i TEXAS Application Note
INSTRUMENTS ZHCACI6 — 3. 2023

BQ76952 MW/H A& 4 /7t T I #1182 i1 5 I8

JF A Jayden Li | 5 77% Ryan Tan FAE East China / SE PDS

ABSTRACT

BQ76952 # FIMLILLHT i [y B A RIERG iy, g R, ke, RIIIREFE, SR
Fe bW, SCRF 3-16S HiL, IHTRE S RAE Lﬁﬁﬁtﬁﬁﬁ%ﬁf/zf“ﬁﬁﬁ%iﬂﬂﬁiéi HETH, /-
Mt RESE Z AN ) BMS J5 % (ES2 M BQ76952 fEAR SR H - &I, 2 HILEDH
O P RS S BRI R, SRR . A SCRERRT BQ76952 I HIFE IR A H i it 1
& I 1 o 2 ORI R R HEAT 04, 4 s TR i

Contents
1 E R R R IR A A oottt re e 2
1L EHIAREBTHIIEIRL oottt ettt 2
1.2 H A BTG oottt 2
2 EHIBE T TIYE oottt 3
2.0 BEBIEIHT oottt ettt ae et ne et ene s 3
2.2 FEBIEMT oot r ettt r ettt ettt ne et ene s 3
2.3 BQT76952 FIIMITT IR oottt ettt ettt e 4
3 BQ76952 ZEMREEBUEEMAL A IIER oottt 5
T B L Tl £ T 5
3.2 AR BB 5 A LA AT oo 6
3.3 RAEIIME B A EUAR I B IR 20T o 7
3.4 RABINE  Z EUAR AL TTTE o 7
A BFETUBR .oooeoeeeeeeeeeeee ettt b ettt b ettt a ettt s ettt e et ne s 12
Figures
T O =T T =< R 5 . 111 7= -SRI 3
Figure 2. BRBUBEBIIIETELER ....oooooee et 3
Figure 3. B ml BB B IR ..o, 4
Figure 4. BQ76952 P R B FE B ..o 4
Figure 5. BEESEIBEBETE ..ottt 5
Figure 6. BB BTIEBEIT N oot 6
Figure 7. 5S B G T ENEIBT EZTH oot 6
Figure 8. BQ76952 MeasuremMent LOOP........ccuuiiiiiiiiiiiiiiiiieeeeeeeeeeeee e 7
Figure 9. %7 [CB_LOOP_SLOW_1, CB_LOOP_SLOW_0]=[1,1] .cceeceevererrereereererrereanan 8
Figure 10. RABSEFEIETTIN oot 9
Figure 11. BJEITE MAIEBE T IR oo 10
Figure 12. UETE 258 ST T IR (oo 11



i3 TExAS
ZHCACI6 INSTRUMENTS

1 HEWABERNREREELGEE

AT E BB E A E B A, DU AN T s R 1 fa
1.1 HMAHERNRE

JRAK—: FECR A BN

a1~ PR AR RRIE S, RS A A AT 4R B AL FEUES ) R — B, B R
AR RIRCR n A8, 2 SEEJRIHREA %

1 t
Aﬂﬂ=ﬂm—aﬁn@Mm@MT

JRA = i R i F IR AN R
ES2hreh, R TSR R A B0, TGRS R R
lnet(t) = lapp(®) + Lserf—discharge () + lieakage(t)
o,
lapp 9 FELV G178 FRLSC R IR, RS R LSS R IGOE B, PiTBA— 3.
iselr-discharge A FELUS E TBCHEL FELIAL, - RN AS [R] RS B VR AR AE M Z2 5, DRI AS [ RS 1 T AN — 3

lleakage JYIE I BMS HLES I tH IR HLIAL, A SRl BMS HUBE I AEAE — @ A — 2k, BRI A 6] fs 1
R A2 .

g b, WL USRS A A — B R S TR AN K i ) E R A
JER = AR A —5

FE— A, ASE S B LA R TS BUBA R A AN, BRI B2 (R SRR 22 5, T
Fad g R RCR,  EBCE RN AR A 5, R, IR E A — SOt 2 e s
A

JEPEIDY . P AR B 1 22

HFHIE L ZWRE, Al 5| N—ERENA—3E, Rt THEEAGIHARERSE
— AR ZE .

