RI Co H Li-ION/POLYMER 3/4-CELL PROTECTOR

R5431Vxxxxx SERIES

EA-228-111209

OUTLINE

The R5431Vxxxxx Series are high voltage CMOS-based protection ICs for over-charge/discharge of
rechargeable three-cell/four-cell Lithium-ion (Li+) / Lithium polymer, further include a short circuit
protection circuit for preventing large external short circuit current and the protection circuits against
the excess discharge-current and excess charge current.

Each of these ICs is composed of eleven voltage detectors, a reference unit, a delay circuit, a short
circuit protector, an oscillator, a counter, and a logic circuit. When the over-charge voltage threshold or
excess-charge current threshold crosses the each detector threshold from a low value to a high value,
the output of Cour pin switches to “L” level after internal fixed delay time. To release over-charge de-
tector after detecting over-charge, the detector can be reset and the output of Cour becomes "H" when a
kind of load is connected to Voo after a charger is disconnected from the battery pack and the cell
voltage becomes lower than over-charge detector threshold. In case that a charger is continuously
connected to the battery pack, if the cell voltage becomes lower than the over-charge detector threshold,
over-charge state is also released.

The output of Dour pin, the output of the over-discharge detector and the excess discharge-current
detector, switches to “L” level after internally fixed delay time, when discharged voltage crosses the
detector threshold from a high value to a value lower than Voer.

After detecting over-discharge voltage, when the cell voltage becomes higher than the released
voltage from over-discharge, over-discharge state is released and the output of DouT becomes “L".

By setting DS pin voltage as same as the VDD, the testing time of protection circuit board can be
shortened. The delay time of the over-charge detector, over-discharge detector, and excess current

detector can be reduced into approximately 1/50. The output type of COUT and DouTt is CMOS.
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FEATURES
o Manufactured with High Voltage Tolerant Process ...Absolute Maximum Rating 30V
o Low supply current .........ccoeiiiiiiiiiiininann, Supply current (At normal mode) Typ. 12.0pA
Standby current Typ. 6.0pA
e High accuracy detector threshold ............. Over-charge detector (Ta=25°C) +25mV
Over-discharge detector +2.5%
Excess discharge-current detector +20mV
Excess charge-current detector +30mV
« Variety of detector threshold
Over-charge detector threshold 3.6V-4.5V step of 0.005V(VDET1n) (n=1,2,3,4)
Over-discharge detector threshold 2.0V-3.0V step of 0.005V(VDET2n) (n=1,2,3,4)
Excess discharge-current threshold1 VDD-0.20 V ( Fixed)
Excess discharge-current threshold2 VDD-0.6V (Fixed)
Short detector threshold VDD-1.2V (Fixed)
Excess charge-current threshold VDD+0.2V ( Fixed)
Over-charge released voltage VDET1n-0.1V to 0.4V step of 0.05V (VREL1n)
(n=1,2,3,4)
Over-discharge released voltage VDET2n+(0.2V to 0.7V, step of 0.1V) (VREL2n)
(n=1,2,3,4)
o Internal fixed Output delay time............... Over-charge detector Output Delay  1.0s
Over-discharge detector Output Delay 1.2s/128ms

Excess discharge-current detector Output Delay 1  1.0s/12ms
Excess discharge-current detector Output Delay2 10ms/2ms
Excess charge-current detector Output Delay 8ms
Short Circuit detector Output Delay 300pus
e Output Delay Time Shortening Function..By forcing VDD voltage level to DS pin, the Output Delay
time of detect and release the over-charge/discharge, the
excess-charge/discharge current can be reduced.
If DS pin is not necessary, set the level to VSS. Especially,
the Delay Time for over-charge/discharge, excess dis-
charge current output delay 1 become about 1/50 of
normal state.)
e OV-battery charge.........cooeeiiiiiiiiininnnnn... For each cell, charge inhibit voltage is set at Max.=1.1V.
(Vnochgn, n=1,2,3,4)
e Small package.....c.cocoveiiiiiiiiiiiieeeeen SSOP-16
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APPLICATIONS

e Li+ / Li Polymer protector of over-charge, over-discharge, excess-current for battery pack
e Over-charge, discharge, and current protectors for notebook-PCs, power tools, and any other gadgets

using on board Li+ / Li Polymer battery
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SELECTION GUIDE

In the R5431Vxxxxx Series, input threshold of over-charge, over-discharge, excess charge/discharge

current, and output delay time can be designated according to the application.

