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Features

Real-time clock (RTC) counts
seconds,minutes, hours, day, date, month,
and year

with leap-year compensation valid up to 2100

2-wire serial interface

Two time-of-day alarms

Programmable square-wave output
Oscillatorstop flag

Automatic power-fail detect and switch

circuitry

Trickle charge capability

Operating Temperature: -40 ~ 125°C

Applications

Handhelds (GPS, POS Terminal)
Consumer Electronics (Set-Top Box, Digital

Recording, Network Appliance)
Office Equipment (Fax/Printer, Copier)

Medical (Glucometer, Medicine Dispenser)
Telecommunications (Router, Switcher,
Server)

Description

The DS1339U-NF serial real-time clock is

a low-power clock/date device with two
programmable time-of-day alarms and a
programmable square- wave output. Address
and data are transferred serially by a 2-wire
bidirectional bus. The clock/date provides seconds,
minutes, hours, day, date, month, and year
information. The date at the end of the month is
automatically adjusted for months with fewer
than 3 1 days , including corrections for leap
year. The clock operates in either the 24-hour
or 12-hour format with AM/PM indicator. The
DS1339U-NF has a built-in power-sense
circuit that detects power failures and
automatically switches to the backup supply.

Ordering Information

. Package
Ordering Code Package Descri%tion
DS1339U-NF MSOP-8 | Pitch 0.65mm

Pb-free and Green
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Pin Configurations

x [ O 5] vec
X2 LT_ E SQWINT
war (3] DS1339U-NF [ ™
oo [ (Top view) [ =] soa
MSOPS8( Top view)
Pin Name Pin No. Description
X1 1 .
32 . 768 kHz Crystal Connection
X2 2
V/BACKUP 3 Secondary Power Supply
GND 4 Ground
SDA 5 Serial Data.
SCL 6 Serial Clock.
sQwW 7 Square-Wave/ Interrupt Output ,Open drain
Vee 8 Power Supply
Marking information
Marking Information
RTC Part number: RTC
DS1339U-NF DS1339U-NF
YYWW date code

Part Number information

Part Number

PN1 PN2

FRTC1339M DS1339U-NF
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Typical Application Circuit

Notes:

1. It is recommended to add 0. 1uf capacitor to VBAT pin.
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2. If the time accuracy requirement is high, please reserve the crystal matching capacitor.

Maximum Ratings

OJUJ

4.7uF
10K

1
] 1vcc

Symbol Parameter Min TYP Max Unit
Tstore Storage Temperature -65 ) +125 °C
Top Operating Temperature Range -40 ) +85 °C
ViN Voltage Range on Any Pin Relative to Ground 03 ] 6 v

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.

Recommended Operation Conditions

(TA = -40°Cto +85°C)

Symbol Parameter Conditions Min TYP Max Unit
Vce Supply Voltage 3?1339[} 2.97 33 55 \Y,
ViH SCL/SDA pins 0.7 x Vcc ) Vee + 0.5
Vi SCL/SDA pins -05 _ +0 .3 x VCC
Ver Power-Fail Voltage DS1339U- 2.70 2.85 2.97 \Y
NF
VBACKUP Backup supply Voltage 14 3.0 37 v
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DC Electrical Characteristics

Unless otherwise specified, -40 ° C<Ta< 85°C, (Vcc(min)y <Vees Veo(Max) )

Symbol Parameter Test Conditions*1 MIN TYP MAX Unit
[ Input Leakage SCL only _ _ 1 PA
Lo I/O Leakage SDA and SQW/INT ) 1 MA

Logic 0 Out: SDA and SQW/INT VoL =0.4V, Vcc > 2.0V 3 mA
Logic 0 Out: SDA and SQW/INT VoL =0.2 (Vcc),Vee <2.0V 3 mA
lot Out S sSQW/ VoL = 0.2 (Vce) )
Logic 0 Out: SDA and W/INT = Y.
¥ 13V <Voc < 1.8V 250 ] WA
lcca Vce Active Current2 ) ) 450 MA
lecs Vce Standby Currents ) 80 150 LA
10h = A5h, Vcec = Typ,

R1 Trickle Charge Resistor Register VBACKUP = OVCC yp 250 Q

10h = A6h, Vcc = Typ,

R2 Trickle Charge Resistor Register Veackup = OV yp 2000 Q

10h = A7h, Vcc = Typ,

R3 Trickle Charge Resistor Register Veackup = 0V yp 4000 Q
IBKLKG Veackup Leakage Current 25 100 nA
Iskosc Veackup Current4 Vee =0V, EOSC =0, SQW Off 400 700 nA
leksaw | Veackup Current4 Vce =0V, EOSC =0, SQW On 600 1000 nA
IBKDR VBackup Current Vee =0V, EOSC = 1 10 100 nA

te:

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

Specified with 2-wire bus inactive, ViL = 0.0V, Vi = Vcg, trickle charge disabled.
Using recommended crystal on X1 and X2.

