Smart LiB Gauge
Battery Fuel Gauge LSI
For 1 Cell Lithium ion/
Polymer (Li+)

LC709203F
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Overview
LC709203F is a Fuel Gauge for a single lithium ion/polymer
battery. It is part of ouBmart LiB Gaugefamily of Fuel Gauges
which measure the battery RSOC (Relative State Of Charge) using its Q @
unique algorithm calledHG iCVR. The HG iCVR algorithm 1
eliminates the use of a sense resistor and provides accurate RSOC WDFN8 WLCSP9

CASE 509AF CASE 567JH

information even under unstable conditions (e.g. changes of battery;
temperature, loading, aging and self-discharge). An accurate RSOC
contributes to the operating time of portable devices.

LC709203F is available in two small packages realizing the

MARKING DIAGRAMS

industries smallest PCB footprint for the complete solution. It has WDFN8

minimal parameters to be set by the user enabling simple, quick setup °

and operation. 9233F
ASWLYW

Features

€ HG iCVR Algorithm Technology
9203F**= Specific Device Code

No External Sense Resistor
2.8% Accuracy of RSOC
Accurate RSOC of Aging Battery
Automatic Convergence of Error
Adjustment for the Parasitic Impedance around the Battery
Simple and Quick Setup
€ Low Power Consumption
3 A Operational Mode
€ Precision Voltage Measurement
+7.5mV
€ Precision Timer
1+3.5%
€ Alerts for Low RSOC and/or Low Voltage
€ Temperature Compensation
Sense Thermistor Input
Via 12C
€ Detect Battery Insertion

€ 12C Interface (up to 400 kHz Supported)

€ These Devices are PBree, Halogen Free/BFR Free and are RoHS

Compliant

Applications

€ Wireless Handsets

€ Smartphones/PDA Devices
€ MP3 Players

€ Digital Cameras

€ Portable Game Players

€ USB-related Devices

Semiconductor Components Industries, LLC, 2015 1

November, 2020 i Rev. 17

wx = 01 (LC709203FQH i01TWG)
02 (LC709203FQH i02TWG)
03 (LC709203FQH i03TWG)
04 (LC709203FQH i04TWG)

AS = Assembly Location
WL = Lot Number
YW = Work Week

= PbiFree Package

(Note: Microdot may be in either location)

WLCSP9
O

203**
YMXXX

203** = Specific Device Code

** = 01 (LC709203FXE 101MH)
02 (LC709203FXE 102MH)
03 (LC709203FXE i103MH)
04 (LC709203FXE 104MH)
05 (LC709203FXE i105MH)

Y = Year

M = Month Code

XXX = Lot Number

ORDERING INFORMATION

See detailed ordering and shipping information on page 19 of
this data sheet.

Publication Order Number:
LC709203F/D
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Application Circuit Example
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Figure 1. Example of an Application Schematic using LC709203F
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Figure 2. Example of an Application Schematic using LC709203F

(The Temperature is Measured Directly by a Thermistor)
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Figure 4. Pin Assignment
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Table 1. PIN FUNCTION

