RICOH

3to 5 Serial Cell Li-ion Battery Protection IC

NO.EA-401-190909

OUTLINE

The R5650T 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 R5650T supports 3 to 5 cells connected in series, forcing a certain voltage on SEL1 and
SEL2 pins can select any number of cells.

FEATURES
® High Voltage Tolerant Process
Absolute Maximum Ratings ................................ 30V
® | ow Supply Current
Normal operation with using 5 cells -« veveeeeeennns Typ. 12.0 pA
Standby .......................................................... Typ 5.0 HA
® High-accuracy Voltage Detection
Overcharge detection voltage (Voerin®) «eeveeeemeeieeinnes 3.6 Vto 4.5V (in 5 mV steps)
Overcharge detection voltage accuracy - ««-««----xoereeee + 25 mV (Ta = 25°C)
Overcharge release voltage -+« -oveerrenneen, VpEeTin- 0.1V 10 VoeTtin- 0.4V (in 50mV steps)
Overdischarge detection voltage (Voetan®) «+e-eeveveieenns 2.0V 10 3.2V (in5mV steps)
Overdischarge detection voltage accuracy «-«-----«--+-e-- + 50 mV (Ta = 25°C)
Overdischarge release voltage «-« -+ «-rrvrrrrvins Vper2n+ 0.0 V to Voeran+ 0.7 V (in 100mV steps)
- provided, Max.value is 3.2 V.
Discharge overcurrent detection voltagel (Vpers1) -+ 0.03 V10 0.10 V (in 10 mV steps)
Discharge overcurrent detection voltage accuracy «------- 0.03V1t00.05V:£5mV,
0.05V1t00.10 V: £ 10%
Discharge overcurrent detection voltage2 (Vpersz) -+ 2/ 2.5/ 3 times Vpers1
Short-circuit detection voltage® -« -vovovevviiiiin, 0.1V to 0.6 V (in 20 mV steps)
Charge overcurrent detection voltage (Vpet4):--«---vveee -0.015 V t0 -0.025 V, -0.030 V to -0.050 V
(in 5 mV steps)
Charge overcurrent detection voltage accuracy:----------- -0.015V t0-0.025 V: £ 5 mV,

-0.030 V t0 -0.050 V: + 20%, or Disable
® Temperature Protection

Charge high-temperature (TpgH) «««-wrererrerrsere. 45/50/55°C
Charge high-temperature acCuracy ==« - +oxoverreeesenene. +5°C

Charge [oW-temperature (TogL):---+++++«ssrrererreeeaaaannen. 5/-3/0°C
Charge low-temperature aCCUraCy:««« -« =reesereraeeees + 3°C
Discharge high-temperature (TopH):«««xeorerrereererenens 70/75°C
Discharge high-temperature accuracy -« «-:«-roeeveeeen +5°C

@ Vperin,:n=1,2,3,4,5
@ Vpersz is not detected when Vpersz is higher than Vsrorr.
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® Each Detection Delay Time
Overcharge detection delay time -« voveevervininnns 1.0 sec
Overdischarge detection delay time settable by external capacitor
Discharge overcurrent detection delay time 1/2 settable by external capacitor

Charge overcurrent detection delay time -+« vevevevnens R5650TxxxAX: 256 ms
R5650TxxxBx: 8 ms
Short-circuit detection delay time -+« ovovvereninnnns Typ. 500 ps
Selectable 0 V Battery Charging -« «-«-xoeoerermie. Permit / Inhibition
Overcharge Release Condition -+« -« «vevrvereiin. Voltage release type
Overdischarge Release Condition -+« +vovvevevenennnnn. Voltage release type

3 to 5 Cells Selectable Battery Protection

Delay Time Shortening Function

Temperature Protection by External NTC Thermistor

Discharging Current Detection for Temperature Protection

PACKAQGE -+ -+ vererrer e TSSOP-20 (EIJA: 225 MIL)

APPLICATIONS

m Li-lon or Li-Polymer Battery Protection for a power tool and cordless / robot vacuum cleaners.
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SELECTION GUIDE

Set voltages, Delay times are, and Optional functions can be designated.

Selection Guide

Product Name Package Quantity per Reel Pb Free Halogen Free

R5650Txxx$*-E2-FE TSSOP-20 3,000 pcs Yes Yes

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

Vperin®: 3.6 Vto 4.5V in 5 mV steps

VReL1n® : Vpetin— 0.1 V to Vpetin— 0.4 V in 50 mV steps

Voer2n® : 2.0 Vto 3.2 Vin 5 mV steps

VreL2n® : VpeT2n+ 0.0 V t0 VbeT2n + 0.7 V in 100 mV steps (Max. 3.2 V)
Vpeta1 : 0.03 Vto 0.10 V in 10 mV steps

VpeT3z2 : 2 or 2.5 or 3 times VpeTs1

VshorT : 0.1 Vt0 0.6 V in 20 mV steps

Vpet4 : -0.015 V to -0.050 V, in 5 mV steps

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

Delay Time Code Table

Code tvoera (MS)
A 256
B 8

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

Function Code Table

Code Overchgrge Overdischarge Charge ov BatFery
Detection Detection Overcurrent | Charging
A Release Release Enable Permit
B Release Release Disable Permit
C Release Release Enable Inhibition
D Release Release Disable Inhibition

@ VpET1n, VREL1n. VcBDn, VeBrn, VDET2n, VREL2N: N =1, 2, 3,4, 5

RICOH
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Product Code List

The product code is determined by the combination of the set output voltages (Overcharge detection/release
voltage: Voerin/VReLn,
detection voltagel/2: Vpersi/Voersz, Short-circuit detection voltage: Vshort, Charge overcurrent detection
voltage: Voer4) and the threshold temperatures for the temperature protection (Charge high-temperature: Toch,
Charge low-temperature: TocL, Discharge high-temperature: TooH).