Part Number is designated as follows:

(ex.)

R5431V 301AA

«Part Number

RN
a b cd
Code Contents
a Package Type V: SSOP-16
b Serial Number for the R5431 Series designating input threshold for over-charge,
over-discharge, excess charge/discharge-current detectors.

C Designation of Output delay option

d Designation of version symbols.

*Function Table

Over-charge Over-discharge | 0V battery
Code Released condi- | Released condi- | chargein-
tion tion hibit
R5431VxxxAA By voltage By voltage inhibit
R5431VxxxBA By voltage By voltage inhibit
. . Excess-charge | Short de-
Over-charge | Over-discharge Eﬁf?;:j ﬁggre Eij?ﬁ:td éﬁg{gf current de- tector
detector out- | detector output tector thresh- | threshold
Code : . threshold output | threshold output
put delay time delay time . . old output output de-
delay time 1 delay time 2 ; :
tVdetl (ms) tvVdet2 (ms) tVdet3-1(ms) tVdet3-2 (ms) delay time lay time
tVdet4 (ms) | Tshort(u )
R5431VxxxAA 1000 1200 1000 10 8 300
R5431VxxxBA 1000 128 12 2 8 300




R5431VXXXXX

*Product name list

Over-charge | Over-charge | Over-discharge Over-discharge Excess-discharge | Excess-discharge E;(Sf:nihzge
detector Released detector Released volt- Current detector | current detector tector thresh-
Code threshold voltage threshold ageVREL 2n threshold 1 threshold 2 old
VDET1n VREL1n VDET2n V) *1 VDET3-1 VDETS3-2 VDET4
V) *1 V) *1 (V)*1 (V) *2 (V)*2
(V) *2
R5431V301AA 4.350 4.150 2.300 3.000 -0.200 -0.600 0.200
R5431V303AA 3.650 3.400 2.000 3.000 -0.200 -0.600 0.200
R5431V304AA 4.300 4.100 2.300 3.000 -0.200 -0.600 0.200
R5431V301BA 4.350 4.150 2.300 3.000 -0.200 -0.600 0.200
R5431V303BA 3.650 3.400 2.000 3.000 -0.200 -0.600 0.200
R5431V304BA 4.300 4.100 2.300 3.000 -0.200 -0.600 0.200
R5431V305BA 3.900 3.700 2.500 2.800 -0.200 -0.600 0.200
R5431V306BA 4.275 4.075 2.700 3.000 -0.200 -0.600 0.200
R5431V307BA 4275 4.075 2.300 2.700 -0.200 -0.600 0.200
*1:n=1,2,34

*2: With referenceto theVpp level
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PIN CONFIGURATIONS
SSOP-16

16 15 14 13 12 11 10

HHRARARAA

Mark Side

\Q J
LRl

PIN DESCRIPTION

Pin No Symbol Description
1 Cour Output pin of over-charge detection, CMOS output
2 V+ Charger positive terminal input pin
3 Dour Output pin of over-discharge detection, CMOS output
4 NC No Connection
5 NC No Connection
6 DS Output Delay Time Shortening Pin
7 Vss Vss pin. Ground pin for the IC
8 NC No Connection
9 NC No Connection
10 SEL | 3-cell/4-cell alternative pin
11 CTL | Charge/discharge FET control pin
12 Vca Positive terminal Pin for Cell-4
13 VC3 Positive terminal Pin for Cell-3
14 Vc2 Positive terminal pin for Cell-2
15 Vci Positive terminal pin for Cell-1
16 VDD | VDD Pin
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ABSOLUTE MAXIMUM RATINGS

