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Function Block 

 
 

 

 

Notes:        
1. No purposely added lead. Fully EU Directive 2002/95/EC (RoHS), 2011/65/EU (RoHS 2) & 2015/863/EU (RoHS 3) compliant.  
2. See https://www.diodes.com/quality/lead-free/ for more information about Diodes Incorporated’s definitions of Halogen- and Antimony-free, "Green" and Lead-free.  
3. Halogen- and Antimony-free "Green” products are defined as those which contain <900ppm bromine, <900ppm chlorine (<1500ppm total Br + Cl) and <1000ppm 
antimony compounds. 

https://www.diodes.com/about/contact-us/
https://www.diodes.com/quality/product-definitions/
https://www.diodes.com/quality/lead-free/
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Table 1. Basic Functions of PT7C4311 

Item Function PT7C4311 

1 Oscillator 

Source: Crystal: 32.768kHz  

Oscillator enable/disable  

Oscillator fail detect - 

2 Time 

Time display 
12-hour  - 

24-hour   

Century bit  

Time count chain enable/disable - 

3 Programmable square wave output (Hz) 512Hz 

4 Programmable high/low level output  

5 Communication 2-wire I
2
C bus  

6 RAM 568 

7 Battery backup  

8 Clock calibration  
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Pin Configuration 

 
 

Pin Description 

Pin no. Pin Type Description 

1 X1 I 
Oscillator Circuit Input. Together with X1, 32.768kHz crystal is connected between them. 

Or external clock input. 

2 X2 O Oscillator Circuit Output. Together with X1, 32.768kHz crystal is connected between them.  

3 VBAT P 
Battery Supply Voltage. When VCC>VSO

1
, VCC will power the IC. While VCC<VSO

1
, VBAT 

will power the IC. 

4 GND P Ground. 

5 SDA I/O 
Serial Data Input/Output. SDA is the input/output pin for the 2-wire serial interface. The 

SDA pin is open-drain output and requires an external pull-up resistor.  

6 SCL I Serial Clock Input. SCL is used to synchronize data movement on the I
2
C serial interface. 

7 FT/OUT O 
Frequency Test / Output Driver. Open drain. 512Hz output when Frequency Test is 

selected. Output DC level by register selection. Frequency Test is prior. 

8 VCC P 
Supply Voltage. When VCC>VSO

1
, VCC will power the IC. While VCC<VSO

1
, VBAT will 

power the IC. 

Note: 1. VSO: Battery Back-up Switchover Voltage 

 

 

 



 

 

 
PT7C4311  www.diodes.com   July 2020 

Document Number DS42963 Rev 1-2  4 © Diodes Incorporated 

PT7C4311 

Maximum Ratings 

 

Storage Temperature ..................................................................................................................... -55oCto  +125oC 

Supply Voltage to Ground Potential (Vcc to GND)  ............................................................ -0.3V to  +7.0V 

DC Input (All Other Inputs except Vcc & GND) .................................................................. -0.3V to +7.0V 

DC Output Voltage........................................................................................................................ -0.3V  to  +7.0V 

Power Dissipation .......................................................................................................................... 250mW 

Output Current ................................................................................................................................ 20mA 

Junction Temperature .................................................................................................................... 125
o
C max 

 

 

Recommended Operating Conditions 

Symbol Description Min Type Max Unit 

VCC 

Timing data and RAM data maintaining voltage 1.2 - 5.5 

V 

Timing data writing voltage 1.5 - 5.5 

Timing data reading voltage 1.5 - 5.5 

RAM data writing voltage 3.0 - 5.5 

RAM data reading voltage 1.5 - 5.5 

VIH Input high level 0.7 VCC - VCC+0.3 

VIL Input low level -0.3 - 0.3 VCC 

TA Operating temperature -40 - 85 ºC 

 

Note: 

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. 
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DC Electrical Characteristics 

(Unless otherwise specified, VCC = 1.5 ~ 5.5 V, TA = -40 °C to +85 °C.) 

