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BM3540 Series

4 Cells Battery Professional Protectors

General Description /7= iR

The BM3540 is a professional protection IC for 4 cells rechargeable battery pack; it is highly integrated,
high accuracy and generally used in high-and-mid end power tools, electric bicycle and UPS applications.
The BM3540 works constantly to monitor each cell’s voltage, the current of charge or discharge, wire
breaking or not and the temperature of the environment to provide overcharge, over-discharge, discharge
overcurrent, short circuit, charge overcurrent, breaking wire and temperature protections, etc. Besides, it
also can change the protection delay time of over-discharge and discharge overcurrent by setting the
external capacitors.

BM3540 #2412 —3K 4 1L HI A sl B b Ry oS, BA SRR SR E R AL, & T i
FTE, BEIEATELL UPS J& & BRSNS . &l A 2 i e . SRR . R
JE VAR AR 2B W55 Bc il b 78, i, s s, R, AR R IR DL T S R T
e, (A Al A s RS PR ORI R 1, IR 2 B DR RERT .

Features /Th Rk S

(1) High-accuracy voltage detection for each cell
T R 0 e R E A U T e
 Overcharge threshold 36V~46V accuracy: +25 mV (+25°C)
1o 78 HUAS I R T FERE£25 mV (+25°C)
accuracy: +40 mV (-40°C to +85°C)
FEZE+40 mV (-40°C%+85TC)

» Overcharge hysteresis 0.12/0.20V accuracy: £50 mV
1o 7 IR HL R K +50 mV

* Over-discharge threshold 16V~3.0V accuracy: £80 mV
T T R ) ¥ £ +£80 mV

* Over-discharge hysteresis 0/0.2/04V accuracy: £100 mV
0N GERIST iSRS 5B +100 mV

(2) Three grades voltage detection of discharge overcurrent
3 Bgue i r A I T e
- Discharge overcurrent 1 0.050 V ~ 0.150 V (25 mV step) accuracy: £15 mV
i R AT U L 1 i E+15 mV
- Discharge overcurrent 2 0.1/0.2/0.3/0.4V
i R AR L 2
» Short circuit 04/05/0.6/08V
ybe g Rl EEVER
(3) Charge overcurrent detection
7o F I LA I T g
Detection voltage -0.030 V ~-0.150 V (10 mV step)
s SO =R ok U= E

Datasheet WI-DO6F08-H-0091 Rev. B/0 Page 1 of 24



FRIBE]
FF&
(4) Setting of output delay time
SEIT b B AT
Over-discharge, discharge overcurrent 1 and discharge overcurrent 2 protection delay time can
be set by external capacitors
I R A A RN B RO I 1 I A 2 R DU AE SR N [R]
(5) Charger detection, load detection
FRHLAR . SR I D RE
(6) The maximum output voltage of CO / DO: 12V
P8 A ) S e v i PR

(7) Temperature protection

BM354 Li

T FE LR D e
(8) Breaking wire protection
W2 R4 Th e
(9) Low power consumption
IKTh#E
- Operation mode (with NTC resistor) 20uA  typical
TAERF (322 NTC HBHD LAY
- Operation mode (without NTC resistor) 12uA  typical
TAERS (JG NTC HEHD H A
- Sleeping mode 5uA typical
PR LAY

(0 Environmental friendly material, Pb free, halogen free

HORMPEL, ToB Pb TR

Applications /5 FH 41,
- Power tool /Hi%) T E

- Electric bicycle /#1417 4
- UPS backup battery /J& %% FEJ5

Package /##ER: Tssor1e
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Block Diagram /ThREAE B

BM3540 Series

External

delay time
™ O @

HERT #2275

TRL TEMP
NTC protection

Charge/loa

Logic
ZELE

d detection
VM O s meg

Sl
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Co E'; driver
DO CO, DO

K3 i i
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pUR:p
A

T vee
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VvC2
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Selection Guides /7= 5hi% %l

BM3540 Series

1. Products name structure /7= it 44

BM3540 XXXX

Discharge overcurrent 2 and short
circuit detection voltage
A2 55 R

Discharge overcurrent 1 And charge
Overcurrent detection voltage
BRI 5 7 BT

BM3540 Series Product

Over-disCharge threshold
BM3540 & 517 & TR A
Overcharge threshold
A
2. Products catalogue /=5 H 3
Over- Over- Discharge | Discharge Short Charge
Overcharge | Overcharge
) discharge | discharge | overcurrent | overcurrent circuit overcurrent
protection release
protection release 1 detection | 2 detection | detection detection
Type/ltem voltage voltage it " it it it "
voltage voltage voltage voltage voltage voltage
B 51 H VDETH VREL1
- S VpeT2 VREL2 Voct Vocz VsHort Vovee
- - g | K E | diR A i 2 | FHEER
] ] N N B CIgIEN N CIgIEN
BM3540-BHDC 3.650V 3.550V 2.350V 2.550V 0.100V 0.300V 0.600V -0.100V
BM3540-HEDC 3.850V 3.750V 2.000V 2.500V 0.100V 0.400V 0.800V -0.050V
BM3540-RMDC 4.200V 4.080V 2.750V 3.000V 0.100V 0.400V 0.800V -0.050V
BM3540-TNDB 4.250V 4.130V 2.800V 3.000V 0.100V 0.200V 0.500V -0.050Vv
BM3540-TNDC 4.250V 4.130V 2.800V 3.000V 0.100V 0.400V 0.800V -0.050V
BM3540-TJDC 4.250V 4.130V 2.500V 2.700V 0.100V 0.400V 0.800V -0.050Vv
BM3540-QMDB 4175V 4.055V 2.750V 3.000V 0.100V 0.200V 0.500V -0.050Vv
BM3540-SMDB 4.225V 4.105V 2.750V 3.000V 0.100V 0.200V 0.500V -0.050Vv
BM3540-BFGB 3.650V 3.450V 2.130V 2410V 0.100V 0.200V 0.500V -0.100V
BM3540-BFDB 3.650V 3.550V 2.130V 2.750V 0.100V 0.200V 0.500V -0.100V
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BM3540 Series