Product Code Table

Overdischarge detection/release voltage: Voetzn/VREL2n,

NO

.EA-401-190909

Discharge overcurrent

Threshold
Temperature(°C)
Set Voltage (V
Product Name ge (V) [Release
Temperature]
VpeTin | VReL1n | VDET2n | VREL2n | VDET31 | VDET32 | VsHoRT | VDET4 MNocHeN| TbcH TocL | TooH
RS6S0TA01AA | ) 50 | 4.150 | 2.700 | 3.000 | 0.070 | 0.140 | 0.240 |-0.050——| 45 | O | 70
R5650T401BC | ' ' ' ' ' ' ' 0.9 [40] (5] | [55]
R5650T402AA — 45 -3 70
4.250 | 4.150 | 2.700 | 3.000 | 0.030 | 0.060 | 0.100 |-0.015
R5650T402BC 0.9 [40] [2] | [55]
RS6S0TA03AA | ) 400 | 4.250 | 2.700 | 3.000 | 0.100 | 0.300 | 0.420 |-0.030——| 55 | 3 | 70
R5650T403BC | ' ' ' ' ' ' ' 0.9 [50] [2] | [55]
R5650T404BC | 4.250 | 4.150 | 2.700 | 3.000 | 0.030 | 0.060 | 0.100 |-0.015| 1.3 | 4° -3 | 70
[40] [2] | [55]
R5650T405AA | 4.350 | 4.150 | 2.700 | 3.000 | 0.050 | 0.100 | 0.200 |-0.040| — 55 -3 | 70
[50] [2] | [55]
R5650T406AA | 4.175 | 3.975 | 2.700 | 3.000 | 0.050 | 0.100 | 0.200 |-0.040] — | 22 | 3 | 70
[50] [2] | [55]
R5650T407BC | 4.170 | 4.050 | 2.700 | 3.000 | 0.030 | 0.060 | 0.100 |-0.015| 1.3 | 42 | 3 | 10
[40] [2] | [55]
R5650T408BC | 4.225 | 4.100 | 2.700 | 3.000 | 0.080 | 0.160 | 0.240 |-0.015| 0.9 | 2° 0 | 70
[45] [5] | [55]
R5650T409AA | 4.220 | 4.120 | 2.700 | 3.000 | 0.070 | 0.140 | 0.240 |-0.015| — 50 0 | 70
. . . . . . . . w51 | 5 | )
R5650T410AA | 4.250 | 4.200 | 2.800 | 3.000 | 0.100 | 0.200 | 0.400 |-0.015| — | 29 | 2 | 73
. . . . . . . . 251 | o |60l
R5650T411AA | 3.900 | 3.800 | 2.300 | 2.700 | 0.070 | 0.140 | 0.240 |-0.035| — o0 S| 75
. . . . . . . . a5 | o |0l
R5650T412AA | 3.650 | 3.450 | 2.500 | 3.000 | 0.050 | 0.100 | 0.300 |-0.030| — 59 0 | 75
[50] [5] | [60]
4
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BLOCK DIAGRAM
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PIN DESCRIPTIONS

NO.EA-401-190909

AEEEEEELT:

O
LEEEEEEEL

TSSOP-20 Pin Configuration

Pin No Symbol Pin Description
1 VDD VDD pin
2 VC1 Positive terminal pin for CELL1
3 VC2 Positive terminal pin for CELL 2
4 VC3 Positive terminal pin for CELL 3
5 VC4 Positive terminal pin for CELL 4
6 VC5 Positive terminal pin for CELL 5
7 VSS VSS / Ground pin for the IC
8 SENS Current sense pin
9 DRAIN Discharge overcurrent release output pin
10 DOUT Overdischarge detection output pin, CMOS output
11 CouTt Overcharge detection output pin, Pch. Open-drain output
12 VMP Charger negative input pin
13 CT1 Capacitor connection pin for tvoerz setting
14 CT2 Capacitor connection pin for tvoers: setting
15 CT3 Capacitor connection pin for tvoers2 setting
16 TEP Temperature protection input pin
17 VRT Thermistor reference voltage pin
18 VR Internal VR output pin
19 SEL1 .
3- / 4- | 5-cell selectable pins
20 SEL2

RICOH
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ABSOLUTE MAXIMUM RATINGS

Absolute Maximum Ratings (Ta=25°C,VSS=0V)
Symbol Item Rating Unit
Vob Power Supply Voltage -0.3t0 30 Y
Vvei VC1 Pin Input Voltage for CELL1 Vvez - 0.3t0 Vvcz + 6.5 \%
Vvez VC2 Pin Input Voltage for CELL2 Vves - 0.3 t0 Vves + 6.5 \%
Vves VC3 Pin Input Voltage for CELL3 Vvcs - 0.3 t0 Vves + 6.5 \%
Vvca VC4 Pin Input Voltage for CELL4 Vves - 0.3 t0 Vves + 6.5 \%
Vves VC5 Pin Input Voltage for CELL5 -0.3to+6.5 \%
Vvmp VMP Pin Input Voltage Vop - 30 to Vop + 0.3 \Y
VsEL1 SEL1 Pin Input Voltage -0.3to Vop + 0.3 \%
VsEL2 SEL2 Pin Input Voltage -0.3to Vob + 0.3 \%
Vsens SENS Pin Input Voltage Vop - 30 to Vvr + 0.3 \Y
Ver CT1 Pin Input Voltage -0.3to Vwr + 0.3 \%
Vet CT2 Pin Input Voltage -0.3to Vwr +0.3 \%
Vcrs CT3 Pin Input Voltage -0.3to Vwr + 0.3 \%
Vrep TEP Pin Input Voltage -0.3to Vwr + 0.3 V
Vcour COUT Pin Output Voltage Vop - 30 to Voo + 0.3 \%
Vbout DOUT Pin Output Voltage -0.3 to Vonz + 0.3 \%
VDRAIN DRAIN Pin Output Voltage —-0.3 to Vons + 0.3 \%
Vvr VR Pin Output Voltage -0.3to VR +0.3 \%
VvRT VRT Pin Output Voltage -0.3to VR +0.3 V
Po Power Dissipation Refer to Appendix “Power Dissipation”
Tj Junction Temperature Range -40to 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 life time 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 Iltem Rating Unit
Vbp Operating Input Voltage 4.0t0 25.0 Vv
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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ELECTRICAL CHARACTERISTICS

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

NO.EA-401-190909

R5650T Electrical Characteristics (Ta=25°C)
. Ratings .. Circuit
Symbol Parameter Conditions Min. | Typ. | Max. Unit |~ g
CELLnN overcharge - VDET1n VDET1n
VDET1n detection voltage at rising edge of supply voltage -0.025 VDET1n +0.025 \% A
CELLnN overcharge at falling edge of supply VREL1n VREL1n
VRELIn | | olease voltage voltage -0.050 | VR | 40,050 | V A
. Vobp = Vvet,
tvoETL doéllzrczs]rge detection |\ ,=34V(n=2,3 4 5) 07 | 10 | 13 |s | B
Y VceL:r = 3.4V — Vperint+0.2 V
Vobp = Vvet,
tvRELL :i)r:]’eemharge release delay| . —34v(n=2 3, 4,5) 1 16 | 21 |ms| B
Vcerr = Vperint0.2 V— 3.4V
CELLnN overdischarge Detect falling edge of supply VDET2n VDET2n
VoETN | otection voltage voltage -0.050 | VPE™ | 40,050 | V c
CELLnN overdischarge Detect rising edge of supply VREL2n VREL2n
VRELZY | olease voltage voltage -0.050 | VRE2" | 40,050 | V c
Vob = Vvea,
lcT1 CT1 pin charge current Vcewn=3.4V (n=2,3,4,5) 350 500 650 | nA D
Vcew1 =34V —->1.5V
Vpob = Vvea,
Voct: | CT1 pin detection voltage| VceLln=3.4V (n =2, 3,4, 5) 1.44 1.80 216 | V E
Vcewr =15V
N Overdl_scharge detection tVDETZ_: Ccr1 % Voera/ lets, 83 119 155 | ms i
delay time Ccr1 =33 nF
. Vob = Vvei, Vcewn = 3.4V
tvREL? dog’lgrdlisrﬁgarge release | 125 34 5) 07 | 11 | 17 |ms| F
Y Vcew1 =15V —- 34V
Vobp = Vvei, Vpers1 | VbETa1 VDET31
Vv Discharge overcurrent VceLn = 3.4V <0.05 |-0.005 Vv +0.005 Vv G
PETSL | detection voltagel Vwp = 4.0V, at rising Voerar | Voerar | Ot | VopeTat
edge of SENS 20.05 | -10% +10%
Vobp = Vvei, Vpers2 | VbET32 VDET32
Vv Discharge overcurrent VceLLn = 3.4V <0.1 |-0.0125 Vv +0.0125 Vv H
PET32 | detection voltage? Vvmp = 4.0V, atrising | Voers2 | Vbers2 PET32 [ 'Vperas
edge of SENS 201 |-12.5% +12.5%
Discharge overcurrent Voo = Vvey, Veewn = 3.4V
VREL3 release voltage Vsens =0V, 0.8 1.0 1.2 \Y G
9 at falling edge of VMP
. Vob = Vvei, Vcewn = 3.4V
lcT2 CT2 pin charge current Veens = 0V — Voeras + 0.02 V 350 500 650 | nA H
() Refer to TEST CIRCUITS for detail information.
8
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Vcewn n=1, 2, 3, 4,5 (Ex. VceLL1 is a voltage difference between VC1 and VC2), unless otherwise noted.

