NSSHINBO

3 to 5 Serial Cell Lidon / Li-Polymer Battery Protection IC with Temperature Protection

No.EA-514-250806

OVERVIEW

The R5651T is an overcharge and discharge protection IC for 3- to 5- series cell Li-ion / Li-polymer rechargeable battery
pack, further includes a short-circuit and protection circuits for charge / discharge overcurrent. The R5651T can select
any number of cells by applying a certain voltage on the SEL pin.

" KEY BENEFITS _JRRRERIEERETTIEEE——————

e Using a current-sense resistor with low resistance ratings: reduction in high temperature in large current and realizing
a thermal design of a board easily

e Separation between charging and discharging paths: achieving low impedance of the battery pack

e Cascading: achieving simple circuit configuration for battery pack with six-cell and more and reducing external
components

KEY SPECIFICATIONS TYPICAL APPLICATION CIRCUIT

e High Voltage Tolerant Process . @
Absolute maximum rating: 30V T —
e Low-consumption current R‘"%,_ et " oo
Normal operation (5-cell): Typ.13.0 yA/ Standby: Typ.6.0 yA . T cTLe
e High-accuracy Voltage Detection ZTET ver wer—
[Set voltage range, Accuracy, Delay time(t)] T vez P
Overcharge detection voltage (Voetin (V): NNl e TR
3.60 V t04.50 V, 25 mV, tvoett = 1.0 sec Je—wz cT TEP ——
Overcharge release voltage: Vperin- 0.1 V to Vperin- 0.4 V Kimmi I T ves er A
Overdischarge detection voltage (Voerzn (1): T T vss 012 —b—-+
2.0 Vt0 3.2V, £50 mV, tvper2:OPT (2) N [ — SENSN ep 7”
Overdischarge release voltage: Voeran+ 0.0 V to Voeran+ 0.7 V DRAIN VMPC
- provided, Max. value is 3.2 V |/ DouT cout
Discharge overcurrent detection voltage1 (Vpers1): l Y3
0.010 V t0 0.030 V, +3 mV / e e T | ®
0.035 V t0 0.150 V, +10%, tvoets1: OPT @ xI T
Discharge overcurrent detection voltage2 (Vpera2): f;‘TlJ
0.030 V10 0.080 V, £8 mV /
0.090 V to 0.450 V, +10%, tvpetsz: tvbeta1x1/10 or 1/20 5-cell Protection Circuit (CMOS output type)
Charge overcurrent detection voltage (Vpet4): -
—0.008 V t0-0.030 V, £3 mV / el

—0.035V to -0.050 V, £10%, tvoet4 = 512/ 1024 / 2560 ms
Short-circuit detection voltage(®:
0.1Vt0 0.6V, = 30%, tsHort: Typ. 330 ps
e 0 V Battery Charging Inhibition Voltage: 1.1/1.3V, 0.2V
e Temperature Protection by NTC Thermistor
Charge High setting: 45/50 /55 /60 °C, £3°C
Charge Low setting: -5/-3/0 °C, £3°C
Discharge High setting: 65/ 70/ 75 °C, +3°C
e Over-charge/discharge Release Type: Auto release

e Open-wire Detection selectable: Available / Unavailable APPLICATIONS

o | ow-temp. protection for charging selectable: Available / Unavailable @ Scooter (balance car) e Cleaner
e Delay Time Shortening ® Heat insulation box e E-Bike ® Power tool

TSSOP-24
7.8 x6.4 x 0.9 [mm]

™ Voertn, Voer2n:n=1,2,3,4,5
(2) Set by external capacitor
) Vpers2 is not detected when Voersz is higher than Vshorr.
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R5651T

SELECTION GUIDE

Set voltages, Delay times and Optional functions are user selectable.

Selection Guide

No.EA-514-250806

Product Name Package

Quantity per Reel

Pb Free

Halogen Free

TSSOP-24

R5651Txxx$*+-E2-FE

3,000 pcs

Yes

Yes

xxx: Specify the combination of the following set voltages. Refer to Product Code List for details.

VoerinM: 3.6 Vto 4.5 Vin 5 mV step
VReL1n (M: VpeTrin— 0.1 V to Voerin— 0.4 V in 50 mV step
VoeT2n (1: 2.0 V10 3.2 Vin 5 mV step
VReL2n (M: Vpet2n + 0.0 V to Voer2n + 0.7 V in 100 mV step (Max. 3.2 V)
Voer31: 0.010 Vto 0.150 V in 5 mV step
Vpers2: 0.030 Vto 0.450 V in 5 mV step
Vshort: 0.1 Vto 0.6 V in 100 mV step
VpeTs: —0.008 V to -0.050 V in 5 mV step

$: Specify the charge overcurrent delay time (tvoet4).

Delay Time Code Table

Code tvpers2 [ms] tvper4 [Ms]
A tvoeTa1 x 1/10 512
C tvoeTa1 x 1/10 1024

*: Specify the combination of the following functions. Refer to Function Code Table for details.

Function Code Table

Code Overdischarge| 0V Battery | Open-wire Low-temp. Protectior
Detection Charging Detection for charging
A Auto Release Inhibition Available Available
B Auto Release Inhibition Unavailable Available
J Auto Release Inhibition Available Unavailable
K Auto Release Inhibition Unavailable Unavailable

() Vper1n, VReL1n, VDET2n, VRELZn: N =1,2, 3, 4,5
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R5651T

Product Code List

No.EA-514-250806

The product code is determined by a combination of the three digits set voltage code, the delay time code, and

the function code.

The set voltage code is as following table. For more information on the delay and the selectable function codes,

see the Selection Guide chapter.

Product Code Table

Product Name

Set Voltage [V]

Threshold Temperature
(Release Temperature)

(Set Voltage Code (") [°C]
Voet1 | Voer2 | Voera1 | Voers2 | Vbera | VsHorT VNocHe TocH TocL TooH
50 0 75
R5651T103CA 4.250 | 2.750 | 0.100 0.200 |-0.030 | 0.350 1.1
(45) (5) (70)
R5651T104CA 3.700 | 2.200 | 0.050 0.100 |-0.030 | 0.300 1.3 °5 0 s
. . . . . . . (50) (5) (70)
Please contact our sales representatives if required a product code other than the above combinations.
() Indicated with the numbers in bold type.
3
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R5651T

BLOCK DIAGRAM
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R5651T

PIN DESCRIPTIONS

R5651T Pin Description

No.EA-514-250806

LRRAARRRRRRD

O
EEEEEEEEL

R5651T (TSSOP-24) Pin Configuration

Pin No Symbol Pin Description
1 VHC Data transmission pin for VMPC input signal
2 CTLD DOUT control pin
3 CTLC COUT control pin
4 VCA1 Positive terminal pin for CELL1
5 VC2 Positive terminal pin for CELL2
6 VC3 Positive terminal pin for CELL3
7 VC4 Positive terminal pin for CELL4
8 VC5 Positive terminal pin for CELLS
9 VSS Ground pin for the IC
10 SENSN Current sense pin, negative
11 SENSP Current sense pin, positive
12 DRAIN FET’s gate connection pin for discharge overcurrent release voltage
13 DOUT Overdischarge detection output pin, CMOS output
14 couT Overcharge detection output pin, PMOS open-drain output
15 VMPD Current load negative input pin
16 VMPC Charger negative input pin
17 N.C. No connection
18 VR Internal VR output pin
19 TEP Thermistor reference input voltage pin
20 CT1 Capacitor (Cct1) connection pin for tvberan
21 CT2 Capacitor (Cct2) connection pin for tvperar
22 N.C. No connection
23 SEL 3-/ 4- /| 5-cell selectable pin
24 VDD Power supply pin

Nisshinbo Micro Devices Inc.