Pin Configurations /3| A

vee 1] O 16 ] vca
TC 2] | 15 ] vcs
T [3 ]| 14 ] vc2
7 13
N = BM3540 ="
NTC [ 6] 11 ] VIN
TRH 7] 10 ] po
W [8_| 9 1 co
Top View
Pin number | Name Description
Gl Z IR Hiik
1 VGG Power supply,Cell4 positive input
O R Haith 4 (0 IF o R
5 TC Adjust terminal for discharge overcurrent 1 delay time by connecting to TD
by 1 ZER BRNT Y T, IS %R TD WA 1 R R/
Connect to a capacitor for setting the delay time of over-discharge protection .
3 TD discharge overcurrent 1 protection. discharge overcurrent 2 protection
By, M TEmd s, i 1. o fiR 2 A s
NC | No connect /T5i% 2
TRL | Under-temperature protection reference /%, FT TR AR IR E
NTC | Cell temperature detection /% 1 5 R EGAERREE,  FHF IR A I
7 TRH Over-temperature protection reference
FerBH, T U R ORI
3 VM Voltage detection terminal 1 for detecting load or charger
ORI F R AR BT A L R A AR o
9 co Charge power MOSFET control terminal, high level and Hi-Z output
7o B MOS MR 1, & P 5 E P A
10 DO Discharge power MOSFET control terminal, CMOS output
B MOS Ml #edn 1, CMOS it
11 VIN Charge and Discharge overcurrent Voltage detection terminal
I8 R L AT A 7 R L A 0 i
12 GND Ground pin of the IC, Cell1 negative input
OO, At 1 P 9 R R R T
13 NS Cell1 positive input, Cell2 negative input
F 1 IR R . FRI 2 (9 f R I R T
14 N Cell2 positive input, Cell3 negative input
F 2 IR . FR 3 (1 f R I R T
15 VC3 Cell3 positive input, Cell4 negative input
Ft 3 IR FE . FE 4 (1 f R I R T
Cell4 positive input
10 VO | i 4 E R T
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Absolute Maximum Ratings /4 %} & A8 & E

BM3540 Series

ltem Symbol | Description Ratings Unit
BiH Gk el Y%} B ORHUE (A LA
Power supply voltage H
. VCC - GND-0.3 ~ GND+30 \Y
NS
Single cell input voltage VC4. VC3.
. \Y GND-0.3 ~ GND+6 \Y
&I LR " | ve2. ver
Low voltage pin input TC. TD.
Vin-lv | TRL. NTC. GND-0.3 ~ GND+5.5 \Y
< B T s
R AN TR s TRH. VIN
VM input voltage
. VM VM VCC-30 ~ GND+30 \Y
VM %y \ b1~ HL
DO output voltage
o V| DO VCC-30 ~VCC+0.3 \Y
DO it s 7 HUE >
CO output voltage
- V CO VCC-30 ~VCC+0.3 \Y
CO ity i T L IE o
Operating temperature T 40 ~ +85 o
TAEFR LR g
Storage temperature T 40 ~ +125 °c
AR °Te
HEM \Y 2000 \Y
AR e v P =P

Caution: The absolute maximum ratings are rated values exceeding which the product could suffer
physical damage. These values must therefore not be exceeded in any conditions.
R 4 B RAUE (E 28 R AT 44 F A R I M AUE . — B e E, A vl Reid B i
HEY LS -
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Electrical Characteristics /85454

(Ta=25°C unless otherwise specified)

BM3540 Series

(BREFIR VLI SE: Ta=25°C)

Item

Symbol Test conditions*" Min. Typ. Max. Unit Test
W H 5 TR 2% A m/AME | EME | RRME | BAL | circuit
Power supply voltage ) )
FELJE L PR VCC 5 30 Y
Operating consumption
(with NTC resistor) lveer | V1=V2=V3=V4=3.5V - 20 35 uA
IEH Dh#E (F2 NTC HBHD
Operating consumption 1
(without NTC resistor) lvcen | V1=V2=V3=V4=3.5V - 10 20 uA
IE# DiFE (J6 NTC HLFED
VC4 ThiEE v V1=V2=V3=V4=V5= ) 3 6 uA
3.5V
Sleeping consumption A\ T\ A — )
PRI ThEE IsTs V1=V2=V3=V4=2.0V 5 10 uA
Protection V1=V2=V3=35V | V v
threshold VDET1 V4=3.54 4-V ODOE;S VDET1 . 0D8T215 Vv
TRAF RE ' ' ' '
Protection delay
. V1=V2=V3=3.5V
time Tov VA=3.5V 4.4V 0.5 1.0 1.5 s
PRAF ZE I ' '
Release threshold v V1=V2=V3=3.5V VREL1 vV VREL1 Vv
Overcharge iR ok R B REH V4=4.4V—3.5V -0.05 " +0.05
i
R Relea.se delay V12V22V33 5V
time TREL1 Va=4 4V 3.5V 4 8 12 ms
e Sading ' '
Temperature
factor(1) Ku1 Ta=-40°C to 85°C -0.6 0 0.6 mV/°C
B R 2
Reset time T 25 5 75
TE N RESET - . . ms
Protecti
rotection V1=V2=V3=35V | Vper Vioerz
threshold VoeT2 \V4=3.5V 2 0V 0.08 Vper2 +0.08 \Y
TRAP RE ' ' ' '
Protection delay V1=V2=V3=3.5V
Over- time Tovp Ctp=0.1uF 0.5 1.0 1.5 s
Discharge PRAF ZE I V4=3.5V—2.0V
O N Release threshold V1=V2=V3=3.5V VREeL2 VReL2
s VREL2 VREL2 V
iR R EL V4=2.0V—3.5V -0.10 +0.10
Rel I
) e?i?r?ede N T Vi=V2=v3=3.5v 4 8 12 ms
REL2
V4=2.0V—3.5V
e Sading
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Protection V1=V2=V3=V4=V5=
Voc1 Voc1
threshold Voc1 3.5V “859% Voc1 *115% Vv
ORI BME V6=0V—0.12V
Protection delay V1=V2=V3=V4=3.5V
time Toct TC &%, Cmp=0.1uF 500 1000 1500 ms
TRAPIE IS V5=0V—0.12V
. V1=V2=V3=V4=3.5V
Protection delay .
: . TC &+ TD,
Discharge t!me ) Toc1 Cro=01uF 125 250 375 ms
overc1urrent PRI IE RS VB=0V 0,12V
Cr s s Release delay V1=V2=V3=V4=3.5V
" %1’10'“ time Troct | V5=0V—0.12V—0V | 20 50 80 ms
iR IR SE I V7=10V—0V
Resistance
between VM and Runis V1=V2=V3=V4=3.5V 100 300 500 KO
GND V5=0V—0.12V
SO/ e AN E
Temperature
factor(2) Kuz Ta=-40°C to 85°C -0.1 0 0.1 mV/°C
i F 4 2
Protection V1=V22V3=V4=3.5V | Voo Vocz
threshold Voc2 V5=0V—0.5V *80% Vocz 120% Vv
K
Protection delay V1=V2=V3=V4=3.5V
, time Tocz | TC &%, Crp=0.1uF 50 100 150 ms
Discharge .
overcurrent PP AL V5=0V—-0.5V
2 Protection delay Vi=V2=v3=va=3.5v
N . TC i&E#: TD,
i} QER R time Tocz 40 80 120 ms
5 (P E Cm=0.1uF
V5=0V—0.5V
Release delay V1=V2=V3=Vasvss
time Troc2 35V 20 50 80 ms
RE V6=0V—0.5V—-0V
V7=10V—-0V
Protection V1=V22V3=V4=3.5V | Vsorr Vsrorr
threshold VSHORT | =gv1.2v g0% | VO | w209 |V
Short circuit TRy RE
J% Protection dela
time ' TsHorT VJ;Y;?V?;:ZC =36f’/v 100 | 300 | 600 | us
(AR R
Charge Protection
overcu ?rent threshold Vovee | =V\:32_=0\\//3=v04;3;. oV \(/)Og;; Vovee -:Z)OZ)(;(Z) v
FEHUT IR (R B S - '
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Protection dela
time ' Tovee v1=\/\gz_=o\\//3=\/04;\e;.5v 5 10 | 15 | ms
(AP IE S S
Charge
over-temperature Ten V1=V2=V3=V4=3.5V -5 Ten +5 °C
78 L i
Charge
overtemperature | | Vvi=va=va=va=3sv | |/ 5 / °C
hysteresis
78 H e e AR i
Discharge
over-temperature ToH V1=V2=V3=V4=3.5V -3 Ton +3 °C /
TEMP TR e i
protection Discharge
HJZGRY | overtemperature | o\ \ooyaovasasy | 10 / °C
hysteresis
R H v U 3R
Charge
under-temperature ToL V1=V2=V3=V4=3.5V -5 ToL +5 °C
78 HL IR
Charge
under-temperature
, Tor | V1=V2=V3=V4=3.5V / 5 / °C
hysteresis
7o FL IR AR i
Normal state, Co “H”
Cco Rco E”,%L'il}(:lzgc)) S 3 5 8 kQ 5
(12Vv)
Output Normal state, Do
resistances “‘H*(12V) 3 5 8
f 4 HEL B IE#Z, Do AH”
DO Rpo (12v) kQ 6
Protecting state, Do
“L” 0.20 0.35 0.50
"%, Do ML