R5650T Electrical Characteristics (continued) (Ta=25°C)
- Ratings .. Circuit
Symbol Parameter Conditions Min. | Typ. Max. Unit|™ )
Vob = Vvei,
CT2 pin charge detection | Vceltn=3.4V (n=2, 3,4, 5)
Vioer2 voltage Vsens = Voera1 + 0.02 V 1.20 1.50 1.80 |V I
Vvp =4.0V
. Vop = Vvei, Vceln = 3.4V
lcTs CT3 pin charge current Veens = 0 V —Voeras + 0.02 V 2.0 3.0 40 |pA J
Vob = Vvet,
CT3 pin charge Vcetn =34V (n=2, 3,4,5)
Vbcrs detection voltage Vsins = Voeras + 0.02 V. 1.20 1.50 180 | V K
Vvp =4.0V
Discharge overcurrent tvpetar = Ccr2 XVocrz/ etz
tvDET31 delay timel Cers = 3.3 NF 6.9 9.9 129 |ms -
Discharge overcurrent tvpers2 = Ccrs XVocrs/ lcts
tvDET32 delay time2 Cers = 3.3 nF 1.15 1.65 215 |ms -
Discharge overcurrent Voo = \_/VCL Veetn =34V
tvreEL3 release delay time Vsens = Vss, 0.7 1.1 1.7 |ms I
y Vi = 4.0V — VSS
Vob = Vvei, Vceln = 3.4V, Vv Vv
Vshort | Short protection voltage | Vmp =4.0V, jgogT VsHorT f;o; Vv L
at rising edge of SENS ' '
. Vob = Vvei, Vceln= 3.4V
tsHORT tsir?gt protection delay |y~ oV 20V, 350 | 500 | 650 |ps | L
VMP =40V
Vop = Vvey, Vpet42 | VDET4 VDET4
Vi Charge overcurrent VceLn = 3.4V, -0.025 [-0.005 Vv +0.005 v M
DETA detection VO|tage4 Vmvp = -1.0 V, at faIIIng VpeT4 < | VDET4 DET4 VDET4
edge of SENS -0.025 | -20% +20%
Veews Charge overcurrent Vog = Vvei, VeeLn = 3.4V, 0.05 01 015 | v M
release voltage at rising edge of VMP
¢ Charge overcurrent Vop = Vvci, Vceln = 3.4V, tvDET4 ¢ tvDET4 ms M
VOET | delay time Vsens = 0 V—>-1.0 V -37.5%| °F* |+37.5%
Vob = Vvci, Vceln = 3.4V,
tvREL4 i?:;g: g\égCL:irri::t Vsens = Vss, 0.7 1.1 1.7 ms M
y Vip ==1.0V 1.0V
SEL1 pin input voltage, _ _ Vop Vbp
ViH1 high Vob = Vvci, Vceln = 3.4V .03V +03V \% N
Vimi S.ELl pin input voltage, Vob = Vveci, Vcewn = 3.4V 4.0 Voo/2 Y N
middle -05V
SEL1 pin input voltage, _ _ Vss Vss
Vi1 low Vob = Vvei, Vceln = 3.4V .03V +03V \% N
) Refer to TEST CIRCUITS for detail information.
9

RICOH



R5650T

NO.EA-401-190909

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

R5650T Electrical Characteristics (continued) (Ta=25°C)
Symbol Parameter Conditions Ratings Unit C'r((f)u't
SEL2 pin input voltage, _ _ Vob Vbp
ViH2 high Vob = Vvei, Vceln = 3.4V .03V +03V Vv 0]
Vim2 SI.ELZ pin input voltage, Vob = Vvei, Vceln = 3.4V 4.0 Voo/2 Vv 0]
middle -05V
SEL2 pin input voltage, _ _ Vss Vss
ViLz low Vop = Vvei, Veewn =34V .03V +03V \Y (e}
DOUT pin Nch. ON lo. =50 pA, Vob = Ve,
VoLz voltage Vceun =34V 0.02 010 1V P
DRAIN pin Nch. ON loL =50 pA, Vob = Ve,
Vous voltage Vceun =34V 0.04 020 |V Q
Vv COUT pin Pch. ON lon = =50 YA, Vob = Vvei, VoD Vop v R
"1 yoltage Veein = 3.4V -0.5V|[-0.1V
lon = =5 YA, Vob = Vve,
Vceln = 3.4V
Vvriz | VR12V output voltage Measured to draw the current 9.5 12 14 \% S
through Dout
Vv DOUT pin Pch ON lon = =50 YA, Vob = Vvei, Vvriz | Vvri2 v s
"2 1 yoltage®@ Veein = 3.4V -05V|[-0.1V
DRAIN pin Pch. ON low = =50 A, Voo = Vvey, Vvriz | Vvriz
VoHs voltage® Vcewn =34V _05V!|-01V \% T
9 Vsens = Vmp = 4.0V ' '
COUT pin off-leakage Vop = Vvei, Veeln= 3.4V,
lcout | rrent Cour = =13V 0.1 bA | U
VvR VR pin output voltage Vop = Vvei, Veeln = 3.4V 3.5 3.6 3.7 V V
. Vop = Vvei, Vcewn = 3.4V
Vwvrt | VRT pin output voltage Iver = -80pIA 3.47 3.57 3.67 | V W
Detection temperature for _ _ TocH TocH | o
TocH charge high-temperature Vob = Vci, Vceun = 3.4V 5 TocH +5 C X
Release temperature for _ _ TocH TocH o
TreH charge high-temperature Vob = Vci, Vceun = 3.4V 10 5 TocH C X
Detection delay time for Voo = Vci, Vcewn =34V,
tockT charge high-temperature Viep =09V - 0.3V 42 60 8 ms X
Release delay time for Vop = Vei, Veeln = 3.4V,
tReHT charge high-temperature | Vier = 0.3V > 09V 42 60 8 ms X

() 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.

