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Version Date Description
V1.0 2020/05 New
V1.1 2021/08 Modify Ordering Information
V1.2 2023/02 Modify Ordering Information
V1.3 2024/09 Add application precautions and
overall typesetting.
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Description

The DS1302 Trickle Charge Timekeeping Chip contains an RTC/calendarand 31 bytes of static RAM. It
communicates with a microprocessor via a simple serial interface.The RTC/calendar provides
seconds,minutes,hours,day,date,month,and yearinformation. The end of the month date is automatically
adjusted for months with fewerthan 31 days, including corrections for leap year. The clock operates in either
the 24-hourar 12-hour format with an AM/PM indicator.

Interfacing the DS1302 with a microprocessoris simplified by using synchronous serial communication.Only
three wires are required to communicate with the clock/RAM:1)RST(reset),2)1/0(data line),and3)SCLK(serial
clock).Data can be transferred to and fromthe clock/RAM1 byte at a time orin a burst of up to 31 bytes. The
DS1302 is designed to operate onvery low power and retain data and clock information on lessthan 1
microwatt.

The DS13021s available in standard SOP8 package.

Features

-Real-time clock(RTC)counts seconds,minutes hours,date of the month,month,day of the week,and year
with leap-year compensationvalid up to 2100

- 31-byte, battery-backed,nonvolatile (NV)RAM for data storage

-Serial I/O for minimum pin count -2.0V to 5.5V full operation

Uses less than 300nAat 2.0V

-Burst mode for reading/writing successive addresses in clock/RAM

-Simple 3-wire interface

- TTL-compatible(V.=5V)

-Optional temperature range:0°C tot+70°C

Applications

-ClockChip
-Mobile Telephone

- Portable Instruments

The appearance of the product

<
DIP-8 SOP-8 MSOP-8
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Ordering Information
Product Model Package Type Marking Packing Packing Qty
DS1302MN{GMIC) DIP-8 DS1302 137 TUBE 2000PCS/BOX
DS1302Z(GMIC) SOP-8 DS1302 137 REEL 2500PCS/REEL
DS1302MIGMIC) MSOP-8 DS1302 137 REEL 3000PCS/REEL
DS1302{GMIC) DIP-8 DS1302 G137 TUBE 2000PCS/BOX
DS1302{GMIC) SOP-8 DS1302 A3T REEL 2500PCS/REEL
DS1302{GMIC) MSOP-8 DS1302 137 REEL 3000PCS/REEL
Functional Block Diagram
Veer <o
Voo Om& —|D 32.768 kHz
anp <_+— X1 x2
e Sy DATA BUS
BCLK
= SSMIEHR, [ omessons Y e
Pin Configuration
L ]
Veez 1 81 Vces
X1 [2 710 SCLK
X2 3 6[]1/0
GND []4 5] RST
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Pin Description

Pin Number Pin Name Function Description

V., isthe primary power supply pinina dual-supply configuration.V ., is
cannected to a backup source to maintain the time and date in the absence
1 Vees of primary power. The DS1302 will operate fram the larger of Vccior

Veez2 When Vee? is greater than V +0.2V,V ., will power the DS1302.When
Veezis less than Ve Ve will power the DS1302.

Connections far a standard 32.768kHz quartz crystal. The internal oscillatar is
designed for operation with a crystal having a specified load capacitance of
X X 6pF.The DS1302 can also be driven by an external 32.768kHz oscillator.In this
configuration,the Xi pin is connected to the external oscillator signal and
the X. pinis floated.

P
o

4 GMND Ground

Reset. The reset signal must be asserted high during a read or a write. This pin

-
> RST has a40kQ internal pull-down resistor
6 10 Data Input/Output.The /O pin is the bi-directional data pin for the 3-wire
' interface.This pin has a 40kQ internal pull-down resistor.
7 SCLK Serial Clack Input.SCLK is used to synchronize data movement on the serial

interface.This pin has a 40kQ internal pull-down resistor.

Veci provides low-power operation in single supply and battery-operated
systems as well as low-power battery backup.In systems using the trickle
8 Ve charger,the rechargeable energy source is connected to this pin.UL
recognized to ensure against reverse charging current when used in
conjunction with a lithium battery.

