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9203F**= Specific Device Code

** = 01 (LC709203FQH-01TWG)
02 (LC709203FQH-02TWG)
03 (LC709203FQH-03TWG)
04 (LC709203FQH-04TWG)

AS = Assembly Location
WL = Lot Number
YW = Work Week
= = Pb-Free Package

(Note: Microdot may be in either location)
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Y = Year

M = Month Code

XXX = Lot Number

. = Pb-Free Package

(Note: Microdot may be in either location)
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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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Table 1. PIN FUNCTION

WDFN8 WLP9 Pin Name 1/0 Description
1 1B TEST | Connect this pin to Vgs.
2 1A Vssg - Connect this pin to the battery’s negative (-) pin.
3 3A Vpp - Connect this pin to the battery’s positive (+) pin.
4 2A 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 Vgg when not in use.

5 3B 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 3C TSENSE | Thermistor sense input. If you connect this pin to thermistor, insert 100 Q resistance
between them for ESD. (Note 1)

7 1C SDA 1/0 I2C Data pin (open drain). Pull-up must be done externally.

8 2C SCL 1/0 I2C Clock pin (open drain). Pull-up must be done externally.

- 2B NC - Don't care.

1. Tsw and Tsgnsg must be disconnected as Figure 1 when not in use.

Table 2. ABSOLUTE MAXIMUM RATINGS (Ta = 25°C, Vgg =0 V)

Specification

Parameter Symbol Pin/Remarks Conditions Vpp (V) Min Typ Max Unit
Maximum Supply Voltage Vpp max Vbbp - -0.3 - +6.5 \
Input Voltage V| (1) TSENSE - -0.3 - Vpp + 0.3
Output Voltage Vo (1) Tsw - -0.3 - Vpp + 0.3

Vs (2) ALARMB - -0.3 -
Input/Output Voltage Vio (1) SDA, SCL - -0.3 - +5.5
Allowable Power Dissipation Pd max WDFN8 Ta=-40t0 - - - 480 mw
WLP9 +8e7C - - - 210

Operating Ambient Temperature Topr - -40 - +85 °C
Storage Ambient Temperature Tstg - -55 - +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.

(BEEY)

gﬁiﬁiﬁﬁﬂ%kgﬁmaz%*ﬁllﬂjﬂwﬁﬁ, FEFARESTIR. MREIEAXLRE, BREREREIGRE, TRSSESEHRT, 2N
Al FE T

Table 3. ALLOWABLE OPERATING CONDITIONS (Ta = -40 to +85°C, Vs =0 V)

Specification
Parameter Symbol Pin/Remarks Conditions Vpp (V) Min Typ Max Unit
Operating Supply Voltage Vpp (1) Vbp - 2.5 - 4.5 \%
High Level Input Voltage Vg (1) TSENSE 25t04.5 | 0.7 Vpp - Vbp
Vi (2) | ALARMB, SDA, SCL 251045 1.4 - -
Low Level Input Voltage ViL (@) Tsense 251045 Vss - 0.25 Vpp
ViL(2) | ALARMB, SDA, SCL 251045 - - 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.

EENTIESGE

%?#&%IVE;‘*@EI%%%EP%EUE&EN, AMRIEREBERIEZIT. KNEEEFELEEERBPAEEEUIMIBETET, TSR
e,
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Table 4. ELECTRICAL CHARACTERISTICS (Ta = -40 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 - - 1 uA
(including output
transistor off leakage
current)
Low Level Input Current i (1) SDA, SCL V|n = Vss 25t045 -1 - -
(including output
transistor off leakage
current)
High Level Output Voltage | Vop (1) Tsw loy=-0.4 mA 3.0t04.5 |Vpp-0.4 - - \%
Vou (2) loy=-0.2 mA 25t04.5 |Vpp-04 - -
Low Level Output Voltage VoL (1) Tsw loL=3.0mA 3.0to 4.5 - - 0.4
ALARMB,
VOL (2) SDA, SCL IOL =1.3mA 2.5t04.5 - - 0.4
Hysteresis Voltage VHYS(1) SDA, SCL 25t045 - 0.1 Vpp -
Pin Capacitance CP All pins Pins other than 25t04.5 - 10 - pF
the pin under test
VIN = Vss
Ta=25°C
Reset Release Voltage VRR Vpp - - 2.4 \%
(Note 2)
Initialization Time after TiNT 24t045 - - 90 ms
Reset Release (Note 2)
Auto Sleep Set Time TaTS 24t045 - 1 1.2 s
Time Measurement Tme Tp=-20°Cto +70°C | 2.5t04.5 -35 - +3.5 %
Accuracy
Consumption Current Iop (1) Vpp Operational mode 25t04.5 - 3 4.5 uA
(Note 3)
Iop (2) Sleep mode 25t04.5 - 1 2
Voltage Measurement Vve (1) Vbp Tp=+25°C 3.6 -7.5 - +7.5 mVi/cell
Accuracy
Vme (2) Tp=-20°Cto +70°C | 2.5t04.5 -20 - +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.

