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I12C Digital Input RTC with Alarm

General Description Features

The DS1375 dlglta| real-time clock (RTC) is a |OW-pOW€r ¢ RTC Counts Seconds, Minutes, Hours’ Day, Date,
clock/calendar that does not require a crystal. The Month, and Year with Leap-Year Compensation

device operates from a digital clock input pin at one of .
four frequencies: 32.768kHz, 8.192kHz, 60Hz, or 50Hz. Valid Up to 2100
It maintains seconds, minutes, hours, day, date, month, ¢ Two Programmable Alarms

and year information. The date at the end of the month

is automatically adjusted for months with fewer than 31

days, including corrections for leap year. The clock ¢ Operates from a 32.768kHz, 8.192kHz, 60Hz, or

operates in either the 24-hour or 12-hour format with an 50Hz Digital Clock Signal

AM/PM indicator. Two programmable time-of-day/date

alarms, a programmable square-wave output, and 16 ¢ 16 Bytes of SRAM

bytes of SRAM are provided. Address and data are ¢ Fast (400kHz) I2C Interface
. 2 . . .

transferred serially through an 1C bidirectional bus. 1.7V to 5.5V Operation

¢ Programmable Square-Wave Output

*

Applications
RTC Complement to the DS32kHz TCXO
Utility Meters

Ordering Information

PART TEMP RANGE PIN-PACKAGE TOP MARK
DS1375T+  -40°C to +85°C 6 TDFN-EP* DS1375

Appliances
c E| . +Denotes a lead-free/RoHS-compliant package.
onsumer Electronics *EP = Exposed pad.
Automotive
Typical Operating Circuit Pin Configuration
" TOP VIEW
RPU =1,/Cg +T
RPU RPUé é I It b
VLY P16 | Vee
v v HB DALLAS
cC BAT N DU B SEMICONDUCTOR ' __ |
° B4 SCL CLK j— Vee 1 SQW/NT | 23 DS1375 15 | SCL
SCA = ' '
CcPU H- DALLAS H- DALLAS ey .
[ SEMICONDUCTOR ” SEMICONDUCTOR GND 3 ' : % : : 4 SDA
 DS1375 DS32kHz S EP v
INT SQWINT
GND GND
J | TDFN
L (3mm x 3mm)
- *EXPOSED PAD
H >,
B DALLAS /4 /12X 1 /W1 Maxim Integrated Products 1

For pricing, delivery, and ordering information, please contact Maxim Direct at 1-888-629-4642,
or visit Maxim’s website at www.maxim-ic.com.
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DS1375

I2C Digital Input RTC with Alarm

ABSOLUTE MAXIMUM RATINGS

Voltage Range on Vcc Pin

Relative to Ground..........ccoceviiiiiiiiiiiiin -0.3V to +6.0V
Voltage Range on SDA, SCL, and WDS

Relative to Ground ..........ccoooooiiiiiii -0.3Vto Voo + 0.3V
Operating Temperature Range ...........cccc.coevve. -40°C to +85°C

Storage Temperature Range ..........cc.ccoooeeee. -55°C to +125°C
Soldering Temperature................cc...o.... Refer to the IPC/JEDEC
J-STD-020 Specification.

Stresses beyond those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only, and functional
operation of the device at these or any other conditions beyond those indicated in the operational sections of the specifications is not implied. Exposure to
absolute maximum rating conditions for extended periods may affect device reliability.