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

R5650T Electrical Characteristics (continued) (Ta=25°C)
Symbol Parameter Conditions Ratings Unit ng)un
Detection temperature for _ _ TocL TocL | o
TocL charge low-temperature Vob = Vvei, Vceln = 3.4V 3 TocL +3 C X
Release temperature for _ _ TocL TocL TocL | o
Trot charge low-temperature Voo = Ve, Veeun = 3.4 V +2 +5 +8 cl X
Detection delay time for Vop = Vvci, Vceln = 3.4V,
tootr charge low-temperature Viep =09V —> 35V 42 60 ’8 ms X
Release delay time for Vob = Vvei, Vceln = 3.4V,
trowr charge low-temperature Viep=3.5V—->09V 42 60 8 ms X
Detection temperature for T T
Toon | discharge high- Vop = Vvei, Vceln = 3.4V _DgH TooH _'E_)gH °C X
temperature
Release temperature for T T T
Tron | discharge high- Vop = Vvei, Vceln = 3.4V poA bOoH POH | ec X
-20 -15 -10
temperature
Detection delay time for
. . Vob = Vvei, Vceln = 3.4V,
toont | discharge high- Vier = 0.9V — 0V 42 60 78 ms X
temperature
Release delay time for
. . Vob = Vvei, Vceln = 3.4V,
tront | discharge high- Vier = 0V — 0.9V 42 60 78 ms X
temperature
tvrr I;r:r:gerature scanning Vop = Vvei, Vceln = 3.4V 0.7 1 1.3 S Y
Discharge state detection | (Vmp — Vss)
Vose voltage Detect rising edge of VMP S 10 15 |mv a
0V battery charge _ _ VNocHGn 'VNocHGn
VNocHGn inhibition voltage Vop = Vvei, Veewn =3.2V 02 V/NocHGn +0.2 \ A
Vop = Vvei, Coutr = OPEN
Iss1 Supply current 1 VerLLn = Voerih - 0.4 V 12 25 MA Z
Vop = Vvei, Coutr = OPEN
Iss2 Supply current 2 Veelin = 1.5 V 5 9 MA Z
Vob =Vvc1 = 1.5V,
Vste \%ﬁgdzy mode threshold | /' —34v(n=2345),| 09 | 113 | 135 | V | G
9 Detect rising edge of VMP
() Refer to TEST CIRCUITS for detail information.
11
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TEST CIRCUITS

A B
VDD SEL2 VDD SEL2
,Z VC1 SEL1 ,Z VC1 SEL1
© # VW #
z ve2 VR [— : \Ye7] VR —
: R Z VC3 VRT i VC3 VRT
R/ vca TEP vc4 TEP
@ T @ T
B Z VC5 CT3 VC5 CT3
VSS CT2— VSS CT2 —
® SENS CTi— [ 4 SENS CTl —
— DRAIN VMP — DRAIN VMP
— DOUT CcouT — DOUT COUT
OSCILLOSCQPE OSCILLOSCORE
C D
VDD SEL2 VDD SEL2
Z VC1 SEL1 Z VC1 SEL1
© # W #
: vC2 VR — z vC2 VR [—
: —4 ,Z VC3 VRT : VC3 VRT
B Z VC4 TEP VC4 TEP
@ T @ T
71 VC5 CT3— VC5 CT3 [
D 2 S 1
vss CT2 1 — Vss CT2 —
SENS CTl— ISENS CT1 —<1>
A
—— DRAIN VMP —DRAIN VMP
DOuUT couTt ——DOUT couT
OSCILLQSCOPE

12
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E F
VDD SEL2 VDD SEL2
Y Vel SEL1 Vel SEL1
v _]
% i a ve2 VR — ve2 VR —
@ :: ve3 VRT ves VRT
@ :: V! TEP % vca TEP
1 VC5 cT3— % VG5 cT3—
VSS cT2l— vss cT2—
SENS cT1 SENS cTi—
— | DRAIN  VMP —_IpRAN  VMP
DOUT  couT DOUT  couT
OSCILLOSCOPE OSCILLOSCOPE
G H
VDD SEL2 VDD SEL2
Vel SEL1 Vel SEL1
ve2 VR [— ve2 VR [—
vC3 VRT vC3 VRT
vca TEP % vca TEP %
VC5 cT3— % vC5 cT3— %
VSS cT2— VsS cT2 7
A
SENS CTi— 7% SENS CTi—
DRAIN  VMP ;; —|DRAIN  VMP
DOUT  couT Y DOUT  couT .
7 7

