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32-kHz Output Serial RTC Module

RTC-4543
● Built-in crystal permits operation without requiring adjustment

● Built-in time counters (seconds, minutes, hours) and calendar counters (days, days of the week, months, years)

● Operating voltage range: 2.5V to 5.5V

● Supply voltage detection voltage: 1.7 ±0.3V

● Low current consumption: 1.0 µA/2.0V (Max.)

● Automatic processing for leap years

● Output selectable between 32.768 kHz/1 Hz

■ Overview
This module is a real-time clock with a serial interface and a built-in crystal resonator.  This module is also

equipped with clock and calendar circuits, an automatic leap year compensation function, and a supply voltage

detection function.

In addition, this module has a 32.768 kHz/1 Hz selectable output function for hardware control that is

independent of the RTC circuit.

This module is available in a compact SOP 14-pin package (RTC-4543SA) and a thin SOP 18-pin package

(RTC-4543SB).



■ Block diagram

■ Pin Connections
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■ Pin Functions

● Always connect a passthrough capacitor of at least 0.1 µF as close as possible between VDD and GND.
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■ Electrical Characteristics

1. Absolute Maximum Ratings

2. Operating Condition

3. Frequency Characteristics

*  Monthly deviation: Approx. 1 min.

metI lobmyS snoitidnoC .XAM tinU

ecnarelotycneuqerF ∆ Of/f 52=aT °C V, DD V0.5= 5 ± *32 mpp

erutarepmetycneuqerF
scitsiretcarahc

pot 07+ot01- °C 52, °C .fer 021-/01+ mpp

egatlovycneuqerF
scitsiretcarahc

V/f 52=aT °C V, DD V5.5~0.2= ± 2 V/mpp

emittratsnoitallicsO t ATS 52=aT °C V, DD V5.2= 3 ces

gnigA af
52=aT °C V, DD ,V5=

raeytsrif
± 5 mpp

metI lobmyS snoitidnoC .NIM .XAM tinU

ylppusgnitarepO
egatlov

V DD _____ 5.2 5.5 V

egatlovgnidloHetaD KLCV _____ 4.1 5.5 V

erutarepmetgnitarepO RPOT _____ 04- 58+ °C

metI lobmyS snoitidnoC .NIM .XAM tinU

egatlovylppuS DDV

52=aT °C

3.0- 0.7 V

egatlovtupnI IV 3.0-DNG V DD 3.0+ V

egatlovtuptuO OV 3.0-DNG V DD 3.0+ V

erutarepmetegarotS GTST _____ 55- 521+ °C
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4. DC Characteristics
Unless specified otherwise: VDD = 5 V ± 10%, Ta = -40 to +85°C

metI lobmyS snoitidnoC .NIM .PYT .XAM tinU

)1(noitpmusnoctnerruC I DD 1 V DD V0.5=
L=EOF,L=EC

H=LESF

5.1 0.3 µA

)2(noitpmusnoctnerruC I DD 2 V DD V0.3= 0.1 0.2 µA

)3(noitpmusnoctnerruC I DD 3 V DD V0.2= 5.0 0.1 µA

)4(noitpmusnoctnerruC I DD 4 V DD V0.5= H=EOF,L=EC
L=LESF

ehtnodaoloN
nipTUOF

0.4 0.01 µA

)5(noitpmusnoctnerruC I DD 5 V DD V0.3= 5.2 5.6 µA

)6(noitpmusnoctnerruC I DD 6 V DD V0.2= 5.1
0.4 µA

egatlovtupnI
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LESF,EOF,KLC,EC,ATAD,RW
snip