R5651T

ABSOLUTE MAXIMUM RATINGS

No.EA-514-250806

(Ta = 25°C, VSS = 0 V)

Symbol Parameter Rating Unit
Vop Power Supply Voltage -0.31t0 30 \%
Vver VC1 Pin Input Voltage 0.3t0 30 \Y
Vven VCn (n = 2,3,4) Pin Input Voltage Vven+1 — 0.3 to Vven1+ 0.3 \%
Vves VC5 Pin Input Voltage —0.3to Vvca+ 0.3 \Y

Vvmprc VMPC Pin Input Voltage Vop — 30 to Voo + 0.3 \%
VympD VMPD Pin Input Voltage Vop — 30 to Vop + 0.3 \Y
VseL SEL Pin Input Voltage Vop — 30 to Vop + 0.3 \Y
VsSENsN SENSN Pin Input Voltage Vop — 30 to Vir + 0.3 \%
Vsensp SENSP Pin Input Voltage Vop — 30 to Vir + 0.3 \%
Vet CT1 Pin Input Voltage -0.3t06.5 \Y,
Vcrz CT2 Pin Input Voltage -0.3t06.5 \Y
V1ep TEP Pin Input Voltage -0.3t06.5 \Y
Verie CTLC Pin Input Voltage —0.3 to Vop + 25 < 48 Y
Verip CTLD Pin Input Voltage —0.3 to Vop + 25 <48 V
Veour | COUT Pin Output Voltage Voo — 30 to Voo + 0.3 v
Vbout DOUT Pin Output Voltage —0.3to Vonz + 0.3 vV
VDRAIN DRAIN Pin Output Voltage —0.3to Vous + 0.3 Vv
VR VR Pin Output Voltage -0.3to Vwr + 0.3 vV
VvhHe VHC Pin Output Voltage Vop — 3 to Voo +4 <30 vV
Po Power Dissipation Refer to Appendix “Power Dissipation”
Tj Junction Temperature Range —40 to 125 °C
Tstg Storage Temperature Range -551t0 125 °C

ABSOLUTE MAXIMUM RATINGS

Electronic and mechanical stress momentarily exceeded absolute maximum ratings may cause permanent damage
and may degrade the lifetime and safety for both device and system using the device in the field. The functional

operation at or over these absolute maximum ratings is not assured.

RECOMMENDED OPERATING CONDITION

Symbol Parameter Rating Unit
Vbb Operating Input Voltage 4.0t025.0 V
Ta Operating Temperature Range —40to 85 °C

RECOMMENDED OPERATING CONDITIONS

All of electronic equipment should be designed that the mounted semiconductor devices operate within the
recommended operating conditions. The semiconductor devices cannot operate normally over the recommended
operating conditions, even if they are used over such conditions by momentary electronic noise or surge. And the
semiconductor devices may receive serious damage when they continue to operate over the recommended
operating conditions.
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R5651T

ELECTRICAL CHARACTERISTICS

Vcewn n =1, 2, 3, 4, 5 (Ex. VceLL1 is a voltage difference between VC1 and VC2), unless otherwise noted.

No.EA-514-250806

R5651Txxxxx Electrical Characteristics (Ta=25"C)
o Ratings .. [Circuit
Symbol Parameter Conditions Min. | Typ. | Max. Unit [~y
CELLnN overcharge - VDET1n VDET1n
VDET1n detection voltage at rising edge of VDD 0025 VDET1n +0.025 Vv A
CELLnN overcharge . VREL1n VREL1n
VREL1n release voltage at falling edge of VDD 0050 VREL1n +0.050 Vv A
Overcharge detection Voo = Ve,
tvpET1 delay time Veewn=34V(n=2,3,4,5) 0.7 1.0 1.3 s B
y Vecelt = 3.4V — Voetint0.2 V
Overcharge release delay Voo = Vvo1
tvrREL1 time Veewn=34V(n=2,3,4,5) 11 16 21 ms B
VcerL1 = Voerint0.2 V— 3.4V
CELLnN overdischarge . VDET2n VDET2n
VDET2n detection voltage at falling edge of VDD 0050 VDET2n +0.050 Vv C
CELLnN overdischarge " VREL2n VREL2n
VREL2n release voltage at rising edge of VDD 0050 VREL2n +0.050 Vv C
toET2 Overd|§charge detection tVDET2A_= Cer1 % Vet / lety, 85 120 163 ms )
delay time Cctia =33 nF
Vop = Vvey,
lcT CT1 pin charge current | Vcetn =34V (n=2, 3,4, 5) 350 500 650 nA D
Vcewr1 =34V —->15V
Vop = Vvey,
Voct1 | CT1 pin detection voltage| Vceln = 3.4V (n =2, 3, 4, 5) 1.44 1.80 2.16 \% E
Vcewr =15V
. Vop = Vvey,
fvReL2 Sg’l‘;rd;isnﬁgarge release |y n=34V(n=2,345), | 07 | 15 | 26 |ms | C
y Vee1 =15V — 34V
Vop = Vvey, VDeT31 | VDET31 VDET31
V Discharge overcurrent xCELL” :23 \\// <0.03 |-0.003 v +0.003 Vv F
PETST | detection voltage1 V\S/'I\EA:;)N _ 0 Y ’ VDeT31 | VDET31 DET31 VDET31
’ —10No, 0
at rising edge of SENSP2 0.035| -10% *+10%
Vop = Vvey, VpeT32 | VDET32 VDET32
V Discharge overcurrent xCELL”:f'g \\// <0.08|-0.008 v +0.008 Vv F
PETS2 | detection voltage2 VMPD g VpeT32 | VDET32 DET32 VDET32
Veensn =0V, >0.09| —10% +10%
at rising edge of SENSP| — ™
Vob = Vve1, VceLn = 3.4 V Vv Vv
Vshort | Short protection voltage | Vvmpp =4.0V, Vsensn=0V, SHOROT VsHoRT SHOF?,T \Y F
. —30.0% +30.0%
at rising edge of SENSP
Discharge overcurrent Voo = Vver, VeeLn =34V,
VREL3 release voltage Vsensn= 0V, Vsensp =0V, 0.8 1.0 1.2 V F
9 at falling edge of VMPD
() Refer to TEST CIRCUITS for detail information.
7
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R5651T
No.EA-514-250806

R5651T Electrical Characteristics (continued) (Ta=25"C)
gy Ratings ., [Circuit
Symbol Parameter Conditions Min. | Typ. | Max. Unit | 4)
Vob = Vve1, VceLn = 3.4V,
lcT2 CT2 pin charge current Vsensn = 0V, 350 500 650 nA G
Vsensp = OV — Vpets1 + 0.005 V
Vop = Vvey,
. . Veewn=34V(n=2,3,4,5)
Vbcra \?Jltza pg‘ charge detection |\, - v=0V, 120 | 150 | 1.80 | Vv | H
9 Vsensp = Vpera1 + 0.005 V,
Vvvep = 4.0V
Discharge overcurrent tvoeta1 = Ccrz XVocera/let2
tvpET31 delay time1 Cers = 3.3 nF 6.9 9.9 129 | ms -
tvoerat1 x 1/10:
tvoets2 = Ccr2 XVocera/ (let2 x10) | 0.69 | 0.99 1.29
¢ Discharge overcurrent Cct2=3.3nF ms i
VOET32 1 delay time2 tvpeTat x 1/20:
tvbeTsz = Ccr2 xVbper2/ (let2 X20) | 0.34 | 0.495 | 0.65
Cc12=3.3nF
Vob = Vve1, Vceln = 3.4V,
Short-circuit detection Vsensn=0V,
TsHoRT delay time Vsense =0V — 1.5V, 230 330 450 HS F
Vvmep = 3.0 V
Discharge overcurrent Voo = Vver, Veewn =34 V
tvREL3 release delav time Vsensn=0V, Vsense =0V, 2.8 4 5.85 ms F
y Vvwmep =4.0V — OV
VDET4
_ _ VpET4 VDET4
Vop = \_/VC1,VCELLn =34V, = -0.003 +0.003
Charge overcurrent Vvmep = =1.0'V, —-0.03
VDET4 ) _ VDET4 \Y, I
detection voltage4 Vsense=0V, VpeT4 Voera Voera
at falling edge of SENSP < ~10% +10%
-0.03
Charge overcurrent Vop = Vve1, Veeln = 3.4V,
ViReLs release voltage at rising edge of VMPC 0.05 0.1 0-15 v !
Vob = Vve1, Vceln = 3.4V,
toETa Charge overcurrent Vensn = 0 V tvDET4 tDET4 tvDET4 ms |
. ) - 0, 0,
delay time Vsense =0V — -1.0V 81.5% +37.5%
Vob = Vve1, VceLn = 3.4V,
tvReLe g?:;gg Qroreurrent SENS =0V, Vsensp = 0V, 28 | 4 |58 |ms]| I
y Vuwee = -1.0V 1.0V
SEL pin input voltage, _ _ Vvbp Vvbp
ViH high Vob = Vvet, Veeln = 3.4V ~03 +03 \% J
Vim :1Ii_:('delpeln input voltage, Vop = Vvc1, Vcewn =34V 2.0 _VS% \Y J
SEL pin input voltage, _ _ Vvss Vvss
Vi low Vop = Vvc1, Vcewn =34V ~03 +03 \Y J