Ta=25°C, Vss=0V

Symbol Item Ratings Unit
Vob Supply voltage -0.3 to 26 \
Input Voltage
Vci Positive input pin for Cell-1 Vc2 -0.3 t0 Vcot6.5
Vc2 Positive input pin for Cell-2 Vecs -0.3 t0 Vcs+6.5
Ve3 Positive input pin for Cell-3 Vca -0.3 t0 Vcat+6.5
Vc4 Positive input pin for Cell-4 Vss-0.3 to Vss+6.5 \Y
V+ Charger positive input pin voltage Vss-0.3 to 30
SEL SEL pin voltage Vss-0.3 to VDbD+0.3
CTL CTL pin voltage Vss-0.3 to VDD+0.3
DS DS pin voltage Vss-0.3 to VDD+0.3
Output voltage
VCour Cout pin Vss 0.3 to 30 \
VDour Dour pin Vss -0.3 to Voo +0.3 \Y/
Po Power dissipation 685 mw
Ta Operating temperature range -40 to 85 °C
Tstg Storage temperature range -55 to 125 °C
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ELECTRICAL CHARACTERISTICS

R5431V3XXAA Unless otherwise specified, Ta=25°C
Symbol | Item Conditions Min. Typ. Max. Unit
Vbb1 Operating input voltage Voltage defined as Voo-Vss | 2 20 \
Vnoch | Maximum charge inhibit Vbb=Ve1 1.100 v

gn Voltage (n=1,2,3,4) Vop=V+ .
\/ CELLN Over-charge thresh- | Detect rising edge of supply voltage
PETY | old (n=1,2,3,4) RN=330Q VoET1n-0.025 | VipET1n MDETIN+0.025 |V
Vrerin | CELLN Over-charge released voltage Rn=330Q Vre1n-0.050 VreLin  |[Vre1nt0.050 \%
Voo=Vci, VCeLtn=3.5V,
tVoen Output delay of over-charge Veew1=3.5V t0 4.5V (n=2.3.4) 0.7 1.0 1.3 S
Output delay of release from Voo=Veci, Vcen=3.5V, VceL1=4.5V
tVreLs over-charge to 3.5V (n=2,3,4) 11 16 21 ms
VDET2n (():IEI‘(Ir‘]Zlo ;/,esf’-;f:l)lscharge thresh- netect falling edge of supply voltage  Voerznx0.975 | VDET2n  |[Voer2ox1.025
CELLN Released Voltage from .
VReL2n Over-discharge (n=1,2,3,4) Detect rising edge of supply voltage  [Vrer2nx0.975 | VREL2n reL2nx1.025
Output delay of Vop=Ve1, Vceln=3.5V,
tVoer2 | over-discharge Vees=3.5V to 2.0V (n=2,3.4) | 08 1.2 1.6 S
Output delay of release from Vbp=Vci1, VCELLn=3.5V,
tVREL2 | over-discharge Veei=2.0V to 3.5V, (n=2.3.4) | 07 1.2 1.7 ms
\/DET3.1 Excess discharge-current threshold E:‘:;gct falling edge, VDD pin voltage Voera-0.020 ViErs1 Mosrss+0.020 | V
\/DET3.2 Excess discharge-current threshold E;;gct falling edge, VDD pin voltage .0.700 -0.600 -0.500 vV
Output delay of excess discharge pD=Vc1, VeELLn=3.5V, V+=Vpp to
tVpET3-1 current 1 oers1-0.1V, (n=1.2.3.4) 0.7 1.0 1.3 S
Output delay of excess dis- \Vob=Vci, VceLLn=3.5V, V+=Vpp
tVoers-2 charge current 2 to Vper3-2-0.2V, (n=1,2,3,4) ’ 10 13 ms
\Vbp=Vc1, VceLn=3.5V
Output delay of release from . ' ’
tVREL3 excess discharge-current Vt—VDET3-2'O-1V to Voo 0.7 1.2 1.7 ms
(n=1,2,3,4)
pb=Vcy, VeeLLn=3.5V (n=1,2,3,4)
Voeta  [Excess charge-current threshold |Detect rising edge, the value is Voo 0.17 0.20 0.23 \Y
base.
Output delay of excess \Vop=Vc1, VceLn=3.5V, V+=VDD to
tVoET  lcharge-current VDD+0.5V, (n=1,2,3.4) VDD base | ° 8 - ms
Output delay of release from \Vob=Vci, VceLLn=3.5V,
tVrews excess charge-current V+=Vop+0.5V 10 Voo (n-1,2,3,4) 0.7 1.2 1.7 ms
. Vob=Vc1, Veen=3.5V, Vop
\Vshort ' -1. -1. -0.
Short protection voltage base (n=1,2,3,4) 1.7 1.2 0.7 \%
. \VbDp=VcC1, Vcern=3.5V, V+=Vpp to
tshort  [Output Delay of Short protection NVoot0.5V, (n=1.2.3.4) 200 300 500 HUs
Rshort | Resetresistance for Excess 1\, 14 4y vi=vopav |15 30 |65 kQ
Discharge current protection
Iss Supply current Vop=Ve1, VeeLn=3.9V (-1234) 12 30 MA
Isto Standby current Voo=Ver, Veguin=2.0V 6 |12 HA