Absolute Maximum Ratings

Parameter Name Symbol Value Unit
Voltage on Any Pin Relative to Ground Vpin -0.5~+7.0 3
Storage Temperature Tstg -55~~+1375 °C
Saldering Temperature(10Sec) Tjm 260 °C
Optional Temperature Range Topr O~+70 °C

*This is a stress rating only and functional operation of the device at these or any other conditions above
those indicated in the operation sections of this specification is not implied.Exposure to absolute maximum
rating

conditions for extended periods oftime may affect reliability.

Recommended DC Operating Conditions

Parameter Name Symbol Conditions Min Max Unit
Supply Voltage *1 Ve Voo 2. 5.5 \
Logic 1 Input Wi 2 W t0.3 Y
Logic O Input vV, Ve =2.0V -0.3 +0.3 i)
Ve =5.0V -0.3 +0.8

* [— M ! | vy =\ M ! !
1 "l.' EE_“"' ) WA hE‘I‘I "l.' EEEP"" ol +O A“'a' .\h' cC —"l.' 1l S hE‘ n "l.' ol }"l.' o2
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DC Electrical Characteristics

Parameter Name Symbol | Test Conditions Min Typ Max Unit
Input Leakage*3 I +500 nA
I/O Leakage*3 la +500 HA
Logic 1 Output loH=-0.4mA . Vo =20V 1.6 W
loH=-1.0mA o Vi =5V 2.4
Logic 0 Output laLl=1.5mA y Vo =2.0V 0.4 V
loL=4.0mA o V=5V 0.4
Active Supply Current*2,9 V=20V 0.4 mA
colA i\ —l;‘,.' -
V=2V L
Timekeeping Current{OSC On} *1,% Ve =2.0V 0.3 LA
couT V=5V 1
Standby Current{OSC Off) *7,8,9 Wee=2.0V 100
cols Vee=hY 100 nA
IND 200
Active Supply Current*2,10 | Wec2=2.0V 0.425 mA
o Ve 2=5.0V 1.28
Timekeeping Current {(0SC On) *1,10 | Vo 2=2.0M 25.3 nA
coaT YV 2=5.0V 81
Standby Current(OSC Off)*7,10 | Ve 2=2.0V 25 HA
e Y, 2=5.0V 80
) 2
Trickle Charge Resistors . 4 k()
R; 8
Trickle Charge Diode Voltage Drap Vio 0.7 v
Capacitance(Ta=25°C)
Parameter Name Symbol Min Typ Max Unit
Input Capacitance C 10 pF
I/O Capacitance Cyo 15 pF
Crystal Capacitance C, B pF
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AC Electrical Characteristics

Parameter Name Symbol Test conditions Min Typ Max Unit
Data to CLK Setup*4 Vee=2.0V 200 ns
t
v V=5V 50
CLK to Data Hald*4 V=20V 280 ns
t
- Ve =5V 70
CLK to Data Delay *4,5,6 Ve=2.0V 800
feoo V=5V 200 ns
Vo =
CLK Low Time*4 Vee=2.0V 1000
t
. V=5 250 ns
CLK High Time*4 Ve=2.0V 1000
t
CH \,.' :E\hf 250 ns
CLK Frequency*4 . Vee=2.0V 0.5 MHz
a Vo5V DC 2,
CLK Rise and Fall*4 Vo =2.0V 2000 ns
. T
o Ve =5V 500
RST to CLK Setup*4 Vee=2.0V 4 1S
fec \"-"lcc:S\""l 1
CLK to RST Hold*4 Ve =2.0V 240
Leen Y 50 )
V™2V 4] ns
RST Inactive Time*4 Vee=2.0V 4 HS
tu:.-.'H "u"l E:E'\""'l 1
RST to I/OHigh-Z*4 Ve =2.0V 280
tCDE \Y) :IT,\ ! ?O ns
Vg2V =
SCLK to I/O High-7*4 V=20V 280 ns
£
ooz V=5V 70

1. lecyr and ey are specified with 1/0 open,RST set to a logic 0, and clock halt flag =0 (oscillatar enabled).
R P :md Imu are specified with the /O pin open, RST high, SCLK=2MHz at V. = 5V; SCLK = 500kHz,
Ve =2.0V, and clock halt flag = 0 {oscillator enabled).

*3.RST .SCLK. and 1/O all have 40k ) pull-down resistors to ground.