DDV8.0 V

V LI
snipLESF,EOF,KLC,EC,RW

V NI V= DD DNGro
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tnerruckael/ffotupnI I FFO
5.0 µA

egatlovtuptuO

V )1(HO V DD V0.5= Am0.1-=HOI
snipTUOF,ATAD

5.4 V

V )2(HO V DD V0.3= 0.2 V

V )1(LO V DD V0.5= Am0.1=HOI V

V )2(LO V DD V0.3=
snipTUOF,ATAD V

noitidnocdaoltuptuO
)tuonaf(

LC/N nipTUOF .XAMFp03/LTTSL2

tnerruckaeltuptuO
I HZO V TUO snipTUOF,ATADV5.5= 0.1- 0.1 µA

I LZO V TUO snipTUOF,ATADV0= 0.1- 0.1 µA

noitcetedegatlovylppuS
egatlov

V TD _____ 4.1 7.1 0.2 V
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5. AC Characteristics
Unless specified otherwise: Ta = -40 to +85°C, CL = 50 pF

metI lobmyS
V DD V5= ± %01 V DD V3= ± %01

tinU
.NIM .XAM .NIM .XAM

elcyckcolcKLC t KLC 57.0 0087 5.1 0087 µS

htdiweslupwolKLC t LKLC 573.0 0093 57.0 0093 µS

htdiwesluphgihKLC t HKLC 573.0 0093 57.0 0093 µS

emitputesEC t SEC 573.0 0093 57.0 0093 µS

emitdlohEC t HEC 573.0 57.0 µS

emitelbaneEC t EC 9.0 9.0 ceS

emitputesatadetirW t DS 1.0 2.0 µS

emitdlohatadetirW t DH 1.0 1.0 µS

emitputesRW t SRW 001 001 Sn

emitdlohRW t HRW 001 001 Sn

emityaledtuptuoATAD t DTAD 2.0 4.0 µS

emitgnitaolftuptuoATAD t ZD 1.0 2.0 µS

emitesirtupnikcolC t 1r 05 001 Sn

emitllaftupnikcolC t 1f 05 001 Sn

)Fp03=LC(emitesirTUOF t 2r 001 002 Sn

)Fp03=LC(emitllafTUOF t 2f 001 002 Sn

)Fp03=LC(emitelbasiD t ZX 001 002 Sn

)Fp03=LC(emitelbanE t XZ 001 002 Sn

)Fp03=LC(oitarytudTUOF ytuD 04 06 04 06 %

emittiaW t VCR 59.0 9.1 µS
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6. Timing Charts

( 1 ) Data read

( 2 ) Data write

( 3 ) FOUT output

( 4 ) Disable/enable

FOE
VIH

FOUT

VIL

tXZ tZX

Disable

High impedance

Enable

FOUT

t

tr2

10%

90%

50%

tf2
tH

WR
tWRS

CE

tt f1r1

CLK

tCES tCLK

DATA

tCLKH tCLKL

tWRH

tCEH

tSD
tHD

tRCV

tCE

WR
tWRS

CE

tt f1r1

CLK

tCES tCLK

DATA

tCLKH tCLKL

tDATD

tWRH

tCEH

tDZ

tRCV

tCE



EPSON

Page-8

■ Timer Data Organization

● The counter data is BCD code.

● The timer automatically adjusts for different month lengths and for leap year.

● The time is indicated in 24-hour format.

● Writes and reads are both performed on an LSB-first basis.

∗ bits: Any data may be written to these bits.

● FDT bit: Supply voltage detection bit

• This bit is set to “1” when voltage of 1.7 ±0.3 V or less is detected between VDD and GND.

• The FDT bit is cleared if all of the digits up to the year digits are read.

• Although this bit can be both read and written, normally set this bit to “0”.

The supply voltage detection circuit monitors the supply voltage once every 0.5 seconds; if the supply

voltage is lower than the detection voltage value, the FDT bit is set to “1”.

● TM bit: This is a test bit for SEIKO-EPSON’s use.  Always set this bit to “0”.

Detection pulse

VDD

Mode

FDT bit

VDET

0.5 SEC

Read

0.5 SEC

BSM BSL

)95ot0(sdnoceS TDF 04s 02s 01s 8s 4s 2s 1s

)95ot0(setuniM ∗ 04im 02im 01im 8im 4im 2im 1im

)32ot0(ruoH ∗ ∗ 02h 01h 8h 4h 2h 1h

)7ot1(keewehtfoyaD ∗ 4w 2w 1w

)13ot1(yaD ∗ ∗ 02d 01d 8d 4d 2d 1d

)21ot1(htnoM MT ∗ ∗ 01om 8om 4om 2om 1om

)99ot0(raeY 08y 04y 02y 01y 8y 4y 2y 1y
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■ Description of Operation

( 1 ) Data reads

1) When the WR pin is low and the CE pin is high, the RTC enters data output mode.