(n=1,2,3,4)

| *Note: VCELLn means Cell-n’s voltage. n=1,2,3,4
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R5431V3XXBA version

Unless otherwise specified, Ta=25°C

Symbol | Item Conditions Min. Typ. Max. Unit
L Voltage defined as
Vob:1 | Operating input voltage Vop-Vss 2 20 \
Vnoc | Maximum charge inhibit VbD=Ve1 1.100 v
hgn | Voltage (n=1,2,3,4) Vop=V+ .
\/ CELLnN Over-charge threshold | Detect rising edge of supply voltage
PETN | (n=1,2,3,4) RN=330Q DET1n-0.025 | \/pET1n [VDETIN+0.025 | V/
VreLin | CELLN Over-charge released voltage Rn=330Q Vre1n-0.050 Vretwu  [Vreunt0.050 \%
Vop=Vci1, VCeLN=3.5V,
tvoenn | Output delay of over-charge Veen1=3.5V 10 4.5V (n=2.3.4) 0.7 1.0 1.3 S
tVeews [Output delay of release from over-charge |00 Vet Veewn=3.5V, 11 16 21 ms
VceL1=4.5V to 3.5V (n=2,3,4)
\VDET2n E?Eil‘zn ?? X;zr-dlscharge threshold Detect falling edge of supply voltage |[Voer2nx0.975 | VDET2n  [VbET20x1.025
VREL2n gs:rljgiSR;I]Z?Zeed(r\Qllfg?ggom Detect rising edge of supply voltage [Vrei2nx0.975 | VREL2n  |[VreL2nx1.025
A Vop=Ve1, Vcen=3.5V,
tVoer2 | Output delay of over-discharge Veeri=3.5V to 2.0V (n=2.3.4) 89 128 167 ms
tVRreL2 | Output delay of release from over-discharge xszl\iczlot//iff;n;\s/s(\rf=234) 0.7 1.2 1.7 ms
\V/DET3-1 [EXCcess discharge-current threshold 1  |Detect falling edge, VDD voltage base Vpers1-0.020 | VpeT3-1 [VpeET31+0.020 | V
\VDET3-2 [EXcess discharge-current threshold 2  |Detect falling edge, VDD voltage base [-0.700 -0.600 [-0.500 Vv
t\VVpoeTt3- [Output delay of excess discharge cur- pp=Vct1, VeeLLn=3.5V, V+=Vpp to
L rent 1 ber31-0.1V, (n=1,2,3,4) 8 12 16 ms
tVoers. | Output delay of excess discharge |Vob=Vci, VceLn=3.5V, V+=Voo
> current 2 to Voera2-0.2V, (n=1,2,3,4) | =% 20 126 ms
I\Vbp=Vc1, VceLLn=3.5V,
tVrews [QUtPUt delay of release from excess \ _ © 6 1V to Veo 0.7 12 |17 ms
discharge-current _
(n=1,2,3,4)
pb=Vcy, VeeLLn=3.5V (n=1,2,3,4)
Vpera |[Excess charge-current threshold  |Detect rising edge, the value is Voo 0.17 0.20 0.23 \Y
base.
\Vop=Vc1, Vceln=3.5V, V+=VDD to
tVpeta [Output delay of excess charge-current VDD+0.5V, (n=1,2,3,4) VDD 5 8 11 ms
base
Output delay of release from excess |Vobp=Vc1, VceLLn=3.5V,
tVrews charge-current V+=Vpp+0.5V to Vop (n-1,2,3,4) 0.7 1.2 1.7 ms
. \Vpb=Vca, VCELLn=3-5V Vbb
\Vshort ’ -1. -1. -0.
Short protection voltage base (n=1,2,3,4) 1.7 1.2 0.7 \
. Vbb=Vc1, Vceln=3.5V, V+=Vpp to
tshort |Output Delay of Short protection Voot0.5V, (n=1.2.3.4) 200 300 500 us
Rshort | Reset resistance for Excess
. . = += -
Discharge current protection Voo=14.4V, V+=VDD-1V 15 30 65 kQ
Iss Supply current Vop=Ve1, VeeLn=3.9V (n-1234) 12 30 A
VDD=VCl, VCELLn:Z-OV
6
Istb Standby current (n=1,2,3,4) 12 A
| *Note: VCELLn means Cell-n’s voltage. n=1,2,3,4
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Input/ Output Pins (R5431V3XXAA/BA common)