OSCILLOSCOPE

OSCILLOSCOPE
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J
VDD SEL2 VDD SEL2
. . Vel SEL1 Vel SEL1
© F
v ve2 VR — vc2 VR
vcs VRT vCcs VRT
vC4 TEP % vC4 TEP %
V5 CcT3— % VC5 cT3 %
v
T vss cT2 vss cT2
I SENS CcTif— SENS cT1 .
7] —|DRAIN  VMP DRAIN  VMP
DOUT cout _ é ,g pout cout *é
7 V 7
OSCILLOSCOPE OSCILLOSCOPE
. ¢ . .
K L
VDD SEL2 VDD SEL2
Vel SEL1 Vel SEL1
vc2 VR — vc2 VR
vC3 VRT Viex) VRT —
vC4 TEP % vC4 TEP
vC5 cT3 % ves cT3 <
Vss cT2f— Vss cT2
7-2 SENS CTi— 7WSENS CT1
7 —DRAIN  VMP ;: —DRAIN  VMP
DOUT  couT .y .y pouT - cout <
VA /1
OSCILLOSCOPE OSCILLOSCOPE
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M N
VDD SEL2 VDD SEL2
vC1 SEL1 vC1 SEL1
vc2 VR — vez VR —
vC3 VRT vc3 VRT
vca TEP % \YeZ} TEP
VC5 CT3[— % VC5 cT3 b —
Vss CT2— Vss CT2 (—
Fﬁ SENS CTi— SENS CTl—
»—C\D —| DRAIN VMP —— DRAIN VMP [
—— bout couT DoOuT cout i
Fd
I oscn_l_osc' PE s OSCILLOSCOPE
O P
VDD SEL2 VDD SEL2
vC1 SEL1 Py vC1 SEL1
W T
vc2 VR — @ A vc2 VR —
vc3 VRT @ E vc3 VRT
\eZi TEP @ E vca TEP
\Ve CT3[— 6 E VC5 CT3[—
VSS CT2— . T V&S CcT2 | —
SENS CTi— SENS CT1—
—— DRAIN VMP [ —— DRAIN VMP
DouT cout B g DOUT cout
7
OSCILLOSCOPE
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L 2 VC1 SEL1
QT
@ i vC2 VR
@ E VC3 VRT
@ E VC4 TEP
(’) E VC5 CT3
\
T VSS CT2
ISENS CT1
&—— DRAIN VMP
——|DOouT CcouT
O
.
S
VDD SEL2
[ & L2 VC1 SEL1
v 1
VvC2 VR
VC3 VRT
VC4 TEP
VC5 CT3
\Y
I VSS CT2
SENS CT1
DRAIN VMP
DouT CouT
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R
VDD SEL2
VC1 SEL1
VC2 VR
VC3 VRT
VC4 TEP
VC5 CT3[—
VSS CT2
SENS CT1
— DRAIN VMP
—| DouT COUT!
T
VDD SEL2
VC1 SEL1
vC2 VR
VC3 VRT
VC4 TEP
VC5 CT3
I VSS CT2 —
ENS CTi—
DRAIN VMP
DouT CouT
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§] \Y
VDD SEL2 VDD SEL2
° vCl SEL1 Vel SEL1
) T i
Ve VR — 2 ve2 VR
vCc3 VRT : Y vC3 VRT
vca TEP 4y vca TEP %
VCs cT3[— @ 7 b7 VC5 cT3 %
v @ T
I Vss cT2|— /4 vss cT2
SENS CTif— SENS CTif—
—|DRAIN  VMP —DRAIN  VMP
—|DOUT  couT pouT - cout
C\P
. o
w X
VDD SEL2 VDD SEL2
,Z VC1 SEL1 Z VC1 SEL1
o3 o 3 -
V2 VR @ vC2 VR
7 Vex] VRT % @ Vex] VRT —
i 2 7 vC4 TEP i vea TeP
i 7 vCs cT3— % 1 VC5 cT3—
iy
v f- WV -
vss CT2|— VSS cT2 | — -
SENS CcTL— SENS CcTL—
— | DRAIN VMP —— DRAIN VMP
—{DOUT  couTh— DOUT  couT
v
T OSCILLOSCOPE OSCILLOSCORE
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Y Z
VDD SEL2 VDD SEL2
@ % Vel SEL1 + ver -
@ i ' ve2 VR [— % vC2 VR [
@ i 3 ves VRT % \Vex! VRT
il ves TEP @ vca TEP
@ # OSCILLOSCOPE 7}1
@ Ry VC5 cT3— ves crab—
/ VsS cT2|— f vSS T2 —
SENS CTi— SENS CcTi—
—DRAIN  VMP —DRAIN  VMP
—| DouT COUT|— — pouT CoUT—
a
VDD SEL2
vC1 SELL
vC2 VR [—
vC3 VRT —
VC4 TEP
VC5 CT3 — J—:
VSS cT2 —
SENS CT1 |—
—DRAIN  VMP
DOUT  couT iz
*

SCILLOSCOPE
&
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THEORY OF OPERATION
Overcharge Detector: VD1n (n =1, 2, 3, 4, 5)

During charging, the R5650T supervises the CELL1 voltage (VceLL1) between VC1 and VC2 pins, the CELL2
voltage (VceLz) between VC2 and VC3 pins, the CELL3 voltage (VceLs) between VC3 and VC4 pins, the
CELL4 voltage (VceLLs) between VC4 and VC5 pins, and the CELL5 voltage (VceLs) between VC5 and VSS
pins. If at least one of the cells’ voltage becomes more than the overcharge detection voltage (Vperin), the
overcharge is detected, and COUT pin connected to an external pull-down resistor becomes “Hi-z", and it
makes the external FET turn off. Then, the charging stops.

After detecting the overcharge, when the VMP pin input voltage (Vvmp) becomes higher than the charge
overcurrent release voltage (VreLs) by taking off the charger and connecting a load, all the cell voltage become
lower than Vperin, then COUT pin becomes “High”, and then the charging is available. Likewise, when Vvwvp
becomes lower than VreLs and all the cell voltage become lower than VreLin, COUT pin becomes “High” and
then the charging is available.

The device has internal fixed delay times for overcharge detection and overcharge release. When the delay
time passes while any one of cell voltages (VceLLn) is more than Voerin, the overcharge is detected. However,
all cell voltage (VceLn) becomes lower than Vperin within the overcharge detection delay time (tvoeri), the
overcharge is not detected.

Besides, if the release conditions does not hold within the overcharge release delay time (tvreLt) even though
the release conditions holds once after detecting the overcharge, the device cannot release from the

overcharge.
Since COUT pin is a Pch. open-drain type, a “High” level of COUT pin is as same potential as the VDD pin

voltage (Vop).

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

During discharging, the R5650T supervises VceLL1, VceLLz, VceLs, Vcelrs, and Vcels as same as charging. If at
least one of the cell voltages becomes less than the overdischarge detection voltage (Vberzn), the
overdischarge is detected, and DOUT pin becomes “Low”. Then, the external FET is turned off and the
discharging stops.

The overdischarge detection is released even if the charger is not connected when the all cell voltage (VceLLn)
becomes higher than VreLzn, and then DOUT pin becomes “High”.

The overdischarge detection delay time (tvoerz) is settable by the external capacitor (Ccr1) connected to CT1
pin. When the delay time passes while any one of cell voltages (VceLLn) is lower than Voeran, the overdischarge
is detected. However, all cell voltage (VceLn) becomes higher than Voeran within tvoerz, the overdischarge is
not detected. The overdischarge release delay time (tvreL2) is fixed internally.

After detecting the overdischarge, the device stops unnecessary circuits to reduce the supply current to a
minimum when VMP pin becomes “High”. DOUT pin, which is a CMOS output, outputs the internal regulator’s
voltage (about 12 V) when “High” level and outputs the VSS pin voltage (Vss) when “Low” level.
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Discharge Overcurrent Detector: VD3 (n =1, 2), Short-circuit Protector

During charging and discharging, the R5650T supervises SENS pin voltage (Vsens). The discharge overcurrent
is detected when Vsens becomes in between the discharge overcurrent detection voltage (Voersn) and the
short-circuit detection voltage (Vsrort) Owing to a large load, and the short-circuit is detected when Vsens
becomes more than Vsnort. Then, to prevent from flowing large current to circuits, DOUT pin is set to “Low”
and the external FET is turned OFF.

The device has two detection voltages (Vpera1, Voersz2) to detect the discharge overcurrent. Each detection
voltages (Voetsi, Voers2) has the delay time each other. The discharge overcurrent detection delay time 2
(tvoeTs2) is set to be shorter than the discharge overcurrent detection delay time 1 (tvoerai).