RECOMMENDED DC OPERATING CONDITIONS

(Vce = +1.7V to +5.5V, Ta = -40°C to +85°C, unless otherwise noted. Typical values are at Vcc = 3.3V, Ta = +25°C, unless other-

wise noted.) (Note 1)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS

Supply Voltage Vce (Note 2) 1.7 3.3 55 \

Timekeeping Voltage VTK (Note 2) 1.3 55 Vv

Input Logic 1 (SDA, SCL) ViH (Note 2) 0.7 xVce Vcc + 0.3 \

Supply Voltage, Pullup

(SQW/INT. CLK) VpuLLup | (Notes 2, 3) 5.5 \

. +0.3
Input Logic O Vv Notes 2, 4 -0.3 \
o g IL ( ) Voo
Input Leakage (SCL, CLK) ILI -1 +1 PA
I/O Leakage (SDA, SQW/INT) ILo 1 +1 A
Vee > 2V; VoL = 0.4V
SDA Logic 0 Output lolspa X2 oL 3.0 mA
Vce < 2V; VoL =0.2xVce
Vce > 2V; VoL = 0.4V
o ) 3.0 mA
SQW/INT Logic 0 Output loLsqw | 1.7V <Vce <2V, VoL =0.2xVce
1.3V <Vce < 1.7V; VoL = 0.2 x Vce 250 pA

Active Supply Current lcca (Notes 5, 6) 33 150 PA

Standby Current lccs (Notes 6, 7) 150 500 nA

Note 1: Limits at -40°C are guaranteed by design and not production tested.

Note 2: All voltages are referenced to ground.

Note 3: For the CLK pin, input voltages above Vcc + 0.3V cause current to flow into the device. The input current must not
exceed the current drawn by the circuit that is connected to Vcc. Otherwise, current flows out of the DS1375, raising the
voltage level on the Vcc bus.

Note 4: ViL mIN on the CLK pin can exceed -0.3V as long as the current is limited to less than 1mA.

Note 5: lcca—SCL clocking at max frequency = 400kHz.

Note 6:  CLK pin running at 32,768Hz, rise and fall times at 10ns or less.

Note 7:  Specified with I2C bus inactive.
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I12C Digital Input RTC with Alarm

AC ELECTRICAL CHARACTERISTICS

(Vce = VeeMin to Veemax, Ta = -40°C to +85°C, unless otherwise noted.) (Note 1, Figure 1)

be Suppressed by the Input Filter

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
Fast mode 100 400
SCL Clock Frequency fscL kHz
Standard mode 0 100
Bus Free Time Between STOP ; Fast mode 1.3 .
and START Conditions BUF Standard mode 4.7 v
Hold Time (Repeated) START Fast mode 0.6
iy tHD:STA ys
Condition (Note 8) Standard mode 4.0
. Fast mode 1.3
Low Period of SCL Clock tLow us
Standard mode 47
High Period of SCL Clock t Fast mode 06
i eriod 0 oc S
9 HIGH Standard mode 4.0 H
Data Hold Time (Notes 9, 10) t Fast mode 0 0.9 s
i , :
HD:DAT Standard mode 0 0.9 H
Data Setup Ti (Note 11) ; Fast mode 100
ata Setup Time (Note : ns
P SU:DAT Standard mode 250
Start Setup Time t Fast mode 0.6 s
up Ti .
P SUSTA Standard mode 4.7 H
Rise Time of Both SDA and SCL Fast mode 300
, R 20 + 0.1Cp ns
Signals (Note 12) Standard mode 1000
Fall Time of Both SDA and SCL i Fast mode 20+ 0.1Ch 300 s
Signals (Note 12) Standard mode ' 300
Setup Time for STOP Conditi { Fast mode 0.6
etup Time for ondition : s
P SUSTO Standard mode 47 H
Capacitive Load for Each Bus
Line (Note 12) Ce 400 PF
Pulse Width of Spikes that Must tsp Fast mode 30 ns

Note 8: After this period, the first clock pulse is generated.
Note 9: A device must internally provide a hold time of at least 300ns for the SDA signal (see the ViHmIN of the SCL signal) to
bridge the undefined region of the falling edge of SCL.

Note 10: The maximum tHD:DAT is only met if the device does not stretch the low period (t_ow) of the SCL signal.