LC709203F

WDFN8 WLP9 Pin Name 1/0 Description
1 B1 TEST | Connect this pin to Vgs.
2 Al Vss S Connect this pin to the battery’s negative (S) pin.
3 A3 Vpp ] Connect this pin to the battery’s positive (+) pin.
4 A2 ALARMB (0] This pin indicates alarm by low output(open drain). Pull-up must be done externally.
Alarm conditions are specified by registers (0x13 or 0x14).
Connect this pin to Vgs when not in use.
5 B3 Tsw (0] Power supply output for thermistor. This pin goes HIGH during temperature read
operation. Resistance value of TSW (for thermistor pull-up) must be the same value
as the thermistor. (Note 1)
6 C3 Tsense | Thermistor sense input. If you connect this pin to thermistor, insert 100 resistance
between them for ESD. (Note 1)
7 C1 SDA 1/0 I2C Data pin (open drain). Pull-up must be done externally.
8 Cc2 SCL 1/0 I2C Clock pin (open drain). Pull-up must be done externally.
i B2 NC S Don't care.
9 i Exposed S Don't care.
PAD
1. Tsw and Tggnse must be disconnected as Figure 1 when not in use.
Table 2. ABSOLUTE MAXIMUM RATINGS (Ta=25°C, Vgg=0V)
Specification
Parameter Symbol Pin/Remarks Conditions Vpp (V) Min Typ Max Unit
Maximum Supply Voltage Vpp max Vpp T 0.3 T +6.5 \%
Input Voltage Vi (1) TsensE i 20.3 i Vpp + 0.3
Output Voltage Vo (1) Tsw i 0.3 i Vpp + 0.3
Vo (2) ALARMB i %0.3 i
Input/Output Voltage Vio (1) SDA, SCL ) 2.3 i +5.5
Allowable Power Dissipation P4 max WDFN8 Ta=$40to i T i 480 mw
WLP9 85 C ) T T 210
Operating Ambient Temperature Topr ) %40 T +85 C
Storage Ambient Temperature Tstg i $55 i +125

Stresses exceeding those listed in the Maximum Ratings table may damage the device. If any of these limits are exceeded, device functionality
should not be assumed, damage may occur and reliability may be affected.

Table 3. ALLOWABLE OPERATING CONDITIONS (T = 740 to +85°C, Vss = 0 V)

Specification
Parameter Symbol Pin/Remarks Conditions Vpp (V) Min Typ Max Unit
Operating Supply Voltage Vpp (1) Vbp T 25 T 4.5 \%
High Level Input Voltage ViH (1) TSENSE 25t045 | 0.7 Vpp i Vpp
Viy (2) | ALARMB, SDA, SCL 251045 1.4 i i
Low Level Input Voltage ViL (@) TSENSE 25t045 Vss i 0.25 Vpp
ViL(2) | ALARMB, SDA, SCL 25t04.5 i i 0.5

Functional operation above the stresses listed in the Recommended Operating Ranges is not implied. Extended exposure to stresses beyond
the Recommended Operating Ranges limits may affect device reliability.
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LC709203F

Table 4. ELECTRICAL CHARACTERISTICS (Ta = 740 to +85°C, Vs =0 V)

Specification
Parameter Symbol Pin/Remarks Conditions Vpp (V) Min Typ Max Unit
High Level Input Current i (1) SDA, SCL VN = Vb 25t045 i i 1 A
(including output
transistor off leakage
current)
Low Level Input Current I (1) SDA, SCL V|n = Vss 25t045 S1 i i
(including output
transistor off leakage
current)
High Level Output Voltage | Vo (1) Tsw lon = 50.4 mA 3.0t04.5 | Vpp S0.4 i i \%
Von (2) lon = 50.2 mA 2.5t04.5 | Vpp S0.4 i i
Low Level Output Voltage VoL (1) Tsw loL=3.0mA 3.0t0 4.5 T T 0.4
ALARMB,
VoL (2) SDA, SCL lor=1.3mA 25t04.5 T ) 0.4
Hysteresis Voltage VHYS(1) SDA, SCL 25t04.5 i 0.1 Vpp T
Pin Capacitance CP All pins Pins other than 25t045 i 10 T pF
the pin under test
VIN = Vss
TA =25C
Reset Release Voltage VRR Vpp i i 2.4 \%
(Note 2)
Initialization Time after TiNT 24t045 i i 90 ms
Reset Release (Note 2)
Auto Sleep Set Time TaTS 24t045 i 1 1.2 s
Time Measurement Tme To=520 Cto+70 C | 25t04.5 3.5 T +3.5 %
Accuracy
Consumption Current Iop (1) Vbp Operational mode 25t04.5 T 3 4.5 A
(Note 3) —
Iop (2) Sleep mode 25t045 i 1 2
Voltage Measurement Vve (1) Vbp Tpo=+25 C 3.6 s7.5 i +7.5 mV/cell
Accuracy " = -
Ve (2) TA=%520 Cto+70 C | 2.5t04.5 520 | +20

Product parametric performance is indicated in the Electrical Characteristics for the listed test conditions, unless otherwise noted. Product
performance may not be indicated by the Electrical Characteristics if operated under different conditions.