Sym. Description Pin Condition Min Typ Max Unit 

VCC 

Timing data and RAM data 

maintaining voltage 
VCC - 1.2 - 5.5 

V 
Timing data writing voltage VCC - 1.5 - 5.5 

Timing data reading voltage VCC - 1.5 - 5.5 

RAM data writing voltage VCC - 3.0 - 5.5 

RAM data reading voltage VCC  1.5 - 5.5 

VBAT
1 

Supply voltage VBAT - 2.0 3 3.5
6
 V 

VSO
2 Battery Back-up Switchover 

Voltage
3,4

 
- - 

VBAT -

0.80 

VBAT -

0.50 

VBAT -

0.30
5
 

V 

ICC Current consumption VCC Switch freq. = 400kHz - 70 150 A 

IST Standby current VCC SDA, SCL = VCC – 0.3V - 25 80 A 

IBAT Current consumption VBAT 
OSC on, VCC = 0V, VBAT = 3V, 

TA=25°C 
- 300 800 nA 

VIL Low-level input voltage - - -0.3 - 0.3VCC 
V 

VIH High-level input voltage - - 0.7VCC - VCC +0.5 

VOL 

Low-level output voltage SDA IOL = 3mA - - 0.4 

V Pull-up Supply voltage 

(Open drain) 

FT/ 

OUT 
- - - 5.5 

IIL Input leakage current SCL 0<VIN<VCC - - 1 A 

IOZ Output current when OFF SDA 0<VOUT<VCC - - 1 A 

Note:  

1. After switchover (VSO), VBAT (min) can be 2.0V for crystal with RS=40k. 

2. Switch-over and deselect point. 

3. Valid for Ambient Operating Temperature: TA = -40 to 85°C; VCC = 2.0 to 5.5V (except where noted). VCC fall time should not exceed 5 

mV/μs. 

4. All voltages referenced to GND. 

5. In 3.3V application, if initial battery voltage is ≥ 3.4V, it may be necessary to reduce battery voltage (i.e., through wave soldering the 

battery) in order to avoid inadvertent switchover/reselection for VCC – 10% operation. 

6. For rechargeable backup, VBAT (max) may be considered to be VCC. 
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AC Electrical Characteristics 

 

Sym Description Value Unit 

VHM Rising and falling threshold voltage high 0.8 VCC V 

VHL Rising and falling threshold voltage low 0.2 VCC V 

 

 

 

 

 

 

 

 

 
 

Over the Operating Range 

Symbol Item 
STAND Mode (I

2
C) FAST Mode (I

2
C) 

Unit 
Min. Max. Min. Max. 

fSCL SCL clock frequency - 100 - 400 kHz 

tSU;STA START condition set-up time 4.7 - 0.6 - s 

tHD;STA START condition hold time 4.0 - 0.6 - s 

tSU;DAT Data set-up time (RTC read/write) 250 - 100 - ns 

tHD;DAT Data hold time (RTC read/write) 0 - 0 0.9 us 

tSU;STO STOP condition setup time 4.0 - 0.6 - s 

tBUF Bus idle time between a START and STOP condition 4.7 - 1.3 - s 

tLOW When SCL = "L" 4.7 - 1.3 - s 

tHIGH When SCL = "H" 4.0 - 0.6 - s 

tr Rise time for SCL and SDA - 1.0 20+0.1CB 0.3 s 

tf Fall time for SCL and SDA - 0.3 20+0.1CB 0.3 s 

CB Capacitance load for each bus line  0 400 0 400 pF 

 

 

Timing Diagram  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Signal 

tf tr 

VHM 

 

VLM  

 

S Sr P

t
HD;STA t

SP

t
SU;DATt

HD;STA
t
HD;DAT

t
SU;STA

t
SU;STO

SCL

SDA

t
BUF

t
HD;STA

t
SU;STA

f
SCL

t
LOW

t
HIGH

Sr

S PStart condition

Restart condition

Stop condition
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Recommended Layout for Crystal 

 

 
 

 

Built-in Capacitors Specifications and Recommended External Capacitors  

Parameter Symbol Typ Unit 

Build-in capacitors 
X1 to GND CG 18 pF 

X2 to GND CD 18 pF 

Recommended External 

capacitors 

X1 to GND C1 8 pF 

X2 to GND C2 8 pF 

Note: The frequency of crystal can be optimized by external capacitor C1 and C2, for frequency=32.768Hz, C1 and C2 should meet 

the equation as below: 

Cpar + [(C1+CG)*(C2+CD)]/ [(C1+CG)+(C2+CD)] =CL 

Cpar is all parasitical capacitor between X1 and X2. 

CL is crystal’s load capacitance. 