Crystal Specifications*

r%lo

2. lcca: SCL atfsc max, Vi = 0.0V, ViH = Vcg, trickle charge disabled.
3

4.

Symbol Parameter MIN TYP MAX Units
fo Nominal Frequency 32.768 kHZ
ESR Series Resistance 70 KQ
CL Load Capacitance 6 pF

Note:

1. The crystal, traces, and crystal input pins should be isolated from RF generating signals.
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AC Electrical characteristics
(TA =-40°Cto +85°C) *' Vcc = MINto MAX

Symbol Parameter Test Conditions*1 MIN TYP MAX Unit
SCL Clock F Fast mode 100 400 kHz
fsc ock Frequency Standard mode 100 kHz
tBUF Bus Free Time Between STOP Fast mode 13 Js
and START Condition Standard mode 4.7
Hold Time (Repeated) START Fast mode 0.6
tHD:STA Condition*2 Standard mode 4.0 KS
] Fast mode 1.3
tLow LOW Period of SCL Clock Standard mode 47 ps
. Fast mode 0.6
tHIGH HIGH Period of SCL Clock Standard mode 40 MS
Setup Time for Repeated Fast mode 0.6
tsu:sTA START Condition Standard mode 47 -
Data Hold Ti Fast mode 0 0.9
. ata (o] Ime*3/4
tHD:DAT Standard mode 0 He
] Fast mode 100
tsu:DAT Data Setup Time's Standard mode 250 ns
Rise Time of Both SDA and Fast mode 20 + 0.1Cs 300
R SCL Signals *6 Standard mode 20 + 0.1Cs 1000 ns
Fall Time of Both SDA and Fast mode 20 + 0.1Cs 300
tF SCL Signals *6 Standard mode 20 + 0.1Cs 300 ns
Setup Time for STOP Condition Fast mode 0.6 Us
tsu:sTo Standard mode 4.0
Capacitive Load for Each Bus
Cs Line's 400 pF
Cio I/ O Capacitance (SDA, SCL) *7 10 pF
Oscillator Stop Flag (OSF)
tosr Delay’s 100 ms
Note:
1. Limits at -40°C are guaranteed by design and not production tested.
2. After this period, the first clock pulse is generated
3. A device must internally provide a hold time of at least 300ns for the SDA signal (referred to the Vitmin of the SCL signal)

to bridge the undefined region of the falling edge of SCL

&

The maximum tHp:0AaT need only be met if the device does not stretch the LOW period (tLow) of the SCL signal.

o

A fast-mode device can be used in a standard-mode system, but the requirement tsubatr = to 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 ofthe SCL signal, it must output the next data bit to the SDA line tr max + tsubat = 1000 + 250 = 1250ns before
the SCL line is released.

Ce—total capacitance of one bus line in pF

Guaranteed by design. Not production tested

The parameter tosr is the time period the oscillator must be stopped for the OSF flag to be set over the voltage range

of VecmnV << Vee < Vee max and 1.4V << Vear < 3.7V

©~No
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Figure 2: Timing Diagram
Power-Up/Power-Down Characteristics
(TA = -40°Cto +85°C) «4
Symbol Parameter Test Conditions™1 MIN TYP MAX Unit
tREC Recovery at Power-Up=2 2 ms
tvecr Vce Fall Time Vpermax) to VPF(MIN) 300 us
tvcer Vce Rise Tim VerMmiNy to VPF(MAX) 0 us
Note:
1. Limits at -40°C are guaranteed by design and not production tested.
2. This delay applies only if the oscillator is enabled and running. If the oscillator is disabled or stopped, no power-
up delay occurs.
Test Circuits
Vee
VPF(max) L‘X —f
VPF(min)
_ d t
tveer ) e
— LT
INPUTS RECOGNIZED l/( DON'T CARE RECOGNIZED
( ( HIGH-Z —_—
OUTPUTS VALID )) L VALID

