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BQ40Z80 X HI i) Impedance Tracking %% (faifR 1T 55 , ZEZR A LR =M1 Bk it E st )
FlRZE (RM) PDLEHEMH RS E (FCC) -

1) Chemical: i HLIESE (DOD) FHML A E (Qmax) .
2) Electrical: fEitt L (R &

3) External: fi#fE%E .,
T T B0 BAkgn ¥, A LLZ% (Theory and implementation of Impedance Track Battery) , iX
iR NGRS

1.2 Gauge KR#EHE

FESCERE I AR, Oy 7 RIGHER IR R, R, RS, 2 EX Gauge #EATIHE. KERIS
WEEAURFEE, B, REEE.

BHE B NN, B — o R RO AR R IR e, AT H YT A FE R A e, X — 553
KHER TR B,  BARRE T3 7] DL % BQ40Z80EVM User Guide H1f#) 3.3 Calibration Screen #5745 .

B ER N BRI UE, BT E AR TP G R AR FE L GUI B AN B A A SE R gk
AT, BT AIRATT 7 ELE AR S B AR T
1.2.1 FH-FEEE

IR T EFTR, 5EEVM DLRBEPEY & 1ER:, EEERNE Y =4k, Wil (battery Stack) |,
fE A1 78 B [0 % (Load and Charger) LA K EV2400.

BQ40Z80 &/ = CiBr 3
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To use on-board EV2400
Figure 2. EVM ZE&HiE
- FEBE

1.2.2

123

T 75 20K EV2400 F1E USB to 12C/SMBus/HDQ #: 1, et Hient Eib4T 49w FE, FrbARE 2 TIHREEK
SDK X, HARMIRAEIF 3 AT L2 (A Quick Start Guide to Program with BQTools SDK) iX
FeOCE, BIHE VR T U SRR RAA.

IHERFER

AR AL 5 T (BQ40Z80 Manufacture, Production, and Calibration) 5¢f%, calibration ]
PAAr B BA R JLAN R 47

1) BQ40Z80 i A\ calibration # 28,

2) HERSHE, 1% BL 2 AN Ha gt Veelll 2 Veell7 AR HELL K. PACK Voltage FIRHE, 43 5% NAER
(A6 2342 %8 Cell Gain 11 Pack Gain.

3) M EHE, XH FES N CC offset £, Board offset £ L K CC Gain K #E. CC Gain L
B PR, R XS SERR HLIR AR, SR N BRI T A7 4 CC Gain Al Capacity Gain.

1M CC offset fil Board offset #f /& 7E OA 54t T IR H#E, X HTET CC offset & X T W FEAC THEAS iE4T
K#E, Board offset /& X #Ept A7 e i, —Mekit, FRATEIWSERXS CC offset AT R:AE, XTI Board
offset HEAT I .

A) R FEREHE, 73 P S A T PR A SR S LA S A8 A L P A2 SRS AR A

BQ40Z80 &/ =fe/ttfCidar
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5) BQ40Z80 i& i} calibration (.
N LA Veelll B#EAE], ik AR IR P AIRE, Sk T4 U0 H 12 e A AR SR AR T

2 BEFRAERESIE

AFIFERT (BQ40Z80 Manufacture, Production, and Calibration) (%] 2.1 %5 ” Cell Voltage 1-6
Calibration” 5Eit, L FE5E SRS, 3 b 4 58 sl o

2.1 FFERHEER

1. printf("Enable Calibration . . .\n");
2. returnValue = SDKWriteSMBBlock(comChannel.dataPipeName, NMAC, cal_en, 2, 10,
GGTGTADDRESS) ;
3. if (returnvalue != 9)
{
4. PrintError(returnvalue);
5. puts("\nPress any key to exit.");
6. _getch();
7. return 1;
}
8. else
{
9. printf("\tDone\n");
}

F—AT NS I H s Enable Calibration”

AT NIT R RUHERL R, ¥ cal_en(0x002D)’5 A\ ManufacturerAcess() 2747 o, st <=1 8
ManufacturingStatus()  FI[CAL], #E AR HERL A

B=ATRIEE ST A AW TiEI SMBuUs SEEIEE, R L error B3 warning B, 2
SDKWriteSMBBIlock pFi#i<xiR 7] 0, #EEREF AT L4kt S HI error 80 warning i,
SDKWriteSMBBlock %< ik A1 0 {H, F-1H L&~ Press any key to exit, ##ATEE BT

+
4

2.2 EHEUADC i

1. printf("Get Raw Data From ADC_Voltage_ Current_Temperature . . .\n");

2. returnValue = SDKWriteSMBBlkReadBlk(comChannel.dataPipeName, NMAC, output_raw_data, 2,
10, NMAC, dataBlock _cal, BUFSIZE, &numBytesRead cal, GGTGTADDRESS);

3. if (returnvalue != 0)

{

4, PrintError(returnValue);

5. puts("\nPress any key to exit.");

6. _getch();

7. return 1;

}
BT NERE P ERE” Get Raw Data From ADC_Voltage Current_Temperature . ..” .