 

 

Crystal Specifications 

Parameter Symbol Min Typ Max Unit 

Nominal Frequency fO - 32.768 - kHz 

Series Resistance ESR - - 70 k 

Load Capacitance CL - 12.5 - pF 

 

 

Note: The crystal, traces and crystal input pins 

should be isolated from RF generating signals. 
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Function Description 

Overview of Functions 

1. Clock function 

 

2. Interface with CPU 

3. Oscillator enable/disable 

4. Calibration function 

Registers 

1. Allocation of registers 

Addr. 

(hex)
 *1 Function 

Register definition 

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 

00 Seconds (00-59) ST
*2 

S40 S20  S10 S8 S4 S2 S1 

01 Minutes (00-59)  M40 M20  M10 M8 M4 M2 M1 

02 Hours (00-23) CEB
*3

 CB
*3

 H20 H10 H8 H4 H2 H1 

03 Days of the week (01-07)      W4 W2 W1 

04 Dates (01-31)   D20 D10 D8 D4 D2 D1 

05 Months (01-12)   
*8

 MO10 MO8 MO4 MO2 MO1 

06 Years (00-99) Y80 Y40 Y20  Y10 Y8 Y4 Y2 Y1 

07 Control
*8

 OUT
*4

 FT
*5

 S
*6

 Calibration
*7

 

08~3F RAM         

Caution points: 

*1.   PT7C4311 uses 6 bits for address. That is if write data to 41H, the data will be written to 01H address register. 

*2.   Stop bit. When this bit is set to 1, oscillator and time count chain are both stopped. 

*3.   CEB: Century Enable Bit. CB: Century Bit. 

*4.   Control FT/OUT pin output DC level when 512Hz square wave is disabled. 

*5.   Frequency Test. 512Hz square wave output is enabled at FT/OUT pin, which is using for frequency test. 

*6.   Sign Bit. “1” indicates positive calibration; “0”indicates negative calibration. 

*7.   Using for modifying count frequency. If 20ppm is wanted to slow down the count frequency, 10 (01010) should be loaded.  

*8.    Initialize the control and status register to 10000000 if calibration function is not required. 
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Clock calibration 

 

2. Control and status register 

Addr. 

(hex) 
Description D7 D6 D5 D4 D3 D2 D1 D0 

07 
Control OUT FT S Calibration 

(default) 1 0 1 Undefined Undefined Undefined Undefined Undefined 

a) OUT 

 OUT: 

OUT Data Description 

Read / Write 
1 Set high level at pin 7. Default 

0 Set low level at pin 7. 

b) 512Hz output 

 FT: 

FT Data Description 

Read / Write 
0 Disable 512Hz output at pin 7. Default 

1 Enable 512Hz output at pin 7. 

c) Calibration bits 

 S: 

S Data Description 

Read / Write 
1 Indicate positive calibration. Default 

0 Indicate negative calibration. 

 
Calibration:  
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3. Time Counter 

 

 

 

Addr. 

(hex) 
Description D7 D6 D5 D4 D3 D2 D1 D0 

00 
Seconds ST

 
S40 S20 S10 S8 S4 S2 S1 

(default) 0 Undefined Undefined Undefined Undefined Undefined Undefined Undefined 

01 
Minutes 

*2
 M40 M20 M10 M8 M4 M2 M1 

(default) 0 Undefined Undefined Undefined Undefined Undefined Undefined Undefined 

02 
Hours CEB

*3
 CB

*3
 H20 H10 H8 H4 H2 H1 

(default) 1 1 Undefined Undefined Undefined Undefined Undefined Undefined 

* Note 1: ST bit: Stop oscillation and time count chain. 

* Note 2: Do not care. 

* Note 3: Century Enable Bit and Century Bit.  

 

4. Days of the week Counter 

Addr. 

(hex) 
Description D7 D6 D5 D4 D3 D2 D1 D0 

03 
Days of the week      W4 W2 W1 

(default) Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined 

 

5. Calendar Counter 

 

 

 

Addr. 

(hex) 
Description D7 D6 D5 D4 D3 D2 D1 D0 

04 
Dates (01-31)   D20 D10 D8 D4 D2 D1 

(default) Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined 

05 
Months (01-12)    M10 M8 M4 M2 M1 

(default) Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined 

06 
Years (00-99) Y80 Y40 Y20 Y10 Y8 Y4 Y2 Y1 

(default) Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined 
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Communication 

 
1. I

2
C Bus Interface 

a) Overview of I
2
C-BUS 

 

b) System Configuration 

 

Master

MCU

Slave

RTC

Other Peripheral

Device

Vcc

SDA

SCL

Note: When there is only one master, the MCU is ready for driving SCL to "H" and R
P
 of SCL may not required.