*1: All the test condition parameters above are designed based on Li+ parameters, other grade
parameters can adjust by their own actual voltages.The protection delay time above does not
include capacitance error.

PA_EIA A 2 DA R 250225 B, HABA A S ORI SEfr B R B . IR IR AP T I AL F A 2
KR E
*2: The test circuit symbols.

T L B R 5
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Function Description / T{E#ji 8

1. Overcharge /iI 78 H
During charging, VIN >Vovcc when IC doesn’t work in the state of charge overcurrent, If any of V1, V2,
V3 and V4 is higher than Vper1 and lasts longer than Tov, BM3540 chip considers that the batteries work
in the state of overcharge, the output voltage of CO will become high resistance from high level, and
then it will be pulled down to low level by external resistor. The charge MOSFET will be turned off and
stop charging.
A 7E B H VIN >Vovee BRI AR K AR B mEr, RE VA, V2, V3 8 V4 AF & — 17 Bt B =yl Voer
FHRFELIT (R 2IEGEE Tov, O BRI I A A LT i 8 fUIRAS, CO Mim - PR N m A, oz
HBE MR R ACHT, K7 F s MOS &G, Ik Fi L.
The overcharge protection state will be released if any of the next conditions occurs:
(DAII cells’ voltage is less than the overcharge release threshold VreL1 and stays a period of time Trews;
(2)VM > 200mV (connecting to the load), battery voltage is lower than Vper1 and stays a period of time

BM354 Li

TrEL1.
W NP2 2 — BRI A] ff i 78 HUOR S -
(DFT A HLS I R A T Veew FERFSE Trewrs
(OVM > 200mV (A7 #), HLHEKT Voer HHFS: Trevto

2. Over-discharge /3L H
During discharging, VIN < Voc1when IC doesn’t work in the state of discharge overcurrent. If any of V1,
V2, V3 and V4 is less than Vper2 and lasts longer than Tovo. BM3540 chip considers that the batteries
work in the state of over-discharge and the output voltage of DO will turn to GND. The discharge
MOSFET will be turned off and stop discharging, then the chip will enter sleeping mode.
FEB A H VIN < Voot BPR & AR iy, R V1L V2. V3 8 V4 AT — 15 b B R AR T Voerz
FFRREE 1A IA B B Tovo, O BRIy Mt i i3 7l i R AS . DO s AR 9 IR F, R
HL ] MOS & ok, 5 IETCE, RIS A s AR B
The over-discharge protection state will be released if any of the next conditions occurs:
(DVM < 3V, all cells’ voltage is higher than VreL2 and stays a period of time TreL2.
(2)VM < -200mV (connecting to the charger), all cells’ voltage is higher than Vpet2 and stays a period of

time TreL2

T2 N T A A 2 — BIATRREBRE TR RR S (ARHRARZS )
(DVM < 3V HArE SRR S T Veewe HFFEE Trez;
(DVM < -200mV (FEAFHEES), HHBEE ST Voer HFFEE Trewe.