() Refer to TEST CIRCUITS for detail information.
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R5651T

No.EA-514-250806

R5651T Electrical Characteristics (continued) (Ta=25"C)
o Ratings .. [Circuit
Symbol Parameter Conditions Min. | Typ. Max. Unit | 4)
DOUT pin NMOS ON loL = 50 pA, Vob = Vver,
Voiz voltage VceLn =34V 0.02 0.1 v K
DRAIN pin NMOS ON loL = 50 pA, Vob = Vver,
Vois voltage VceLn =34V 0.04 0.2 v L
vV COUT pin PMOS ON lon = =50 YA, Vop = Vvei, Vbb Vbb v
"1 voltage Vcewn = 3.4V —-0.5 | —0.1
VR VR pin output voltage Vvop = Vvei, Veeun = 3.4V 3.5 3.6 3.7 \Y% N
lon = =5 YA, Vop = Vvct,
VR pin 12V output VceLn = 3.4V,
Vwriz voltage Measured to draw the current 9.5 12 14 v o
through DOUT
vV DOUT pin PMOS ON lon = =50 YA, Vop = Vvei, Vvr12 | VVRr12 v o
o2 | yoltage VceLn = 3.4V -05 | -0.1
. lon = =50 YA, Vop = Vvei,
VoHs \IIDOITQIZ F()zl)n PMOS ON Veewn = 3.4V, Vsensn =0V \_/V(';g \_/V0R112 \ P
9 Vsense = Vvmpp = 4.0V ) '
COUT pin off leak Vob = Vve1, Veceun= 3.4V,
loout | o rrent Cour = -13V - 0.1 WA | Q
Charge high- T T
TocH | temperature detection Vob = Vve1, VceLn = 3.4V _D%H TocH +D%H °C R
temperature
Charge high- T T
Tren | temperature release Vob = Vvet, VeeLin = 3.4 V _D;:g _DC5H Toch | °C | R
temperature
Charge high-
. Vob = Vve1, VeeLn = 3.4V,
trocH temper.ature detection Viep 0.9V — 0.3V 44 64 84 ms R
delay time
Charge high- _ _
trreH | temperature release Voo __VVC1’ VeeLn = 3.4V, 44 64 84 ms | R
. Vier=03V—->09V
delay time
Charge low-temperature _ _ TocL TocL o
TocL detection temperature Vob = Vvet, Veeln = 3.4V _3 TocL +3 C R
Charge low-temperature _ _ TocL TocL o
TreL release temperature Vob = Vve1, Vceln =34V _10 _s TocL C R
Charge low-temperature | Vobp = Vvc1, Vceln = 3.4V,
trocL | Jetection delay time Vrep=0.9V — 3.5V 44| 64 | 84 | ms | R
trroL Charge low-temperature | Vobp = Vvec1, Vceln = 3.4V, 44 64 84 ms R

release delay time

Viep=3.5V—-09V

() Refer to TEST CIRCUITS for detail information.
() If the VDD pin voltage becomes lower than the output of the regulator, the output voltage (DOUT, DRAIN) becomes
almost equal to Vop.
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R5651T

No.EA-514-250806

R5651T Electrical Characteristics (continued) (Ta=25"C)
o Ratings .. [Circuit
Symbol Parameter Conditions Min. | Typ. | Max. Unit | 4)
Discharge high- T T
Toon | temperature detection Vob = Vvc1, Vcewn = 3.4V _D%H TopH +D%H °C R
temperature
Discharge high- T T
Tron | temperature release Vob = Vve1, Vceln =34V _D1Dg _D%H Toon | °C R
temperature
Discharge high- _ _
trooH | temperature detection Voo = va’ VeeLn = 3.4V, 44 64 84 ms | R
: VWrep=09V -0V
delay time
Discharge high- _ _
trroH | temperature release delay Voo = va’ VeeLn = 3.4V, 44 64 84 ms | R
time Vvrep=0V - 0.9V
tvrT I;(l;rlleperature scanning Vob = Vvc1, Vceln = 3.4V 0.7 1 1.3 S S
Vbse Discharge detection (Vvmpp — Vsensn) increasing 5 10 15 mVvV | T
voltage
0 V battery charging _ _ VNOCHGn VNoCHGn
VNOCHGn inhibition voltage Vop = Vvei, Veeln = 3.2V ~02 V/NOCHGn +0.2 \% A
fr (?ypc?g-tm': scanning Vob = Vvc1, Vcewn = 3.4V 2.8 4 5.2 s U
CTLC pin high threshold _ _ Vop Vop Vop
VertLctH voltage 1 Vob = Vvet, Veeln = 3.4V +03 | +11 | +20 \% \%
CTLC pin high threshold _ _ Vop Vop Vop
VeTLezH voltage 2 Vob = Vvet, Veeln = 3.4V _22 1 11 | —01 \% \%
CTLD pin high threshold _ _ Vop Vop Vop
VeTLotH voltage 1 Vob = Vvet, Veeln = 3.4V +03 | +11 | +20 \% w
CTLD pin high threshold _ _ Vop Vop Vop
VeTLzH voltage 2 Vob = Vvet, Veeln = 3.4V _395|-275| 16 \% w
CTLD pin input delay Vop = Vvet, VeeL = 3.4V,
terios time 1 Vero = Vop+0.5 V—Vop+1.7 V 0.7 1.5 2.6 ms W
CTLD pin input delay Vob = Vvei, Veeln = 3.4V
tetip2 time 2 Vers = Voo+1.7 V — Vop+0.5 V 245 | 3.50 455 | ms W
CTLC pin input delay Vob = Vve1, VceLn = 3.4V
tetiet time 1 Verie = Voo — Vop +2.0V 0.7 1.5 2.6 ms \%
CTLC pin input delay Vob = Vvei, Veeln = 3.4V
teric2 time 2 Verie = Voo+2.0 V — Voo 3.15 4.5 585 | ms Vv
Vpp = VC1, COUT = OPEN
Isst Supply current 1 VerLtn = Vogrin — 0.4 V 13 30 MA X
Vop = VC1, COUT = OPEN
Iss2 Supply current 2 Veeltn = 1.5 V 6 12 A X
Vopo =VC1 =15V,
Vsrs | Standby mode tumed-on | yee 1, =34V, 005 | 01 | 015 | v | X
9 At rising edge of VMPD
() Refer to TEST CIRCUITS for detail information.
10
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R5651T

Test Circuits
A

VDD
SEL CTLD
CTLC
VGl VHC |—
\Y] =
VR
% 4 £ VG2 %
& VC3 TEP 4
© £
4 VC4 CTl —
Y 7
&= VC5 cT2 —
\Y A
VSS VMPC
SENSN
SENSP VMPD
DRAIN
DOUT cout
OSCILLOSCOPE
C
VDD
SEL CTLD
CTLC
VC1 VHC
vV —
VR
% 4 £3 VG2 %
@ /; Vo3 TEP b
@ 4 - vC4 cT
7 VC5 cT2
© £
VSS VMPC
SENSN
SENSP VMPD
——IDRAIN
DOUT cout
OSCILLOSCOPE

\\}

No.EA-514-250806

VDD
SEL CTLD
CTLC
VCT VHC ——
VR
VG2 %%
VG3 TEP »
VC4 CTl —
VC5 CT2 —
VSS VMPC
SENSN
SENSP VMPD
——DRAIN
— lpout cout
OSCILLOSCOPE
D
VDD
SEL CTLD
CTLC
VC1 VHC ——
VR
VG2 %%
VG3 TEP p
vCa CTi———(—*
\VC5 CT2 |—
VSS VMPC
SENSN
SENSP VMPD
——|DRAIN
DOUT cout
OSCILLOSCOPE