Note 11: A fast-mode device can be used in a standard-mode system, but the requirement tsy:paT = 250ns must then be met.
This is automatically the case if the device does not stretch the low period of the SCL signal. If such a device does
stretch the LOW period of the SCL signal, it must output the next data bit to the SDA line tr max + tsu:DAT = 1000 + 250
= 1250ns before the SCL line is released.

Note 12: Cp—total capacitance of one bus line in pF.

& DALLAS M AIXIM
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I2C Digital Input RTC with Alarm
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Figure 1. Data Transfer on I°C Serial Bus
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Figure 2. Functional Diagram
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I12C Digital Input RTC with Alarm

Typical Operating Characteristics

(Vce = +3.3V, Ta = +25°C, unless otherwise noted.)

Igcs vs. Ve Icca vs. Vee
300 - 100 s
/ 2 :
250 A 80 -
= / =z /]
= = 70 g
= / [ — /
Z 200 e Z 60 L
oc & /
o o
> / = 50 7
(&) (]
> / = pd
3 / B 30
100 A 20 ]
/ =
10
50 0
17 22 27 32 37 42 47 52 17 22 27 32 37 42 47 52
Ve (V) Ve (V)
Ices vs. TEMPERATURE Igcs vs. CLK INPUT VOLTAGE
135.0 2 500 s
g 450 :
1325 5 °
Vg = 3.0V . 400 /N s
21300 = [ 1\ Veo-50
z / I 350
z 1275 Z a0 \
2 £ \
=1250 S 250 Vg = 4.0V —
= Z 200 [/ \
T 1225 T
3 // 3 150 \\ X\
1200 1\
L/ 100
175 F—F — 50 / \ \
/ |\
115.0 0
40 -0 0 20 40 60 80 0 0510 15 20 25 30 35 40 45 50
TEMPERATURE (°C) CLK VOLTAGE (V)

B DALLAS M AXIV 5

GlLE1LSAd



DS1375

I2C Digital Input RTC with Alarm

Pin Description

PIN NAME FUNCTION
’ CLK Digital Clock Input. This pin must be 32,768Hz, 8192Hz, 60Hz, or 50Hz square wave, 45% to 55%
duty cycle.
= | Square-Wave/Interrupt Output. This pin is open drain and requires an external pullup resistor. The
2 SQW/INT
pullup voltage can be up to 5.5V, regardless of the voltage on Vcc.
3 GND Ground
Serial Data Input/Output. SDA is the data input/output for the 12C serial interface. It is open drain
4 SDA and requires an external pullup resistor. The pullup voltage can be up to 5.5V, regardless of the
voltage on Vcc.
Serial Clock Input. SCL is the clock input for the I2C serial interface, and is used to synchronize
5 SCL data movement on the serial interface. Up to 5.5V can be used for this pin, regardless of the
voltage on Vcc.
6 Vce DC Power for Primary Power Supply
— EP Exposed Pad. Can be connected to ground.

Detailed Description

The DS1375 digital input RTC with alarm is a low-power
clock/calendar with two programmable time-of-day
alarms and a programmable square-wave output.
Address and data are transferred serially through the
|2C serial interface bus. The clock/calendar provides
seconds, minutes, hours, day, date, month, and year
information. The date at the end of the month is auto-
matically 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 an AM/PM
indicator. The DS1375 requires an external clock
source selectable between 32,768Hz, 8192Hz, 60Hz,
or 50Hz for the timekeeping function. Sixteen bytes of
SRAM are provided for additional user storage.

When power is applied, the time and date registers are
reset to 01/01/00 01 00:00:00 (MM/DD/YY DOW
HH:MM:SS).

Operation

The DS1375 operates as a slave device on the serial
bus. Access is obtained by implementing a START
condition and providing a device identification code,
followed by data. Subsequent registers can be
accessed sequentially until a STOP condition is execut-
ed. The functional diagram in Figure 2 shows the main
elements of the serial RTC.