Figure 3: Power-Up/Power-Down Timing
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Functional Description

The DS1339U-NF serial real-time clock is a low-power clock/date device with two programmable time-of-day alarms
and a programmable square-wave output. Address and data are transferred serially by a 2-wire bidirectional bus.
The clock/date provides seconds, minutes, hours, day, date, month , 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 in either the 24-hour or 12-hour format with AM/ PM indicator. The DS1339U-NF has a built-in  power-
sense circuit that detects power failures and automatically switches to the backup supply

Application Information

The DS1339U-NF 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 executed. The device is fully accessible and data can be written and
read when Vcc is greater than Ver . However, when Vcc falls below Ver , the internal clock registers are blocked
from any access. If Ver is less than Veackup , the device power is switched from Vcc to Veackup when Vcc drops 88|8W
Vpr . IfVPris greater than Veackup , the device power is switched from Vcc to Veackup when Vcc  drops

Veackup . The registers are maintained from the Veackup source until Vcc is returned to nominal levels. The
block diagram in Figure: Block Diagram shows the main elements ofthe serial real-time clock.

X1FHTX2

OSCILLATOR | TIMEKEEPING,
AND < »| CONTROL,
DIVIDER AND
TRICKLE
r CHARGE
REGISTERS =—
v A —»SQW INT
cc —p p/ CONTROL
POWER LOGIC
Veackur «—»  CONTROL >

v v
SCL —»
SERIAL BUS , ADDRESS
INTERFACE ”| REGISTER
SDA «—»

Figure 4: Block Diagram
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Signal Descriptions

Vcc, GND - DC power is provided to the device on these pins.

SCL (Serial Clock Input) - SCL is used to synchronize data movement on the serial interface .

SDA (Serial Data Input/Output) - SDA is the input/output pin forthe 2-wire serial interface. The SDA pin is an open
- drain output and requires an external pullup resistor.

Veackup (Secondary Supply Input) - Connection for a secondary power supply. Supply voltage must be held
between 1 .4V and 3 .7V for proper operation. This pin can be connected to a primary cell such as a lithium button cell.
Additionally, this pin can be connected to a rechargeable cell or a super cap when used with the trickle charge feature .

SQW/ INT (Square-Wave/Interrupt Output) - Programmable square-wave or interrupt-output signal. The SQW/
INT pin is an open-drain output and requires an external pullup resistor.

X1, X2 - These signals are connections for a standard 32.768kHz quartz crystal. The internal oscillator circuitry
is designed for operation with a crystal having a specified load capacitance ( C.) of 6pF. The DS1339U-NF can
also bedriven by an external 32.768kHz oscillator. In this configuration , the X1 pin is connected to the external
oscillator signal and the X2 pin is floated.

The oscillator is controlled by an enable bit in the control register. Oscillator startup times are highly dependent
upon crystal characteristics, PC board leakage, and layout. High ESR and excessive capacitive loads are the
major contributors to long startup times. A circuit using a crystal with the recommended characteristics and proper
layout usually starts within one second.

Clock Accuracy

The address map for the registers of the DS1339U-NF is shown in below figure - The accuracy of the
clock is dependent upon the accuracy of the crystal and the accuracy of the match between the capacitive load of the
oscillator circuit and the capacitive load for which the crystal was trimmed. Additional error is added by crystal
frequency drift caused by temperature shifts. External circuit noise coupled into the oscillator circuit can result in
the clock running fast.
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Address Map

During a multibyte access, when the address pointer reaches the end of the register space ( 10h),

itwraps around to

location 00h. On a 2- wire 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 can continue
to run. This eliminates the need to re-read the registers in case of an update of the main registers during a read.

Note: Unless otherwise specified, the registers’ state are not defined when power is first applied or Vcc and Veackup falls below the

VBAckuP min.

All registers need to be initialized after power-on.