3. Discharge overcurrent /7 H i3 HB T
During discharging, the current varies with the load. The voltage of VIN becomes higher with the current
increasing. When the voltage of VIN is higher than Voc1 and stays longer than Toc1, we think the IC
works in the state of discharge overcurrent 1; When the voltage of VIN is higher than Voc2 and stays
longer than Toco, we consider the IC works in the state of discharge overcurrent 2; When the voltage of
VIN is higher than Vshort and stays longer than Tshort, we think the IC works in the state of short circuit.
When any of the three states occurs, the output voltage of DO changes to low level to turn off the
discharge MOSFET and stop discharging. At the same time, Rvms which is the inner pulling down
resistance of VM is connected, and we know that VM is pad which we can lock the output voltage of DO
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BM354 Li

by when chip works in the state of discharge overcurrent. Usually Voc1 < Voc2 < VsHort, Toct1 > Toc2 >
TsHoRT.
FETBCRLINS, 8 R B M AR A, VIN HL e Bl 5 8 R S DR R 24 VIN HUR =T Voer FERF
g — B A Tocr, BRUCNHIL Tk B 1: 24 VIN B ST Vocz HH74E Toca, BRI JYHEL 13 HLIR 2;
2 VIN LK & T VsHort FFH74E Tshort, PRI 7R . =FdfEE—MIREHIE, DO M
KA, SCWT . MOS &A% IE ik, AR, S e E s VM i A Sz FL P Rums #6188 Vocs
< Vocz < VsHort, Toct > Tocz > TsHorT.
When IC works in discharge overcurrent, the output voltage of DO is locked in low level, it will be
released when the following conditions occurs in the same time.

(disconnect the load;

(2VM < 1V and stays a period of time Troc.

i ARG DO 8 e AR, RIS 2 LR SR A T R B E

(W FF 17125

(QOVM < 1V FEHFEE Trocts

4. Charge overcurrent /78 i BT

During charging, if the current is biggish with VIN < Vovcc and stays longer than Tovce, the BM3540
chip considers that the batteries work in the state of charge overcurrent, the output voltage of CO will
be pulled down to low level and the charge MOSFET will be turned off and stop charging. Charge
overcurrent protection will be released when we disconnect the charger.

FEFEHI, AR 78 A AL IRt K HL VIN < Vovee JFRFSE T — BN TE] Tovee, A8 IR T 78 BRid BRFUIRS
CO e AMERM T Hi 2R, e HfEH MOS & ki, #7af &G —BEAA(E, RRdiRSEE, Rf
K 78 AR R A BE AR RS -

5. Temperature protection /{5 & {R$

Usually, batteries should be prevented charging and discharging from over or under temperature. The
BM3540 chip has this over-temperature and under-temperature protection. The thermostat resistor
connecting to NTC pad is used to induct the pack’s temperature, the resistor connecting TRH pad is
used to set the reference of over-temperature protection, and the resistor connecting TRL pad is used
to set the reference of under-temperature protection. During temperature detecting, the BM3540
considers discharge state acquiescently when VIN<4mV, only when VIN>4mV, the BM3540 considers
charge state. Choose the resistance of NTC that the value of B is 3950, NTC resistance is 100KQ in
normal temperature (25°C). NTC should parallel a 200K resistance in typical application, and it's better
that the accuracy of TRH and TRL is 1%. Setting the charge over-temperature to 55°C, the resistance
of NTC is Rn1c=29.56K, after 200K resistance in parallel, R1=200*29.56/(200+29.56)=25.75K, so we
should choose Rtri=2*R1=51.1K. We can figure out R1=R1r1*1.3/5=13.3K, and the NTC resistance of
discharge over-temperature  Rntc=200%13.3/(200-13.3)=14.58K, correspond the discharge
over-temperature is 75 °C . Setting the charge under-temperature to 0 °C, the resistance of NTC is
Rntc=325.1K, after 200K resistance in parallel, R1=200*325.1/(200+325.1)=123.82K, so we should
choose Rtri=25"R1/6=511K.

Setting the charge or discharge over-temperature protection by TRH, and setting the charge
under-temperature protection by TRL, the temperature protection points can refer to next table.

N T W7 b 7 e e R b R SR B B AR A B R AR IR, 7R B B AT = IR AR . NTC i 1
BRI B TR BE AR A, TRH i 124 i P T il OR3P R 1) W B, TRL I & B BE A T
G ORI FEAE R B . 2 VIN <4mV iF, S8 BRI 78 BUIRAES R . 24 VIN > 4mV iF, 28 7 IR TR
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BM3540 Series

RGO, NTC iE#E B {2y 3950 1) 100K HEFH, $7 R FH I NTC HLBH 75 R B—4> 200K HLFH, TRH fl
TRL &4 1% K5 FE K BB . 8 78 FLAR IR 2 N 55°CH, %M Rnte = 29.56K, 1% 200K HifH)E, R1
BEL{E >y 25.75K, % B TRH HLFEBEAE AN Rrre = 2*R1 = 511K, I IR AR I % N R1 EBLBH AN R1 =
Rrru*0.22 = 13.3K, |5 200K HLBHFHELH NTC HEHK/NA Rre= 14.58K, XM IRE AN 75°C R IEFR
AR IR PRI EE N O°C Y, XA Rnte=325.1K, FFk 200K HiFH )5, R1 FEHAE N 123.82K, 1L HL TRL
FELBHAE N Rrri=25*R1/6=511K.

it TRH W B, BeEmERAY, @il TRL W E 78 B ARE AR, SR S ST Ek:

Tr:i:tzr:::l TRH Charge Discharge TRL Charge
with NTC setting over-temperature over\-temgerature setting under-tempfarature
NTC Ji TRH X & 78 HL L JECH i TRL % & 7E R
SN NAN PRI TRAPIR FLBE R/ TRAPIR
F1 LK
200K 84.5K 40°C 60°C 464K 5C
200K 71.5K 45C 65°C 511K 0C
200K 60.4K 50°C 70°C 562K -5C
200K 51.1K 55°C 75°C 604K -10C
200K 43.2K 60°C 80°C 681K -20C

The hysteresis temperature of charge over-temperature is 5°C and the hysteresis temperature of
discharge over-temperature is 10°C. For example, when the temperature is higher than charge
over-temperature (55°C) in the state of charging, the output voltage of CO turns to high resistance, and
will be pulled down to low level by external resistor, charge control MOSFET will be turned off and
stops charging. And when the pack’s temperature falls down to 50°C, CO changes to high level and
charge control MOSFET be turned on again. During discharging, when the temperature is higher than
discharge over-temperature (75°C), the output voltage of DO becomes low level, discharge control
MOSFET will be turned off and stop discharging, at the same time charge control MOSFET will also be
turned off and stops charging. When pack’s temperature falls down to 65°C, the output of CO and DO
turn to high level, charge and discharge control MOSFET will both be turned on again.