2) At the first rising edge of the CLK signal, the clock and calendar data are loaded into the shift register and

the LSB of the seconds digits is output from the DATA pin.

3) The remaining seconds, minutes, hour, day of the week, day, month, and year data is shifted out, in

sequence and in synchronization with the rising edge of the CLK signal, so that the data is output from the

DATA pin.

The output data is valid until the rising edge of the 52nd clock pulse; even if more than 52 clock pulses

are input, the output data does not change.

4) If data is required in less than 52 clock pulses, that part of the data can be gotten by setting the CE pin

low after the necessary number of clock pulses have been output.

Example: If only the data from “seconds” to “day of the week” is needed:

After 28 clock pulses, set the CE pin low in order to get the data from “seconds” to “day of the week.”

5) When performing successive data read operations, a wait (tRCV) is necessary after the CE pin is set low.

6) Note that if an update operation (a one-second carry) occurs during a data read operation, the data that is

read will have an error of -1 second.

7) Complete data read operations within tCE (max.) = 0.9 seconds, as described earlier.

CLK

WR

DATA FDTs40s20s10s8s4s2s1 y8 y10 y20 y40

CE

y80

1 52

Sec Year

2 53 54 54+n

Output data does not
change
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( 2 ) Data writes

1) When the WR pin is high and the CE pin is high, the RTC enters data input mode.

2) In this mode, data is input, in succession and in synchronization with the rising edge of the CLK signal, to

the shift register from the DATA pin, starting from the LSB of the seconds digits.

3) The sub-seconds counter is reset between the falling edge of the first clock pulse and the rising edge of

the second clock pulse.  In addition, carries to the seconds counter are prohibited at the falling edge of the

first clock pulse.

4) After the last data is input to the shift register at the rising edge of the 52nd clock pulse, the contents of

the shift register are transferred to the timer counter.

5) Note that during a data write operation, 52 bits of data must be input.

• If the CE pin is set low before 52 bits have been input, the data that was input becomes invalid.

• If more than 52 bits of data are input, the 53rd and subsequent bits are ignored.  (The first 52 bits of

data are valid.)

6) Once the CE pin is set low, the prohibition on carries to the seconds counter is lifted.

Complete data write operations within tCE (max.) = 0.9 seconds, as described earlier.

7) If a data read operation is to be performed immediately after a data write operation, a wait (tRCV) is

necessary after the CE pin is set low.

* Misoperation will result if illegal data is written.  Therefore, be certain to write legal data.

CLK

WR

DATA 0s40s20s10s8s4s2s1 y8 y10 y20 y40

CE

y80

1 52

Seconds Year

( FDT )

2 53 54 54+n
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( 3 ) Data writes (Devider Reset)

After the counter is reset, carries to the seconds digit are halted.  After the data write operation, the

prohibition on carries to the seconds counter is lifted by setting the CE pin low.

Complete data write operations within tCE (max.) = 0.9 seconds, as described earlier.

( 4 ) FOUT output and 1 Hz carries

During a data write operation, because a reset is applied to the Devider counter (from the 128 Hz level to the 1

Hz level) after the CE pin goes high during the time between the falling edge of the first clock cycle and the

rising edge of the second clock cycle, the length of the first 1 Hz cycle after the data write operation is

Subsequent cycles are output at 1.0-second intervals.

The 1-Hz signal that is output on FOUT is the internal 1-Hz signal with a 15.6-ms shift applied.

CLK

WR

CE

1Hz

FOUT

CLKt

CESt

1.0Sec 0
-7.8mS

15.6mS 15.6mS

CLK

WR

DATA s40s20s10s8s4 y8 y10 y20 y40

C
E

y80

1 522

N Seconds

s1

Devider reset
pulse

s2

Timer,counter n seconds N Seconds0 seconds

Carry stop
pulse

CE
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■ Examples of External Circuits

● Example 1.  When used as an RTC + clock source

*1: FOUT output frequency setting (High: 1 Hz; low: 32.768 KHz)

*2: Prohibits FOUT output during back up, reducing current consumption.