Address Map

Table 1 shows the address map for the timekeeping
registers and SRAM. The 16 bytes of SRAM occupy
addresses 10h—1Fh. During a multibyte access, when
the address pointer reaches the end of the register
space (1Fh), it wraps around to location 00h. On a
I2C START, STOP, or address pointer incrementing to
location 00h, 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 reread the registers in
case the main registers update during a read.

Note: Unless otherwise specified, the state of the regis-
ters is not defined when power is first applied.

Clock and Calendar

The time and calendar information is obtained by read-
ing the appropriate register bytes. Table 1 shows the
RTC registers. The time and calendar data are set or
initialized by writing the appropriate register bytes. The
contents of the time and calendar registers are in the
binary-coded decimal (BCD) format. The DS1375 can
be run in either 12-hour or 24-hour mode. Bit 6 of the
hours register is defined as the 12- or 24-hour mode
select bit. When high, the 12-hour mode is selected. In
the 12-hour mode, bit 5 is the AM/PM bit with logic high
being PM. In the 24-hour mode, bit 5 is the second 10-
hour bit (20-23 hours). The century bit (bit 7 of the
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I12C Digital Input RTC with Alarm

Table 1. Timekeeping Registers and SRAM

ADDRESS | BIT7 | BIT6 | BIT5 | BIT4 | BIT3 | BIT2 | BIT1| BITO FUNCTION RANGE
00h 0 10 Seconds Seconds Seconds 00-59
01h 0 10 Minutes Minutes Minutes 00-59

AM/PM _
02h 0 12/24 / 10 Hours Hours Hours 112 + AM/PM
10 Hours 00-23
03h 0 0 0 0 Day Day 1-7
04h 0 0 10 Date Date Date 00-31
10 Month/ 01-12 +
05h Century 0 0 Month Months Century Century
06h 10 Year Year Year 00-99
07h A1MA1 10 Seconds Seconds Alarm 1 Seconds 00-59
08h A1M2 10 Minutes Minutes Alarm 1 Minutes 00-59
AM/PM _
09h A1TM3 12/24 / 10 Hours Hours Alarm 1 Hours =12 + AM/PM
10 Hours 00-23
Day Alarm 1 Day 1-7
0Ah A1M4 DY/DT
10 Date Date Alarm 1 Date 1-31
0Bh A2M2 10 Minutes Minutes Alarm 2 Minutes 00-59
AM/PM _
0Ch A2M3 12/24 10 Hours Hours Alarm 2 Hours 1-12 + AM/PM
10 Hours 00-23
— Day Alarm 2 Day 1-7
0Dh A2M4 DY/DT
10 Date Date Alarm 2 Date 1-31
OEh ECLK | CLKSEL1 [ CLKSELO RS2 RS1 INTCN | A2IE A1lE Control —
OFh 0 0 0 0 0 0 A2F | ATF Control/ —
Status
10h-1Fh B7 B6 B5 B4 B3 B2 B1 BO SRAM 00-FFH

month register) is toggled when the years register over-
flows from 99 to 00.

The day-of-week register increments at midnight.
Values that correspond to the day of week are user-
defined but must be sequential (i.e., if 1 equals
Sunday, then 2 equals Monday, and so on). lllogical
time and date entries result in undefined operation.

When reading or writing the time and date registers,
secondary (user) buffers are used to prevent errors
when the internal registers update. When reading the
time and date registers, the user buffers are synchro-
nized to the internal registers on any START or STOP

& DALLAS M AIXIM

and when the register pointer rolls over to zero. The
time information is read from these secondary registers,
while the clock continues to run. This eliminates the
need to reread the registers in case the main registers
update during a read.