78 HL R R IR A 5°C, S i SRR N 10°C . 0, 7 IR AS I 205 A 3 78 H iR AR L
55°C, CO A& JymmiPHAs, MAMERPL T Hi £ACHEF, 7 MOS &KWtz ks, 2o EIREZRES] 50°C
i), CO Ay i, 7ufL = MOS BB b o T8 FCRAS I 24 B i 21 738 e s I R 97 iR B 75°C, DO
I, E MOS & S IHF ILBOE, A F 7S MOS & o R A5 1k 7e v, 2 W RS IR 2 P )
65°CHf, DO. CO A& N F, 7. A MOS EHiF/H.

The hysteresis temperature of charge under-temperature is 5°C. For instance, during charging, when
the temperature is lower than charge under-temperature (-10°C), the output voltage of CO becomes
low level, and will be pulled down to low level by external resistor, charge control MOSFET will be
turned off and stop charging. When pack’s temperature rise to -5°C, the output of CO turn to high level,
charge control MOSFET will be turned on again. There is no under-temperature protection when pack
is discharging, so even if the temperature is lower than -10°C, the output of CO still maintain high level.
78 AR IR PRI IR AN 5°Co BT, 78 MR AS I 2 B A T 78 FEARIR R IP IR E-10°C, CO A2y mibiAs,
HMEHIE TR B ACHT, 7 MOS & eIt s b, 4 HutiR BT 2 -5°Clf, CO & Nm i, Al
el MOS HHTITE - BURRAS LRI RS, BEAR T 78 BARIR RSP IRE, CO Ak, 4EFIEHIR
PN

BN o

Datasheet WI-DO6F08-H-0091 Rev. B/0 Page 12 of 24



EbIrid
FFE

BM3540 Series.
6. Breaking wire protection /Bf£R{R

When one or multi wires of VC1, VC2, VC3 and VC4 are detected cut from the batteries by the
BM3540 chip, the IC will consider it enters a state of breaking wire, then CO will be in high resistance
and DO will turn to GND level the IC enters low consumption state.

The IC enters low consumption state and when the breaking wires are connected correctly again, the
IC will exit breaking wire protection.

L kil FE I VC1. VC2, VC3 5 VC4 LS — B IR 5 RS LT, &R AW kA T
Wrzk, RIKr CO farthmiPHAS, DO faith K, BLORAIREF W LR IFIRE -

Wrefryrfm, SR HEANMRIIFE. BT ELE T IEERE S, O iR T2 RIIRAS .

7. Delay time setting /3ER % B
Over-discharge, discharge overcurrent 1 and 2 delay time can be calculated as follow.
RETBCRIERS, iR 1 AR 2 GBI 25 TR CE, SN 5 Crp Ik LA K/ ECEE B

FERF I H TC 5lHE= TC 515 TD 5] #iE$:
Delay time Item TC floating TC connect to TD
Cm=0.1uF Towp 1000ms 1000ms
Toc1 1000ms 250ms
Tocz 100ms 80ms
FERT 15 H TC 5lE= TC 515 TD 5l
Delay time Item TC floating TC connect to TD
Cmp=0.01uF Tovp 100ms 100ms
Toc1 100ms 25ms
Tocz 10ms 8ms

Caution: The formula above does not include capacitance error.
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Operation Timing Charts / T/Ef 5 &

1. Overcharge/Over-discharge Protection

AFEE. R

A

BM354 Li

Vpem

VReL1
VCELL

VReL2

VT2

\

VCC
<12V

VCO

GND
VCHR

\/

VCC
<12V

VDO

GND
VCHR

\

VvCC

VM

L
GND _I r_l P —
VCHR
Load connect
BANH > -
Charger connect - o« - <«
Toemt Toet2
BAFEE () @) () @) (1)

< » » » <@
¢ > <

A
\

A

»

» <
> < >

<% Ll

Assuming the charging current is constant, VCHR- is the voltage of the charger’s negative terminal:
e FE R 78 HL, VCHR-J9 78 FL 2% 25 S 47 iy LT -

(1) Normal condition /3 % IR ;

(2) Overcharge protection state /i 78 B R R 745

(3) Over-discharge protection state /it B A# IR A
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2. Discharge Overcurrent / Short Circuit / Charge Overcurrent Protection

BRI . AR, FERd AR

A
VDET1
VREL‘\
4 |
o e
Veew l I IJ
VRELZ
VDETZ
A
vce
<12V
Veco
GND
VCHR >
A
vce
<12V
Vbo
GND
VCHR >
A
vce
B _l_,_\_,_l_l
GND {
VCHR b I -
A
vce
VIN  Vsorr -
Voca =
Voor —
GND
VOVCC l—l
VCHR- >
Load connect
) - > -— -
BEARE
Charger connect —» -« - -« - <« - -«
TOC1 TOCZ TSHORT TO\/CC
EARBIR ©) @) ) ®3) ©) (4) (1) (5) (1)
-+ P P P P 4¢P ¢ — P > >

Assuming the charging current is constant, VCHR- is the voltage of the charger’s negative terminal:
e ATER TR, VCHR-J 7S HL 2% 7% HU 4 b FE T -

(1) Normal condition /il % IR 7 ;

(2) Discharge overcurrent 1 protection state /i FE i LI 1 AT IRAS

(3) Discharge overcurrent 2 protection state /i FE it LI 2 A7 IRAS

(4)  Short circuit protection state /%7 & {F4F R4 ;

(5) Charge overcurrent protection state /78 HLid FLIR AR YIRS
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Application Circuits /5 F B %
P+ B+
VCC O va
[ | va
——={—{ 10 _|
] vz
Rm =T BM3540 V1
27 %—:
RS
TRH
% VM CcO Run =T Cvn
RTRH
RVM RCO 1
Pt A0 2 O, v B~
T " T W\, Re
4-cell application -- charge and discharge circuits together
4 BRBNYHA—RBBERED
P+ L B+
Rvee D1
—=Cvcc
VCC O VC4 A ca AN i — 4
[7c ] VC3 — T N = —T V3
—— ] e W
] e —— i vz
R TRL BM3540 W‘ T C1 _ V1
NTC [vin_ ]
D2 N| RS ‘ Roo,
TRH DO
VM CcO Run = Cvin
RTRH
RVM RCO 1
CH-— ; J{.LIJ}L ; A B-
P_ [ v T ™4 Wv Re
4-cell application -- charge and discharge circuits separated
4 BN H——RB B H
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To speed up the response of charge MOSFET, we recommend to add a fast pull-down circuit to CO pin.