1.2 HWAHEREE

0 Figure 1 s, BEE AR RM, RS2 FEEZFSBORBOR, EARBOSEER, B4
AT Ry 100% L, TR ZE T HLEE 0% &, AT S B Rt A I Se Pl I o 0, BEAS
RE L [AD 0T RS TR FL, AN BE S [ X A HE

2 BQ76952 771k ABEL I CIhT B AT T i 1B 8



I3 Texas
INSTRUMENTS ZHCACI6

socC

@ Good Cell === WeakCell

Figure 1. HMARBEHIfHE

2 HMyEKEEFE
H A T b = R v YA T 0 Sk Bl A A B S AR Ty 3, AT 3 X IR B R I O iR T A
2.1 #shHfg

WEBh YT e 7 A A ) P R P 22 AR 1 F RS L P PH LA AT QT e, AT S Rt 2o i R 24 187 5
o Figure 2 fIrzm oy — it 3 (R4 5 327 s 7

Ree

Cell 2————
I_Scaz
Res1

Cell 1 _—
|_5c51

Figure 2. S RIPEFhIMT B

*i Cell 2 Wik wy, 2t T8, WIJFRAE Scer i, HU Cell_2 385 HLFH Resa HEAT A4 T [0] B 3
7T, DAAEIIE K Cell 2 2 R EHAELE Res2 Lo

BT A R S A R, A, sRSE HEE DIV S UE R, IR T A &, FRHT
4 B e AR B A — e R B2 T R s T ) e
2.2 Xt

B TR T E AT LS T 2 R 0 A R — ST RS B i B AR A AL B — 7% Figure 3
JIR g — A R A0 s 2 1) S T R B A

BQ76952 AN FH M CRT I ETHT 1154 3



I3 TExXAS

ZHCACI6 INSTRUMENTS

# Cell L HE S, FREMTHE, NEE'FIE Scers Scez Ml Sces PriFIM, Hifaf M Cell_1 1 Cell_2
R BRI, 2 Scer KW, T8 Sceo, ML HLBH AL ) AT E R R Cell_2, MIMSEBLH T H
PN TBSIE. TN

ARSI IEAN e, BT A0 52 BT DR R B i HUEN ) 22 A B AS B LA LS, A AN
ARG, ARECEh T, ARIBAEAUE, FIR I HAE B R . (EER R B A I i S AR
WA, SCHUERRB N EAE, JFH A

cell2 | -
_I:: Scar

Sca |

Cell_1 ™~ _

Figure 3. #2733y 35 iy e 2%

2.3 BQ76952 f¥fE i =

BQ769x2

Rn+1 VCn+1

-

B

Cn+1

Rn VCn

- i
i -
[

\ 4

!

Figure 4. BQ76952 [N &R N FH HLB%

BQ76952 771k ABEL I CIhT B AT T i 1B 8



I3 Texas
INSTRUMENTS ZHCACI6

BQ76952 N EAER T #E S, K HEr 100mA 5 IR . G0 Figure 4 i~y BQ76952 f A &
Yoy ff N L . B ¥ N R FET @ S50, B EM O 2 /R E R I L.

IR, 6 75 EE s KA Re SIS %6, BQ76952 S FEA s M. A S 77 2 DA K S FH 41 %
PR ] B 225 SCHR 2.

3 BQ76952 7R & HrHa it A i B A

H AN R 28 S P ) R e O [, DR /e R T BIORIETT A& AR G — WL oK, VR A RlIE
BQ76952 - )y~ & W RHN FHAE 2 AN v, re it B 507 7 3-32S. {H 24N ] BQ76952 7EAIR A £ it
B, 2RI A G LR, BRI R N BRI AR & 2 LR A S A
BEAT 00T, IF4s AR AL TT i

3.1 HMBE 5= HRIE X

£ BQ76952 v, Ty i kAR 5 HL F R S AR 3L Al — B% A% VCx, i ARG EEXT T SR
2 L (Duty) 7 SURIYITE T IE AN ST, SEISHNUCRIE I, 8 St 20 f O F R A . Figure 5 Bl
NI RS TR tes M BOROTERI BT, tym B BONFEREAT HES AL SR &8

Tek Hi5

BQ769x2 I
A H
VCn+1 | —— " .,
[ : I
i
1 I

VW i L +—»
1_ L Cn+1 t, L
i
o
.

NCn

>

8
i
"
"
r » v leg t :
v i v (@ stomv J[Znﬂms JH:?AM-!‘” [ I WK

Figure 5. HEHEHEE
DR 6T -5 — T F R U, AL IS A5 H D s B4 B 1] &7 SR IRI PR BB . Pl R Rk R oR

tcp
Dcg =
tep +tym
T R Ly vl FH an R 3RIA R AIE
Vcen
Irp=—7"————XD
B~ Reg+2xRyc B

Hrb, Res 6 FET I FE AR, RyciRIEBHEM. RUIE, 7 52 i KN R i ae 17
AR, Des K, HRUNBIRE IS, M, Desi/), RWIIHTHE1HLTS .