Address | Bit7 Bit6 | Bits5 | Bit4 | Bit3 | Bit2 | Bit1 Bit 0 | Function | Range
00H 0 10 Seconds Seconds Seconds 00-59
01H 0 10 Minutes Minutes Minutes 00-59

AMPM 112
02H 0 12/24 [ o | 10HR Hour Hours | +AMPM
00-23
03H 0 0 0 0 0 Day Day 1-7
04H 0 0 10 Date Date Date 00-31
10 Month/ 01-12
05H Century 0 Soni Month Century | +Century
06H 10 Year Year Year 00-99
07H A1M1 10 Second Seconds Alarm1 1 55 g
econds econ Seconds
08H ATM2 10 Minutes Minutes Alarm1 1 55 g
Minutes
AM/PM in T 1-12
0oH AIM3 | 12124 10 et Hour Hf;”m +AMPM
Haour 00-23
Alarm 1
Day Day 1-7
0AH A1M4 | DY/DT 10 Date S o B e
Date
; , Alarm 2
0BH AZM2 10 Minutes Minutes " 00-59
AM/PM 1-12
0CH A2M3 | 12024 10 Hm Hour ‘a‘r'f”” 2 | LamPM
Hour i Ars 00-23
Alarm 2
Day Day 1-7
ODH A2M4 | DY/DT 10 Date . Phase. 29 Fpd
Date
OEH EOSC 0 BBSQl | RS2 | RS1 | INTCN | AZIE AIE | Control .
OFH OSF 0 0 0 0 0 A2F A1F Status B
10H | Tcs3 | Tcs2 | Test | Tcso | pst | pso | rouTt | RouTo | Trickle
Charge
Figure: DS1339U-NF TIMEKEEPER REGISTERS
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Time And Date Operation

The time and date information is obtained by reading the appropriate register bytes. The real-time clock registers
are illustrated in timekeeper registers. The time and date are set or initialized by writing the appropriate register bytes.
The contents of the time and date registers are in the binary coded decimal (BCD) format. The DS1339U-NF

can berun in either 12-hour or 24-hour mode. Bit 6 of the hours register is defined as the 12-hour 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) . All hours values, including the
alarms, must be re- entered whenever the 12/24-hour mode bit is changed. The century bit (bit 7 of the
month  register) is toggled when the years register overflows 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 wused to prevent errors
when the internal registers update. When reading the time and date registers, the user buffers are synchronized
to the internal registers on any START or STOP , and when the address pointer rolls over to 0. The countdown chain
is reset whenever the seconds register is written . Write transfers occur on the acknowledge pulse from the device .
To avoid rollover issues, once the countdown chain is reset , the remaining time and date registers must be written
within one second. The 1Hz square-wave output, if enabled, transitions high 500 ms after the seconds data transfer,
provided the oscillator is already running.

Alarms
The DS1339U-NF contains two time-of-day/date alarms. Alarm 1 can be set by writing to registers 07h to 0OAh.Alarm2

can
be set by writing to registers OBh to ODh. The alarms can be programmed (by the alarm enable and INTCN bits

of the control register) to activate the SQW/ INT output on an alarm match condition . Bit 7 of each of the time-
of-

day/date alarm registers are mask bits. When all of the mask bits for each alarm are logic 0, an alarm only occurs
when the values in the timekeeping registers 00h-06h match the values stored in the time-of-day/date alarm registers.
The alarms can also be programmed to repeat every second , minute , hour, day, or date. Below table shows the
possible settings.

Configurations not listed in the table result in illogical operation. The DY/DT bits (bit 6 ofthe alarm day/date registers)
control whether the alarm value stored in bits 0 to 5 of that register reflects the day of the week or the date ofthe month.
If DY/ DT is written to a logic 0, the alarm is the result of a match with date of the month. If DY/ DT is written to a logic 1,
the alarm is the result of a match with day of the week. When the RTC register values match alarm register settings, the
corresponding alarm flag (A1 F or A2F) bit is set to logic 1 . |If the corresponding alarm interrupt enable (A1 IE or A2IE)
is also setto logic 1 and the INTCN bit is set to logic 1, the alarm condition activates the SQW/ INT signal.