(B%E:E

FMAESAULE, “BSHN” REPIIHHZMATIMRZGTH~REESE. MREFEEHETIET, mRMERES “"BERE” Ri§
hEFIt RSB —H.

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

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

WWww.onsemi.cn
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Table 5. 12C SLAVE CHARACTERISTICS (Ta = -40 to +85°C, Vs = 0 V)

Specification
Parameter Symbol Pin/Remarks | Conditions Vpp (V) Min Max Unit
Clock Frequency TscL SCL - 400 kHz
Bus Free Time between STOP condition TguF SCL, SDA (See Figure 5) 1.3 - us
and START condition
Hold Time (repeated) START condition. THD:STA SCL, SDA (See Figure 5) 0.6 - us
First clock pulse is generated after this
interval
Repeated START Condition Setup Time Tsu:sTA SCL, SDA (See Figure 5) 0.6 - us
STOP Condition Setup Time Tsu:sTo SCL, SDA (See Figure 5) 0.6 - us
Data Hold Time THD:DAT SCL, SDA (See Figure 5) 0 0.9 us
Data Setup Time Tsu:DAT SCL, SDA (See Figure 5) 100 - ns
Clock Low Period TLow scL (See Figure 5) | 221045 13 - us
Clock High Period THIGH SCL (See Figure 5) 0.6 - us
Clock/Data Fall Time Te SCL, SDA 20+ 0.1Cg 300 ns
Clock/Data Rise Time TR SCL, SDA 20+ 0.1Cg 300 ns
Wake Up Time from Sleep Mode Twu SDA (See Figure 6) - 400 us
SDA Low Pulse Width to Wake Up Tsp SDA (See Figure 6) 0.6 - us
Wake Up Retention Time from the Falling T SDA (See Figure 6) 500 - ms
Edge of SDA WR1
Wake Up Retention Time from STOP T SCL, SDA (See Figure 6) 500 - ms
Condition WR2
[ Xl [
A | \F T )
SDA | )\ | b [\
| ol Fk I -
"y t ! X |
i O g ey - |
] o > - K || ||
! [ ' 1 "
Y v ' vRY Y [ I [
scL | ) ' AR LR | vl (I (.
| 1 | = = = = = - ! | X | o | X | | |
I - | = typ:sTA > e - tsu;sTA I | tsu;sTO B I - I |
| tHD;DAT tHiGH | | |
LS. LS. LP LS

Figure 5. I2C Timing Diagram

WWww.onsemi.cn
6



http://www.onsemi.cn/

LC709203F

IPCiB &l

Communication protocol type: 12C

Frequency: Supported up to 400 kHz
IC address [Slave Address]: 0x16 (It becomes “0001011X” when you write a binary, because the slave address is 7 bits. [X] = Rd/Wr.)

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

CRC-8 : Slave Address to Last Data (CRC-8-ATM : ex.3778 mV : 0x16, 0x09, 0x17, 0xC2, OxOE g 0x86)

Master-to-Slave
Slave-to-Master
Continuation of protocol

Read Word Protocol

| S | Slave Address [ Wr [ A ] CommandCode [ A |
[ sr ] Slave Address [ Rd [ A ] Data Byte Low | A ] Data Byte High |
I A ] CRC-8 | N P |
* When you do not read CRC-8, there is not the reliability of data. CRC-8-ATM ex: (5 bytes) 0x16, 0x09, 0x17, 0xC2,
OxOE — 0x86

Write Word Protocol
| [S | Slave Address | Wr | A ] CommandCode [ A |

| Data Byte Low [ A | DataByte High | A | CrRC-8 [ A P ]

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

www.onsemi.cn
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Table 6. FUNCTION OF REGISTERS