The countdown chain is reset whenever the seconds
register is written. Write transfers occur on the acknowl-
edge from the DS1375. Once the countdown chain is
reset, to avoid rollover issues the remaining time and
date registers must be written within 1 second. The 1Hz
square-wave output, if enabled, transitions high 500ms
after the seconds data transfer, provided the clock
input is already being driven.
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Alarms

The DS1375 contains two time-of-day/date alarms.
Alarm 1 can be set by writing to registers 07h-0Ah.
Alarm 2 can be set by writing to registers 0Bh-0Dh.
The alarms can be programmed (by the alarm enable
and INTCN bits of the control register) to activate the
SQWY/INT output on an alarm match condition. Bit 7 of
the time-of-day/date alarm registers are mask bits
(Table 2). When all the mask bits for each alarm are
logic 0, an alarm only occurs when the values in the
timekeeping registers match the corresponding values
stored in the time-of-day/date alarm registers. The
alarms can also be programmed to repeat every sec-
ond, minute, hour, day, or date. Table 2 shows the pos-
sible settings. Configurations not listed in the table
result in illogical operation.

The DY/DT bits (bit 6 of the alarm day/date registers)
control whether the alarm value stored in bits 0-5 of

Table 2. Alarm Mask Bits

that register reflects the day of the week or the date of
the month. If DY/DT is written to logic 0, the alarm is the
result of a match with date of the month. If DY/DT is
written to logic 1, the alarm is the result of a match with
day of the week.

When the RTC register values match alarm register set-
tings, the corresponding alarm flag A1F or A2F bit is
set to logic 1. If the corresponding alarm interrupt
enable A1IE or A2IE is also set to logic 1, and the
INTCN bit is set to logic 1, the alarm condition activates
the SQW/INT signal. The match is tested on the once-
per-second update of the time and date registers.

Special Purpose Registers

The DS1375 has two additional registers (control and
status) that control the RTC, alarms, and square-wave
output.

ALARM 1 REGISTER
DY/DT MASK BITS (BIT 7) ALARM RATE
A1M | AIM | ATM | A1M

X ; ; ; y Alarm once per
second

X y ; ; 0 Alarm when seconds
match

X ; ; 0 0 Alarm when minutes
and seconds match
Alarm when hours,

X 1 0 0 0 minutes, and
seconds match
Alarm when date,

0 0 0 0 0 hours, minutes, and
seconds match
Alarm when day,

1 0 0 0 0 hours, minutes, and
seconds match

8

ALARM 2
REGISTER MASK
DY/DT BITS (BIT 7) ALARM RATE
A2M | A2M | A2M
X 1 1 1 Alarm once per minute
(00 seconds of every min)
X 1 1 0 Alarm when minutes match
X ’ 0 0 Al.arm when hours and
minutes match
0 0 0 0 Al.arm when date, hours, and
minutes match
’ 0 0 0 Allarm when day, hours, and
minutes match

& DALLAS W /1K1 /W]




I12C Digital Input RTC with Alarm

Control Register (OEh)

Bit7 Bit 6 Bit 5 Bit 4

Bit 3 Bit 2 Bit 1 Bit 0

ECLK CLKSEL1 CLKSELO RS2

RS1 INTCN A2IE A1lE

Control Register (OEh)
Bit 7/Enable Clock (ECLK). When ECLK is set to logic
1, the CLK input pin is enabled to clock the internal
divider chain and advance the timekeeping registers.
When ECLK is set to logic 0, the divider chain is held in
reset, and the time is not allowed to advance. To syn-
chronize the DS1375 time to a reference, write the
ECLK bit to 0, write the time value, then write ECLK
back to 1. Doing so synchronizes the time value to with-
in one period of the CLK pin from the point in the inter-
face protocol where the ECLK bit is written. ECLK is set
to logic 1 when power is first applied.

Bits 6, 5/Clock Select Bits 1, 0 (CLKSELI1,
CLKSELO). These bits determine how the CLK input
pin is divided down to get the 1Hz reference clock for
the timekeeping registers (Table 3). The CLKSELO-1
bits are cleared to logic 0 when power is first applied.