● Example 2.  When used as a clock source (oscillator)

RTC 4543

VDD
CE

GND

0.1uF

FOUT

FSEL

WR

DATA

CLK

FOE

VDD

VDD

VDD

RTC 4543

VDD
CE

GND

0.1uF

FOUT

FSEL

WR

DATA

CLK

FOE

VDD

VDD
Power supply
detection circuit

Power supply
switching
circuit

*1
*2

Power supply
detection circuit
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■ External Dimensions

● RTC-4543SA ( SOP 14-pin )

● RTC-4543SB ( SOP 18-pin )
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■ Layout of Package Markings

● RTC-4543SA ( SOP 14-pin )

● RTC-4543SB ( SOP 18-pin )

Note: The markings and their positions as pictured above are only approximations.  These illustrations do not

define the details of the style, size, and position of the characters marked on the packages.

R4543
407  2A

Model

Manufacturing
lot

B

Frequency
tolerance

R4543
407  2A

Model

Manufacturing
lot

B

Frequency
tolerance



■ Reference Data

(1) Example of Frequency-Temperature Characteristics
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θT = 25°C 

α= -0.035ppm/(C2(TYP.) TYP.

Determining the frequency stability (clock accuracy)

1. The frequency-temperature characteristics can be

approximated by the following equation:
∆fT(ppm)=α(θT-θX)2

∆fr(ppm): Frequency deviation at any given
temperature

α(ppm/°C2): Second-order temperature (-0.035
±0.005 ppm/°C2)

θT(°C): Highest temperature (25°C±5°C)
θX(°C): Any given temperature

2. In order to determine the clock accuracy, add in the

frequency tolerance and the voltage characteristics.

∆f/f(ppm) = ∆f/f0 + ∆fT + ∆fv
∆f/f(ppm): Clock accuracy at any given

temperature and voltage
(frequency stability)

∆f/f0(ppm): Frequency accuracy
∆fT(ppm): Frequency deviation at any given

temperature
∆fv(ppm): Frequency deviation at any given

voltage

3. Determining the daily error

Daily error =∆f/f x 10-6 x 86400 (seconds)

With error of 11.574 ppm, the error of the clock is

about one second per day.

-150
-140
-130
-120
-110
-100

-90
-80
-70
-60
-50
-40
-30
-20
-10

0
10

-50 -40 -30 -20 -10 0 10 20 30 40 50 60 70 80 90 100

(2) Example of Frequency-Voltage

Characteristics

(3) Example of Current Consumption-

Voltage Characteristics

A[ ]

1.0

2.0

2.0 3.0 4.0 5.00.0

Frequency [ppm]

-1.0

0.0

+1.0

2 3 4 5

Conditions

-2.0

Note: This data shows values obtained from a sample lot. For rated values, please see the specifications on 

page 3.

F
re

qu
en

cy
 ∆

fT
[p

pm
]

Temperature [°C]

Supply 
voltage (VDD) [V]

5 V reference
voltage, Ta=25°C

Conditions

Supply voltage (VDD) [V]

Current
consumption [µA]

No load, Ta 25°C
FOE=L
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■ Notes on Use

(1) Notes on handling
In order to attain low power consumption, this module incorporates a CMOS IC.  Therefore, the following

points should be kept in mind when using this module.

1. Static electricity
While this module does have built-in circuitry designed to protect it against damage from electrostatic

discharge, the module could still be damaged by an extremely large electrostatic discharge.  Therefore,

packing materials and shipping containers should be made of conductive materials.

Furthermore, soldering equipment, test circuits, etc., that do not have high-voltage leakage, and ground

such equipment when working with it.

2. Electronic noise
If excessive external noise is applied to the power

supply and I/O pins, the module may operate

incorrectly or may even be damaged as a result of

the latch-up phenomenon.

In order to assure stable operation, connect a

passthrough capacitor (ceramic is recommended) of

at least 0.1 µF located as closely as possible to the

power supply pins on this module (between VDD and

GND).  Furthermore, do not place a device that

generates high noise levels near this module.