*4, Measured atVIH = 2.0V or V. = 0.8V and 10ns maximum rise and fall time.

*5. Measured at VOH = 2.4V or V= 0.4V.
*6. Load capacitance =50pF.
*T. lecrs and lecys are specified with RST, /0, and SCLK open. The clock halt flag must be set to logic one
(oscillator disabled).
*8 Typicalvalues are at 25°C.

9, Vo, = OV.

*10 '. 1l O“'."I.
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Typical Application
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Application Information

Clock Accuracy

The accuracy of the clock is dependent upon the accuracy of the crystal and the accuracy of the match
between the capactive load of the oscillator circuit and the capacitive load for which the crystal was
trimmed.Additional error will be added by crystal frequency drift caused by temperature shifts.External
circuit noise coupled into theascillatar circuit may result in the clack unning fast.

Command Byte

The command byte is shown in table below.Each data transfer is initiated by a command byte.The MSB(Bit 7)
must be a lagic 1.If itis 0,writes to the DS1302 will be disabled.Bit 6 specifies clock/calendar data if logic 0 or
RAM data if logic 1.Bits 1 through 5 specify the designated registers ta be input or output,and the LSB(bit 0)
specifies a write operation{input)if logic 0 or read operation (output)if logicl.The coammand byte is always
input starting with the LSB(bit 0).

Address/Command Byte

7 ) 5 3 2 1 0
1 RAM/CK Ad A3 A2 Al AD RD/W
Reset and Clock Control

All data transfers are initiated by driving the RST input high.The RST input serves two functions.First,

RST turns on the control logic,which allows access to the shift register for the address/command
sequence. Second,the RST signal provides a method of terminating either single byte or multiple byte
data transfer.

Aclock cycleis a sequence of a falling edge followed by a rising edge.For data inputs,data must be valid
during the rising edge of the clock and data bits are output on the falling edge of clock.If the RST input is
low all data transfer terminates and the I/0 pin falling edge of clock.If the RST inputis low all data
transfer terminates and the 1/0 pin goes to a high impedance state.At power-up, RST must be a logic 0 until

Vee=2.0V. Also SCLK must be ata logic 0 when RST is driven to a logic 1 state.
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Data Input

Following the eight SCLK cycles that input a write command byte,a data byte is input on the rising edge of
the next eight SCLK cycles.Additional SCLK cycles are ignored should they inadvertently occur.Data isinput
starting with bit 0.

Data Qutput

Following the eight SCLK cycles that input a read command hyte,a data byte is output on the falling edge of
the next eight SCLK cycles.Note that the first data hit to be transmitted occurs on the first falling edge after
the last bit of the command byte is written.Additional SCLK cycles retransmit the data bytes should they
inadvertently occur so long as RST remains high.This operation permits continucous burst mode read
capability.Also,the 1/0 pin is tri-stated upon each rising edge of SCLK.Data is output starting with bit 0.
Burst Mode

Burst mode may be specified for either the clock/calendar or the RAM registers by addressing location 31
decimal (address/command bits 1 through 5=lagic 1).As befare,bit 6 specifies clock or RAM and bit 0
specifies read orwrite.There is no data storage capacity at locations 9 through 31 in the Clock/Calendar
Registers or location 31 in the RAM registers.Reads orwrites in burst mode start with bit0 of address 0.
When writing to the clock registers in the burst mode,the first eight registers must be written in order for the
data to be transferred.However,when writing to RAM in burst mode itis not necessary to write all 31 bytes
for the data to transfer.Each byte that is written to will be transferred to RAM regardless of whether all 31
bytes are written or not

Clock/Calendar

The clock/calendar is contained in seven write/read registers.Data contained in the clock/calendar registers
isin binary coded decimal format(BCD).

Clock Halt Flag

Bit 7 of the seconds register is defined as the clack halt flag.When this bit is set to logic 1,the clock oscillator
is stopped and the DS1302 is placed into a low-power standby mode with a current drain of less than 100
nanoamps. When this bit is written to logic 0,the clock will start. The initial power on state is not defined.
AM-PM/12-24 Mode

Bit 7 of the hours register is defined as the 12-or 24-hour mode select bitWhen high,the 12-hour made is
selected.In the 12-hour mode,bit 5 is the AM/PM bit with logic high being PM.In the24-hour mode,bit 5 is the
second 10-hour bit{20-23 hours).