\\}

Nisshinbo Micro Devices Inc.
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R5651T

No.EA-514-250806

OSCILLOSCOPE

VDD
SEL CTLD
CTLC
¢ \vVC1 VHC
\2 VR
VG2
Ves TEP
\VC4 CT1
\VC5 cT2
\J
&
¢ VSS VMPC
SENSN
SENSP VMPD
——{DRAIN
DOUT couT
OSCILLOSCOPE
G
VDD
SEL CTLD
CTLC
® VC1 VHC —
VR
VG2 %%
ves TEP
VC4 CTi—
VC5 CT2 [—()——
VSS VMPC
SENSN
SENSP VMPD
DRAIN
DOUT couT

VDD
SEL CTLD
CTLC
VT VHC |——
VR
VG2 %%
Ves TEP
\VC4 cTi}—
\VC5 cT2 —
VSS VMPC
SENSN
SENSP VMPD
DRAIN _|
DOUT couT =
OSCILLOSCOPE
VDD
SEL CTLD
cTLC
® VC1 VHC
VR
VG2 %%
Ve3 TEP
VC4 CT1
VC5 cT2
Y
¢ VSS VMPG
SENSN
SENSP VMPD
_x ——DRAIN XX
7T DOUT COUTr— A
OSCILLOSCOPE

Nisshinbo Micro Devices Inc.
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R5651T

VDD
SEL CTLD
CTLC
VCi VHC |—
VR
VG2 %
vG3 TEP
en cTi—
VG5 cT2 |—
VSS VMPC
SENSN
¢ SENSP VMPD
| DRAIN A
[
OSCILLOSCORE
K
% VDD
SEL CTLD
CTLC
* VCi VHC —
\/ VR
% + VG2 %
@ Y \/G3 TEP
@ I3 VG4 CTi —
@ 4 VG5 cT2 —
o
¢ VSS VMPC
SENSN
SENSP VMPD
DRAIN
e——pouT cout

No.EA-514-250806

VDD
SEL CTLD
cTLC
vVCi VHC
VR
VG2 %
VC3 TEP
VG4 cTi
\VC5 cT2
VSS VMPC
SENSN
SENSP VMPD
DRAIN couT
DOUT x
OSCILLOSCOPE T
L
% VDD
SEL CTLD
cTLC
® vVCi VHC
\J VR
% + VC2 %
@ by VC3 TEP
@ + Vo4 CT1
¢ VCS5 cT2
© -
e VSS VMPC
SENSN
SENSP VMPD
DRAIN
DOUT cout

Nisshinbo Micro Devices Inc.
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R5651T

No.EA-514-250806

VDD
SEL CTLD
CTLC
VGl VHC |—
) VR %
\/c3 TEP
VG4 CT1 —
\V/C5 cT2 f—
VSS VMPC
SENSN
SENSP VMPD
DRAIN
DOUT cout
VDD
SEL CTLD
CTLC
VCT VHC
VR
VG2 %
/o3 TEP
VC4 CT1
\VC5 cT2
VSS VMPC
SENSN
SENSP VMPD [——4
——{DRAIN
DOUT cout

VDD
SEL CTLD
CTLC
VC1 VHC —
\J Py
\VC2 VR %
Y \c3 TEP
\J
vVCa CTif—
\J
VC5 cT2 —
\J
VSS VMPC
SENSN
SENSP VMPD
——DRAIN
— bout cout
b
VDD
SEL CTLD
CTLC
* VC1 VHC —
VR
VC2 %
\/c3 TEP »
wen oT1 |—
\VC5 cT2 f—
VSS VMPC
SENSN
SENSP VMPD
DRAIN
—{pout cout
i
ad
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Q R
VDD VDD
SEL CTLD SEL CTLD
cTLe CTLC
VGl VHC VGl VHC |—
VR VR |—
VG2 % VG2
ve3 TEP P \VGS TEP
VC4 CT1 VG4 CT1
o
VC5 CT2 VC5 CcT2 7]
VSS VMPC vss VMPG
SENSN SENSN
SENSP VMPD SENSP VMPD —9
——{DRAIN DRAIN
—pout cout DOUT cout
OSCILLOSCOPE OSCILLOSCOPE
§ T
VDD VDD
SEL CTLD SEL CTLD
CTLC cTLC
Vel VHC |— e VHG
VR|—®
' é’\A/\/—{ Ve " L/\/V\/—‘
TEP p 1
ve3 OSCILLOSCOPE VC3 TEP
VC4 CTl — \/C4 CT1 —
VC5 cT2 |— VC5 cr2 |—
VSS VMPC VSS VMPC
SENSN SENSN
SENSP VMPD SENSP VMPD
——|DRAIN — Ipran .
—{pout cout DOUT couTt g
OSCILLOSCOPE
15
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VDD
OSCILLOSCOPE | oTLD
CTICH—
VC1 VHC
R
VG2 v é%
Ve3 TEP »
VC4 CT1
VC5 cT2
VSS VMPC
SENSN
SENSP VMPD |——®
——|DRAIN
— Ipout couT
w
VDD
SEL CTLD
cTLC
VCT VHC
A
VG2 VR % 7 ©
Vo3 TEP
VC4 CT1
VC5 CT2
VSS VMPC
SENSN
SENSP VMPD
DRAIN
DOUT cout

OSCILLOSCOPE

No.EA-514-250806

VDD
SEL CTLD
CTLC
VC1 VHC |— (l
R X
o) v % A Y
VG3 TEP p
VC4 CTl —
VC5 CcT2|—
VSS VMPC
SENSN
SENSP VMPD
——{DRAIN
__lpout couT
OSCILLOSCOPE
X
VDD
SEL CTLD
CTLC
* VCi VHC |—
\/ VR
VG2 %%
VG3 TEP p
VC4 CT1 —
\VC5 cT2 |—
\
° VSS VMPC
SENSN
SENSP VMPD
——IDRAIN
—_lpourt couT— . |~

Nisshinbo Micro Devices Inc.
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THEORY OF OPERATION

Overcharge Detection: VD1n (n =1, 2, 3, 4, 5)

When charging, the R5651T supervises voltages between VC1 and VC2, VC2 and VC3, VC3 and VC4, VC4
and VC5, and VC5 and VSS pins, respectively, they are assigned to the CELL1 to 5 voltages.

When at least one of the cell voltages exceeds the overcharge detection voltage, the IC enters the overcharged
state and the COUT pin connected to an external pull-down resistor becomes Hi-z. Thereby, the charging stops
when the external Nch FET is turned off.

After the overcharge detection, when all the cell voltages drop below the overcharge detection voltage (Vperin)
with load, or when all the cell voltages drop below the overcharge release voltage (VreL1n) without load, the
COUT pin becomes High and the charging is available.

The overcharge detection and release delay times (tvoer, tvrer1) are fixed internally. The IC enters the
overcharged state when tvoet1 passes while the at least one of the cell voltages exceeds Voerin. However, the
IC does not enter when all the cell voltages drop below Vperin within tvoer1.

Besides, the IC does not release from the overcharged state when at least one of the cell voltages exceeds
VreL1n within tvreLt after the overcharge detection even when all the cell voltages drop below VreLin. The COUT
pin of the Pch open-drain output type outputs the VDD pin voltage at High.

Overdischarge Detection: VD2n (n =1, 2, 3, 4, 5)

When discharging as with the overcharge, the R5651T supervises voltages the CELL1 to 5 voltages in the
overdischarged state. When at least one of the cell voltages drops below the overdischarge detection voltage
(Voetz2n), the IC enters the overdischarged state and the DOUT pin becomes “Low”. Thereby, the discharging
stops when the external Nch FET is turned off. When the cell voltage exceeds VREL2n, the IC releases from
the overdischarged state without the charger and the DOUT pin voltage becomes High.