BQ40Z80 &/ = CiBr 5
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%5 47 K output_raw_data(0xF081)5 A\ ManufacturerAcess()Zrf7#s, it 7 LA ManufacturerData()
AP RAG T ADC 08, X BLA e 17—/ M4 dataBlock_cal, FRAFBUA ADC A i H ok
e . AR ] LS IR B PR, 72 BQ40Z80 TRM Hi# ECH231# (BQ40Z80
Manufacture, Production, and Calibration) H#5a] LAFRF,

The ManufacturerData() output format for OxF081 and 0xF082 is:
ZZY¥YaaAAbbBBccCCddDDeeEEffFFggGGhhHHiilljJJKkkKKILLMmMMMnnNNooQO,

where:
Value Format Description
77 byte §-bit counter, increments when raw ADC values are refreshed (every 250 ms)
YY byte Output status
ManufacturerAccess() = 0xF081: 1
ManufacturerAccess() = OxF082: 2
Ahaa 2's comp Current (coulomb counter)
BBbb 2's comp Cell voltage 1
CCcc 2's comp Cell voltage 2
DDdd 2's comp Cell voltage 3
EEee 2's comp Cell voltage 4
FFit 2's comp Cell voltage 5
GGgg 2's comp Cell voltage 6
HHhh 2's comp PACK voltage
i 2's comp BAT Voltage
Hiji 2's comp Cell current 1
KKKk 2's comp Cell current 2
LLIl 2's comp Cell curent 3
MMmm 2's comp Cell current 4
NNnn 2's comp Cell current 5
0000 2's comp Cell curent &

2.3 K#E ADC ¥

AwNnpR

5.
(0x%04X) '\n",

6.

® OV 00

1

11.

Figure 3. ADC raw data

printf("\tBytes returned: %d\n", numBytesRead _cal);
returnedAddress _cal = dataBlock cal[1] << 8 | dataBlock_ cal[@];
requestedReadAddress_cal = OxF081;

if (returnedAddress_cal != requestedReadAddress_cal)

¢ printf("\tReturned address (0x%04X) does not match the requested address
returnedAddress_cal, requestedReadAddress_cal);

}

else

{

printf("\t8-bit counter number: %d\n", dataBlock_cal[2]);

counter_num

dataBlock_cal[2];

printf("wait until 8-bit counter number increased by at least 2\n");

while (1)
{

returnValue =

SDKWriteSMBBlkReadBlk(comChannel.dataPipeName, NMAC, output_raw_data, 2, 10, NMAC, dataBlock_cal,

BUFSIZE, &numBytesRead_cal, GGTGTADDRESS);

BQ40Z80 &/ =i H
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12. printf("\t8-bit counter number: %d\n", dataBlock_cal[2]);
13. bit_counter_number_increment = dataBlock_cal[2] -
counter_num;
14. cycle_times++;
15. if (bit_counter_number_increment > 2)
{
16. break;
}

}
17. printf("\tCycle Times: %d\n", cycle_times);
18. printf("Get all the Raw ADC Data:\n");
19. printf("\tReturned Address: 0x%04X\n", returnedAddress_cal);
20. printf("\tFinal 8-bit counter number: %d\n", dataBlock_cal[2]);
21. printf("\tOutput Status: %d\n", dataBlock_cal[3]);
22. printf("\tData:\n");
23, printf("\t");
24. for (1 =1; i < 30; i++)

{
25. printf("ox%02X ", dataBlock_cal[3 + i]);

}
26. printf("\n");

2.4

—47 9% 4H dataBlock_cal [¥] raw data 35 o E Fiif b, 5 E A .

T IATZ AT raw data &K ) read block, LA raw data F a7 #0742 5 A B command 15 &,
Wt A& OXFO8L, 5 47 2|5 HATARS 2 A Wizt 1) raw data [RETH A2 command {E & 4 0Xf081,
WERAHAF, SERmE EE/R: Returned address (0x%04X) does not match the requested address.
X FHEE RN — SRS AT, AT E raw data 1 LSB MSB #4320 (81 FO) I #6#A
MSB LSB #z (FO81) k1T HIMi.

FNAT BTN AT NEEFRF 8-bit counter number SGIIME KT 2 25, FR#AT T —2#E. X B IERAE
=7 f#) application note EP%EU%‘%%JL%, FEFP 75T NTE S I Eos U H AT counter number [%(E,
ZJEHEHATRIE /ST while(L) a3 Rk, FIW-YIGMER T 2 55, BRHERS, kmidiaT 58t
.

