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1. General Description

DS1307 is a low-power real-time clock (RTC). Full binary-coded decimal (BCD) clock/calendar plus 56
bytes of SRAM. Address and data are transferred serially through an 2-line bidirectional bus. The
clock/calendar provides the information of seconds, minutes, hours, day, date, month, and year . The end
of the month date is automatically adjusted for months with fewer than 31 days, including corrections for
leap year. The clock operates in either the 24-hour or 12-hour format with AM/PM indicator. DS1307 has
a built-in power-sense circuit that detects power failures and automatically switches to the backup supply.
Timekeeping operation continues while the part operates from the backup supply.

Features:

Clock counting, leap year adjustment, the number of years can reach 2100 years.
Built-in 56-byte SRAM register

I°C interface

Programmable output square wave signal

Automatic detection of power failure and power switching

Packaging information:DIP8/SOP8
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Ordering Information:
Tube packing specifications:

Packaging | Marking Tube Boxed Boxed

Part number ; q tit tube tit Notes
orm code guantity quantity guantity
Dimensions of
plastic enclosure:
100 100 10000

DS1307ZN(LX) SOP8 DS1307ZN PCS/tube | tube/box | PCS/box 4._9mm>§.9mm
Pin spacing:
1.27mm

Dimensions of
plastic enclosure:

50 40 2000
DS1307N(LX) DIP8 DS1307N PCS/tube | tube/box | PCS/box 9._2mm><_3.4mm
Pin spacing:
2.54mm
Reel packing specifications:
Packaging Marking . Boxed reel
Part number Reel quantity . Notes
form code guantity
Dimensions of
2500 5000 plastic enclosure:

DSI307ZN(LX) | SOP8(1) | DSI307ZN | prgyeel PCSIbox | 4.9mm>3.9mm

Pin spacing:1.27mm

Dimensions of

4000 8000 plastic enclosure:
PCS/reel PCS/box 4.9mm>3.9mm
Pin spacing:1.27mm

DS1307ZN(LX) | SOP8(2) | DS1307ZN

Note: If the physical information is inconsistent with the ordering information, please refer to the actual
product.
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2~ Block Diagram And Pin Description

2.1, Block Diagram

X1 1Hz/4.096KH2/8.192KH2/32.768KHz_ MUX/ SWO/OUT
L oL BUFFER Q
}‘ § 1Hz {
CL
ill
X2 e
RAM
V 4 CONTROL 66<®)
G,\fg POWER LOGIC
Vear CONTROL CLOCK, CALNDAR,
‘ AND CONTROL
REGISTERS
SCL ™| INreRFAcE !
SDA AND ADDRESS USER BUFFER
REGISTER (7 BYTES)
t [
2.2, Pin Configurations
X1[1] O | 8] Vee
X2 [ 2] | 7 | SWQ/OUT
Vear E E SCL
GND | 4 | | 5| SDA
2.3+ Pin Description
Pin No. Pin Name Description
1 X1 Crystal Oscillator Input
2 X2 Crystal Oscillator Output
3 Var Backup Supply Input
4 GND Ground
5 SDA Serial Data 10
6 SCL Serial Input Clock
Output fixed level when SQWE is “0”; output square wave when
7 SQW/OUT SQWEis “17
8 Vee Primary Power Supply
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3. Electrical Parameter
3.1. Absolute Maximum Rat

ings

(Tamp=25°C, unless otherwise specified)