TR CO iy MOS & (M R =R, HEFZ AN CO S PRI N 4ir i i

B- m VM
=l
D5
B- co
R41 4.7M R42 1M
T5
R40
10M
) Q5
b vy a

It is recommended when the charge voltage is 20V higher than the total battery voltage.

2478 A s FE M B RV B R T R 20V I HERE A

Constants for External Components:

HLBH . AT

Component Symbol Typ. Range Unit
AR BRME Ja LA

R1. R2. R3. R4. R13. Rvcc 1 01~2 kQ
R5 200 - kQ

RnTtc 100 - kQ

RTrH 51.1 - kQ

RTrL 511 - kQ

Rvm 511 - kQ

R14. Rco 10 3.3~15 MQ

R15 100 - kQ

Rs 2 1~10 MQ

Rpo ~ Rvin 2 0~10 kQ
Rsense 5 1~20 mQ

Datasheet WI-DO6F08-H-0091 Rev. B/0
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Cvcc 2.2 1~47 uF
C1. C2. C3. C4 0.1 0.1~2.2 Maximum uF
Cm 0.1 - endurable uF
Cuin 10 2.2~100 | voltage >25V nF

#it: Rs=2 MO, 3l {RI" G714 DO o] HYkE: Rs =10 MO, 3o i PRG™ o i 07 480 5 12 70 HL A i o

Test circuit /3] B 2%

1. Normal and Sleeping Current Consumption /1E % Th#E R AR IR ThiE
Test circuit 1 /i3 #1241
(1) Set V1 = V2 =V3 = V4 = 3.5V, the current flowing from GND is the normal operating current
consumption.
BOE V1 =V2=V3=V4 =35V, WHEHIREKEE, F GND KR IER e,
(2) On the condition of (1), then set V1 = V2 = V3 = V4 = 2.0V, the current flowing from GND is the
sleeping current consumption.

FEORFEAL b, WE V1 =V2=V3=V4 =20V, WHEBREKLE, L GND ) H R RIRIIFE.

2. Overcharge Protection Test /i 75 HL.#lj &
Test circuit 2 /I3 H i 2
2.1 Overcharge threshold (Vper1) and Overcharge release threshold (VreL1)

78 AR R ARY AR RR BME

Set V1 =V2 =V3 = V4 = 3.5V, make sure the output voltages of DO and CO pins are “H” level. Increase
V4 gradually, monitor CO voltage and keep the condition not shorter than Tper1, the value of V4 when
CO turns from “H” to “L” is the overcharge threshold voltage. Decrease V4 and keep the condition not
shorter than Trer1, the V4 when CO returns to “H” level again is the overcharge release threshold.
WE V1 =V2=V3=V4=35V, ik DO. CO #NH". ZHHH K V4, YERFRFEIA/NTid 78 ARy IE
i, 2 CO H“H"A2 LI 1) V4 H R B yid 7o i Or4P BB F . (VpeTe)s BN V4, 4ERRI ) AN Tad
Fe AR IR LERT, 24 CO EHA N HA, V4 R RN 78 FAR Y BRI S (VReLt)o

2.2 Overcharge protection delay time and Overcharge release delay time
1 78 B ORGP B 7 B ] & S A

(1) Set V1 =V2=V3=V4 =35V, make sure the output voltages of DO and CO pins are “H” level.
Increase V4 to 4.4V from 3.5V instantaneously, monitor CO voltage and keep a period of time. The
time interval when CO turns from “H” to “L” is the overcharge protection delay time.
WEV1=V2=V3=V4=35V, it DO. CO #N"H". ¥ V4 I £ 4.4V, 1ifs CO MEIF4EHF
—BIHE], CO HH“H AR L ()i (] 8] & B 9 i 78 B SE 1

(2) SetV1=V2=V3=23.5V, V4 =4.4V, make sure the output voltage of DO is “H” level, CO is “L” level.
Decrease V4 to 3.5V from 4.4V instantaneously, monitor CO voltage and keep a period of time. The
time interval when the output voltage of CO turns from “L” to “H” is the overcharge release delay
time.
WE V1 =V2=V3=35V, V4=44V, #ift DO NH", CO NL". ¥ V4 BE% 3.5V, Miix CO
R 4R — BRET 1], CO pR L8 “H” (1B (1] ) [ B Sy 3k 78 H (9] 52 ZE R
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3. Over-discharge Protection Test /33§ B
Test circuit 2 /3 FL 2% 2
3.1 Over-discharge threshold (Vperz2) and Over-discharge release threshold (VreL2)

T EL DR B A e AR A AR R R B

Set V1 = V2 = V3 = V4 = 3.5V, make sure the output voltages of DO and CO pins are “H” level.
Decrease V4 gradually, monitor DO voltage and keep the condition not shorter than Tperz, the value of
V4 when the output voltage of DO turns from “H” to “L” is the over-discharge threshold voltage.
Increase V4 and keep the condition not shorter than TreL2, the value of V4 when DO returns to “H” level
again is the over-discharge release threshold
WE V1 =V2=V3=V4=35V, #fifgf DO. CO #NH". ZHH/N V4, YRR EIA /N T 1D R4 4
i, 24 DO H“H" 22 9L () V4 H R B g i il i R 47 B FELUHE (Vper2) s B K V4, 4ERRIEIASN T
PR R AR BRAERS , 25 DO BN HYIS, V4 U Ry i d R P B fe . (VRe2) o

BM354 Li

3.2 Over-discharge protection delay time and Over-discharge release delay time
B B B 5 FE

(1) Set V1 =V2 =V3 =V4 = 3.5V, make sure the output voltages of DO and CO pins are “H” level.
Decrease V4 to 2.0V instantaneously, monitor DO voltage and keep a period of time. The time
interval when DO turns from “H” to “L” is the over-discharge protection delay time.
WE V1=V2=V3=V4=35V, #ifg DO. CO #By“H". # V4 J[E = 2.0V, Wif% DO I HF
—BIFTE], DO H“H"A8 Ay L i ik 1 1] B R g 3 80 L S B