The overdischarge detection delay time (tvoer2) is settable. tvoer2 is set by the external capacitor (Ccri)
connected to the CT1 pin. The IC enters the overdischarged state when tvoet2 passes while the at least one
cell voltage drops below Voerzn. However, the IC does not go to the overdischarged when all the cell voltages
exceed Voetzn within tvoet2. The overdischarge release delay time (tvreLz) is fixed internally.

Besides, the IC does not release from the overdischarged state when at least one of the cell voltages drops
below VreL2n within tvreL2 even when all the cell voltages exceed VreLan after the overdischarge detection.

In the case that the VMPD pin voltage (Vvmpep) becomes High after the overdischarge detection, the IC stops
circuits not required to reduce the power consumption to a minimum. The DOUT pin of CMOS output type
outputs approx.12V from the internal regulator at High and the VSS pin voltage at Low.

When the overdischarge detection overlaps the open-wire detection, the overdischarge detection starts firstly,
after that, the open-wire detection starts.

17
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Discharge Overcurrent Detection: VD3n (n = 1, 2) and Short-circuit Detection

In the discharge enabled state, the R5651T supervises the SENSP pin voltage (Vsensp) with reference to the
SENSN voltage and enters the discharge overcurrent detected state when Vsense becomes from the discharge
overcurrent detection voltage (Vpetsn) under the short-circuit detection voltage (VsHorr) due to a large load.
The DOUT pin becomes Low and thereby it prevents to apply a large current when the external FET is turned
off.

The discharge overcurrent is detected in two steps (Voets1 / Voeraz). The discharge overcurrent detection delay
time 1/2 (tvoers1 / tvoeraz) for Voers1 / Voetsz are settable. tvoetsi is set by the external capacitor (Ccr2) connected
to the CT2 pin and tvoers2 is set to become one-tenth or one-twenty of tvoers1. The IC does not entry the
discharge overcurrent detected state when Vsense drops below Vperan within the delay time. The discharge
overcurrent release delay time (tvreLs) and the short-circuit detection delay time (tshorr) is fixed internally.

An external resistor for the discharge overcurrent release must be set among each drain of the external FETs
connected to the DRAIN, COUT, and DOUT pins. After the discharge overcurrent or short-circuit detection, it
is required that the external FET connected to the DRAIN pin is turned on and the resistor for the overcurrent
release is connected to Vss. When the load is released after the detection, the VMPD pin voltage (Vvwep) is
pulled down to VSS via the resistor for the overcurrent release, and thereby Vvmpp drops below VreLs.

After a certain delay time, the discharge overcurrent or short-circuit detected state is released. When the
discharge overcurrent detection is released, the external FET connected to the DRAIN pin is turned off and
the resistor for the overcurrent release is disconnected from Vss.

Charge Overcurrent Detection: VD4
In the charge / discharge enabled state, the R5651T supervises the SENSP pin voltage (Vsense) with reference

to the SENSN voltage. A large current is applied by connecting an inappropriate charger, and the IC enters the
charge overcurrent detected state when the SENSP pin voltage (Vsensp) becomes the charge overcurrent
detection voltage (Voet4) or less. Thereby, the COUT pin with an external pull-down resistor becomes Hi-Z and
it prevents to apply the large current to the circuits when the external Nch FET is turned off.

The IC does not enter the charge overcurrent detected state when Vsense exceeds Voers within a delay time.
The delay times for the charge overcurrent detection / release is fixed internally.

The VMPC pin voltage (Vvmpc) exceeds the charge overcurrent release voltage (Vrers) when a load is
connected after disconnecting the charger, and the IC is released from the charge overcurrent detected state
after passing the charge overcurrent release delay time (tvreLa).

0 V Battery Charging Inhibition: Vnochen (n =1, 2, 3, 4, 5)

The R5651T detects the charge inhibition voltage (Vnocha) for each cell. When any one of the cell voltages
drops below VnocHg, the charge inhibition is detected with the charger connected to the battery pack. Thereby,
the COUT pin become Hi-Z and stop to charge.

18
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Standby Mode
In the overdischarge detected state, the R5651T shifts from normal mode to standby mode while the VMPD

pin voltage (Vvmrp) exceeds the standby mode detection voltage (Vstg). In the standby mode, the IC stops
circuits not required to reduce the power consumption to a minimum. This IC returns from the standby mode
to the normal mode when Vvwvep drops below Vsts by connecting the charger.

Operating Mode Switching by SEL Pin
The SEL pin is a selectable switching pin for three- to five-cell protection modes.

Operating Modes

Reference input voltage level for SEL pin Modes
VDD pin voltage level 5-cell protection
VC4 pin voltage level: (Vop-2) V to 2V 4-cell protection
VSS pin voltage level 3-cell protection
-0.3V or less Prohibition of use

Cascade Connection by CTLC and CTLD Pins
When using cascade connection as shown in the typical application circuit 2 of the APPLICATION

INFORMATION chapter, the R5651T can transfer each state of overcharge, overdischarge, and open-wire
detections by connecting between the COUT and CTLC pins and between the DOUT and CTLD pins. When
not using it, the CTLC and CTLD pins must be connected to VSS.

When the CTLC / CTLD pin voltage is higher than the value of High threshold voltage 1 (VcrLcin / Vetipin), or
when the CTLC / CTLD pin voltage is lower than the value of High threshold voltage 2 (Vcticzn / Vetibzn), the
COUT / DOUT pin becomes High after normal operation.

When applying a voltage of between Vcricin and Veriezn to the CTLC pin, the COUT pin with an external pull-
down resistor becomes Low forcedly, and when applying a voltage of between Vcripin and Veriozn to the CTLD
pin, the DOUT pin becomes Low forcedly.

Don’'t make the CTLC and CTLD pins open. The following table indicates a relationship between the control
pins (CTLC and CTLD) and the state of the external FETs for the COUT and DOUT pins.

External FET’s state by CTLx pins

CTLC / CTLD pins External FET for COUT / DOUT pins
2Vop to VerietH/ Vet ON (Normal operation)
Vertietn/ Vetiptn to Veriean/ Vertipzn Forced OFF
Vss to Veriean/ Veripzu ON (Normal operation)

19
Nisshinbo Micro Devices Inc.



R5651T
No.EA-514-250806

When Vob = 17 V (Refer to “Electrical Characteristics”),
Vertietn/ Vetotn: Typ.18.1V
Verican/ Vetiozn: Typ.15.9V / 14.25V

Input voltage  CTLC/CTLD

Vop2 - A
(1) Nomal mode
A 4
—x— 181V
Voo —Y— (Von=17V) (2 Forced OFF

A

—f— 159V/1425V

(1) Nomal mode

VSS
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Delay Time Setting by CT1 and CT2 pins
The CT1 and CT2 pins are used for setting each delay time of the overdischarge detection (tvoerz), the

discharge overcurrent detection 1 (tvbets1) and the discharge overcurrent2 (tvoers2) by connecting external
capacitors Ccrx. Each of tvoetz, tvbers1, and tvoersz be calculated by the equation of CV = iAt.

Min. Typ. Max. Details

2.52 x Ccr1[nF] 3.6 x Ccr1 [nF] 4.68 x Cct1[nF]

tvbeT2 [US] When Cct1=33 nF, | When Cct1=33 nF, | When Cct1= 33 nF, | Refer to the following a.
tvoeT2= 83 ms tvoeT2= 119 ms tvber2= 155 ms
2.1 x Ccr2[nF] 3 x Cer2[nF] 3.9 x Ccrz[nF]

tvpeT31 [MS] When Cct2= 3.3 nF, | When Cct2=3.3 nF, | When Cc12=3.3 nF, | Refer to the following b.
tvoeTs1 = 6.9 ms tvbeTs1 =9.9 ms tvbets1=12.9 ms
0.21 x Ccr2[nF] 0.3 x Ccrz2[nF] 0.39 x Ccr2[nF]

tvpeT32 [MS] When Cct2=3.3nF, | When Cct2=3.3 nF, | When Cct2= 3.3 nF, | Refer to the following c.
tvoeTst1 = 0.69 ms tvoeTst = 0.99 ms tvbers1 = 1.29 ms

Details:
a: tvoerz is given by the following expression, where are Cct1 = 33 nF, Vboer1 = 1.80 V, and I ct1 = 0.5 pA.
tvoet2 = Cet1 X Ver1/ l et

tvoet2 = 119 ms

b: tvoers1 is given by the following expression, where are Cct2 = 3.3 nF, Voct2 = 1.50 V, I ct2 = 500 nA.
tvbeTa1 = Ccr2 X Vper2/ l ez

tvoeT31 = 9.9 ms

c: tvoeraz is given by the following expression, where are Ccr2 = 3.3 nF, Vbcr2 = 1.50 V, [ ct2 = 500 nA.
tvpeTa2 = Ccr2 % Vpet2/ (Ict2 x 10)

tvoeTs2 = 0.99 ms
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Temperature Protection by External NTC
The R5651T has three temperature detectors to protect the charge high temperature, the charge low

temperature, and the discharge high temperature. The VR and the TEP pins are used to supervise the
temperature. The VR pin supervises the temperature only for 10 ms in the 1 s period to reduce supply current
between Rrer and NTC.