Bits 4, 3/Rate Select (RS2 and RS1). These bits con-
trol the frequency of the square-wave output when the
square wave has been enabled and the CLKSELO and
CLKSEL1 bits are set to 0. Table 3 shows the square-
wave frequencies that can be selected with the RS bits.
These bits are set to logic 1 (8.192kHz) when power is
first applied. If either CLKSELO or CLKSEL1 are logic 1,
the 1Hz signal is output.

Bit 2/Interrupt Control (INTCN). This bit controls the
SQWY/INT signal. When the INTCN bit is set to logic 0, a
square wave is output on the SQW/INT pin. When the
INTCN bit is set to logic 1, a match between the time-
keeping registers and either of the alarm registers acti-
vates the SQW/INT (if the alarm is also enabled). The
corresponding alarm flag is always set, regardless of
the state of the INTCN bit. The INTCN bit is set to logic
0 when power is first applied.

Bit 1/Alarm 2 Interrupt Enable (A2IE). When set to
logic 1, this bit permits the alarm 2 flag (A2F) bit in the
status register to assert SQW/INT (when INTCN = 1).
When the A2IE bit is set to logic 0 or INTCN is set to
logic 0, the A2F bit does not initiate an interrupt signal.
The A2IE bit is disabled (logic 0) when power is first
applied.

Bit 0/Alarm 1 Interrupt Enable (A1IE). When set to
logic 1, this bit permits the alarm 1 flag (A1F) bit in the
status register to assert SQW/INT (when INTCN = 1).
When the A1IE bit is set to logic O or INTCN is set to
logic 0, the A1F bit does not initiate the SQW/INT sig-
nal. The A1IE bit is disabled (logic 0) when power is
first applied.

Table 3. CLK Input Frequency, Square-Wave Output Frequency

SQUARE-WAVE OUTPUT
INTCN CLKSEL1 CLKSELO INPUT FREQUENCY RS2 RS1 FREQUENCY
1 X X As selected X X N/A (Interrupt)
0 0 0 32,768Hz 0 0 1Hz
0 0 0 32,768Hz 0 1 1.024kHz
0 0 0 32,768Hz 1 0 4.096kHz
0 0 0 32,768Hz 1 1 8.192kHz
0 0 1 8192Hz X X 1Hz
0 1 0 60Hz X X 1Hz
0 1 1 50Hz X X 1Hz
& DALLAS ML AXI /W
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Status Register (OFh)

Bit7 Bit 6 Bit 5 Bit 4

Bit 3 Bit 2 Bit 1 Bit 0

0 0 A2F A1F

Status Register (OFh)
Bit 1/Alarm 2 Flag (A2F). A logic 1 in the alarm 2 flag
bit indicates that the time matched the alarm 2 regis-
ters. If the A2IE bit is logic 1 and the INTCN bit is set to
logic 1, the SQW/INT pin is also asserted. A2F is
cleared when written to logic 0. This bit can only be
written to logic 0. Attempting to write to logic 1 leaves
the value unchanged.

Bit 0/Alarm 1 Flag (A1F). A logic 1 in the alarm 1 flag
bit indicates that the time matched the alarm 1 regis-
ters. If the A1IE bit is logic 1 and the INTCN bit is set to
logic 1, the SQW/INT pin is also asserted. A1F is
cleared when written to logic 0. This bit can only be
written to logic 0. Attempting to write to logic 1 leaves
the value unchanged.

I2C Serial Data Bus

The DS1375 supports a bidirectional 12C bus and data
transmission protocol. A device that sends data onto
the bus is defined as a transmitter and a device receiv-
ing data as a receiver. The device that controls the
message is called a master. The devices that are con-
trolled by the master are slaves. A master device that
generates the serial clock (SCL), controls the bus
access, and generates the START and STOP condi-
tions must control the bus. The DS1375 operates as a
slave on the 12C bus. Connections to the bus are made

through the open-drain 1/O lines SDA and SCL. Within
the bus specifications a standard mode (100kHz max
clock rate) and a fast mode (400kHz max clock rate)
are defined. The DS1375 works in both modes.