LC709203F

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

maximum voltage when OxAAS5S5 is set.
0x06 Thermistor B R/W 0x0000 to OXFFFF 1K Sets B-constant of the 0x0D34
thermistor to be measured.
0x07 Initial RSOC w O0XAA55: Initialize RSOC Executes RSOC initialization when 0XxAA55 -
is set.
0x08 Cell Temperature R 0x0000 to OXFFFF 0.1K Displays Cell Temperature OxOBAG6
(0.0°C = - (25°C)
W 0x09E4 to 0x0D04 0X0AAC) Sets Cell Temperature in 12C
(12C mode) mode
0x09 Cell Voltage R 0x0000 to OXFFFF 1mv Displays Cell Voltage -
0x0A 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 Ox00FF 1mQ Sets Parasitic impedance -
(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 0x0000 to 0x0064 1% Displays RSOC value based -
on a 0-100 scale
OxOF ITE (Indicator to R 0x0000 to 0X03E8 0.1% Displays RSOC value based -
Empty) on a 0-1000 scale
0x11 IC Version R 0x0000 to OXFFFF Displays an ID number of an IC -
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 4)
0x0002: Sleep mode
0x16 Status Bit R/W 0x0000: 12C mode Selects Temperature obtaining method 0x0000
0x0001: Thermistor mode
O0x1A Number of The R 0x0301 or 0x0504 Displays Battery profile code -
Parameter
NOTE: OxXXXX = Hexadecimal notation

4. See “Power-on Reset/Battery Insertion Detection” and Figure 16.

RSOC (0x04)8i

FHEAMI0ZR)E, HLSEESREUT I H L (OCV)iE
¥, LIVIEEILRSOC (2 WET).

5, WHE K IE“RSOCH]T” fir 4 (0x04 = AA55)
W UEERSOC i 4 (0x07 = AABS), SRifIILSIHIUA1L
RSOC. % ZL3k U H it 5 A% 5 3B s AOCV i 4L,
A RER RV UG Ak I HE B 1 (R 25/ 1-0.025C) o (B X T
WIT7¥ 53000 mAhT LI, RZE /D75 mA).

B N“RSOCH "y &I, LSEEd M _F o & A7 5 4]
ga 1k B B Ay A W R B &K H R, WU LRSOC .
(= ILIE8).,

e FEB (0x06)
WEAFMAGHEEEHB. ST EMHNKE
1, TEZ R AR,

FHBERSOC (0x07)
A3 i R 16RSOCHI iy 4 (0x04 = AASS) B 4] 4f 1L,
RSOC+i4(0x07 = AA55), 5Rifi|LSI¥]I41LRSOC.

WWww.onsemi.cn
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Table 7. TYPICAL APA

APA(0x0B)
Design
Capacity | Type-01,
of Battery | Type-03 | Type-06 | Type-04 | Type-05
100 mAh 0x08 0x0D - -
200 mAh 0x0B 0x15 - -
500 mAh 0x10 0x20 - -
1000 mAh 0x19 - - -
2000 mAh 0x2D - - -
3000 mAh 0x36 - - -
2600 mAh - - Ox1A 0x0D
Application Battery Pack
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Figure 13. An Example fo a Capacitor Across
the Thermistor
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LD B S, TS A4 24085 14(0x12) 5 Lk
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R BT W B 284 g, 18 B 2D I 28 5 ds S
o WIRTE, WEI IS,

WIS TV IR BB E SO, IR KRR
EH TR

Number of Change of
Battery Nominal/Rated Charging Design the Parameter the Parameter

IC Type Type Voltage Voltage Capacity (0x1A) (0x12)
LC709203Fxx—01xx 03 3.8V 435V > 500 mAh 0x0301 0x0000
01 3.7V 4.2V - 0x0001

LC709203Fxx—03xx 06 3.8V 435V <500 mAh 0x0601 0x0000
01 3.7V 4.2V - 0x0001

LC709203Fxx—04xx 05 ICR18650-26H (SAMSUNG) 0x0504 0x0000
04 UR18650ZY (Panasonic) 0x0001
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LC709203F

LC709203FQH-0XxTWG

Initialization

Reset

Operation Mode

LC709203FXE-O0xMH

Reset Initialization Operation Mode Sleep Mode

(Not to Scale)

Figure 16. Power On Timing Diagram

LC709203FQH-0XTWG

0x12

Command Initialization Operation Mode

SCL

-
F

1

1

SDA /o
1

1

| I

Stop Condition

LC709203FXE-0xMH

0x12

Command Initialization Operation Mode Sleep Mode

SCL
Tats

-

SDA

| I D |
Stop Condition
(Not to Scale)

Figure 17. Timing Diagram after 0x12 Command
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LC709203F

Application Fmmm oo == - -
AN L AAA (111
a}
[a)
>
Battery
Application or
Processor LC709203F Battery Pack
%]
2]
>
AN —— W\ [—1

, The components that the resistance must be measured.