In the discharged state, the discharge high temperature is detected when the supervised temperature exceeds
Toon, and the DOUT pin becomes Low to stop the discharge current. After that, the discharge high temperature
is released when the supervised temperature drops below TroH, and thereby the DOUT pin becomes High to
permit discharging.

In the non-discharged state, the charge high temperature is detected when the supervised temperature
exceeds TocH, and the COUT pin becomes Hi-Z to stop the charge current. After that, the charge high
temperature is released when the supervised temperature drops below TrcH, and thereby the COUT pin
becomes High to permit charging. As with the high temperature, the charge low temperature is detected when
the supervised temperature drops below TocL, and thereby the COUT pin becomes Hi-Z to stop the charge
current. After that, the charge low temperature is released when the supervised temperature exceeds TrcL,
and thereby the COUT pin becomes High to permit charging.

The VMPD pin supervises the discharge current by its input voltage. After detecting the charge high / low
temperature, these protected states are released immediately when the VMPD pin voltage (Vvmpp) exceeds
Vbse. Delay times for temperature protection are fixed internally. For the example of the discharge high
temperature detection, the internal timer counts 64 ms until the discharge high temperature is detected. The
detecting and releasing at other temperatures also are set at the same delay time.

In standby mode, the temperature protection does not work because the VRT pin is used to supply a voltage
source for a voltage divider.

Reference resistance values for Rrer and NTC ("
* Rrer: 33kQ +1%
- NTC: 10 kQ #1% (Ta = 25°C, B-value(Bzsiss) = 3435K 1%

COUT and DOUT pins setting for temperature protection

. o 0°C (TocL) 45°C (TocH) 70°C (TooH)

State Pin to 0°C (Toc) t045°C (TocH) | to70°C (TooH) or more

COouT Hi-Z High Hi-Z Hi-Z
Charge - . :

DOUT High High High Low
. COouT High Hi-Z

Discharge -
DOUT High Low

() Refer to Technical Notes on External Components for recommended parts.
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Open-wire Detection

Refer to Typical Application Circuit 1 in Application Information for details on the following descriptions.

The R5651T for the three to five cells protection can detect open-wire at P1 to P7. When detecting an open-
wire, the COUT and DOUT pins output Hi-Z and Low respectively.

The open-wire detection at P2 to P7 runs during approx.150ms in a cycle of t.t (typ.4.00s). In the open-wire
detection sequence for P2 to P5, the EVEN_SW and ODD_SW signals turn on the switch between VC1 and
VC2, VC3 and VC4, or VC5 and VSS and the switch between VC2 and VC3 or VC4 and VC5 alternately to
detect the open-wire. The IC’s internal impedance in between pins that the switch is on drops for approx.64ms.
When the open-wire occurs, the VCx pin voltage varies due to a difference between the internal impedances.
The IC detects the variations in voltages and enters the open-wire detecting state. When the voltage of [VCn
—VCn+1 (n = 1,2,3,4)] or [VC5—VSS] is the open-wire disable threshold (Vbn) or less during the open-wire
detection, the IC does not judge detection / release to the open-wire.

The open-wire at P6 is detected when Vss exceeds Vsense and the VSS open-wire detection disable threshold
(VosL), and the open-wire at P7 is detected when Vsense drops below Vss and Vosi. The open-wire detecting
state is released by a shift to the standby state.

Even if the battery voltage is higher than Vbon, the open-wire detection might not occur when the voltage of
[VCn—VCn+1 (n=1,2,3,4)] or [VC5—VSS] drops below Vo at the open-wire. When the battery voltage drops
below the 0 V battery charging inhibition voltage (Vnochc) by a drop of the battery voltage, the COUT pin might
become Low by detecting the OV battery charging inhibition.

[limitations]

The following limitations are required for the open-wire detection at P2 to P7.

e In the case that the open-wire detection period occurs in the overcharge / overdischarge detection delay
time counting states, the open-wire detection does not run, the overcharge / overdischarge detection with
the higher priority is handled first, and the open-wire detection runs during the next period. Thereby, a
delay time for the overcharge / overdischarge detections might become longer.

e In the case that the voltage of [VCn—VCn+1 (n = 1,2,3,4)] or [VC5—Vss] is nearby the open-wire disable
threshold (Von), it is impossible to detect an open-wire due to the individual difference of a IC, a battery
voltage balance, operating conditions, and external components.

e The open-wire at P7 is not detected when connected a load between Pack+ and Pack-. In the
recommended circuit, a discharge via the load between Pack+ and Pack- does not occur because of no
discharge path at P7. Even the space between them is open, the open-wire is not detected.

e The open-wire at P7 is not detected when the COUT pin is Hi-Z, even a charger is connected between
Pack+ and Pack-.

e Regarding the open-wire at P7, the discharge / charge overcurrent might be detected by a pulled-up of
the SENSN pin with an internal circuit in the R5651T.

e The release from the open-wire detection at P6 and P7 might not occur unless the charger is removed
and the VMPC pin voltage (Vvmprc) exceeds the power on voltage at standby mode (Vsts).
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Timing Charts

Qdd ON EvenON
(about (about Open Wire Scannig Cycle

L zome) | 70me) ] (about 4.00s)
= I

I

oppsw 4

A

EVENSW

VG3 Voltage

detection threshold

couT-pout 4

QpenWire happen

Open-wire Detection Timing Diagram (High output type at detection)

24
Nisshinbo Micro Devices Inc.



R5651T

APPLICATION INFORMATION

Typical Application Circuits

No.EA-514-250806

When the FET connected to the COUT pin is turned off and a load is connected between Pack+ and Pack-,
the discharge current is applied via the parasitic diode of its FET. When the FET connected to the DOUT pin
is turned off and a charger is connected between Pack+ and Pack-, the charge current is applied via the

parasitic diode of its FET. Thus, the FETs must be enough to flow the current.

P7

Typical Application Circuit for 5-cell Protection Battery Charger

VDD
SEL CTLD
CTLC
VC1 VHC |—
VC2
VC3 VR
VC4 TEP
Cer
VC5 CT1 |}
Cer
VSS CT2 -
SENSN
SENSP VMPD :
DRAIN VMPC
DOUT COouT
Rcor Rump
RC02 3’
Remne MDO MCQ
ik -
morl_
R
RDRAIN

Nisshinbo Micro Devices Inc.
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K‘ @

]
VDD
SEL CTLD
CTLC
VC1 VHC
VC2
VC3 VR
VC4 TEP
CCT1 3 RCH-
VC5 CT1 1 1
CCTZ
VSS CT2 1
SENSN
SENSP VMPD
DRAIN VMPC
DOUT COouT
J Rco1 Rvmpcg RVMp[g
RCD? g
Reens MDO MCO
> {ézir ® - —ix CH-
P7
MD&[?
VWA

Typical Application Circuit for 5-cell Protection Battery Charger
(When separated between charging and discharging paths)