3. Electric potential of I/O pins
Because having the electric potential of the input pins at an intermediate level contributes to increased

power consumption, reduced noise margin, and degradation of the device, keep the electric potential as

close as possible to the electric potential of VDD or GND.

4. Treatment of unused input pins
Because the input impedance of the input pins is extremely high and using the module with these pins

open can result in undefined electric potential and misoperation due to noise, unused input pins must

always be connected to a pull-up or pull-down resistor.



(2) Notes on mounting

1. Soldering temperature conditions
If the internal temperature of the package exceeds 260°C, the characteristics of the crystal resonator may

deteriorate and the package may be damaged.  Therefore, before using this module, be sure to confirm

what temperatures it will be exposed to during the mounting process.  If the mounting temperature

conditions are ever changed, the suitability of those temperature conditions for this package must be

confirmed again.

Soldering conditions: Up to 260°C for up to 10 seconds, twice, or up to 230°C for up to 3 minutes.

Example of SMD product Soldering Conditions

Infrared reflow Vapor phase reflow

2. Mounters
While this module can be used with general-purpose mounters, be sure to confirm the force of impact that

the module will be subjected to during mounting, since certain machines or conditions can result in

damage to the internal crystal resonator.  If the mounting conditions are ever changed, the suitability of

those conditions for this package must be confirmed again.

3. Ultrasonic cleaning
nder certain conditions, ultrasonic cleaning can damage the crystal resonator.  Because we cannot specify

the conditions under which you perform ultrasonic cleaning (including the type of cleaner, the power level,

the duration, the condition of the inside of the chamber, etc.), SEIKO-EPSON does not warrant this

product against ultrasonic cleaning.

4. Mounting orientation
If this module is mounted backwards, it may be damaged.  Always confirm the orientation of the module

before mounting it.

5. Leakage between pins
f power is supplied to this module while it is dirty or while condensation is present, leakage between pins

may result.  Be sure that the module is clean and dry before supplying power to it.

0

100

200

0

100

200
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1 to 5°C/seconds

10 seconds MAX.

245°C

215°C

50 seconds

1 to 5°C/seconds

1 to 5°C/seconds

Preheating

1 to 9°C/seconds 1 to 9°C/seconds

20 to 100 seconds
Time Time
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20770 Madrona Avenue Torrance, CA 90503 2842 U.S.A.
Phone: (1) 310-782-0770   Fax: (1) 310-782-5320

Riesstrasse 15,   80992  Muenchen  GERMANY
Phone: (49)-(0)89-14005-0   Fax: 4(49)-(0)89-14005-110

G6  Doncastle House , Doncastle Road, Bracknell, Berkshire, RG12  8PE ,England
Phone: (41)-(0)1-344-381700    Fax : (41)-(0)1-344-381701

Les Conquerants Immeuble "Fujiyama"  , L.P 915  1 Avenue de l' Atlantique , Z.A. de Courtaboeuf 2 , 91976 Les Ulis Cedex
Phone: (33)-(0)1-64-86-23-50   Fax: (33)-(0)1-64-86-23-55

V.le F.lli Casiraghi, 427 20099 Sesto San Giovanni, Milan, ITALY
Phone: (39) 2-262331   Fax: (39) 2-2440750

20/F., Harbour Centre, 25 Harbour Road, Wanchai, HONG KONG
Phone: (852) 2585-4600   Fax: (852) 2827-2152 

10F, No.287, Nanking East Road, Sec.3, Taipei, TAIWAN, R.O.C.
Phone: (886) 2-717-7360   Fax: (886)2-718-9366

No.1, Temasek Avenue #36-00, Millenia Tower, SINGAPORE 039192
Phone: (65) 337-7911   Fax: (65) 334-1185

4F, Bldg.,27, No.69, Guijing Road, Caoheijing, Shanghai, CHINA
Phone: (86) 21-6485-0835 Fax: (86) 21-6485-0775

10F, KLI 63  Building,60 Yoido-dong, Youngdeungpo-Ku, Seoul, 150-010, KOREA
Phone: (82) 2-784-6027   Fax: (82) 2-767-3677
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