Figure 18. An Example fo Parasitic Resistance
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Input SDA Pulse
(Note 5)

Set 0x0001
to Register 0x15
(Note 5)

Set 0xZz2z2zZ
to Register 0x0B

Set 0x000Z
to Register 0x12

Input SDA Pulse
(Note 7)

Set 0x0001
to Register 0x15
(Note 7)

Set 0xzZz2z2z
to Register 0x0B

Set 0x000Z
to Register 0x12

Wake Up from
Sleep Mode

Set Operational
Mode

Set APA

Set Battery Profile

LC709203F

BERIRIE
_____________ |
! ! Set OXAA5S5
— = Initial RSOC ! to Register 0x04 or 0x07
) i+ (Note 6)
L e e e == = l _______
Set Thermistor Set 0x0001

Mode to Register 0x16

Set 0xZ2zzzZ
to Register 0x06

Set B-constant
of Thermistor

Initialization End

5.

It's unnecessary if initial power mode is
Operational mode.

SDA pulse can be substituted in some kind of
commands.

Ex: Input “Set Operational mode” twice.

It's unnecessary if OCV can be get at automatic
initialization.

Figure 19. Starting Flow at Thermistor Mode

Wake Up from
Sleep Mode

Set Operational
Mode

Set APA

Set Battery Profile

' i+ Set OXAA55
: Initial RSOC ! to Register 0x04 or 0x07
) , (Note 8)
Set via 12C Set 0x0000
Mode to Register 0x16

Set 0xZZ7Z

Set Temperature to Register 0x08

Initialization End

7.

It's unnecessary if initial power mode is
Operational mode.

SDA pulse can be substituted in some kind of
commands.

Ex: Input “Set Operational mode” twice.

It's unnecessary if OCV can be get at automatic
initialization.

Figure 20. Starting Flow at 12C Mode
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LC709203F

AR

Each Temp. Discharge [ Remaining(real) ¥ Remaining(disp.) )

100 90 g0 70 G0 50 40 30 20 10
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100 ; ;
— 0°C discharge
90 | — 25°C discharge
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; | ' | ' | | | |
— 60 F
O
.n
% 50
=
=
g a0 -
@
o
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100 90 30 7a 50 50 40 30 20 10 0
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Figure 21. Discharge Characteristics by Temperature Change
Each Load Discharge [ Remaining(real) ¥ Remaining(disp.) )
100 i f 1
— 500mA discharge
90 — 750mA discharge
— 1000mA discharge
80 ~——1250mA dischargs
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Figure 22. Discharge Characteristics by Load Change
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10

LC709203F

AR

1400 - . - 3800
Ta=25"C

1350 Battery: 1200mAh,3.7V(4.20V)

1300

- 3600

1250 3400

1200
4

3200
1150

3000
1100

Y e ==

1 Cycle

Full Charge Capacity{mAh)

Figure 23. Discharge/Charge Cycle

RSOC (%)
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40
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20

10

¢ \
| ! 1050 2800
1
' H 1000
' : 2600
i i 950
1 1
1
: 900 | . - 2400
Time 0 100 200 300

Cycle count

Figure 24. Battery Capacity Deterioration

] — —_—100 |

b —200 300 |

! Number = Cycle Count |

. ,Téézsoc,é,,,,,,,,,, rrrrrrrrrrrrrr 3 rrr'l'—rrnertoemr?tyrwnh 1C

J Battery:1200mAh,3.7v(4.20v) . w IR
Discharge: 1200mA(1C) |

0 500 1000 1500 2000 2500 3000 3500

Discharge time(sec.)

Figure 25. Discharge Characteristics of Deterioration Battery

www.onsemi.cn
18

Time to empty with 1C {sec.)


http://www.onsemi.cn/

LC709203F

AV
100
\\ — Measured
—|deal | ___
Q0 -.._‘__\\ ea
P —
T —
T 1 —
80 : -
—

:\3 rl‘rr’ ‘%
QO 70
Q
()]
o

60

50 Ta=25°C

Battery:3740mAh,3.8V
Discharge: 374mA/1hout(0.1C)
40
0 2000 4000 6000 8000 10000

Table 9. ORDERING INFORMATION

Discharge time(sec.)