Nisshinbo Micro Devices Inc.
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@)
Dy Rvoo
*—P——WA T |
CWDT ) VDD
SEL CTLD
L CTLC
E VC1 VHC ——
E VC2 P ¢
Rues
+R—W—9- E VC3 VR Ahd 1
T—— CELL1 Ry Cues
A I vC4 TEP
CELL2  Ruyes Cycs E Cerni
¢ VC5 CT1 |}
—— CEW3 Cucs r
f 3 ES] CT2
Rz S
* T SENSN
>¥ ¢n|SENSP VMPD
DRAIN VMPC
T DOUT cout
Rue = 777
T - VSsB
- bt
7— MUDO DLDO
VSSB
| | °
S CUF
Dy Rvop 1 Rupot Rucor
>t v IS VWA ®
. VDD
ZD,
1 s CTLD —WAM
L CTLC ——wW—
E VC1 VHC
E VC2 E e
Rucs
vAvAvA - VC3 VR A H ZNTC |—0
T—— CELL1 Ry Cuos E
E—M‘ |- vCa TEP
CELL2  Rucs Cves E Cernt
r—¢- VC5 CT1 ||
—— CELL3 Cues r Cen
K—e VSS CT2 |}
Roz SENSN TIT
o, SENSP VMPD VSSA
—1 DRAIN VMPC
DOUT couTt

MDO

Rsens
7 —A\N—o ; { ! r P

TIT wr L

Reor

Reoz

Ruwe

VSSA W
Rorain

»—ﬁ--

Typical Application Circuit for 6-cell Protection Battery Charger
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1-—[&]—”—\/\/\," 1
L VDD
SEL CTLD
C:E e
Rvet
- R— Wy VC1 VHC ——
T~ CEWL! R TCVC‘E Cm
i«z—m 4 E VC2 J_“—o
CELL2 Rves
i«z—vw -1 E vC4 TEP
CELL4 Rves Cuvea Cen
E&—Nv‘ I r VC5 CT1 Il
—— CELLS Cues
¢+ 1_ VSS CT2
T SENSN
> ¥ ¢4 SENSP VMPD
DRAIN VMPC
T DOUT cout
ch:; TIT
L bucs VSSB
- . >
7 MUDO i‘:’
VSSB
|
¢ Ry
P COL T A S —
)rZDv VDD
SEL CTLD |— ARM
[V — AAA
. —L CTLC ‘VR:OOVZ
P——AW—9- VC1 VHC
T CELWT Ry Cuer E o
E WA—¢- VC2 S
CELL2 Rves Cvcz K VR
f% AAN >
l VC3 Rrep NTC
CELL3 Ry Cves
E—M“ 4 E VC4 TEP
CELL4  Rucs Cucs Cen
Pt s ort i
—— CELL5S Cues Cen
X—se I B CT2 1
o SENSN LA
o SENSP VMPD VSSA
VMPC
cout
Reot Rume b
Reoz
1 —®

Typical Application Circuit for 10-cell Protection
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External Components Selection Guide

No.EA-514-250806

Symbol Value (Typ.) Range Unit Remarks (")
Rvop 1 1 kQ | Refer to Technical Note [1].
Rt/ Rvez/ Rves 1 1 kQ | Refer to Technical Note [2].
/ Rvca/ Rves
Rsens 10 1 or more mQ | Depending on set value for overcurrent.
RbRraIN 75 Note [3] kQ
Rcot 1 Note [3] MQ | Refer to Technical Note [3].
Rcoz 2.2 Note [3] MQ
Recommended for the accuracy of 1%.
Rucot 6 2108 MQ | Refer to Technical Note [6] andy[14].
Ruco2 10 10 kQ | Refer to Technical Note [13].
Recommended for the accuracy of 1%.
Rupot 6 2to8 MQ Refer to Technical Note [14]. ’
Rupo2 10 10 kQ | Refer to Technical Note [13].
RvHc 4.7 4t0 6 MQ | Refer to Technical Note [5].
Rvmp 10 0.01to 10 | MQ | Refer to Technical Note [7].
Rb2 - - Q | Refer to Technical Note [12].
Cvop 1 0.1t01.0 uF | Refer to Technical Note [1] and [14].
Cver/ Cvez/ Cves 0.1 0.1 WF | Refer to Technical Note [2].
/ Cvcal Cves
Cer1 2.2 1 or more nF |-
Ccr2 3.3 1 or more nF | Refer to Technical Note [4].
Cwr 0.1 0.1 uF | -
Cuco 22 22 nF | Refer to Technical Note [14].
Cupo 22 22 nF | Refer to Technical Note [14].
Refer to Technical Note [8].
ZD+ 30 Up to 30 V | Recommended Component Number:
MM1Z30 0.5W 30V J SOD-123 EIC
Rrep 33 33 kQ | -
Rch- 22 22 ormore | MQ | -
NTC 10 10 KO Recommended Component Number:103AT-4-040 (SEMITEC)
NTCG103JF103F / NTCG163JF103F(TDK)
D1 - - - Refer to Technical Note [11].
D2 - - - Refer to Technical Note [12].
Duco - - - Refer to Technical Note [14].
Dupo - - - Refer to Technical Note [14].
mgg : : : Refer to Technical Note [9].
MDR - - - Refer to Technical Note [10].
MUDO - - - Refer to Technical Note [14].

() Refer to “Technical Notes for External Components” for details.

29

Nisshinbo Micro Devices Inc.



R5651T

No.EA-514-250806

Technical Notes on the Selection Components

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

(10]

Rvop stabilizes voltage fluctuations of the IC in conjunction with Cvop.

In the case that a large Rvcx is set to stabilize the voltage fluctuations with conjunction with Cvcx, the
detection voltage becomes High because of the internal conduction current of the IC.

Each resistor of Roran, Rcot1 and Rcoz requires an appropriate value as to satisfy the next equation.
Otherwise, it might be impossible to release from the discharge overcurrent and the short-circuit.

RDRAIN < VRELS X (RC01 + RCOZ)/(VDD - VRELS)

In the case that a small Rco1 / Rcoz is set, the supply current of protection circuit board increases when
the output of COUT is High. In the case that a large Rco1 / Rcoz is set, the speed pulled-down of the
FET gate for charge becomes slow when the COUT pin is Hi-Z, thereby it takes much time to turn the
FET off.

When a too small Ccr2 is set, the discharge overcurrent detection delay time 1 / 2 (tvoers1 / tvpeTs2)
becomes shorter than the short-circuit delay time (tsHorr).

In the case of the cascade connection, the VHC pin on a lower voltage IC transmits a presence / absence
of load connection and charger connections to a higher voltage IC.

Rucot1 must be set to satisfy Ruco = Rco1+Rcoz. In the case that an extremely large resistor is set, the
CTLC pin might not be pulled down by the dividing resistance at the COUT pin of Hi-Z. In the case that
a small resistor is set, the consumption current via Ruco increases when the COUT pin is High.

When a large resistor for Rvmr is set, a sufficient consideration must be given to noise to a wire between
the resistor and the IC. The resistor of Rymp should be placed as close as possible to the VMPC pin to
reduce noise.

In the case of the cascade connection, the VMPC and VMPD pins are pulled up via Rvmp to the top cell
when the DOUT pin is turned off, thereby the current flows via Rvme and the internal diode. For this
reason, appropriate value for Rvmp must be set.

It is recommended to connect a Zener diode in order to prevent a high voltage to the IC. The Zener
diode must be directly connected between the VDD and VSS pins.

The charge control FET (MCO) and the discharge control FET (MDO must make a sufficient
consideration to their maximum voltage tolerance, current rating, maximum power consumption and

peak consumption when short-circuit.

The pull-down FET (MDR) must make a sufficient consideration to its maximum voltage tolerance.
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The diode of D1 prevents a drop in the VDD pin voltage (Vop) along with a steep drop of the battery
voltage during the short-circuit.

The diode of D2 prevents a boost of the VSS when an open-wire between the minus side of the CELL3
and the VSS pin. Thereby it is possible to turn on / off the MDO being a FET for the DOUT pin even
when the open-wire. When the open-wire between the minus side of the CELL3 and VSSA is detected,
RD2 limits the current applied to D2. D2 and Rp2 must design so that a forward voltage to diode is 0.4V
or more and the MDO gate threshold voltage or less, at 25°C and 85°C. When connecting two diodes
for Dz in serial, it might meet the above conditions at low cost in some instances.