Alarm 1 Register Mask Bits
DY/DT (BIT 7) Alarm Rate
A1M4 A1M3 A1M2 A1M1
X 1 1 1 1 Alarm once Per second
X 1 1 1 0 Alarm when seconds match
X 1 1 0 0 Alarm when minutes and seconds match
X 1 0 0 0 Alarm when hours, minutes, and seconds match
0 0 0 0 0 Alarm when date , hours, minutes, and seconds match
1 0 0 0 0 Alarm when day, hours , minutes, and seconds match
Alarm 2 Register Mask Bits
DY/DT (BIT 7) Alarm Rate
A2M4 A2M3 A2M2
X 1 1 1 Alarm once per minute (00 second of every minute)
X 1 1 0 Alarm when minutes match
X 1 0 0 Alarm when hours and minutes match
0 0 0 0 Alarm when date , hours, and minutes match
1 0 0 0 Alarm when day, hours, and minutes match

10
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Special Purpose Registers

The DS1339U-NF has two additional registers ( control and status) that control the RTC, alarms, and square-
wave output.

Control Register (OEh)

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
EOSC 0 BBSQI RS2 RS1 INTCN A2 IE A1IE

EOSC ( Enable Oscillator) - This bit when set to logic 0 starts the oscillator. When this bit is set to a logic 1 ,the oscillator
is stopped. This bit is enabled (logic 0) when power is first applied.

BBSQIl (Battery-Backed Square-Wave and Interrupt Enable) - This bit when set to a logic 1 enables the square-
wave or interrupt output when Vcc is absent and the DS1339U-NF is being powered by the V  Backup pin. When
BBSAQI is a logic 0, the SQW/ INT pin goes high impedance when Vcc falls below the power fail trip point. This bit
is disabled (logic 0 ) when power is first applied.

RS2 and RS1 (Rate Select) - These bits control the frequency of the square-wave output when the square wave has

been enabled. Table below shows the square-wave frequencies that can be selected with the RS bits. These bits are
both set to logic 1 (32kHz) when power is first applied.

Square-Wave Output Frequency

RS2 RS1 SQW Output Frequency
0 0 1HZ
0 1 4 .096kHz
1 0 8. 192kHz
1 1 32 .768kHz

INTCN (Interrupt Control) - This bit controls the relationship between the two alarms and the interrupt output pins.
When the INTCN bit is set to logic 1, a match between the timekeeping registers and the Alarm 1 or Alarm 2 registers
activate the SQW/ INT pin (provided that the alarms are enabled). When the INTCN bit is set to logic 0, a square wave
is output onthe SQW/ INT pin. This bit is set to logic 0 when power is first applied.

A1IE (Alarm 1 Interrupt Enable) - When set to logic 1, this bit permits the A1F bit in the status register to assert SQW/
INT (when INTCN = 1) . When the A1 IE bit is set to logic 0 or INTCN is set to logic 0,the A1F bit does not initiate the an
interrupt signal. The A1 IE bit is disabled (logic 0) when power is first applied.

A2IE (Alarm 2 Interrupt Enable) - When set to a logic 1, this bit permits the 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.

Status Register (OFh)

Bit 7

Bit 6

Bit 5

Bit 4

Bit 3

Bit 2

Bit 1

Bit 0

OSF

0

0

0

0

0

A2F

A1F

OSF (Oscillator Stop Flag) - A logic 1 in this bit indicates that the oscillator either is stopped or was stopped for some
period of time and can be used tojudge the validity ofthe clock and date data. This bit is edge-triggered and set to
logic 1 anytime the oscillator stops . The following are examples of conditions that can cause the OSF bit to be set:

1)  The first time power is applied.

2) The voltage present on both Vcc and Veackup are insufficient to support oscillation .

3) The EOSC bit is turned off.

4) External influences on the crystal (e .g ., noise, leakage, etc.) .

This bit remains at logic 1 until written to logic 0. This bit can only be written to a logic 0. Attempting to write to logic 1
leaves the value unchanged.

11
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A1F (Alarm 1 Flag) — A logic 1 in the A1 F bit indicates that the time matched the Alarm 1 registers. Ifthe A1IE bit is a
logic 1 and the INTCN bit is set to a logic 1, the SQW/ INT pin is also be asserted. A1 F DS1339U-NF 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.

A2F (Alarm 2 Flag) — A logic 1 in the A2F bit indicates that the time matched the Alarm 2 registers. If the A2IE bit is
alogic 1 and the INTCN bit is set to a logic 1, the SQW/ INT pin is also asserted. A2 F 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.