Figure 26. Convergent Characteristic from the Initialize Error
This Graph is the Example for Starting Point 48% (Includes 52% Error Case) Instead of 100% (No Error)

Device

Package

Shipping®

LC709203FQH-01TWG

WDFN8 3x4, 0.65P
(Pb-Free / Halogen Free)

2,000/ Tape & Reel

LC709203FQH-02TWG

WDFNS8 3x4, 0.65P
(Pb-Free / Halogen Free)

2,000/ Tape & Reel

LC709203FQH-03TWG

WDFNS8 3x4, 0.65P
(Pb-Free / Halogen Free)

2,000 / Tape & Reel

LC709203FQH-04TWG

WDFN8 3x4, 0.65P
(Pb-Free / Halogen Free)

2,000 / Tape & Reel

LC709203FXE-01MH

WLCSP9, 1.60x1.76
(Pb-Free / Halogen Free)

5,000 / Tape & Reel

LC709203FXE-02MH

WLCSP9, 1.60x1.76
(Pb-Free / Halogen Free)

5,000 / Tape & Reel

LC709203FXE-03MH

WLCSP9, 1.60x1.76
(Pb-Free / Halogen Free)

5,000 / Tape & Reel

LC709203FXE-04MH

WLCSP9, 1.60x1.76
(Pb-Free / Halogen Free)

5,000 / Tape & Reel

TFor information on tape and reel specifications, including part orientation and tape sizes, please refer to our Tape and Reel Packaging
Specifications Brochure, BRD8011/D.

(FE):  ICRETTRERRITAE A SRR 57 . IR A BLE B IEMII LS, ISR R B B AL

www.onsemi.cn
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LC709203F

PACKAGE DIMENSIONS

WDFNS8 3x4, 0.65P
CASE 509AF
ISSUE C

Pt L
oA U

ALTERNATE
CONSTRUCTIONS

EXPOSED Cu MOLD CMPD

DETAIL B
ALTERNATE
CONSTRUCTIONS

SEATING
PLANE

@l ot0[c|[AlB

HITHEN

|
|
-—+
|
|
i
[1 !
8 T
2

BOTTOM VIEW

LT
0.65 +| L 0.35
PITCH  DIMENSIONS: MILLIMETERS

NOTES:

1. DIMENSIONING AND TOLERANCING PER
ASME Y14.5M, 1994.

2.
3
AND

CONTROLLING DIMENSION: MILLIMETERS.
. DIMENSION b APPLIES TO PLATED TERMINAL

IS MEASURED BETWEEN 0.15 AND

0.30mm FROM THE TERMINAL TIP.
4. PROFILE TOLERANCE APPLIES TO THE
EXPOSED PAD AS WELL AS THE LEADS.

A

DIM| MIN | MAX

[MILLIMETERS

0.80

Al

0.00 | 0.05

A3

0.20 REF

b

0.20 | 0.30

D

3.00 BSC

D2

1.70 | 1.90

E

4.00 BSC

E2

2.30 | 2.50

e

0.65 BSC

L

0.45 | 0.55

L1

-—- [ 010

RECOMME

e 1.96 >

NDED

SOLDERING FOOTPRINT*

8X
v 0.70

J—l )

——

00
I

i

17— 256 4.30

'

/

*For additional information on our Pb—Free strategy and soldering
details, please download the ON Semiconductor Soldering and

0.10

Al]

R L

0.05

C

NOTE 3

www.onsemi.cn
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LC709203F

PACKAGE DIMENSIONS

WLCSP9, 1.60x1.76

CASE 567JH
ISSUE B
I B] NOTES:
PIN AL 1. DIMENSIONING AND TOLERANCING PER
REFERENCE | ASME Y14.5M, 1994.
| 2. CONTROLLING DIMENSION: MILLIMETERS.
X 3. COPLANARITY APPLIES TO THE SPHERICAL
CROWNS OF THE SOLDER BALLS.

| DIM| MIN MAX

1 _|_ — ? MILLIMETERS

A 0.51

2x|™] 005 | C ! AL | _0.09 | 0.19
b 0.20 0.30
D 1.60 BSC

2x[f 005 TOP VIEW —
e .

BACKCOAT A
] ow]c J i RECOMMENDED
| |_L SOLDERING FOOTPRINT*

alo00sc = 44
Al SEATING 4@ 4@ —<-9_| PACKAGE

NOTE 3 SIDE VIEW CJ PLANE rf OUTLINE

won 1 [ L@@@

@ g:gg g A|B|c \@ {3—@ PI'?gIEI)] A_j%;ql)t__oigvgo.%
B \i/ \J:@'_' '

|
A @.{9._@- DIMENSIONS: MILLIMETERS

*For additional information on our Pb—Free strategy and soldering
1 2 3 details, please download the ON Semiconductor Soldering and
BOTTOM VIEW Mounting Techniques Reference Manual, SOLDERRM/D.
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