If the maximum input voltage exceeds 30V, a resistor must be inserted to prevent permanent damage
to the IC. It is recommended to place the resistor nearby the CTLC / CTLD pin to reduce the influence
as possible.

In the case of a battery with a high impedance, the battery might cause a steep change in voltage when
connected with loads. External components of Rubo1, Ruco1, Cubo, Cuco, DUDO, DUCO, and MUDO for
the cascade connection have effect to prevent misdetection when a high output voltage of the COUT /
DOUT pin on the higher voltage IC drops below the CTLC / CTLD threshold voltage 1 (VctictH / Vertipin)
on the lower voltage IC.

Refer to the following table for external component values and examples of a transmission delay time
at the cascade signal of Low according to their components.

Cells Cupo,Cuco | Rupo1,Rucor CTLD pin input CTLC pin input
Count [nF] [MQ] delay time (tctp) [s] delay time (tctic) [s]
6 22 6 0.17 t0 0.49 0.17 to 0.50
10 22 6 0.23 t0 0.49 0.23 to 0.57

The conditions calculated above values are as follows:
Voer1 = 4.22 V, Vper2 = 2.6 V, Cvop on the lower voltage IC = 0.1 yF, and the battery voltage of 1.3 V or
more at load connection
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TECHNICAL NOTES

A peripheral component or the device mounted on PCB should not exceed a rated voltage, a rated current or
a rated power. When designing a peripheral circuit, please be fully aware of the following points.

* Please evaluate the product at the PCB level before use, as some symptoms may remain that cannot be
confirmed by the evaluation at the IC level.

*  When using any coating or underfill to improve moisture resistance or joining strength, evaluate them
adequately before using. In certain materials or coating conditions, corrosion by contained constituents,
current leakage by moisture absorption, crack and delamination by physical stress can happen. If the
curing temperature of the coating material or underfill material exceeds the absolute maximum rating, the
electrical characteristics of this product may change.

*  When performing X-ray inspection in mass production process and evaluation build stage such as the
product functions and characteristics confirmation, please confirm X-ray irradiation does not exceed
1.5Gy (absorbed dose for air).
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PART MARKINGS R5651T
Ver. AA

O@@®®: Product Code -+ Refer to Part Marking List
@®®: Lot Number --- Alphanumeric Serial Number
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0®9
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R5651T (TSSOP-24) Part Markings

R5651T Part Marking List

Product Name ONONONONONG)
R5651T103CA H103TCA
R5651T104CA H104CA
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POWER DISSIPATION TSSOP-24

PD-TSSOP-24-(85125)-JE- A

The power dissipation of the package is dependent on PCB material, layout, and environmental conditions.
The following measurement conditions are based on JEDEC STD. 51.

Measurement Conditions

Item Measurement Conditions
Environment Mounting on Board (Wind Velocity = 0 m/s)
Board Material Glass Cloth Epoxy Plastic (Four-Layer Board)
Board Dimensions 76.2 mm x 114.3 mm x 1.6 mm
Outer Layer (First Layer): Less than 10% of 62 mm Square
Copper Ratio Inner Layers (Second and Third Layers): Approx. 100% of 74.2 mm Square
Outer Layer (Fourth Layer): Less than 10% of 62 mm Square
Through-holes None
Measurement Result (Ta = 25°C, Tjmax = 125°C)
Item Measurement Result
Power Dissipation 1400 mW
Thermal Resistance (6ja) bja=71°C/W
Thermal Characterization Parameter (yijt) yjt = 20°C/W

6ja: Junction-to-Ambient Thermal Resistance
yjt: Junction-to-Top Thermal Characterization Parameter
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PACKAGE DIMENSIONS TSSOP-24
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11.

12.

13.

The products and the product specifications described in this document are subject to change or discontinuation of production without
notice for reasons such as improvement. Therefore, before deciding to use the products, please refer to our sales representatives for the
latest information thereon.
The materials in this document may not be copied or otherwise reproduced in whole or in part without the prior written consent of us.
This product and any technical information relating thereto are subject to complementary export controls (so-called KNOW controls)
under the Foreign Exchange and Foreign Trade Law, and related politics ministerial ordinance of the law. (Note that the complementary
export controls are inapplicable to any application-specific products, except rockets and pilotless aircraft, that are insusceptible to design
or program changes.) Accordingly, when exporting or carrying abroad this product, follow the Foreign Exchange and Foreign Trade
Control Law and its related regulations with respect to the complementary export controls.
The technical information described in this document shows typical characteristics and example application circuits for the products. The
release of such information is not to be construed as a warranty of or a grant of license under our or any third party's intellectual property
rights or any other rights.
The products listed in this document are intended and designed for use as general electronic components in standard applications (office
equipment, telecommunication equipment, measuring instruments, consumer electronic products, amusement equipment etc.). Those
customers intending to use a product in an application requiring extreme quality and reliability, for example, in a highly specific application
where the failure or misoperation of the product could result in human injury or death should first contact us.

* Aerospace Equipment

*  Equipment Used in the Deep Sea

« Power Generator Control Equipment (nuclear, steam, hydraulic, etc.)

» Life Maintenance Medical Equipment

* Fire Alarms / Intruder Detectors

» Vehicle Control Equipment (automotive, airplane, railroad, ship, etc.)

» Various Safety Devices

»  Traffic control system

»  Combustion equipment
In case your company desires to use this product for any applications other than general electronic equipment mentioned above, make
sure to contact our company in advance. Note that the important requirements mentioned in this section are not applicable to cases
where operation requirements such as application conditions are confirmed by our company in writing after consultation with your
company.
We are making our continuous effort to improve the quality and reliability of our products, but semiconductor products are likely to fail
with certain probability. In order to prevent any injury to persons or damages to property resulting from such failure, customers should be
careful enough to incorporate safety measures in their design, such as redundancy feature, fire containment feature and fail-safe feature.
We do not assume any liability or responsibility for any loss or damage arising from misuse or inappropriate use of the products.
The products have been designed and tested to function within controlled environmental conditions. Do not use products under conditions
that deviate from methods or applications specified in this datasheet. Failure to employ the products in the proper applications can lead
to deterioration, destruction or failure of the products. We shall not be responsible for any bodily injury, fires or accident, property damage
or any consequential damages resulting from misuse or misapplication of the products.
Quality Warranty
8-1. Quality Warranty Period

In the case of a product purchased through an authorized distributor or directly from us, the warranty period for this product shall be

one (1) year after delivery to your company. For defective products that occurred during this period, we will take the quality warranty

measures described in section 8-2. However, if there is an agreement on the warranty period in the basic transaction agreement,

quality assurance agreement, delivery specifications, etc., it shall be followed.
8-2. Quality Warranty Remedies

When it has been proved defective due to manufacturing factors as a result of defect analysis by us, we will either deliver a substitute

for the defective product or refund the purchase price of the defective product.

Note that such delivery or refund is sole and exclusive remedies to your company for the defective product.
8-3. Remedies after Quality Warranty Period

With respect to any defect of this product found after the quality warranty period, the defect will be analyzed by us. On the basis of

the defect analysis results, the scope and amounts of damage shall be determined by mutual agreement of both parties. Then we

will deal with upper limit in Section 8-2. This provision is not intended to limit any legal rights of your company.
Anti-radiation design is not implemented in the products described in this document.
The X-ray exposure can influence functions and characteristics of the products. Confirm the product functions and characteristics in the
evaluation stage.
WLCSP products should be used in light shielded environments. The light exposure can influence functions and characteristics of the
products under operation or storage.
Warning for handling Gallium and Arsenic (GaAs) products (Applying to GaAs MMIC, Photo Reflector). These products use Gallium (Ga)
and Arsenic (As) which are specified as poisonous chemicals by law. For the prevention of a hazard, do not burn, destroy, or process
chemically to make them as gas or power. When the product is disposed of, please follow the related regulation and do not mix this with
general industrial waste or household waste.
Please contact our sales representatives should you have any questions or comments concerning the products or the technical
information.

(0] (0] Official website

N"SS H "N Bo https://lwww.nisshinbo-microdevices.co.jp/en/

Purchase information

Nisshinbo Micro Devices Inc. https://www.nisshinbo-microdevices.co.jp/en/buy/
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