Characteristic Symbol Conditions Value Unit
input voltage V, all pins except GND -05t07.0 \Y
operating temperature Tamb - -40 to +85 C
storage temperature Tsig - -65 to 125 C
DIP 250 C
lead temperature T 10s
P L sop 260 C
3.2. Recommended Operating Conditions
(Tamp=-40°C to +85°C, GND=0V, unless otherwise specified)
Characteristic Symbol Min. Typ. Max. Unit
supply voltage Vee 4.5 5.0 55 V
input high-level voltage ViH 2.4 - Vct0.3 V
input low-level voltage VL -0.3 - +0.8 Vv
backup power voltage Vear 2.0 3.0 35 Vv
3.3\ Electrical Characteristics
3.3.1. DC Characteristics
(Tamp=-40°C to +85°C, GND=0V, Vc=4.5 t0 5.5V, Vear=0V, unless otherwise specified)
Parameter Symbol Conditions Min. Typ. Max. | Unit
active suppl
Currenptp y leca Vee=5V, fsc,=100KHz - - 15 | mA
standby curreny lecs Vcc=5V, SDA=SCL=5V - - 200 PA
Ve r cUrrent | V=0V, Vear=3V, SQW OUT OFF - 300 1000 nA
BAT BAT | VeV, Vgar=3V, SQW OUT ON - 480 | 1000 | nA
Vgat data-retention
BAT current IBATDR Vcc:O\/, VBAT:3V - 100 - nA
VeaT leakage
Béerent g lgaTikG Vce=5V, Vear=3V - 100 - nA
input leakage _ i i
current I, SCL, SDA, VIN_VCC or GND 1 1 IJA
output high
resistance leakage Lo SDA, SQW/OUT -1 - 1 A
current
output low-level B
voltage VoL SQWI/OUT, lo . =5mA - - 0.4 Vv
power-fail voltage Ve Vear=3V 1.216> | 1.25x | 1.284x \Y
Vear Vear Vear
6/ 15
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3.3.2. AC Characteristics

(Tamp=-40°C to +85°C, GND=0V, V¢c=4.5 t0 5.5V, Vear=0V, unless otherwise specified)

Parameter Symbol | Conditions | Min. | Typ. | Max. | Unit

SCL clock frequency fscL - 0 - 100 KHz
bus free time between_a} STOP and taue i 47 i i us

START condition

hold time (repeated) START condition thp:sTA - 4.0 - - us
LOW period of the SCL clock tLow - 4.7 - - us
HIGH period of the SCL clock thicH - 4.0 - - us
setup time for a repeated START condition | tsy:sta - 4.7 - - us
data hold time thD-DAT - 0 - - us
data setup time tsu-DAT - 250 - - ns
rise time of both SDA and SCL signals tr - - - 1000 ns
fall time of both SDA and SCL signals te - - - 300 ns
setup time for STOP condition tsu:sTo - 4.7 - - us

4. Communication Timing Diagram

SDA

ﬁ |

/

1
taur

fLow th

<ﬁ thp:sTA

STOP START

SCL

-

5. Function Description
5.1, Detailed Description

" thp:sta

Lﬁ/‘

tsuisTa

Repeat START

DS1307 is a low-power clock/calendar with 56 bytes of SRAM. The clock/calendar provides seconds,
minutes, hours, day, date, month, and year information. The date at the end of the month and leap year is
automatically adjusted. DS1307 has built-in power detection circuit, which can detect power failure or
automatically switch to standby power supply.When V¢ falls below 1.25%Vga7, the device terminates and
resets the device address counter to prevent erroneous data from being written to the device. When V¢c
falls below Vgar, the device switches into a battery-backup mode. The device switches from battery to
Ve When Ve is greater than Vear+0.2V and the communication is valid when V¢ is greater than

1.25%V/gaT.

5.2. Oscillator Circuit

htttp://www. lingxingic.com

Characteristic Symbol Min. Typ. Max. Unit
nominal frequency fo - 32.768 - KHz
serial resistance ESR - - 45 KQ
load capacitance CL - 12.5 - pF
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5.3+ Register Description

The following table shows the address map for the DS1307 RTC and SRAM registers. The RTC
registers are located in address locations 00H to 07H. The SRAM registers are located in address
locations 08H to 3FH. During a multibyte access, when the address pointer reaches 3FH, it will

automatically jump to O0OH.