Trickle Charge Register (10h)

The simplified schematic of Figure: Programmable Trickle Charge shows the basic components of the trickle charger.
The trickle-charge select (TCS) bits (bits 4—7) control the selection of the trickle charger. In order to prevent
accidental enabling , only a pattern on 1010 enables the trickle charger. All other patterns disable the trickle charger.
The trickle charger is disabled when power is first applied. The diode select (DS) bits (bits 2 and 3) select whether or
not a diode is connected between Vcc and Veackup . The ROUT bits (bits 0, 1) select the value of the resistor
connected between Vcc and Veackup . Bit values are shown in below table

Table: Trickle Charge Register ( 1 0 h) Bit Values

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 .
TCS3 | TCS2 | TCS1 | TCS0 | DS1 | DSO | ROUT1 | ROUTO LR
X X X X 0 0 X X Disabled
X X X X 1 1 X X Disabled
X X X X X X 0 0 Disabled
1 0 1 0 0 1 0 1 No diode, 250Q resistor
1 0 1 0 1 0 0 1 One diode, 250 Q resistor
1 0 1 0 0 1 1 0 No diode, 2k Q resistor
1 0 1 0 1 0 1 0 One diode, 2k Q resistor
1 0 1 0 0 1 1 1 No diode, 4k Q resistor
1 0 1 0 1 0 1 1 One diode, 4 k Q resistor

The user determines diode and resistor selection according to the maximum current desired for battery or super
cap charging. The maximum charging current can be calculated as illustrated in the following example:

Assume that a system power supply of 3.3V is applied to Vcc and a super cap is connected to Vsackup . Also

assume that the trickle charger has been enabled with a diode and resistor R2 between Vcc and Veackup . The
maximum current Imax would , therefore, be calculated as follows:

Ivax = (3.3V - diode drop)/ R2 = (3.3V - 0.7V)/ 2kQ= 1.3mA

As the super cap or battery charges, the voltage drop between Vcc and Veackur decreases and , therefore, the
charge current decreases .

12
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R1
AN —
Vce 2502 Veackup
R2
~d 2kQ2
1%}
A R3
A 4kQ
1 OF 16 SELECT 10F2 10F 3
NOTE: ONLY 1010 ENABLES CHARGER SELECT SELECT

TCSo.s = TRICKLE CHARGE SELECT
[ Tcsa | 1cs2 | Tcs1 | 17€s0 | Ds1 | Dso | RouT1 | ROUTO | DSor =DIODE SELECT

BIT7 BIT 6 BITS BIT 4 BIT 3 BIT 2 BIT 1 BIT 0 ROUTo-1 = RESISTOR SELECT

Figure 5: Programmable Trickle Charge

13
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12C Bus

The DS1339U-NF supports a bidirectional 2-wire bus and data transmission protocol. A device that sends data

onto

the

bus is defined as a transmitter and a device receiving data as a receiver. The device that controls the message is called
a master. The devices that are controlled by the master are referred to as slaves. 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 DS1339U-NF operates as a slave on the 2- wire bus. Connections to the bus are made by the
open- drain I/ O lines SDA and SCL.

The following bus protocol has been defined (Figure: Data Transfer on 12C Serial Bus).

1) Data transfer can be initiated only when the bus is not busy.
2) During data transfer, the data line must remain stable whenever the clock line is HIGH. Changes
while the clock line is HIGH are interpreted as control signals.

in the data line

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 state of the data line, from HIGH to LOW, while the clock is HIGH, defines a START
condition .

Stop data transfer: A change in the state of the data line, from LOW to HIGH, while the clock line is HIGH, defines the
STOP condition .

Data valid: The state of the data line represents valid data when, after a START condition, the data line is stable for the
duration ofthe HIGH period of the clock signal. The data on the line must be changed 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 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.

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 associated with this acknowledge bit.

A device that acknowledges must pull down the SDA line during the acknowledge clock pulse in such away that the
SDA line is stable LOW during the HIGH period of the acknowledge-related clock pulse. Of course, 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 .

L

i i | % -
Saesesalliwe! B e
) J =5 A | EURIE
T MSB g
P SLAVE i L "
i [ . ADDRESS s =
. by DIRECTION ACKNOWLEDGEMENT
if 1% BIT SIGNAL FROM ‘
o —v| | RECEIVER :
TO. ACKNOWLEDGEMENT o
D SIGNAL FROM '
- RECEIVER B
I i T ;
e ACK ACK jihdh 5
START STOP CONDITION
CONDITION REPEATED IF OR REPEATED
MTOF'?AENE\;TE%% E[F;E START CONDITION

Figure 6 : Data Transfer on 12C Serial Bus
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Depending upon the state ofthe R/W bit, two types of data transfer are possible:

1)

The

1)

2)

Data transfer from a master transmitter to a slave receiver. The master transmits the first byte (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.

Data transfer from a slave transmitter to a master receiver. The master transmits the first byte (the
slave address) . The slave then returns an acknowledge bit, which 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 lastreceived byte , a “not acknowledge” is returned. The master device generates all of 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. Data is transferred with the most significant bit (MSB) first.

DS1339U-NF can operate in the following two modes:

Slave receiver mode (write mode) : Serial data and clock are received through SDA and SCL. An
acknowledge bit is transmitted after each byte is received. 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 (Figure: Data Write) . The slave address byte is the first byte received after the

master generates the START condition. The slave address byte contains the 7-bit DS1339U-NF address—1
101000—

followed by the direction

bit (R/W ), which, for a write, is 0. After receiving and decoding the slave address byte, the slave
outputs an acknowledge on the SDA line. After the DS1339U-NF acknowledges the slave address and writebit,
the master transmits a register address to the DS1339U-NF. This sets the register pointer on the DS1339U-NF, with

DS1339U-NF
acknowledging the transfer. The master may then transmit zero or more bytes of data, with

the DS1339U-NF acknowledging each byte received. The register pointer increments after each data byte is
transferred. The master generates a STOP condition to terminate the data write .

Slave transmitter mode (read mode) : The first byte is received and handled as in the slave receiver
mode. However, in this mode, the direction bit indicates that the transfer direction is reversed. The DS1339U-
NF

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 (Figure Data Read). The slave address byte is the
first byte received afterthe master generates the START condition. The slave address byte contains the 7
- bit

DS1339U-NF address— 1 10 10 0 0—followed by the direction bit (R/'W ), which, for a read, is 1. After

receiving and decoding the slave address byte , the slave outputs an acknowledge on the SDA line. The
DS1339U-NF then

starts transmitting data using the register address pointed to by the register pointer. Ifthe register pointer is
not set

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 is incremented

after each byte is transferred. The DS1339U-NF must receive a “not acknowledge” to end a read.

=

slave address @ register address (n) Data (n) Data (n+1) Data (n+x)

S 1101000 | O | A | XXXXXXXX A | XXXXXXXX | A | XXXXXXXX | A | XXXXXXXX | P

S-START
A - ACKNOWLEDGE DATA TRANSFERRED
BuETap (X+1 BYTES + ACKNOWLEDGE)

R/MW - READ/WRITE OR DIRECTION BIT

Figure 7 : Data Write— Slave Receiver Mode
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\
slave address § Data (n) Data (n+1) Data (n+2) Data (n+x)
S/ 1101000 | 1 1 A | XXX A | XXX T A | XOOXKXXX | A | XXXXXXXX | /A
S-START
A - ACKNOWLEDGE DATA TRANSFERRED
P-STOP (X+1 BYTES + ACKNOWLEDGE)

/A -NOT ACKNOWLEDGE
R/W - READMWRITE OR DIRECTION BIT

Figure 8: Data Read—Slave Transmitter Mode
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Package Information
DS1339U-NF MSOP-8 Package

"
L1

PKG DIMENSIONS(MM)
] SYMBOL |  Min. Max.
A 1.10
A1 0.00 0.15
il etbese ase P ey we o = = = A2 0.75 0.95
b 0.22 0.38
@ c 0.08 0.23
D 2.80 3.20
—_—]
E 4.65 5.15
N — ﬂ E1 2.80 3.20
L e 0.65 BSC
L 0.40 0.80
e b ‘
o< L1 0.95 REF
) o | s
L
m L ! \
< g [c]0.10
X e EQ
Note:
1.All dimensions are in mm. Angels in degrees.
2.Refer Jedec MO-187 MSOPO08
3.Dimensions exclude burrs, mold flash or protrusions.
Reel Information
i Tail blank Maximum Maximum _
Reel |l g BEE Mg T | Reealitank Reeliinn| circuits | """ circuit  |Humidity |MOISture-
Package size q width step tape SPQ box/out proof
T location i o length i er box | perbox i number of level ekl
{{neh) (mm) | (mm) \ am) i (K) outer box (K) pacor
MSOP08 13 dopilett 12 8 240 1120 4000 1 4 8 32 3 Yes
carner
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