2. Once Vpp voltage exceeds over the VgR, this LSI will release RESET status. And the LSI goes into Sleep mode Tyt after it.

3. Consumption current is a value in the range of $20 C to +70 C.
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LC709203F

Table 5. 12C SLAVE CHARACTERISTICS (Ta = 740 to +85°C, Vss = 0 V)

Specification

Parameter Symbol Pin/Remarks Conditions Vpp (V) Min Max Unit
Clock Frequency TscL SCL i 400 kHz
Bus Free Time between STOP Condition TeuF SCL, SDA (See Figure 5) 1.3 i s
and START Condition
Hold Time START Condition. THD:STA SCL, SDA (See Figure 5) 1.1 i s
First clock pulse is generated after this
interval
Hold Time Repeated START Condition THD:RSTA SCL, SDA (See Figure 5) 0.6 i s
Repeated START Condition Setup Time Tsu:sTA SCL, SDA (See Figure 5) 0.6 i s
STOP Condition Setup Time Tsu:sTo SCL, SDA (See Figure 5) 0.6 i s
Data Hold Time THD:DAT SCL, SDA (See Figure 5) 0 0.9 s
Data Setup Time Tsu:DAT SCL, SDA (See Figure 5) 100 i ns
Clock Low Period TLow SCL (See Figure 5) 2.5104.5 1.3 i s
Clock High Period THIGH SCL (See Figure 5) 0.6 i s
Clock/Data Fall Time Tk SCL, SDA 20+ 0.1Cg 300 ns
Clock/Data Rise Time TR SCL, SDA 20+ 0.1Cg 300 ns
Time-out Interval (Notes 4, 5) Ttmo SCL, SDA (See Figure 6) 9 11 s
Wake Up Time from Sleep Mode Twu SDA (See Figure 7) i 400 s
SDA Low Pulse Width to Wake Up Tsp SDA (See Figure 7) 0.6 ) s
Wake Up Retention Time from the Falling Twr1 SDA (See Figure 7) 500 ) ms
Edge of SDA
Wake Up Retention Time from STOP Twr2 SCL, SDA (See Figure 7) 500 i ms
Condition

4. This LSl resets 12C communication if the communication takes more than Ttyo. It initializes an internal timer to measure the interval when
it detects ninth clock pulse. It can receive a new START condition after the reset.

5. This LSI may lose I2C communication at this reset operation. Then if a master can't receive a response it must restart transaction from START
condition.
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Figure 5. | 2C Timing Diagram
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Figure 6. | 2C Time-out Interval
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LC709203F

12C Communication Protocol

Communication protocol type: 12C

Frequency: Supported up to 400 kHz
Slave Address: 0001011 (The first 8 ibits after the Strat Condition is 0x16 (WRITE) or 0x17 (READ).)

This LSI will stretch the clock.

Bus Protocols

S : Start Condition
Sr : Repeated Start Condition

Rd : Read (bit value of 1)

Wr : Write (bit value of 0)

A : ACK (bit value of 0)

N : NACK (bit value of 1)

P : Stop Condition

CRC1i8 : Slave Address to Last Data (CRC 18 i/ATM : ex.3778 mV : 0x16, 0x09, 0x17, OxC2, OXOE = 0x86)

Master-to-Slave
: Slave-to-Master
f : Continuation of protocol

Read Word Protocol

| s | Slave Address [ Wr | A ] CommandCode [ A | f
[ sr ] Slave Address [ Rd [ A ] Data Byte Low | A ] Data Byte High | 7
[ A ] CRC8 [ N [ P ]
* When you do not read CRC 18, LSI data is not reliable. CRC i8 TATM ex: (5 bytes) 0x16, 0x09, 0x17, 0xC2,
OxOE  0Ox86
Write Word Protocol
| s | Slave Address [ Wr | A ] CommandCode [ A | f
| Data Byte Low [ A | DataByte High [ A | CRCi8 [ A ] P ]