Address | BIT7 [ BIT6 | BIT5 | BIT4 | BIT3 | BIT2 | BTL [ BITO| Function Range
OOH CH 10 Seconds Seconds Seconds 00-59
01H 0 10 Minutes Minutes Minutes 00-59

12 | PM/AM 1-12+AM/PM
02H 0 10 Hour Hours hours

24 10 Hour 0-23
03H 0 0 0 0 0 Day Day 01-07
04H 0 0 10 Date Date Date 01-31
05H 0 0 0 | 10 Month Month Month 01-12
06H 10 Year Year Year 00-99
07H ouT | o | 0 | SQWE 0 | 0 |Rs1 Control -

08H-3FH - RAM 56>8 00H-FFH

Note: When power on, the status of RTC and RAM registers is uncertain, and initialization configuration is
required.

5.4, Clock And Calendar
The time and calendar information is obtained by reading the appropriate register bytes. The time and
calendar are set or initialized by writing the appropriate register bytes. The contents of the time and
calendar registers are in the BCD format. The day-of-week register increments at midnight. The clock
register adopts BCD format, BIT 7 of second register is the clock halt (CH) bit. When CH=1, the oscillator
is disabled. When CH=0, the oscillator is enabled. When power-on, CH needs to be set to “0” because the
state of the register is undefined.
Bit 6 of the hour register is defined as the 12-hour or 24-hour mode selection bit. When BIT6=1, the
12-hour mode is selected. In the 12-hour mode, BIT5 is the AM/PM bit and the logic high is PM when
BIT5=1. In the 24-hour mode, the fifth bit is the second 10-hour bit (20 to 23 hours). The hours value must
be re-entered when the 12/24-hour mode bit is changed.
The week register is incremented at midnight, and the value of the week is defined by the user(i.e., if 1
equals Sunday, then 2 equals Monday, and so on).

5.5, Control Register

DS1307 control register is used to control the operation of SQW/OUT pin.

BIT7

BIT6

BITS

BIT4

BIT3

BIT2

BIT1

BITO

ouT

0

0 SQWE 0 0

RS1

RSO

Bit7: Output Control (OUT). When SQWE=0, BIT7 controls the output level state of SQW/OUT.

Bit4: Square-Wave Enable (SQWE). When SQWE=1, SQW/OUT outputs a square wave. The output
frequency is selected by RS1 and RSO.
Bits 1 and 0: Rate Select (RS1, RS0). When the square wave output is enabled, these two bits control the
square wave frequency of the output.
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The truth table of the control register is as follows:

SQWE ouT RS1 RSO SQW/OUT Output
0 0 X X 0
0 1 X X 0
1 X 0 0 1Hz
1 X 0 1 4.096KHz
1 X 1 0 8.192KHz
1 X 1 1 32.768KHz

5.6+ Introduction of Communication Mode

The DS1307 supports the I°C protocol. The bus must be controlled by a master device that generates the
serial clock (SCL), controls the bus access, and generates the START and STOP conditions. The DS1307
operates as a slave on the I1°C bus.

The following points shall be paid attention to during 1°C communication: 1. Data transfer can be initiated
only when the bus is not busy. 2. During data transfer, the data line must remain stable as long as the clock
line is HIGH. Changes in the data line while the clock line is HIGH will be interpreted as control signals.
Accordingly, the following bus conditions have been defined:

A. Bus not busy: Both data and clock lines remain HIGH.

B. START data transfer: The data line changes from HIGH to LOW when the clock line is HIGH.

C. STOP data transfer: The data line changes from LOW to HIGH, when the clock line is HIGH.

D. Data valid: After a START condition, the data line is stable for the duration of the HIGH period of the
clock signal. The data on the line must be changed during the LOW period of the clock signal.

Each data transfer is initiated with a START condition and terminated with a STOP condition. The number
of data bytes transferred between START and STOP conditions is not limited, and is determined by the
master device. The information is transferred byte-wise and each receiver acknowledges with a ninth bit.
operates in the standard mode (100kHz) only.