BQ76952 WA FH B CRT I BT i 11548 5



I3 TEXAS
ZHCACI6 INSTRUMENTS

3.2 RFHHE & 2 HARK R &

BN H BQ76952 EAG Hf & ALy, A7 AR FO 5 A EARI ] /. 4 5 49 LS % Figure 6 B 77

ﬁj@%’ :/H\:EF' Cn %%/ji\‘ Ven-1~Vens é%é%%%ﬁ;lzﬂ? Eﬁﬂ:j@ﬁ%’ ﬁé%%*ﬁ%;ﬁﬂ? EEE:Q
Cl|C2|C3|C4|C5|C6|C7|C8B|C9|Clo|Cl1|Cl12|C13|C14|Cl15]|Cl16
#1 | #2 | #3 | #4 N N N N N N N N N N N #5

Figure 6. RALEIERETT X

M} Cell 1-5 43 7 7F J3 S50 9% T2 40 Figure 7 B, MZSEIRS5 SR T LA H, Cell 4 #1 Cell 5 AH E HoAth
O WG B ENME L . IR RN, A AL IS AT RE )1 B Cell 4 Fil Cell 5 1351

AE TP
Ll Ll
- O L e [
(a) Cell 1 (b) Cell 2
] H B |
. —
L [
R T g2 = L R S 5 W
(c) Cell 3 (d) Cell 4
I L] L L
0 ‘F“m me;’m ” [ _RELT]
(e) Cell 5

Figure 7. 5S HMA & HGIE §E

N T PRIE R A AT U A 2B B RE 71, TR B BRI IR, 5T OR, ARSOHs
SR [ S R AT T

6 BQ76952 771k ABEL I CIhT B AT T i 1B 8



I3 Texas
INSTRUMENTS ZHCACI6

3.3 REHUHME 5= HWRKREE 24

AR Z ) R SR R BT 434 . Figure 8 iz BQ76952 i Measurement Loop, BQ76952 244
X Loop HEAT HLJE KRR . BEAREI Settings:Configuration:Veell mode 7] DAL B 15 & VCx 5| i
HERE R PR LS, (A BQ76952 N 2 M4 A5 B 4% F 6T S 18 3E ) open wire A I Ty RE A6 I8 & ) R
R IhAE, {HIFAS I Figure 8 s Measurement Loop HIEFE.

WU, % T Figure 6 iiniddk, R Vea~Ves fi%E, {H BQ76952 JfAax BBk ix £ 5| L £
P, BEAZNE Veis~Vews, MRS RN CIEE T RE, XA Cell 4 F Cell 5 /25 FRAH
ARAIHLES, TEREEAMATHR R MIIE, SChRAHASREIE AT E 4, A0 SEEEREM R XFFE
—K, XTF Cell 4 Kit, fER1 Measurement Loop ', A 14Xtmeas (C3 ~ C16)ARELI T X T
Cell 5 ki, 7E5E1 Measurement Loop ', 34 13Xtmeas (C4 ~ C16) A fELIMT, i KT Cell 1~3 fif
5 B[R]

Normal Mode

Three slots are used if three or more thermistors

n-slots used to measure n differential cell voltages are selected, otherwise fewer slots are used

e 2K

s N r 3

N[ Ve [ VG | VCu.VCpq | VGy  |TOS|PACK|LD| TwrlVeerlVss|  TSa | TS, | TS |

V] CG2 i cc2 cC2x (n-3) cc2 : cc2 | cc2 ccz | cc2 cc2
}(_ tmeas __>,(_ tmeas _‘>.<_ (0-3) tmaas _*:‘_ tmeas _‘}E‘_ tmeas _*E‘_ tmeas _')54_ tmeas _*51_ tmeas _*:(— tmeas _')E

e tioop = (5+) tmeas »
Figure 8. BQ76952 Measurement Loop
3.4 REBEHIHE S B HARRRATTE
JiiE—: B#{% Measurement Loop HIJEH % %

BQ76952 nJ LLiEid Settings:Configuration:Power Config[CB_LOOP_SLOW_1:0]iX % bit X ¥l
if Measurement Loop FIfEREZHATHRCE, W RPN,

Table 1. Cell Balancing Loop Slow-Down Setting

CB_LOOP_SLOW 1 CB_LOOP_SLOW 0 Description
0 0 Measurement loop runs at full speed during balancing
0 1 Measurement loop runs at half speed during balancing
1 0 Measurement loop runs at quarter speed during balancing
1 1 Measurement loop runs at eighth speed during balancing
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#2 84.5% 98.1%
#3 84.4% 98.0%
#4 25.9% 90.2%
#5 31.7% 90.4%
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#4 25.9% 52.8%
#5 31.7% 57.6%
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Cell Number Not Improved Improved
#1 89.4% 98.7%
#2 84.5% 94.9%
#3 84.4% 94.9%
#4 25.9% 94.2%
#5 31.7% 94.3%
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