Write Protect Bit

Bit 7 of the contral register is the write-protect bit. The first seven bits (hits 0-6)are forced to 0 and will always
read a 0 when read.Before any write operation to the clock or RAM,bit 7 must be0.When high,the write
protect bit prevents a write operation to any other register.The initial power on state is not
defined.Therefore the WPbit should be cleared before attempting to write to the device.

Trickle Charge Register

This register cantrols the trickle charge characteristics of the DS1302.The simplified schematic of Figure 5
shows the basic components of the trickle charger. The trickle charge select{TCS)bits(bits 4-T)control the

selection of the trickle charger.In order to prevent accidental enabling,only a pattern of 1010 will enable the
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trickle charger. All other patterns will disable the trickle charger.The DS1302 powers up with the trickle

charger disabled.The diode select(DS)bits(bits 2-3)select whether one diode or two diodes are connected

between Vcc2 and Vee lf DS is 01,0ne diode is selected or if DS is 10,two diodes are selected.If DS is 00 or

11,the trickle charger is disabled independently of TCS.The RS bits (bits 0-1)select the resistor that is

connected between Vcczand Vecl. The resistor selected by the resistar select(RS)bits is as follows:

RS Bits Resistor TypicalValue
00 MNane None
01 Rl 2kQ
10 R2 4k0
11 R3 8kQ

If RS is 00,the trickle chargeris disabled independently of TCS.
Diode and resistor selection is determined by the user according to the maximum current desired for battery
or super cap charging. The maximum charging current can be calculated as llustrated in the following
example. Assume that a system power supply of 53V is applied to Veccz and a super cap is connected to
Vecl.Also assumee that the trickle charger has been enabled with one diode and resistor R1 between Vecz
andVeci.The maximum current IMAX wou ld,therefore,be calculated as follows:

IMAX=(5.0V-diode drop)/R1= (5.0V-0.7V)/2kQ =2.2mA
As the super cap charges,the voltage drop between Veci and Vecz will decrease and,therefare,the charge
current will decrease.
Clock/Calendar Burst Mode
The clock/calendar command byte specifies burst mode operation.In this mode the first eight
clock/calendar registers can be consecutively read or written starting with bit 0 of address 0.
If the write protect bitis set high when a write clock/calendar burst made is specified,no data transfer will
occurto any of the eight clock/calendar registers(this includes the control register). The trickle charger is not
accessible in burst mode.
At the beginning of a clock burst read,the current time is transferred to a second set of registers.The time
information is read from these secondary registers,while the clock may continue to run.This eliminates the
need to re-read the registers in case of an update of the main registers during a read.
Ram
The static RAM is 31 X8 bytes addressed consecutively in the RAM address space.
Ram Burst Mode
The RAM command byte specifies burst mode operation.In this mode,the 31 RAM registers can he

consecutively read or written(See Figure 4)starting with bit 0 of address 0.
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Timing Diagram:Read Data Transfer

N
o o

SCLK

toom
toc
] 0
¥l

WRITE COMMAND BYTE READ DATA BIT

Timing Diagram:Write Data Transfer

S

Data Transfer Summary

Single Byte Read

RST | |
se  FAAAA AT A e e e e e e e
I{®] —(R;F AD |A1 |A2 A3 |Ad |RiC|1 )O‘O‘O‘O‘O‘O‘O‘D_

Single Bvte Write

RST J |_
s K| FLFLFLFLFLALS LA LALALALALALALS)

10 —( rw| a0 |at [a2 | a3 | a4|ricf1 X po |o1|p2|03|p4| 05|08 |D7T )}—

In burst mode,RST is kept high and additional SCLK cycles are sent until the end of the burst.
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Register Address/Definition