E. Acknowledge: When Each receiving device is addressed, it is obliged to generate an acknowledge after
thereception of each byte. The master device must generate an extra clock pulse which is associated with
this acknowledge bit. A device that acknowledges must pull down the SDA line during the acknowledge
clock pulse and the SDA line keeps LOW during the HIGH period of the clock pulse. A master signal
issues an end signal to the slave by not generating an acknowledgement on the last byte that has been
clocked out of the slave. In this case, the slave must leave the data line HIGH to enable the master to
generate the STOP condition.
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[ i |
I ——— —
SDAI 1 N '
| ! A VAN
1 | SN l‘\ 1
1 === -
1 1 MSB | |
1 1 ] I
| I RIW | !
| ! DIRECTION ACKNOWLEDGEMENT 1 1
i I BIT < » SIGNAL FROM RECEIVER | |
1 I l al ] 1
1 i I 1
1 1 ACKNOWLEDGEMENT | 1
I | SIGNAL FROM RECEIVER 1 |
1 I | 1
1 I 1 1
| | | 1
SCL! | 1 1
1 I 1 !
1 : 1 2 6 7 8 9 1 2 37 8 9 ! :
| l
- ACK -
START ACK STOP
CONDITION - CONDITION
REPEATED IF MORE BYTES OR
ARE TRANSFERED REPEATED
START
CONDITION

The above figure details how data is transferred on the I°C bus. Depending upon the state of the R/W bit,
two types of data transfer are possible:

(1) Data transfer from a master transmitter to a slave receiver. The first byte transmitted by the master
is the slave address. Next follows a number of data bytes. The slave returns an acknowledge bit after each
received byte. Data is transferred with the most significant bit (MSB) first.

(2) Data transfer from a slave transmitter to a master receiver. The first byte (the slave address) is
transmitted by the master. The slave then returns an acknowledge bit. This is followed by the slave
transmitting a number of data bytes. The master returns an acknowledge bit after all received bytes other
than the last byte. At the end of the last received byte, a “not acknowledge” is returned. A transfer is ended
with a STOP condition or with a repeated START condition. Since a repeated START condition is also the
beginning of the next serial transfer, the bus will not be released. Data is transferred with the most
significant bit (MSB) first.

The DS1307 can operate in the following two modes:

(1) Slave Receiver Mode (Write Mode): Serial data and clock are received through SDA and SCL.After
each byte is received an acknowledge bit is transmitted. START and STOP conditions are recognized as
the beginning and end of a serial transfer. Hardware performs address recognition after reception of the
slave address and direction bit bit. The slave address byte is the first byte received after the master
generates the START condition. The slave address byte contains the 7-bit DS1307 address, which is
1101000, followed by the direction bit (R/W). After the DS1307 acknowledges the slave address + write
bit, the master transmits a one-byte address to the DS1307. This sets the register pointer on the DS1307,
then DS1307 acknowledges the transfer. The master can then transmit zero or more bytes of data, then
DS1307 acknowledges each byte received. The register pointer automatically increments after each data
byte are written. The master will generate a STOP condition to terminate the data write.
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Communication timing sequence of Write Mode:

Slave X Register

address = address Data 1 Data 2 Datan
S11102000 |0 A XXXXXXXX JA] XXXXXXXX JA] XXXXXXXX [A]...] XXXXXXXX |A|P
S:Start [] Master to slave
A:Acknowledge(ACK)
P:Stop [] Slave to master

(2) Slave Transmitter Mode (Read Mode): DS1307 transmits serial data on SDA while the serial clock
is input on SCL. START and STOP conditions are recognized as the beginning and end of a serial transfer.
The slave address byte is the first byte received after the START condition is generated by the master. The
slave address byte contains the 7-bit DS1307 address(1101000) and the direction bit (R/W), which is read
for 1. Then DS1307 outputs an acknowledge on SDA. Afterwards, DS1307 begins to transmit data

starting with the register address pointed to by the register pointer. If the register pointer is not written to
before the initiation of a read mode the first address that is read is the last one stored in the register pointer.
The register pointer automatically increments after each byte are read. The DS1307 must receive a Not
Acknowledge to end a read.

