t be assured with a R = 100 Ohm as recommended in Ex.3.

C=0.1uF. (Max.)

, R=1000hm(Min.)

(]

TEC
.

e

R = 100 £2 (Min.)

T C¥ EDLCor
» rechargeable

battery

to Free , D = Schottky Barrier type.

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Address 18h BK BK
@) @) @) @) VDETOFF | SW OFF
SMP1 SMPO
Data 0 0 0 0 1 0 X X
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10. Backup and Recovery

This circuit is sensitive to power supply noise and supply voltage should be stabilized to avoid negative impact
on the accuracy.

tR1 is needed for a proper power-on reset. If this power-on condition cannot be kept, it is necessary to send
an initialization routine to the RTC by software.

In case of repeated ON/OFF of the power supply within short term, it is possible that the power-on reset
becomes unstable. After power-OFF, keep VDD=VBAT=GND for more than 10 seconds for a proper
power-on reset. When Power-on-reset is uncertainty, system can initialize the RTC by the software.

When a controller goes to shutdown, a CPU sent STOP condition to RTC, then that I’C communication is

complete status is recommended.

*| = ®] *1
VDD [
______ Sl - R Bk =2
|VBAT il
R ol T - . _VBAT<VDET
h_+‘h‘
S
VBAT<VLOW
V55 RIS T e e 0 A S e A A g 0 AL a0 O E'{.z"
— — —  — 7
Communication
12C-BUS communication state /il
MNaon=Communication Non-Communication (¢
- — op +— Py —
tCL Z =
Back-up operation
*1VDD Voltage dataction
Item Symbol Condition Min. Typ. Max. Unit
Detection voltage VDET-bit VDET 19 1.95 20 v
threshold
Detection voltage VLF-bit VLOW 116 16 v
threshold
Detection voltage
VDET3 2.3 24 2.5 A\

Backup-switchover voltage

Power supply rise timel tR1 VDD=VSS to 2.5V 1 10 ms/V
Access wait time

o tCL After VDD=2.5V 30 ms
(After initial power on)
Access disable hold time tCD After stop condition 0 us/V
Power supply fall time tF VDD=2.5V to VSS 2 us/V
Power supply rise time2 tR2 VDD=VSSto 2.5V 15 us/V
Access wait time (Normal {CU Afier VDD=2.5V 0 U
power on)

Notes of access to RTC at the time of backup return and initial power supply

Because most of RTC registers are synchronized with the oscillation clock of the built-in crystal oscillator, the RTC
does not work normally without the integrated oscillator having stabilized.

1) The first, System should confirm status of VLF-bit.

2) When VLF is "1", system must initialize all of registers.

3) When initial-power-ON was given to RTC, wait for tSTA( 3seconds) for setup of time and Calendar. But readout
access is permitted after 30ms from VDD=VCLK.
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11.Application Circuit

Schottky Barrier 4 i
S| . =
100 ohm = T *+
T o | o I*C-BUS
CR2032 <= I I Master
1.0kohm ﬁ ! o ™ |'5m‘
< VBAT VoD
Y — J—,
BDAC .
- o FouT VoD
RFADB06 «\.—. —
oFOE 10kohm = = =3.3kohm
> 2 “pZpes
INT & . J 1 -
[ 3
GND it
. SCL SDA
( I°C Bus )
12. Reflow Soldering Curve
PEAK 105 MAX
POs-40s
S 3705 MAX
— TG
= 200 6°C /s MAX
= §0s-150s
‘:‘é 15070
o
o
=
=
; 250 : 60s-180s
— SfminutesMAY @ —mo—
TIME (SECONDS)

Reference standard: JEDEC J-STD-020. (lead free)
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13. MARKING

TBA

14. DIMENSIONS

[TOP VIEW]
2,

2. 540, 1

[SIDE VIEW]

R

0. 35

0,955+0, 1

0.

[BOTTOM VIEW]
35 . . 0.3

ALy
< ,

[SOLDER PAD]

0.9

i

0.7

e

s

|

1.

Pin|Function | Pin |Function
1#| FOE 64 | SOUT
2| VDD T3 SDA
3#] EVIN 8% T2
4#] FOUT 94 GND
5#| SCL 104 | /INT
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15. STRUCTURE ILLUSTRATION
NO. COMPONENTS MATERIALS NO. COMPONENTS MATERIALS
1 Cap(Lid) Kovar 6 Conductive Adhesive Ag + Silicone
2 Crystal Blank Si02 7 IC Si
3 Electrode Au 8 Gold Thread Au
4 Kovar Ring Kovar
5 Pad(Package) Al203
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16. EMBOSS CARRIER TAPE & REEL (unit: mm)
16.1. Dimension of taping and reel
L2
ja]] L1 T
coi
IR |
| [ |L
By / E
J@— o o1 [ s |
| .
i ot
L3
KO
= Tl [ I 1 i —
A0
/439
00 L1 2. 00+0. 1
12 4. 00£0. 1
- L3 4. 00£0. 1
et Do 1. 550. 05
0.5 D1 1. 20+0. 5
=1 ("9 Wl 1. 7540. 1
W2 3. 5040. 1
w3 8. 00+0. 2
A0 2. 740. 1
J ) — B0 3. 4+0. 1
- K0 1. 4020, 1
T 0. 25+0. 05

16.2. peel force of top cover tape shall be 20g to 100g

EEm— Direction of draw

165-180° /

N
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16.3. Packing

=

=

Wy

1 Reel/Inner Box

Package &Quantity

-~

L

10 In-Boxer/Catton(Standard)

Type Size (L*W*H) Quantity
Inner Box 180*20*180 3000pcs
Catton 240*200*200 30000pcs

Standard Reel Quantity is 3000pcs per reel.