REGISTER ADDRESS REGISTER DEFINITION
A, CLOCK
7 &€ 5 4 3 2 1 0
sec| 1 oo oo |00 |/ 00-59 | € 10 8EC SEC
wn| 1| ofoflofofo] |5 00-59| 0 10 M MIN
|1 [olololol|s| o |5 ot-12) 12/ |, LI0 HA
W 00-23 | 24 T
01-2829
DATE 1 [+] 1] ] o 1 1 = 01=30| a a 10 DATE DATE
W o1-31
monti| 1 [ o fofo|1fofo |75 o1z o | 0| o |10 MONTH
oar| 1| ofofof1|o] |75 07| o | o | o |o]o DAY
vear| 1 o oo ||| [0 00-59 10 YEAR YEAR
cowtaoL| v o |o o [ |4 | |0 w|o|lo|o|loe|olo]o
TRICKLE
sl v ool oo |G Tcs | Tes | Tes |Tes | os | os | Rs | RS
= BE O BT BT T IR B
B. RAM
aol 1 [ 1 fofo oo |0 |G RAM DATA O
[ ] [ ]
' '
n i
mmsal v f oo | [ [ [ fe [T RAM DATA 30
RAM
BURST 1 1 1 1 1 1 1 w
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Programmable Trickle Charger

A1
AAA
ey
20
Voes —+—p . Vecr
T A
L wa
A3
.o-""' A ﬂ n
4______1' 8K
1oFieseLECT 10F 2 10F3
eTe o SELEC SELECT TCS =  TRICKLE CHARGER SELECT
DS = DIODE SELECT
RE = RESISTOR SELECT
A
BEGISTER TCS TCS TCS TCS Ds Ds ] RS

BIT? BITE BITS BIT4 BM3I BIT2 BIT1 BITO
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Package Information
DIP8
b2 - E -
I Y r" =1 "'.
II_.' \'\.I / ;‘I
{ ) ﬁzl = -
3 f I "\I l."|l \
UL  —
\ '\H,' “U E’ A I"I:'f I":'L
[y W
J . b e
L L L oA~ J
eB -
- D -
(11101
]
~
) E1
1
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Common Dimensions
(Unit of Measure =millimeters)

Symbol Min Typ Max
A 5.330
Al 0.380
A2 2.920 3.300 4.950
b 0.360 0.460 0.560
b2 1.140 1.520 1.780
C 0200 0.250 0.360
D 9.020 9270 10.16
E T7.620 T.870 8.260
El 6.100 6.350 7.110
e - 2.540
eh T7.620
eB 10.92
L 2.920 3.300 3.810

Note:1.Dimensions are not toscale
TTLE DRAWNGNO. REVA
8lead DIP DP-8
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SOP8

SHdH5H )

g F1 -
E

Common Dimensions

(Unit of Measure=millimeters)

2
’- . = & Symbol| Min | Typ | Max
— 0 A 1.750
< | — i Al | 0.100 0.250
!él:l—‘:—l:l—lzgﬁ' o 1o
A3 0.600 | 0.650 | 0.700
. b | 0350 0.480
C 0.170 0.270
4,800 | 4.900 | 5.000
E 5,800 | 6.000 | 6.200
El 3.800 | 3.900 | 4.000
1.270
L 0.400 0.900
L1 1.050
v 0 8"
h 0.25 0.50

Note:1.Dimensions are not to scale

TITLE DRAWING NO. REV B
8lead SOP SOP-8
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Important Notice:

® Green Micro chip reserves the right to change products and documents without notice.
Customers should obtain and verify the completeness of the latest technical information
before placing orders. Meanwhile, Green Micro chip shall not assume any responsibility or

obligation for non-officially revised documents.

® Any parameters in the entire product specification are for reference only, and actual
application testing shall prevail. When customers use the products for system design, they
must comply with safety regulations and independently assume the following responsibilities:
selecting suitable Green Micro chip products according to application requirements;
completing desigh verification and full-link testing of the application; and ensuring that the
application complies with safety regulations or other requirements of the target market.
Customers shall bear all personal or property losses caused by design defects orillegal

operations, which shall have no relation to Green Micro chip.

® Green Micro chip products are prohibited from being used in scenarios such as life support,
military equipment, and key aerospace applications. All accidents and legal liabilities arising
from out-of-scope use shall be borne by the user, and Green Micro chip shall not be held

responsible.

e Alltechnical resources of Green Micro chip (including data sheets and reference designs) are
provided "as is", without guarantee of no defects or universality, and without any express or
implied warranties. The documents are only authorized for product development and
research described in this document. Unauthorized use of intellectual property, public
reproduction, and reverse engineering are strictly prohibited. All claims and losses caused by

illegal use shall be borne by the user, and Green Micro chip shall not be liable.
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