(2) SetV1=V2=V3=3.50V, V4 =2.0V, make sure CO is “H” level, DO is “L” level. Increase V4 to
3.5V instantaneously, monitor DO voltage and keep a period of time. The time interval when the
output voltage of DO turns from “L” to “H” is the overcharge release delay time.
WE V1 =V2=V3=35V, V4=2.0V, #ift DO A“L", CO N“H". ¥ V4 EJt+% 3.5V, i1 DO
L F 4R — B 1], DO B L8 g H” iy i [ 1] b B Ay o 0 [l B2 A i

4. Discharge overcurrent and short circuit protection test /75 i3 B Bz 45 B 3R,
Test circuit 3 /Il B 3
4.1 Discharge overcurrent1 and 2 threshold (Vpers, Vbers) and short circuit threshold (VsHorr)
T BRI R A B AR RME

Set V1 = V2 =V3 =V4 = 3.5V, V5 = 0V, make sure the output voltages of DO and CO pins are “H”
level. Increase V5 gradually, monitor DO voltage and keep the condition for a period of time, the value
of V5 when the output voltage of DO turns from “H” to “L”, is the discharge overcurrent 1 threshold
(Voers). Decrease V5, the discharge overcurrent 1 protection will be released. Vpers and VsHort can
also be tested by their protection time differences, but V5 has a larger change.
WE V1 =V2=V3=V4=35V, V5=0V, #fiff DO. CO #SN"H". ZEH#iIH K V5, HEFFmf AN T it
B 1 PRAPIERTS, 24 DO H*H™ N LI 1) V5 H B A fAR 1 ORGP BB (VoeTs) o 3 AL 2 11 (VoET4)
MFEERBIE (Vsmorr) IR 75 [F) I MR 5 150 78 A0 ORAP S IR 25 4

4.2 Discharge overcurrent protection delay time and release delay time
1ok LA B e B A S B

1) SetV1=V2=V3=V4 =35V, V5=0V, V9 =0V, make sure the output voltages of DO and CO
pins are “H”. Increase V5 to 0.2V instantaneously, monitor DO voltage and keep a period of time.
The time interval when the output voltage of DO turns from “H” to “L” is the discharge overcurrent 1
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protection delay time.

WEV1=V2=V3=V4=35V, V5=0V, V9=0V, #ifg DO. CO # N“H". ¥ V5 MR KE
0.2V, iy DO HEIH4ERr—Bh (8], DO H“H"AZ Jy“L” fry i [ [a) B& RP Ay sim 1 ZEm .

(2) SetV1=V2=V3=V4=35V,V5=0V, V9 =0V, make sure the output voltages of DO and CO pins
are “H”. Increase V5 instantaneously with its value be larger, monitor DO voltage and keep a
period of time. The time interval when the output voltage of DO turns from “H” to “L” is the
discharge overcurrent 2 protection delay time, make sure its value is less than the discharge
overcurrent 1 protection delay time, then the value of V5 at this time is the discharge overcurrent 2
threshold.

WE V1=V2=V3=V4=35V, V5=0, VO9=0V, Hifg DO. CO #INH". ZEL¥ V5 BRMEK,
RIAF R IGR 221 V5 AR U RT— 0K, TR i U Do FH“H" 22 A L B ZE B, M 2 28 — AN Eead
W R E I R V5 ) R B i FRR 2 BRME,  3X AN E I B A HUR 2 FER .

(3) SetV1=V2=V3=V4 =35V, V5=0V, VI =0V, make sure the voltages of DO and CO pins are
“H”. Increase V5 instantaneously with its value larger and larger, monitor DO voltage and keep a
period of time. The time interval when DO turns from “H” to “L” is the short circuit protection delay
time, make sure its value is less than the discharge overcurrent 2 protection delay time, and the
value of V5 at this time is the short circuit threshold.

WEV1=V2=V3=V4=35V, V5=0V, V9=0V, #ifgt DO. CO # AL". iZ¥ V5 BRIRIE K,
R 3E K221 V5 HLURAE BLRT— 0K, I:JET”*‘?WJ DO H“H"A2 Jg“L" B AE I, el 380 f 55 — > bl v
it 2 AT SRR VS ) RS BRI R BRI SE I By R K S I

(4) SetV1=V2=V3=V4=35V,V5=0.2V, V9 = 10V, make sure the output voltage of DO pin and
CO pin is “L” and “H”. Decrease V5 to 0V instantaneously, and then decrease V9 to 0V
instantaneously, monitor DO voltage and last a period of time. The time interval when DO turns
from “L” to “H” is the discharge overcurrent 1 release delay time, we can test the release delay
time of discharge overcurrent 2 and short circuit by using the same method.
WEV1=V2=V3=V4=35V. V5=0.2V, V9=10V, #ifgt DO N‘L" , CO NH". F V5 IR
e OV 5, VO IRIRFEZR OV, Wit DO MR JF4ERr— BN Ia), DO H“L"2% Jy“H” i fa] (] b B 2y id
FUR 1 BB [FRE B 7 32w DA e FRL AT 2 [ 52 S I R 2 (] 55 A I

Charge overcurrent protection test /75 B, it B it i

Test circuit 4 /I3 FEL 2% 4

5.1 Charge overcurrent protection threshold /75 B F IR BI1E

Set V1 = V2 =V3 =V4 = 3.5V, V6 = 0V, make sure the output voltages of DO and CO pins are “H”.
Increase V6 gradually, monitor CO voltage and keep a period of time. The value of V6 when the output
voltage of CO turns from “H” to “L” is the charge overcurrent threshold.

WEV1=V2=V3=V4=35V, V6=0V, Hifg DO. CO #N*H". Z¥HIE K V6, 4EFFfEANTFR
A LRI ERS, CO H“H™A A L I V6 Bl Jy 7 fid B i OR 47 4B

5.2 Charge overcurrent protection delay time /7 Biid B it (R 37 ZE I

Set V1 = V2 = V3 =V4 = 3.5V, V6 = 0V, make sure the output voltages of DO and CO pins are “H”.
Increase V6 to 0.3V instantaneously, monitor the CO voltage and keep a period of time. The time
interval when the output voltage of CO pin turns from “H” to “L” is the charge overcurrent protection
delay time.