The discharge overcurrent detection delay time 1 (tvoers1) are settable by the external capacitor (Ccrz)
connected to CT2 pin. Likewise, the discharge overcurrent detection delay time2 (tvoersz2) is settable by the
Ccts connected to CT3 pin. When Vsens becomes lower than Vpersa within the delay time, the discharge
overcurrent is not detected. The discharge overcurrent release delay time (tvreLs) and the short-circuit detection
delay time (tsnorT) are fixed internally.

An external resistor for discharge overcurrent release must be mounted among each drain of the external FETs
connected to DRAIN, COUT, and DOUT pins. After detecting the discharge overcurrent or the short-circuit, the
external FET connected to DRAIN pin is turned ON, and the resistor for overcurrent release is connected to
VSS.

When a load is removed after detecting the discharge overcurrent or the short-circuit, the VMP pin voltage
(Vvwp) is pulled-down to VSS via the resistor for the overcurrent release, and Vymp becomes less than VreLs.
After a certain delay time, the discharge overcurrent detection state or the short-circuit protection state is
released. When the discharge overcurrent detection is released, the external FET connected to DRAIN pin is
turned OFF, and the resistor for the overcurrent release is disconnected from VSS.

Charge Overcurrent Detector: VD4

During charging or discharging, the R5650T supervises the SENS pin voltage (Vsens). When an inappropriate
current flows by an inappropriate charger, Vsens becomes less than the charge overcurrent detection voltage,
and the charge overcurrent is detected. And, COUT pin with the external pull-down resistor becomes “Hi-z".
Tuning OFF the external FET can prevent from flowing large current to circuits.

When SENS pin voltage (Vsens) becomes higher than Voer4 within the delay time, the charge overcurrent is not
detected. The output delay times for charge overcurrent detection and charge overcurrent release are fixed
internally.

The VMP pin voltage (Vvmr) becomes higher than the charge overcurrent release voltage (VreLs) when a load
is connected after disconnecting the charger, and the charge overcurrent is released after passing the charge
overcurrent release delay time (tvreLs).
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Standby Mode

After the overdischarge protection, the R5650T shifts from normal mode to standby mode when VMP pin
voltage (Vvwmp) is more than Vsrte. In standby mode, some unnecessary circuits stop to reduce the supply current
to a minimum. This device can return from standby mode to normal mode when Vvwp is lower than Vsts by
connecting a charger.

Operating Mode Switch by SEL1 and SEL2 Pins

SEL1 and SEL2 pins are switching-control pins to select among 3- / 4- / 5-cell protection. When using for the
4-cell protection, connecting SEL1 pin to VSS and the SEL2 pin to VDD is required to stop the 5" cell protection
circuit and shut signals. The overdischarge is not detected when VC5 pin is shortened to VSS.

When using for the 3-cell protection, likewise, connecting SEL1 pin to VDD and SEL2 pin to VSS is required
to stop the 5" and 4t cells protection circuits and shut signals. The overdischarge is not detected when VC4
and VC5 pins are shortened to VSS. SEL1 / SEL2 pin must be fixed to VDD / VSS when using the 3-/ 4-/ 5-
cell protection. Setting SEL1 and SEL2 pins can select disabling/enabling the shorten mode 1 (approx. 1/70)
or the shorten mode 2 (tvoet1:approx. 4ms). Refer to the following table for details of the operating mode.

Operating Modes

Input Voltage® .
SEL1 Pin SEL2 Pin Operation Mode
High High 5-cell protection mode
Low High 4-cell protection mode
High Low 3-cell protection mode
Low Low Delay time shortening mode 2 for 5-cell protection
Low Middle Prohibition of use®
Middle Low Prohibition of use®
Middle Middle Delay time shortening mode 1 for 5-cell protection
Middle High Delay time shortening mode 1 for 4-cell protection
High Middle Delay time shortening mode 1 for 3-cell protection

@ “High”: VDD level, “Middle”: (VDD/2-0.5) V to (VDD-3) V, “Low”: VSS level
@ Reserved for Ricoh’s test mode
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Delay Time Setting By CT1, CT2, and CT3 Pins
CT1, CT2, and CT3 pins are used for setting each delay time of the overdischarge detection (tvoet2), the
discharge overcurrent detection 1 (tvbersi) and the discharge overcurrent2 (tvoersz) by connecting external

capacitors Ccrx. Each of tvoerz, tvoersi, and tvpersz2 be calculated by the equation of CV = iAt.

(1) tvoeT2 setting by external capacitor Ccr1

tvoetz2 = Cet1 (NF) x Vperi/ I et
For example, if Cct1 =33 nF, VDCT1 = 1.80 V, and | ct1 = 500 nA, tvper2 = 118.8 ms.

(2) tvoera1 setting by external capacitor Ccr2

tvoets1 = Cet2 (NF) x Vber2/ I ct2
For example, if Cct2 = 3.3 nF, Vbcrz = 1.50 V, and | ct2 = 500 nA, tvpets1 = 9.9 ms.

(3) tvpeTsz setting by external capacitor Ccrs

tvoeTa2 = Cet3 (NF) % Vbera/ I cT3
For example, if Ccts = 3.3 nF, Vpocrz = 1.50 V, and | ct3 = 3 YA, tvpoersz = 1.65 ms.

RICOH
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Temperature Protection by External NTC

The R5650T has three temperature detectors to protect the charge high temperature, the charge low
temperature, and the discharge high temperature.

VRT and TEP pins are used to supervise the temperature. VRT pin supplies a voltage divided between external
series resistors of Rter and NTC to TEP pin. The temperature is supervised only for 10 ms in the 1 s period to
reduce supply current between Rter and NTC. The discharge high temperature is detected when the
supervised temperature is greater than Topw in discharge state, and DOUT pin becomes “Low” to stop the
discharge current. After that, the discharge high temperature is released when the supervised temperature is
lower than Trox, and DOUT pin becomes “High” to permit discharging. The charge high temperature is
detected when the supervised temperature is greater than Tock in non-discharge state, and COUT pin
becomes “Hi-Z” to stop the charge current. After that, the charge high temperature is released when the
supervised temperature is lower than Trcr, and COUT pin becomes “High” to permit charging. The charge low
temperature is detected when the supervised temperature is lower than TocL in non-discharge state, and COUT
pin becomes “Hi-Z” to stop the charge current. After that, the charge low temperature is released when the
supervised temperature is greater than Trct, and COUT pin becomes “High” to permit charging.

VMP pin supervises the discharge current by its input voltage. After detecting the charge high / low temperature,
these protected states are released immediately when VMP pin voltage (Vvmp) becomes higher than Vosc. The
device has internal fixed delay times for temperature protection. For example, in the case of detecting the
discharge high temperature, the internal timer counts 64 ms until the discharge high temperature is detected.
Detecting and releasing at other temperatures also are set at the same delay time.

Since VRT pin supplies a voltage source for the voltage divider. In standby mode, the temperature protection
does not work.