Communication timing sequence of Data Read Mode:

Slave

address = Data 1 Data 2 Data 3 Data n
S[1101000 [ 1 [A] XXXXXXXX [A] XXXXXXXX [A] XXXXXXXX [A]...[ XXXXXXXX [NA|P
S:Start [] Master to slave
A:Acknowledge(ACK) After reading the last byte of data, the master

gives a non-acknowledgement signal (pulling

NA:Not acknowledge the SDA bus high) to notify the DS1307 that
P:Stop |:| Slave to master the read operation is complete.
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Data Read (Write Pointer, Then Read)—Slave Receive and Transmit

Slave Register Slave
address 5 address address

S|1101000 [0 JA| XXXXXXXX |A[Sr{ 1101000 |1|A

Data 1 Data 2 Datan
— XXX X AT XXXXXXXX AL ... ] XXXXX XXX [NAIP

S:Start Sr:Repeated Start [] Master to slave

NA:Not acknowledge

A:Acknowledge(ACK) P:Stop |:| Slave to master

6. Typical Application Circuit
Vee Vee Vee

1 | 12p
Vee X1 A

L 12p
SWQ/OUT X2l gy

CPU
| SCL VBATj
SDA GND—+
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7~ Package Information
7.1. DIP8

|

Symbol — Dimensions (mm) —
A 3.00 3.60
b 0.36 0.56
c 0.20 0.36
D 9.00 9.45
E 6.15 6.60
e 2.54
eA 7.62 9.30
L 3.00 -
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7.2~ SOP8

—
|
/[

H

[
1]

Al A2
HHHH !
M
L] ng
€ b
Dimensions (mm)
Symbol =
ymno Min. Max.
A 1.35 1.80
Al 0.05 0.25
A2 1.25 1.55
D 470 5.10
E 5.80 6.30
El 3.70 410
b 0.306 0.51
c 0.19 0.25
e 1.27
L 0.40 0.89
0 0° 8°
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8. Statements And Notes

8.1, The name and content of Hazardous substances or Elements in the product

Hazardous substances or Elements
Cadm
Mercur | Hexaval Polybro .
Lead ) . Butylbe I B
and y and ;l#]rg ent Polybro | minate | Dibutyl nzyl Ellﬁeit Diisobu
Part name mercur .| chromiu | minated | d phthala phthala y tyl
lead cadmi . . te vl
y m biphenyl | biphen te hthal phthala
compou | compo | UM compoun| s yl phthala | 1
nds unds comp ds ethers te
ounds
Lead
frame ] (@) O (@) o (@) (@) (@) o] (@)
Plastic
R O o o) o o o o o o o
resin
Chip o o o o o o o o o o
The lead o o o o o o o o o o
Plastic
sheet o o o o o o o o o o
installed
o: Indicates that the content of hazardous substances or elements in the detection limit
explanatio of the following the SJ/T11363-2006 standard.
n x: Indicates that the content of hazardous substances or elements exceeding the SJ/T11363-2006
Standard limit requirements.
8.2 Notes

We Recommend you to read this chapter carefully before using this product.

The information in this chapter is provided for reference only and Lingxing disclaims any express or
implied warranties, including but not limited to applicability, special application or non-infringement of
third party rights.

This product is not suitable for critical equipment such as life-saving, life-sustaining or safety equipment.
It is also not suitable for applications that may result in personal injury, death, or serious property or
environmental damage due to product malfunction or failure. Lingxing will not be liable for any
damages incurred by the customers at their own risk for such applications.

The customer is responsible for conducting all necessary tests Lingxing’s application to avoid failure in
the application or the application of the customer’ s third party users. Lingxing does not accept any
liability.

The Company reserves the right to change or improve the information published in this chapter at any time.
The information in this chapter are subject to change without notice. We recommend the customer to
consult our sales staff before purchasing.

Please obtain related materials form Lingxing’s regular channels and we are not responsible for its content
if it is provided by sources other than our company.

In case of any conflict between the Chinese and English version, the version is subject to the Chinese one.
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