WEV1=V2=V3=V4=35V, V6=0V, #fift DO. CO #A“H". ¥ V6 IR K% 0.3V, Wi CO
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6. Output/Input Resistance Test /% \ /% B FH IR
(1) The output resistances of CO and DO
CO. DO Jy e HL I 4 H FLFH
Test circuit 5 /IR HL 7% 5
Set V1 =V2=V3=V4 =35V, V7 =12.0V, turn off the switch K and make sure the output voltage of CO
pin is “H”. Measure the voltage Vaof CO pin; turn on the switch K, decrease the voltage V7 gradually
from 12V, monitor the value of |a, and note down the output voltage Vg of CO pin when the value of lais
50uA, then the output resistance of CO is calculated as follows: Rcon = (Va - VB)/50 (MQ).
We can also test the output resistance Rpon of DO pin with using the same method.
WE V1=V2=V3=V4=35V, V7 =120V, FX KK, #{RIE CO fith N H", W& CO uif
JE Vas HETTFR K, V7 12V THERREAC, B FR R A EEEON 1a, 24 1a= 50uA Il CO i HLE Ve,
I CO #i i HLBH Reon = (Va - VB)/50 (MQ).
[EAE BT 2 7] F -0k DO 4 th FFH Roons R 744 I+~ 26y DO BT,
(2) The output resistance when the output voltage of DO pin is “L”
DO Jy{I HL T~ I % Hi FL BHL
Test circuit6 /& FLER 6
Set V1 =V2 =V3 =V4 =200V, V8 = 0.00V, turn off the switch K and make sure the output voltage of
DO pin is “L”. Turn on the switch K, increase the voltage V8 gradually from 0V, monitor the value of Ia,

note down the output voltage Voo of DO pin when the value of Iais 50uA, then the output resistance of
DO is calculated as follows: RpoL = Vbo/50 (MQ)

BE V1=V2=V3=V4=200V. V8=0.00V, JFX KIWIF, FHEEFNK DO iw/E, #ifritir DO
BN OV Pk K G, W7 V8 M OV JF4s b7, Rl il iR 2850 1a, 24 1a= -50uA Bl 15
DO Hi474 Voo, I DO %t H1FH RpoL = Vbo/50 (MQ).
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L@ O [vea - L@ O vC4 va
C | v ] v
[ | Tdt—!I ve2 V2

NC NC VC1
=] BM3540 =] BM3540 (—5 - Vi
[CTrRe] TRH DO
F:w L o
5MQ.
Test circuit 1 Test circuit 2

vce O [ vce VCC O VC4 =
| — V4
TC I V3 TC VC3 v
0.1pF |
—0wFy  ™p | VC2 V2 TD VC2 V2
NC VCA NC VCA
BM3540 | — i BM3540 | — Vi
TRL [GnD s TRL GND v
NTC [Cvin — NTC VIN l—
Ve TRH | oo TRH DO
— ] = W G
5MQ 5MQ
Test circuit 3 Test circuit 4
vce O [ vce VCC O VC4 =
| — V4
7] v 7] v
D [vez V2 TD VC2 V2
NC [—vei NC [vct
| — Vi | — Vi
] BMB3540 ] BM3540 o
TRH [ oo ] TRH | po K
0 = § ] =] é
-+ +,
TV7 TVv8

Test circuit 5 Test circuit 6
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Package Information /& RBEE LS H

BM3540 Series

N000ANL
N

I = e
II,-I.' g
II I
| ‘ -
1h
i
TOF VIEW b
| e |
J ] W ORI
I": - ﬁf
ar | e 4 BASH FLANE _'r(_'aﬂ:-_"-fI I ' S “_':“=l -
(B v ainialain— | I 15T
T &4l 1
|--| "_I I_ 1 SEATING PLANE L 1
! .l! i
g [S50F14/ 16LD
Symbal e Mim My
A S 1.2
Al T 005 0. 15
A2 L i 0.8 1, 95
I Fas . 25 f. 35
Ll LEEEY 4.4 ]
LK} T B 1.9 5.1
I B 1
LI 0, 15 0, 75
i Bl [
I A i, 19] ]
[ 0._15TVF
2 i 15TYP
= [T 0z
81 I L 12 THP
o] 1S 4 ey 12 TYP
03 o [ T of x

Packing /8.3

TSSOP16: MBB packing.13"reel, 4000pcs per reel.
TSSOP16 # & : 13 <) MBB #H14¥, 434L3: 4000 Hi.
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The information contained herein is subject to change without notice.

BYD Semiconductor Company Limited exerts the greatest possible effort to ensure high quality and
reliability. Nevertheless, semiconductor devices in general can malfunction or fail due to their inherent
electrical sensitivity and vulnerability to physical stress. It is the responsibility of the buyer, when
utilizing products, to comply with the standards of safety in making a safe design for the entire system,
including redundancy, fire-prevention measures, and malfunction prevention, to prevent any accidents,
fires, or community damage that may ensue. In developing your designs, please ensure that products
are used within specified operating ranges as set forth in the most recent products specifications.

B The products listed in this document are intended for usage in general electronics applications
(computer, personal equipment, office equipment, measuring equipment, industrial robotics, domestic
appliances, etc.). These products are neither intended nor warranted for usage in equipment that
requires extraordinarily high quality and/or reliability or a malfunction or failure of which may cause loss
of human life or bodily injury (“Unintended Usage”). Unintended Usage include atomic energy control
instruments, airplane or spaceship instruments, transportation instruments, traffic signal instruments,
combustion control instruments, medical instruments, all types of safety devices, etc.. Unintended

Usage of products listed in this document shall be made at the customer’s own risk.

ARTGURIAE, BE I EEE, TR A RAETUE 2B, AN F A B
PUT 3t - AR B0 AT BR > =] — RS0 T3 i b i A TSR, (EGR S 0 i T REFE R PR R A
HORE B R AT, N IR DR S B R AR I P 2R N B, ORI, AR PEIR RS, E R BRI
RV KR EIEXS KR B RANE B2 4

B RSO AR A AT R TR, DA AR R TS E . A Al
YR BEE S AT TR RE . TSR EORAN = B, AN N T 2 ag N B O T e b
AT B B EAR TR TR fEhl e FUsiiRsis . By nd SHE LM%, M A S 20
JH R H A 25 7 T E AT BEAFAE 1 RS o
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