R
P

R
P

Fig.1 System configuration 
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c) Starting and Stopping I
2
C Bus Communications 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

d) Data Transfers and Acknowledge Responses during I
2
C-BUS Communication 

 Data transfers 

 

 

 

 

 

 

 

 

 

 

 

*Note: with caution that if the SDA data is changed while the SCL line is at high level, it will be treated as a START, RESTART, 

or STOP condition. 

 

Fig.2 Starting and stopping on I
2
C bus 
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 Data acknowledge response (ACK signal) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

e) Slave Address 

Operation Transfer data 
Slave address 

 

R / W bit 

bit 7 bit 6 bit 5 bit 4 bit 3 bit 2 bit 1 bit 0 

Read D1 h 
1 1 0 1 0 0 0 

1 (= Read) 

Write D0 h 0 (= Write) 

 

2. I
2
C Bus’s Basic Transfer Format 

 

 

 

 

 

 

 

 

SCL from Master 1 2 8 9

SDA from transmitter

(sending side)

SDA from receiver

(receiving side)

Release SDA

Low active

ACK signal

S Start indication P Stop indication

Sr Restart indication

A RTC Acknowledge

A Master Acknowledge
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a) Write via I
2
C bus 

 

 

 

 

 

 

 

 

 

 

b) Read via I
2
C bus 

 Standard read 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Simplified read 

 

 

 

 

 

 

 

 

 

 

Note:  
1. The above steps are an example of transfers of one or two bytes only. There is no limit to the number of bytes transferred 

during actual communications.  

2. 49H, 4AH are used as test mode address. Customer should not use the addresses. 

Slave address (7 bits)

1 1 0 1 0 0 0 0

write
Addr. setting

Slave address + write specification Address

Specifies the write start address.

A
bit

7 6 5 4 3 2 1 0

bit bit bit bit bit bit bit
A P

Write data

S A

A

C

K

A

C

K

A

C

K

Start Stop

Slave address (7 bits)

1 1 0 1 0 0 0 0

write

Slave address + write specification Address

Specifies the read start address.

Addr. setting
AS

Slave address (7 bits)

1 1 0 1 0 0 0 1

Read

Slave address + read specification Data read (1)

Data is read from the specified start

address and address auto increment.

A
bit

7 6 5 4 3 2 1 0

bit bit bit bit bit bit bit
/A PSr

7 6 5 4 3 2 1 0

bit bit bit bit bit bit bitbit

Data read (2)

Address auto increment to set the

address for the next data to be read.

A

C

K

N

O

A

C

K

A

A

C

K

A

C

K

A

C

K

A

Start

StopRestart

Data read (2)

Address register auto increment to set

the address for the next data to be

read.

Data read (1)

Data is read from the address pointed

by the internal address register and

address auto increment.

Slave address (7 bits)

1 1 0 1 0 0 0 1

Read A
bit

7 6 5 4 3 2 1 0

bit bit bit bit bit bit bit
/A PS

7 6 5 4 3 2 1 0

bit bit bit bit bit bit bitbit

A

C

K

N

O

A

C

K

A

C

K

A

StopStart
Slave address + read specification
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Part Marking 
W Package                                           ZE Package 
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Packaging Mechanical  

8- SOIC (W) 
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8- TDFN (ZE) 

 
 

 

Ordering Information 

Part Number Package Code Package Description 

PT7C4311WEX W 8-Pin, 150mil-Wide (SOIC) 

PT7C4311ZEEX ZE 8-Pin, 2x3 (TDFN) 

Notes: 

1. No purposely added lead. Fully EU Directive 2002/95/EC (RoHS), 2011/65/EU (RoHS 2) & 2015/863/EU (RoHS 3) compliant.  
2. See https://www.diodes.com/quality/lead-free/ for more information about Diodes Incorporated’s definitions of Halogen- and Antimony-free, "Green" and 

Lead-free.  
3. Halogen- and Antimony-free "Green” products are defined as those which contain <900ppm bromine, <900ppm chlorine (<1500ppm total Br + Cl) and 

<1000ppm antimony compounds. 

4. E = Pb-free and Green 
5. X suffix = Tape/Reel 
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