G BAT RIS N7 RESR T Ron  raw data (98 FEUE, D7 @S, FTDAZRRE =RICE,
RHEAE——FER,

#5478 ADCVcelll {4

1. printf("Get Avg CelllVoltage\n");

2. returnValue = SDKWriteSMBBlkReadBlk(comChannel.dataPipeName, NMAC, output_raw_data, 2,
10, NMAC, dataBlock_cal, BUFSIZE, &numBytesRead_cal, GGTGTADDRESS);

3. counter_num_avgvol = dataBlock_cal[2];

4. while (1)

{

5. returnValue = SDKWriteSMBBlkReadBlk(comChannel.dataPipeName, NMAC,
output_raw_data, 2, 10, NMAC, dataBlock_cal, BUFSIZE, &numBytesRead_cal, GGTGTADDRESS);

6. CelllvVoltage = dataBlock_cal[7] << 8 | dataBlock_cal[6];

7. if (CelllVoltage < 0©x8000)

{
8. ADCcelll = CelllVoltage;

BQ40Z80 &/ = CiBr 7
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}
9. else
{
10. ADCcelll = CelllVoltage - OxFFFF - 0x0001;
}
11. SumCelllVoltage += CelllVoltage;
12. bit_counter_number_increment_avgvol = dataBlock_cal[2] -
counter_num_avgvol;
13. cycle_times_avgvol++;
14. if (bit_counter_number_increment_avgvol>1)
{
15. break;
}
16. AvgCelllVoltage = SumCelllVoltage / cycle_times_avgvol;
17. printf("\tCycle Times: %d\n", cycle_times_avgvol);
18. printf("\tAverage Cell 1 Voltage(2's complement) = ©x%04X\n", AvgCelllVoltage);

2.5

F—AT RIS R 2R H Get Avg CelllVoltage.

2B AT R 5 =47 AELEL 8-bit counter number FME, FF HAFAZ] counter_num_avgvol ZZ &+, {R1F 8-
bit counter number ¥J 4418

VAT RIS T 104708 while(L) PR e 5, HIRLE T3R5 ADC H i Veelll 67 H 2 I, 3R15 311y
fH, FERkErL.

HAp 3 AT M35 /N 47723715 ADCVeelll fE Y.

FELATREE TR BTN, a5 Veelll /T 0x8000, #i%H ADC RIS Veelll {8, 75 5% H
Vcelll= - (OXFFFF - BBbb + 0x0001). iX— it {(BQ40Z80 Manufacture, Production, and
Calibration) A iFE4H4HA

B —4TRE AT N2 EUE, E# 8-bit counter number ¥Ehn 1 A= 1E, 3 HiE
cycle_times_avgvol SRICFKIEMXRE . TifE fm-FAE .

AT AR, IR AR AR\ S AvgCelllVoltage H.
FH-BAT IS A )\ AT N AE S B SR A OB L K4 S ) ADCVeelll A .

KB LN E Veelll &

printf("Please Input Your CelllVoltage\n");
printf("\tCelllVoltage(mVv) = ");
scanf_s("%d", &input_celllvoltage);

Vcelll = input_cellilvoltage;

printf("\tTurn into HEX(mV): %X\n", Vcelll);

RRMEE K ADCVeelll {HAE IE N SEPRI, HSEH Veelll {5, AT LUK 3 FH 2 sl HAb A S bm Il &

Veelll, HSRIMERASI Ao, B2 5 —17 2058 AT HAT I ThRE, 58 PUAT I3 AT R Veelll
Rt oNadt i, 7 R LA 5

uih WN R

BQ40Z80 &/ =i H
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2.6 tHEF Cell Gain

1. printf("Calculate Cell Gain Value\n");

2. Cell Gain = (Vcellil*1.0 / AvgCelllVoltage*1.0) * 65536;
3. Cell Gain_int = (unsigned int)(Cell_Gain);

4. printf("\tCell Gain(HEX) = : %X\n", Cell_Gain_int);
5. Cell Gain_intH = Cell _Gain_int / 256;

6. Cell Gain_intL = Cell _Gain_int % 256;

7. write_cell gain[@] = 0x00;

8. write_cell gain[1] = 0x40;

9. write_cell gain[2] = Cell_Gain_intL;

10. write_cell gain[3] = Cell_Gain_intH;

11. printf("\tCell Gain(DEC) = : %d\n", Cell _Gain_int);

X — B ARG A AT W @SBRI K Veelll LA ADC HF) Veelll I{E, 153 7 458 Szhrill
R Cell Gain.