Reference resistance values for Rter and NTC @
* Rter: 33 kQ +1%

* NTC : 10 kQ +1% (Ta = 25°C, B-value(Bzsss) = 3435K +1%

COUT and DOUT settings for temperature protection

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

State Pin to 0°C (Toct) to 45°C (TocH) to 70°C (Toow) and more
CouT Hi-z High Hi-z Hi-z

Charge - - -
DOUT High High High Low
) COouT High Hi-z
Discharge -

DOUT High Low

(1) Refer to Technical Notes on External Components for recommended parts.

RICOH
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0 V Battery Charging [R5650TxxxxA/B Only]
Charging to each cell is enabled when COUT pin is “High” even if the voltage of one or more cells is 0 V. Since

COUT pin is impossible to maintain the “High” output when the power supply voltage (Voo) becomes lower
than 2.5 V, Vop of 2.5 V or more must be provided to charge cells. The below reference circuit indicates the
charge control FET and its surrounding circuits.

COouT
""""""" Vcout
Rco1
FET Gate
------------- Voiv
J """ VcHem

Charge Control FET
Charger Minus

The input voltage of FET gate is the divided voltage between COUT and Charger Minus, V. So, it is
necessary to satisfy following condition to turn on the FET when its threshold voltage is defined as Vrh.
Voiv = (Vcout — Venem) X Reoz / (Reor + Reoz) > VTH

0 V Battery Detector: VNOCHG-n (n =1, 2, 3, 4, 5) [R5650TxxxxC/D Only]

Since the device detects a charge inhibition voltage for each cells, if either of cell voltages is lower than the
charge inhibition voltage, the charge inhibition is detected with the charger being connected to the battery
pack. After detecting, COUT pin becomes “Hi-z”, and charging stops.
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Timing Charts
Overcharge Voltage and Charge Overcurrent

veoi-vez 4
VDET11
VREL11
>
vc2-ves 4 t
VDET12
VREL12
>
vcs-vcs 4 t
VDET13
VREL13
\\
>
vca-ves 4 t
VDET14
VREL14
>
vcs-vss 4 t
VDET15
VREL15
>
SENS 4 t
Vss
VDET4 ]
>
VMP 4 t
VREL4 - H
Vss
cout 4
DD
tVDET tVDET tVDET4
<> <> —> &
tVREL1 tVREL1 tVREL4
— | > e —i —
Charge/ 4 +
Discharge
current P
charge
0 >
discharge t
. | N .
connect charger  disconnect connect charger  disconnect open connect disconnect
charger charger & abnormal charger &
connect load charger connect load

Timing Diagram for Overcharge Voltage and Charge Overcurrent
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Overdischarge, Discharge Overcurrent 1/2, and Short-circuit Detection

VCi-vC2

Y a

VDET21 e =2

VREL21

Vc2-ves

VREL22

VDET22 e =2

VC3-vc4

VREL23

VDET23 L/ L}

VvC4-VC5

VREL24

VDET24 o/ L

VC5-Vss

VREL24

VDET24 e =

SENS

Vshort

VDET3-2 )
VDET3-1 |

Vss
VDET4

VMP J J B t

bout tVDET31 2 short t
VR12V ) b le— b fe—
tVDET21 tVDET21

tVREL21 tVREL21 tVREL3 tVREL3 tVRELS

Vss
Charge/ t
Discharge

current
charge

0
discharge J
t

connect connect connect connect connect connect connect
load charger load open charger load open |oad opPen |oad open

Timing Diagram for Overdischarge, Discharge Overcurrent, and Short-circuit
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Temperature Detection

Charge/Discharge/

Temperature

detection
(inner signal)

(10 ms)

Scan cycle time

I S
} detecting time
|
|
|
|
|
|

(1s)

VMP

Temperature

S

NS D N

TDDOT
TDCOT -
TDCUT

[ S——_
tTRDOT

tTDCUT

COouT

DOUT

Timing Diagram for Temperature Detection
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APPLICATION INFORMATION

Typical Application Circuits
The discharge current flows through a parasitic diode of its FET when the FET connected to COUT pin is
turned OFF and a load is connected between Pack+ and Pack-. And, the charge current flows through the
parasitic diode of its FET when the FET connected to DOUT pin is turned OFF and a charger is connected
between Pack+ and Pack-. Thus, the FETs must be enough to flow the current.

®

ZD;

D, Rvop Cvop

VDD SEL2 —e

Rvci
VC1l SEL1

CELL1

Rvc2 Cver Cvr
vC2 VR [ 9
CELL2
Rves Cvez Rrep
VC3 VRT
NTC
C
Rvca ves
VC4 TEP

CELL3

CELL4 Cvca R5650T
vas CCT3
VC5 CT3 || ®
CELL5 I Cves Cens
| ' VSS CT2 [ ®
r— Rsens Ree Cent
N SENS cT1 1] ?
DRAIN VMP
Rco1
DouT
RVMP
1 O
L
MDO MCO

VDR Rorain

Typical Application Circuit for 5-cell Protection
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D,
D, Rvop Cvobp
VDD SEL2 —e
RVC1
vCl SEL1
CELL1 e Cvor v
vC2 VR — — ®
CELL2 c
Rycs ver Rrep
vc3 VRT
NTC
VvC4 TEP
R5650T c

CT3
VC5 CT3 [ ®

CCTZ
VSS CT2 |} ®

CCTI
SENS CT1 [ I
DRAIN VMP

RCOI
DOUT CouT—AA\\—e
Rcoz Rymp
T O
MDO MGO

MDR R DRAIN

Typical Application Circuit for 5-cell Protection with Diode (Dvss)

If <Battery- to Board-> line resistance is large, the discharge overcurrent causes a voltage difference between
Battery- and VSS. Since Voera1, Vpetaz, and Vsnort become smaller than normal values owing to the difference
value, please take notice to <Battery- to Board-> line resistance.
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@

ZD,
D, Rvop Cvop
VDD SEL2 —e
Rvca
ﬂ\/_l— vC1l SEL1 ]
CELL1 Rves Cvar Con
vC2 VR [ ®
CELL2
Rvcs Cvez Rrep
vcs VRT
NTC
CELL3 Cves
Rvca
vC4 TEP
CELL4 o R5650T Cers
I VC5 CT3 |} ®
Cerz
3 VSS CT2 |} ®
Rsens Rse Cen
M SENS cT 1] ?
DRAIN VMP
Rco1
DOUT
RVMP
=
MDO MGO

RDRAIN

Typical Application Circuit for 4-cell Protection
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@

I

ZD,
D, Rvob
VDD SEL2
Rvci
ﬁ/\/\/\,—l— vC1l SEL1
CELL1 Rucs Cvei Con
vC2 VR [ °
CELL2
Rvcs Cuez Rrep
vc3 VRT
NTC
CELL3 Cves
VC4 TEP
R5650T
Ccrs
VC5 CT3 [ ®
Cerm2
® VSS CT2 [ ®
Cent
SENS CT1 || I
DRAIN VMP
Rco1
DouT