16.4. Contents of Packaging Labels

* CUSTOMER No.

* NOMINAL FREQUENCY
*LOAD CAPA.

* FREQ.TOLERANCE

* Supply Voltage

* LOT.

*PIN

% Note:

Customer specified

*HOLDER TYPE

* QUANTITY
* MARKING

requirements for marking,Labels, packaging,
provide the operation procedure.

please
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17. RELIABILITY SPECIFICATIONS
17.1. MECHANICAL ENDURANCE
No. Experimental Test Methods Test
Test Item
standard Criteria
Electrical characteristics shall be satisfied after
1 Drop Test GB/T2423.8 dropping three times from the height of 150cm onto the A. C
board of the 3cm thickness.
Device are shocked to half sine wave ( 1000 G ),
Mechanical o .
2 GB/T2423.5 duration time :0.5ms, and three mutually perpendicular A. C
Shock
axes each 3 times
Frequency range 10 ~2000Hz
Amplitude 1.52mm
3 Vibration GB/T2423.10 | Sweep Time 20 min A. C
Direction X,Y,Z
Test time 2hours/Each Direction
Temperature 245C+C
Immersing depth 0.5 mm minimum
4 Solder ability IEC60068-2-58 Immersion time 3 +0.5 seconds E
Flux Rosin resin methyl
alcohol solvent (1:4)
17.2. ENVIRONMENTAL ENDURANCE
No. Test Item Experimental Test Methods Test
standard Criteria
Pre-heat temperature 180 °C
Resistance To Pre-heat time 60 ~ 120 sec.
5 IEC60068-2-58 . A. C. D
Soldering Heat Reflux welding temperature 260+5°C
Reflux welding time 1041 sec.
High Temp. +125°C+ 2°C for 500 12 hours
6 GB/T2423.2 A. C. D
Storage
Low Temp. -40°C £ 2 C for 500 +£12 hours
7 GB/T2423.1 A. C. D
Storage
Total 10 cycles of the following temperature cycle
1 cycle
+125+/-3 °C /
25 °C
8 Thermal Shock GB/T2423.22 A. C. D
55+/-3 °C
| 30 min. . 30 min.
|« >
10 m|n max.
High 85°C+ 3°C, RH 85%,500Hrs
9 GB/T2423.3 A. C. D
Temp & Humidity
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17.3. RELIABILITY SPECIFICATIONS

Specifications

A Frequency change:df/f=<=x1.0ppm or in customer's specification.

B Frequency change: df/f=<x1.0ppm or in customer's specification.

Effective resistance (RR) change: Within £20% or 5Q (larger value).

C

After conditioning, quartz crystal units shall be subjected to standard atmospheric
D conductions for 2 hour, and measured.

Minimum 95% of immersed terminal shall be covered with new uniform solder.
E

*Note:

1. The above reliability items are routine test items of our company. If the customer
needs the product to drop, impact, collision and other processes, please feedback
your requirements to our company, and our company will update the reliability items
of the product.
2.The product meets the requirements of environmental protection standards, please
contact us when you need test report.

Page 37 of 38



	SUZHOU HANGJING ELEC&TECH CO.,LTD
	苏州杭晶电子科技有限公司

	1.OVERVIEW
	2.BLOCK DIAGRAM
	3.Features
	4.Pin definition
	5.Electrical Characteristics
	5.1.Absolute Maximum Ratings
	Table 2. Absolute Maximum Ratings

	5.2.Recommended Operating Conditions
	Table 3. Recommended Operating Conditions

	5.3.Frequency Characteristics
	5.4.DC Characteristics
	5.5.AC Characteristics

	6.Registers
	6.1.Register Lists
	Table 7. Basic Time and Calendar Registers
	Table 8.Temperature Data, Backup power supply con

	6.2.Details of Registers
	6.2.1.Clock counter (SEC - HOUR)
	6.2.2.Calendar counter (WEEK - YEAR)
	6.2.7.Fixed-cycle timer control registers
	6.2.8.Extension register
	6.2.9.Flag register
	6.2.10.Control register
	6.2.11.Temperature Data register
	6.2.12.Backup power supply control register


	7.I2C Bus Interface
	7.1.Cautions
	7.2.Slave Address
	7.3.1.Address specification write sequence
	7.3.2.Address specification read sequence
	7.3.3.Read sequence when address is not specified
	7.3.4.The address auto increment in Read/Write.


	8.Function Description
	8.1.Fixed Cycle Timer Interrupt Function
	Fixed-cycle Timer Interrupt Timing Chart.

	8.2.Time Update Interrupt Function
	8.3.Alarm Interrupt Function
	8.4.Temperature compensation function
	8.5.Battery backup switchover function
	8.5.1.Description of Battery backup switchover function
	8.5.2.Battery Backup switchover related register setting
	8.5.3.The detection period Setting


	9.Connection examples
	9.1.Ex-1 : Single power supply.
	9.2.Ex-2 : Non- rechargeable battery. ex. CR2032, AAA-
	9.3.Ex-3 .
	9.4.Ex-4 .

	10.Backup and Recovery
	11.Application Circuit

	13.MARKING
	14.DIMENSIONS
	16.1.Dimension of taping and reel
	16.3.Packing
	★ Note :

	17.RELIABILITY SPECIFICATIONS
	★Note:


