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Features

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

e with leap-year compensation valid up to 2100

o 2-wire serial interface

e Two time-of-day alarms

e Programmable square-wave output
Oscillatorstop flag
Automatic power-fail detect and switch
circuitry

e Trickle charge capability

e Operating Temperature: -40 ~ 125°C

Applications

e Handhelds (GPS, POS Terminal)

e Consumer Electronics (Set-Top Box, Digital
Recording, Network Appliance)

o Office Equipment (Fax/Printer, Copier)

e Medical (Glucometer, Medicine Dispenser)

e Telecommunications (Router, Switcher,
Server)

Description

The FRTC1339M 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 FRTC1339M has a built-in
power- sense circuit that detects power
failures and automatically switches to the
backup supply.

Ordering Information

. Package
Ordering Code Package Description
FRTC1339M MSOP-8 | Pitch 0.65mm

Pb-free and Green
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Pin Configurations
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Pin Name Pin No. Description
X1 1
32 .768 kHz Crystal Connection
X2 2
\/BACKUP 3 Secondary Power Supply
GND 4 Ground
SDA 5 Serial Data.
SCL 6 Serial Clock.
SQW 7 Square-Wave/ Interrupt Output ,Open drain
Vce 8 Power Supply

Marking information

Marking Information

Part number:
FRTC FRTC

1339M 1339M

YYWW date code
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Typical Application Circuit
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Notes:

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

Maximum Ratings

Symbol Parameter Min TYP Max Unit
Tstore Storage Temperature -55 . +125 °C
Top Operating Temperature Range -40 - +85 °C
VIN Voltage Range on Any Pin Relative to Ground -0.3 - 6 Vv

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°C to +85°C)
Symbol Parameter Conditions Min TYP Max Unit
Vee Supply Voltage FRTC1333M 2.97 33 55 \4
Vin SCL/SDA pins 0.7 x Vcc - Vce + 0.5 \
ViL SCL/SDA pins -0.5 ) +0.3 x VCC \
Ver Power-Fail Voltage FRTC1339M 2.70 2.85 2.97 \Y
V/BAGKUP Backup supply Voltage 14 3.0 3.7 v
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DC Electrical Characteristics

Unless otherwise specified, -40°C<Ta< 85°C, (Vcc(mn) <Vccs Vec(max) )

Symbol Parameter Test Conditions™ MIN TYP MAX Unit
I Input Leakage SCL only _ _ 1 MA
ILo I/O Leakage SDA and SQW/INT ) 1 HA

Logic 0 Out: SDA and SQWI/INT VoL =0.4V, Vce > 2.0V 3 ) mA
| Logic 0 Out: SDA and SQWI/INT VoL =0.2 (Vcc),Vee <2.0V 3 mA

oL -
: . VoL = 0.2 (Vce)

Logic 0 Out: SDA and SQWI/INT 13V <Vec < 1.8V 250 i pA
lcca Vce Active Current™? _ _ 450 HA
lccs Vcc Standby Current’s ) 80 150 MA
R1 Trickle Charge Resistor Register \}gl;uf‘ih’o\\;cc = Typ, 250 Q
R2 Trickle Charge Resistor Register \}SAT;;uf\gh’O\\;CC = Typ, 2000 Q
R3 Trickle Charge Resistor Register \}gl;uf‘zh’o\\;cc = Typ, 4000 Q

IBKLKG Veackup Leakage Current A~ 25 100 nA
Iskosc Veackup Current™ Vce =0V, E086 =0, SQW Off 400 700 nA
IBksaw Veackup Current™ Vcec =0V, @ 0, éQW On 600 1000 nA
lor | Veackup Current Vee = 0L EONG = ] 10 100 | nA

lcca: SCL at fsc max, ViL = 0.0V, Vi1 = Vcg, trickle ¢
Specified with 2-wire bus inactive, ViL = 0.0V, ViH = Vc

Note:

1. Limits at -40°C are guaranteed by design and n
2

3

4

Using recommended crystal on X1 and X2.

Crystal Specifications™

cti®r tested.

e disabled.
trickle charge disabled.

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 = MIN to MAX

Symbol Parameter Test Conditions™ MIN TYP MAX Unit
SCL Clock F Fast mode 100 400 kHz
ock Frequenc
fsct d y Standard mode 100 kHz
tBUF Bus Free Time Between STOp | Fast mode 1.3 us
and START Condition Standard mode 4.7
Hold Time (Repeated) START Fast mode 0.6
tho:STA Condition™2 Standard mode 4.0 HS
] Fast mode 1.3
tLow LOW Period of SCL Clock Standard mode 47 Ms
. Fast mode 0.6
tHiGH HIGH Period of SCL Clock Standard mode 4.0 us
Setup Time for Repeated Fast mode 0.6
tsusTa START Condition Standard mode 4.7 HS
Data Hold Time3/4 Fast mode 0 0.9
. ata Hold Time
tHD:DAT Standard mode{\ 0 HS
Data Setup Times Fast mode \ 100
tsuDAT ala wellp 1ime Standard o 250 ns
Rise Time of Both SDA and Fast g6y M 20 + 0.1Cs 300
R SCL Signals *6 Stgmrah@ie 20 + 0.1Cs 1000 ns
Fall Time of Both SDA and de 20 + 0.1Cs 300
tF SCL Signals "6 Stan mode 20 + 0.1Cs 300 ne
Fast mode 0.6
. Setup Time for STOP Condition
tsusto P Standard mode 4.0 Hs
Capacitive Load for Each Bus
Ce 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 Vihmin of the SCL signal) to
bridge the undefined region of the falling edge of SCL

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

5. Afast-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 of the SCL signal, it must output the next data bit to the SDA line tr max + tsupat = 1000 + 250 = 1250ns before the SCL
line is released.

6. Ce—total capacitance of one bus line in pF

7. Guaranteed by design. Not production tested

8. The parameter tosF is the time period the oscillator must be stopped for the OSF flag to be set over the voltage range of

VeemnV < Vee < Veemax and 1.4V < Vear < 3.7V
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Figure 2: Timing Diagram
Power-Up/Power-Down Characteristics
(TA = -40°C to +85°C) .,

Symbol Parameter Test Conditions™ MIN TYP MAX Unit
trREC Recovery at Power-Up™ 2 ms
tvcer Vcec Fall Time VpPFMAX) to VPF(MIN) 300 us
tvcer Vce Rise Tim VPFMIN) tO0 VPF(MAX) 0 Js

Not

e
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

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

The FRTC1339M 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 FRTC1339M has a built-in power-sense
circuit that detects power failures and automatically switches to the backup supply

Application Information

The FRTC1339M 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 Vrr is less than Veackur, the device power is switched from Vcc to Veackup when Vcc drops below Ver. IfVPF
is greater than Veackur , the device power is switched from Vcc to Veackup when Vcc drops below Veackup . The
registers are maintained from the Vesackup source until Vcc is returned to nominal levels. The block diagram in
Figure: Block Diagram shows the main elements of the serial real-time clock.

}(1_”—}(2

| el
OSCILLATOR P TIMEKEEFING,
AMD - - p CONTROL,
DIVIDER J— AND
TRICKLE
CHARGE
; J REGISTERS
+ SO [N
Vee > _ i  CONTROL
POWER LOGIC
Vaackur «+—»  CONTROL

. !

SCL SERIAL BUS |
ADDRESS
INTERFACE REGISTER

¥

SDA €—»

Figure 4: Block Diagram
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Signal Descriptions

Vcec, 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 for the 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 (CL) of 6pF. The FRTC1339M can also be
driven 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 g ter. @scillator startup times are highly dependent upon
crystal characteristics, PC board leakage, and layout. Agh and excessive capacitive loads are the major
contributors to long startup times. A circuit using a al Wth the recommended characteristics and proper layout
usually starts within one second.

Clock Accuracy

The address map for the registers of the FRTC1339M 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), it wraps 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.

Address | Bit7 Bit 6 Bit5 | Bit4 | Bit3 | Bit2 Bit 1 Bit 0 | Function | Range
00H 0 10 Seconds Seconds Seconds 00-59
01H 0 10 Minutes Minutes Minutes 00-59

AMPM 112
02H 0 12124 [ o | 10HR Hour Hours | +AM/PM
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
0s5H Century 0 Month Month Century | +Century
06H 10 Year Year Year 00-99
07H | A1M1 10 Second Second Alarm1 | o5 gg
eCco S econds SECGHUS
08H | A1M2 10 Minutes Minutes Alarm1 1 o5 gg
Minutes
AMPM 0 Alarm 1 112
0SH AIM3 | 12724 10 Hour Hour HE'JS‘E +AMPM
Hour 00-23
Alarm 1
Day Day 1-7
0AH A1M4 | DY/IDT 10 Date Dote Alarr 1 131
Date
, , Alarm 2
0EH AZM2Z 10 Minutes Minutes MEnutes 00-59
AMPM 112
OCH | A2m3 | 12124 | 10 |-|1 0 Hour ’E‘l_'lar”‘ 2 | L AMPM
Hour our ours 00-23
Alarm 2
Day Day 1-7
ODH A2M4 | DY/DT 10 Date Date Alarmn 2 a1
Date
OEH EQSC 0 BBSQl | RS2 RS1 | INTCN | A2IE AE | Control p
OFH OSF 0 0 0 0 0 A2F A1F Status p
10H | Tcs3 | Tcs2 | Test | Tcso | pst | Dso | RouTt | RouTo | Trickle -
Charge

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

VBACkUP min.

Figure: FRTC1339M TIMEKEEPER REGISTERS

All registers need to be initialized after power-on.
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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 FRTC1339M can be run
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 used 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 FRTC1339M contains two time-of-day/date alarms. Al{rMy1 C e set by writing to registers 07h to OAh.Alarm 2
can

be set by writing to registers 0Bh to ODh. The alar programmed (by the alarm enable and INTCN bits of the
control register) to activate the SQW/ INT outpuoman rm match condition. Bit 7 of each of the time-of-day/date
alarm registers are mask bits. When all of the mask W{ts for’each alarm are logic 0, an alarm only occurs when the values
in the timekeeping registers 00h-06h match the valueyr 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 of the 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 of the 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 set to 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
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Special Purpose Registers

The FRTC1339M 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

BBSQlI

RS2

RS1

INTCN

A21E

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 FRTC1339M is being powered by the Veackup pin. When BBSQI 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 on the 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 to judge the validity of the 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
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leaves the value unchanged.

A1F (Alarm 1 Flag) — A logic 1 in the A1F bit indicates that the time matched the Alarm 1 registers. If the 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 FRTC1339M 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 a
logic 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 Veackur. 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 (10h) Bit Values

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 | Bit 2 Bit 1 Bit 0 .
TCS3 | TCS2 | TCS1 | TCSO | DS1 | DSO | ROUT1 | ROUTO Function
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 Qresistor
1 0 1 0 0 1 1 0 No diode, 2k Qresistor
1 0 1 0 1 0 1 0 One diode, 2k Qresistor
1 0 1 0 0 1 1 1 No diode, 4k Qresistor
1 0 1 0 1 0 1 1 One diode, 4k Qresistor

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

Imax = (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 Veackup decreases and, therefore, the charge
current decreases.



NYFEA

j/ R1
Vee # 2500 Veackun

S - ARA

= akil

A R3
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1 OF 16 SELECT 10F 2 10F 3
NOTE: OMLY 1010 ENABLES CHARGER SELECT SELECT

TCSos = TRICKLE CHARGE SELECT
| Tesa | tes2 | tes1 | teso | ost | pso | rouTi | ROUTO | DSss = DIODE SELECT

BITT BIT & BIT & BIT4 BIT3 BIT 2 BIT1 BITO ROUTp.1 = RESISTOR SELECT

Figure 5: Programmable Trickle Charge
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I2C Bus

The FRTC1339M 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 FRTC1339M 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 in the data line
while the clock line is HIGH are 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 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 of the 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 a way 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 MSB

SLAVE
" ADDRESS .
DIRECTION ACKNOWLEDGEMENT
BIT SIGNAL FROM
- RECEIVER
ACKNOWLEDGEMENT [
SIGNAL FROM [
RECEIVER j '
L ACK ACK -
START STOP CONDITION
REPEATED IF OR REPEATED
FEIEE MORE BYTES ARE START CONDITION

Figure 6 :

TRANSFERRED

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

1)

2)

The

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 last
received 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.

FRTC1339M 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 FRTC1339M 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 FRTC1339M acknowledges the slave address and write bit,
the master transmits a register address to the FRTC1339M. This sets the register pointer on the FRTC1339M, with
FRTC1339M

acknowledging the transfer. The master may then transmit zero or more bytes of data, with the FRTC1339M
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 FRTC1339M
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 after the master generates the START condition. The slave address byte contains the 7-bit
FRTC1339M address— 1101000—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 FRTC1339M then starts
transmitting data using the register address pointed to by the register pointer. If the 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 FRTC1339M must receive a “not acknowledge” to end a read.

slave address E register address (n) Data (n) Data (n+1) Data (n+x)
S 1101000 | DA | FOOOCOOO A | X000 | A | JORMOOOOE | A | X000 | P

S -START
A - ACKNOWLEDGE DATA TRANSFERRED
P-STOP (¥+1 BYTES + ACKNOWLEDGE)

R/W - READ/WRITE OR DIRECTION BIT

Figure 7 : Data Write— Slave Receiver Mode
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slave address E ) Data (n) Data (n+1) Data (n+2) ) Data (n+x) _
|S[ 11{]1[](][}] 1 'A |J{){XX}(}OOG;TA| )(}(}{KJ{XX}([A | KK}(}(KJ{KXIA|K}{KXX}OO(_M

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

A - NOT ACKNOWLEDGE
R/ - READ/WRITE OR DIRECTION BIT

Figure 8: Data Read—Slave Transmitter Mode



NYFEA

Package Information

FRTC1339M MSOP-8 Package
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Reel Information
o Tail blank Maximum Maximum .
Reel | 4pin | Reel \Winding | Head blank Reelfinn| circuits | """ circuit  |Humidity MOISture-
Package size 3 width step tape SPQ box/out proof
. location length erbox | perbox number of level .
(inch) (mm) (mm) (mm) length(mm) (K) er box outer box (K) packing
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