* When you do not add CRC 18, the Written data (Data byte Low/High) become invalid.
CRC 8 TATM ex: (4 bytes) 0x16, 0x09, 0x55, OXAA  0x3B
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LC709203F

Wake Up from Sleep Mode

Sleep Mode

Enable 12C Disable 12C
Communication Communication

]

1

1

T

]

1 1

Twri ' -
1

: Twu R
T >
;
(Not to Scale)
Sleep Mode
Enable I2C Communication : Disable 12C Communication

SCL | ! |
/ ' Twr2 -
1 (o | 1
\ :
SDA ! // ! \
N | ' 1

L - 4

(Not to Scale) STOP Condition

Figure 7. | 2C Wake up Timing Diagram

To wake up from Sleep mode, and to sta€C | If the “Wake up condition” goes into disable, set SDA low
communicationHost side must set SDA low prior to tH€l to once again wake up from the Sleep mode prior tc’@e |
communication. The Fuel Gauge LSI enableC | communication. IDperational mode is set, it is possible to

communication after the TWU time period which is start BC communication without this “Wake up operation”.
measured from the falling edge of SDA, as above timing 5 o _
chart.This “Wake upcondition” is invalid for the following ~ Notice for | “C Communication Shared with Another

two cases: De\X}Ee he iC B hich the Fuel G LSl i
1. After TWRL1 timing following the falling edge of ent € us _(on which t © rue baude S
SDA, the Fuel Gauge LSI “Wake up condition” connected) ishared with another device the Fuel Gauge LSI

must ben its operation mode before the other Device starts

goes into autonomous disable. On¢@ | 5 T
[<C communication.

communication is started, the operation doesn’t go
into disable until the TWR2 timing has elapsed
after STOP condition (below case).

2. After TWR2 timing following ¥C Bus STOP
condition, the Fuel gauge LSI “Wake up
condition” goes into autonomous disable.
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Table 6. FUNCTION OF REGISTERS

LC709203F

Command Initial
Code Register Name R/IW Range Unit Description Value
0x04 Before RSOC w O0xAA55: Initialize RSOC Executes RSOC initialization with sampled T

maximum voltage when OxAAS55 is set.
0x06 Thermistor B R/W 0x0000 to OXFFFF 1K Sets B iconstant of the 0x0D34
thermistor to be measured.
0x07 Initial RSOC w O0XAA55: Initialize RSOC Executes RSOC initialization when 0XxAA55 T
is set.
0x08 Cell Temperature R 0x0000 to OXFFFF 0.1K Displays Cell Temperature 0xOBAG6
0.0°C = - 25°C
W 0x09E4 to 0x0D04 ((Jx0AAC) Sets Cell Temperature in I12C ( )
(12C mode) mode
0x09 Cell Voltage R 0x0000 to OXFFFF 1mv Displays Cell Voltage i
Ox0A Current Direction R/W 0x0000: Auto mode Selects Auto/Charge/Discharge mode 0x0000
0x0001: Charge mode
OxFFFF: Discharge mode
0x0B APA R/W 0x0000 to OXO0FF Sets Adjustment parameter )
(Adjustment Pack
Application)
0x0C APT R/W 0x0000 to OXFFFF Sets a value to adjust temperature 0x001E
(Adjustment Pack measurement delay timing
Thermistor)
0x0D RSOC R/W 0x0000 to 0x0064 1% Displays RSOC value based i
on a 017100 scale
O0xOF ITE (Indicator to R 0x0000 to Ox03E8 0.1% Displays RSOC value based T
Empty) on a 071000 scale
0x11 IC Version R 0x0000 to OXFFFF Displays an ID number of an IC T
0x12 Change Of The R/W 0x0000 or 0x0001 Selects a battery profile 0x0000
Parameter
0x13 Alarm Low RSOC R/W 0x0000: Disable 1% Sets RSOC threshold to 0x0008
0x0001to0x0064: Threshold generate Alarm signal
0x14 Alarm Low Cell R/W 0x0000: Disable 1mVv Sets Voltage threshold to 0x0000
Voltage 0x0001toOxFFFF: Threshold generate Alarm signal
0x15 IC Power Mode R/W 0x0001: Operational mode Selects Power mode (Note 6)
0x0002: Sleep mode
0x16 Status Bit R/W 0x0000: I2C mode Selects Temperature obtaining method 0x0000
0x0001: Thermistor mode
O0x1A Number of The R 0x0301 or 0x0504 Displays Battery profile code i
Parameter
NOTE: OxXXXX = Hexadecimal notation