The following bus protocol has been defined (Figure 3):

° Data transfer can be initiated only when the bus is
not busy.

° During data transfer, the data line must remain
stable whenever the clock line is high. Changes in
the data line while the clock line is high can be
interpreted as control signals.

Accordingly, the following bus conditions have been
defined:

Bus not busy: Both data and clock lines remain
high.
Start data transfer: A change in the data line’s

state from high to low, while the clock line is high,
defines a START condition.

Stop data transfer: A change in the data line’s
state from low to high, while the clock line is high,
defines a STOP condition.

Data valid: The data line’s state represents valid
data when, 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

MSB FIRST MSB

SLAVE RIW ACK

CONDITION

REPEATED IF MORE BYTES
ARE TRANSFERRED

STOP CONDITION
44444444444444444444444444 REPEATED START

Figure 3. I2C Data Transfer Overview

10
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I12C Digital Input RTC with Alarm

during the low period of the clock signal. There is
one clock pulse per bit of data.

Each data transfer is initiated with a START condi-
tion and terminated with a STOP condition. The
number of data bytes transferred between the
START and the STOP conditions is not limited, and
is determined by the master device. The informa-
tion is transferred byte-wise and each receiver
acknowledges with a ninth bit.

Acknowledge: Each receiving device, when
addressed, is obliged to generate an acknowledge
after the reception of each byte. The master device
must generate an extra clock pulse that is associat-
ed with this acknowledge bit.

A device that acknowledges must pull down the
SDA line during the acknowledge clock pulse in
such a way that the SDA line is stable low during
the high period of the acknowledge-related clock
pulse. Setup and hold times must be taken into
account. A master must signal an end of data to the
slave by not generating an acknowledge bit 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.

Figures 4 and 5 detail how data transfer is accom-
plished on the 12C bus. Depending upon the state of
the R/W bit, two types of data transfer are possible:

B DALLAS ML AXIM

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 transfer from a slave transmitter to a mas-
ter receiver. The master transmits the first byte (the
slave address). The slave then returns an acknowl-
edge bit. Next follows a number of data bytes
transmitted by the slave to the master. 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.

The master device generates all the serial clock
pulses and the START and STOP conditions. 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 is not released.

The DS1375 can operate in the following two modes:

Slave Receiver Mode (Write Mode): Serial data
and clock are received through SDA and SCL. After
each byte is received, an acknowledge bit is trans-
mitted. START and STOP conditions are recog-
nized as the beginning and end of a serial transfer.
Address recognition is performed by hardware
after reception of the slave address and direction
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 DS1375
address, which is 1101000, followed by the direc-
tion bit (R/W), which is O for a write. After receiving
and decoding the slave address byte, the DS1375
outputs an acknowledge on SDA. After the DS1375
acknowledges the slave address + write bit, the
master transmits a word address to the DS1375.
This sets the register pointer on the DS1375, with
the DS1375 acknowledging the transfer. The mas-
ter can then transmit zero or more bytes of data,
with the DS1375 acknowledging each byte
received. The register pointer increments after
each data byte is transferred. The master gener-
ates a STOP condition to terminate the data write.

Slave Transmitter Mode (Read Mode): The first
byte is received and handled as in the slave receiv-
er mode. However, in this mode, the direction bit
indicates that the transfer direction is reversed. The
DS1375 transmits serial data on SDA while the seri-
al clock is input on SCL. START and STOP condi-
tions are recognized as the beginning and end of a
serial transfer. Address recognition is performed by
hardware after reception of the slave address and
direction 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
DS1375 address, which is 1101000, followed by
the direction bit (R/W), which is 1 for a read. After
receiving and decoding the slave address byte, the
DS1375 outputs an acknowledge on SDA. The
DS1375 then 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 DS1375 must receive a not acknowledge to
end a read.