ARAG S IUAT B 3+ — AT 2 78 S b Bos Rk R Ao R R Cell Gain A . A 2847
FIAE J\ATHERT S [ 0x00 F11 0x40 23218 LSB MSB I FHEF,  %F M [ 27 /£ %8 4 0x4000, Wk
BQ40z80 ] Data Flash ' Cell Gain fjihik.

2.7 EBURLE Cell Gain

1. printf("Get Original Cell Gain\n");

2. returnValue = SDKWriteSMBBlkReadBlk(comChannel.dataPipeName, NMAC,
DF_Data_0x4000_0x4020, 2, 10, NMAC, dataBlock_origin_©0x4000_0x4020, BUFSIZE, &numBytesRead_cal,
GGTGTADDRESS) ;

3. Origin_Cell _Gain = dataBlock_origin_0x4000_0x4020[3] << 8 |
dataBlock_origin_0x4000_0x4020[2];
4. printf("\tOringin Cell Gain(HEX) = : %X\n", Origin_Cell_Gain);

5. printf("\tOringin Cell Gain(DEC)

X—BARAYL I H /& 2B Gauge [ Data Flash H1 5451 Cell Gain H{E, SERRARUELFE AT DLE X — B
AR R, X SEPR R A S

¢ %d\n", Origin_Cell_Gain);

2.8 HAF Cell Gain

1. printf("Get Modified Cell Gain\n");

2. returnValue = SDKWriteSMBBlock(comChannel.dataPipeName, NMAC, write_cell gain, 4, 80,
GGTGTADDRESS) ;

3. returnValue = SDKWriteSMBBlkReadBlk(comChannel.dataPipeName, NMAC,

DF_Data_0x4000_0x4020_modified, 2, 80, NMAC, dataBlock_modified_©x4000_0x4020, BUFSIZE,
&numBytesRead_cal, GGTGTADDRESS);

4. Modified Cell Gain = dataBlock modified 0x4000 0x4020[3] << 8 |
dataBlock_modified_0©x4000_0x4020[2];
5. printf("\tModified Cell Gain(HEX) = : %X\n", Modified_Cell_Gain);

6. printf("\tModified Cell Gain(DEC)

X —BACHS 1 H I E BB Cell Gain, & itt, Vceelll IR HE T/E C 243 58 o

¢ %d\n", Modified_Cell _Gain);

BQ40Z80 &/ = CiBr
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3 BIERAESR

10

8-bit counter number: 109

8-bit counter number: 11@

Cycle Times: 17

the Raw ADC Data:

Returned Address: @xFesl

Final 8-bit counter number: 118

Output Status: 1

Data:

Ox01 ©xe8 Ox6C Ox56 Ox60 Ox56 Bx6A Ox56 Ox64 ©x56 Bx66 Ox56 B@x5B ©x56 BxSA oOx47
Ox00 Ox00 Ox02 ©x08 oxFB

CelllVoltage

Cycle Times: 15

Average Cell 1 Voltage(2's complement) = 8x566D
Please Input Your CelllVoltage

CelllVoltage(mV) = 3400

Turn into HEX(mV): D48
Calculate Cell Gain Value

Cell Gain(HEX) = : 2757

Cell Gain(DEC) = : 10071
Get Original Cell Gain

Oringin Cell Gain(HEX) =

Oringin Cell Gain(DEC) =
Get Modified Cell Gain

Modified Cell Gain(HEX) =

Modified Cell Gain(DEC) =

Completed. Press any key to exit.

Figure 4. REKHELR

h Battery Management Studio ( bgStudio ) 1.3.86

File View Window Help
e
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ENSRSTESRSORERSISGN | Data Memory
bgStudio Version: 1.3.86
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Figure 5. BqStudio K42
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Figure 6. SERrilliRgE R

P VY S5 7 )t A 3 AR SR e v 5 i I 7T, Modlified Cell Gain(DEC) = 10071 % B HE 5 i Cell

Gain y 10071. HIRif{J7E BqStudio #1477 Data Memory #1i, #iik Cell Gain #iSzf&8C N T 10071,

WERHER S . BRSNSl Ay 20.39V, 1 EAIHLEE HRIOEHEMYI& . DL b

B3 Veelll fAR e, Hoth Cell B s A vHE DA S FE IR RN P O RS HE ] DA S B AR SC TR ARG =5, 2R
(BQ40Z80 Manufacture, Production, and Calibration) 23K K 58 i -

2% 3R

BQ40z80 datasheet (SLUSBV4B)

BQ40Z80EVM User Guide (SLUUBZ5)

Theory and implementation of Impedance Track Battery (SLUA450)
BQ40z80 Manufacture, Production, and Calibration (SLUA868)

PN

BQ40Z80 &/ =it/ Cidr 11
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