Ryme
] S
1 MbO MCO
1

Typical Application Circuit for 3-cell Protection
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Symbol Value (Typ.) Range Unit Remarks®
Rvbbx 330 330 to 1000 Q Refer to Technical Note [1].
Rveix 330 330 to 1000 Q
Rvcax 330 330 to 1000 Q
Rveax 330 330 to 1000 Q Refer to Technical Note [2].
Rvcax 330 330 to 1000 Q
Rvesx 330 330 to 1000 Q
Rsens 100 1 or more mQ Depending on set value for overcurrent

Rse 1 1to 10 kQ Refer to Technical Note [3].
RbraIN 75 Note [4] kQ
Rco1 1 Note [4] MQ Refer to Technical Note [4].
Rcoz 2 Note [4] MQ
Rvmp 0.01 0.01to 10 MQ
Cvbbx 1 01to1l pF Refer to Technical Note [1].
Cvcix 0.1 0.1 uF
Cveax 0.1 0.1 uF
Cvcax 0.1 0.1 pF Refer to Technical Note [2].
Cvecax 0.1 0.1 pF
Cvesx 0.1 0.1 pF
Cem 33 10 to 1000 nF -
Ccr2 3.3 2.2 or more nF )
Coms 33 2 2 or more = Refer to Technical Note [5].
Cvr 1 1 uF Refer to Technical Note [6].
Refer to Technical Note [7].
ZD1 30 30 or less \% Recommended Component:
MM1Z30 0.5W 30V J SOD-123 EIC
Rrep 33 33 kQ
Recommended Components:
NTC 10 10 kQ 103AT-4-040 (SEMITEC)
NTCG103JF103F or NTCG163JF103F(TDK)
D1 - - Refer to Technical Note [10].
MCO - - ]
VDO - - Refer to Technical Note [8].
MDR - - Refer to Technical Note [9].

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

(1]

(2]

(3]

[4]

(5]

(6]

(7]

(8]

[9]

[10]

Rvop and Cvop stabilize the supply voltage to the device.

Rvex and Cvex.stabilize the voltage fluctuation. If Rvexis large, the detection voltage increases due to
the internal conduction current of the device.

Since a large Rse may shift the overcurrent detection voltage, a resistor of appror.10kQ is appropriate.

Choose appropriate values for Rorain, Rco1, and Rcoz to satisfy the next equation, otherwise, the
release from the discharge overcurrent and the short-circuit may be impossible.

RDRAIN < VRELS X (RC01 + RCOZ)/(VDD - VREL3)

If small Rco1 or Rcoz is set, when the output of Court is "H", the supply current of protection circuit
board increases. If large Rco1 or Rcoz is set, when the output of Couris "Hi-z", the speed for pull-
down the gate of the charge FET becomes slow and turning off the FET will be slow.

If too small Ccr2 or Cers is set, the discharge overcurrent detection delay time 1(tvoers1) or 2 (tvpbers2)
becomes shorter than the short-circuit delay time (tsnorr).

Connecting a 1.0pF capacitor to VR pin is required to make a stable VR output

It is recommended that a zener diode is connected to prevent a high voltage to the device. The zener
diode must be directly connected between VDD pin of the device and VSS pin.

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

peak consumption when short-circuit.

As for the pull-down FET (MDR), please make a sufficient consideration to its maximum voltage
tolerance.

Diode (D1) is required to prevent a drop in the VDD pin voltage (Vob), along with the battery voltage
drop during the short-circuit.
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TECHNICAL NOTES

The performance of power source circuits using this IC largely depends on peripheral circuits. When selecting
the peripheral components, please consider the conditions of use. Do not allow each component, PCB pattern
or the IC to exceed their respected rated values (voltage, current, and power) when designing the peripheral
circuits.

e The typical application circuit diagrams are just examples. The operation in application circuits is not
guaranteed. Be sure to perform a sufficient evaluation with the external components under the actual usage
conditions for selection.

e Be careful not to apply the overvoltage and the overcurrent which exceed the rating to the protection IC
and external components. Especially, select an FET with enough current capacity to endure the large
current because a large current might flow through the FET during the time between an overcharge
detection a blown fuse.

e When the cells are connected to IC first, the minus terminal of the lowest voltage side cell should be
connected to IC at the first and other terminals should be connected to IC in turn from lower voltage side.
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POWER DISSIPATION TSSOP-20

The power dissipation

PD-TSSOP-20-(85125)-JE- B

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 % 1.6 mm

Copper Ratio

Outer Layer (First Layer): Less than 10% of 62 mm Square
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 1380 mW
Thermal Resistance (6ja) bja = 72°C/W
Thermal Characterization Parameter (yjt) yijt = 22°C/W
6ja: Junction-to-Ambient Thermal Resistance
yjt: Junction-to-Top Thermal Characterization Parameter
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PACKAGE DIMENSIONS TSSOP-20

Ver. A
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10.

11.

. 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 Ricoh 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 prior written

consent of Ricoh.

. Please be sure to take any necessary formalities under relevant laws or regulations before exporting or otherwise

taking out of your country the products or the technical information described herein.

. The technical information described in this document shows typical characteristics of 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
Ricoh's 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 (aircraft, spacevehicle, nuclear reactor control system, traffic control system, automotive and
transportation equipment, combustion equipment, safety devices, life support system etc.) should first contact us.

. 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.

. 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.

There can be variation in the marking when different AOI (Automated Optical Inspection) equipment is used. In the
case of recognizing the marking characteristic with AOI, please contact Ricoh sales or our distributor before attempting
to use AOL.

Please contact Ricoh sales representatives should you have any questions or comments concerning the products or
the technical information.

@) Ro

Halogen

Compliant

HS Ricoh is committed to reducing the environmental loading materials in electrical devices
with a view to contributing to the protection of human health and the environment.

Ricoh has been providing RoHS compliant products since April 1, 2006 and Halogen-free products since

Free  April 1, 2012.

RICOMH RICOH ELECTRONIC DEVICES CO., LTD.

Official website
https://www.e-devices.ricoh.co.jp/en/

Contact us

https://www.e-devices.ricoh.co.jp/en/support/



https://www.e-devices.ricoh.co.jp/en/

Mouser Electronics

Authorized Distributor

Click to View Pricing, Inventory, Delivery & Lifecycle Information:

Ricoh Electronics:
R5650T407BC-E2-FE R5650T402AA-E2-FE R5650T401AA-E2-FE R5650T402BC-E2-FE  R5650T409AA-E2-FE



https://www.mouser.com/ricoh-electronics
https://www.mouser.com/access/?pn=R5650T407BC-E2-FE
https://www.mouser.com/access/?pn=R5650T402AA-E2-FE
https://www.mouser.com/access/?pn=R5650T401AA-E2-FE
https://www.mouser.com/access/?pn=R5650T402BC-E2-FE
https://www.mouser.com/access/?pn=R5650T409AA-E2-FE