6. See “Power-on Reset/Battery Insertion Detection” and Figure 17.

Before RSOC (0x04) “Before RSOC” command can obtain historical voltage
This LSI will get initial RSOC by Open Circuit Voltage data in-between Release reset and “Before RSOC”

(OCV) of a battery. It is desirable for battery current to be commandiming. And this command initializes RSOC with

lessthan 0.025C to get expected OCV. (i.e. less than 75 mAthe maximum battery voltage which was obtained. (See

for 3000 mAh design capacity battery.) This LSl initializes Figure 9)Don’t use this command if battery is charged in the

RSOC bymeasured battery voltage in initial sequence. (Seeterm.

Figure 8) But if reported RSOC after reset release is not

expected value, “Before RSOC” command (0x04 = AA55) Thermistor B (0x06) _
or “Initial RSOC” command (0x07 = AA55) can initialize SetsB-constant of the thermistor ke measured. Refer to

RSOC again. the specification sheet of the thermistor for the set value to
use.
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LC709203F

Initial RSOC (0x07) Cell Voltage (0x09)
The LSI can be forced to initialize RSOC by sending the  This register contains the voltage opp/1 mV units.
Before RSOC Command ¥04 = AA55) or the Initial

RSOC Command §D7 = AA55). Current Direction (Ox0A)
This register is used to control the reporting of RSOC. In

Auto mode the RSOC is reported as it increasekeoreases.
In Charge mode the RSOC is not permitted to decrease. In
Discharge mode the RSOC is not permitted to increase.
With consideration of capacity influence by temperature,
we recommend operating in Auto because RSOGQsstaf]
by the cell temperature. A warm cell has more capacity than
a cold cell. Be sure ntd charge in the Discharge mode and
discharge in the Charge mode; it will create an error.
An example of RSOC reporting is shown in Figures 11
and 12.

Figure 8. RSOC Automatic Initialization

Figure 10. Initial RSOC Command

Figure 9. Before RSOC Command

The LSl initializes RSOC by the measured voltage at that
time when the Initial RSOC command is written. (See
Figure 10). Thenaximum time to initialize RSOC after the
command is written is 1.5 ms.

Cell Temperature (0x08)

This register contains the cell temperature fi§20 C
(0Ox09E4) to +60C (0x0D04) measured in 0.C units.

In the Thermistor mode 16 = 01) the LS| measures the
attached thermistor and loads the temperature into the Cell
Temperature register. In the Thermistor mode, the
thermistor shall be connected to the LSI as shown in
Figure 2. The temperature is measured by having TSW pin
to provide power into the thermistor and TSENSE pin to
sense the output voltage from the thermistor. Temperature
measuremertiming is controlled by the LSI, and the power
to the thermistor is not supplied for other reasons except to
measure the temperature.

In the PC mode (&16 = 00) the temperature is provided
by the host processor. During discharge/charge the register
should beupdates when the temperature changes more than
1C

Figure 11. Discharge Mode
(An example with increasing in temperature. A warm
cell has more capacity than a cold cell. Therefore
RSOC increases without charging in Auto mode)
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