11
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DS1375

I2C Digital Input RTC with Alarm

<SLAVE
ADDRESS> ~ <R/W>  <WORD ADDRESS (n)> <DATA (n)> <DATA (n+1)> <DATA (n +X)

| S | 1101000 | 0 | A | XXXXXXXX A | XXXXXXXX | A | XXXXXXXX | A || XXXXXXXX | A | P |

S - START
A - ACKUOWLEDGE (AGK) [] swwveromsten  [] masterToSLAVE

P- STOP DATA TRANSFERRED

R/W - READ/WRITE OR DIRECTION BIT ADDRESS (X + 1 BYTES + ACKNOWLEDGE)

Figure 4. Data Write—Slave Receiver Mode

<SLAVE B
ADDRESS>  <R/W> <DATA (n)> <DATA (n +1)> <DATA (n +2)> <DATA (n + X)>
| S | 1101000 | 1 | A | XXXKXXXX | A | XXXXXXXX | A | XXXXXXXX | A || XXXXXXXX | A | P |
S - START \:| MASTER TO SLAVE \:| SLAVE TO MASTER
A - ACKNOWLEDGE (ACK) DATA TRANSFERRED
P - STOP (X +1 BYTES + ACKNOWLEDGE)
A'- NOT ACKNOWLEDGE (NACK) NOTE: LAST DATA BYTE IS FOLLOWED BY A NACK.

R/W - READ/WRITE OR DIRECTION BIT ADDRESS

Figure 5. Data Read—Slave Transmitter Mode

SINVE B
ADDRESS><RW>  <WORD ADDRESS (n)>  <SLAVE ADDRESS (n)> <R/W>

| S | 1101000 | 0 | A | XXXXXXXX A | Sr | 1101000 | 1 | A }—‘
<DATA (n)> <DATA (n +1)> <DATA (n +2)> <DATA (n + X)>
—>| XXXXXXXX | A | XXXXXXXX | A | XXXXXXXX | A || XXXXXXXX | A | P |
S - START MASTER TO SLAVE SLAVE TO MASTER
Sr - REPEATED START \:' \:I
A - ACKNOWLEDGE (ACK) DATA TRANSFERRED
P-STOP (X +1BYTES + ACKNOWLEDGE)
A - NOT ACKNOWLEDGE (NACK) NOTE: LAST DATA BYTE IS FOLLOWED BY A NACK.

R/W - READ/WRITE OR DIRECTION BIT ADDRESS

Figure 6. Data Write/Read (Write Pointer, Then Read)—Slave Receive and Transmit

Chip Information Package Information

TRANSISTOR COUNT: 11,797 For the latest package outline information and land patterns, go
PROCESS: CMOS to www.maxim-ic.com/packages.

SUBSTRATE CONNECTED TO GROUND PACKAGE TYPE | PACKAGE CODE | DOCUMENT NO.

6 TDFN-EP T633+2 21-0137

Thermal Information

Theta-JA: 41°C/W
Theta-JC: 2°C/W

12 & DALLAS W /1K1 /W]



http://pdfserv.maxim-ic.com/package_dwgs/21-0137.PDF

I12C Digital Input RTC with Alarm

Revision History

REVISION | REVISION PAGES
NUMBER DATE DESCRIPTION CHANGED
0 4/03 Initial release. —

Changed the package reference from TQFN to TDFN in the Ordering Information

1 1/04 and Pin Configuration.
Added link to the package drawing in the Package Information section. 11
Globally replaced “2-wire” with “12C”. All

Updated the Ordering Information to include the lead-free package; updated the
Pin Configuration to show the lead-free exposed pad package.

In the Pin Description, indicated that SCL, SDA, and SQWINT can be pulled up

2 9/08 to 5.5V; also added the exposed pad information. 6
Added time and date POR information to the Detailed Description. 6
Replaced the 12C write and read figures. 12
Added the Package Information section table. 12
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