Unless otherwise specified, Ta=25°C

(n=1,2,3,4), CTL=14V

Symbol | Item Conditions Min. Typ. Max. Unit
Vi1 | SEL pin "H" input voltage Voo X 0.8 Voo +0.3 |V
Vi1 | SEL pin "L" input voltage Vss-0.3 Voo X 0.2 |V
Viz | CTL pin "H" input voltage VoD x 0.8 Vpp+0.3 V
Vi | CTL pin "L" input voltage Vss-0.3 Vopx 0.2 |V
Viiz | DS pin "H" input voltage voox 0.8 Voo+0.3 |V
Viz | DS pin "L" input voltage Vss-0.3 Voox 0.2 | ms

lo.=50pA, Vpp=Vcs,
VoL1 [Coutr Nch ON voltage Vcelln=3.5V (n=1,2,3,4), 0.1 0.5 Vv
CTL=Vss
low=-50pA, Vpp=Ves,
Voni [Cout Pch ON voltage Vcelln=3.5V (n=1,2,3,4), 135 13.9 Vv
CTL:VDD
loL=50pA, Vbp=Vci,
Vorz |Dout Nch ON voltage \Vcelln=3.5V (n=1,2,3,4), 0.1 0.5 \Y/
CTL=Vss
lon=-50pA, Vpp=Vci,
Vorz |Dout Pch ON voltage Vcelln=3.5V (n=1,2,3,4), 13.5 13.9 Vv
CTL=VDD
Il [CTL pin "H" input current Voo=VC1, Veera=3.5V, 0.15 0.70 1.60 nA
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OPERATION

e VDET1n / Over-Charge Detectors (n=1, 2, 3, 4)
While the cell is charged, the voltage between VC1 pin and VC2 pin (the voltage of the Cell-1), the
voltage between VC2 pin and VC3 pin (the voltage of the Cell-2), the voltage between VC3 pin and
VC4 pin (the voltage of the Cell-3), the voltage of VC4 pin and VSS pin (the voltage of Cell-4) are
supervised. Even if one of the cells’ voltage becomes equal or more than the over-charge detector
threshold, the over-charge is detected, and an external charge control Pch MOSFET turns off with

Cour pin being at "H" level.

To reset the over-charge and make the Cour pin level to "L" again after detecting over-charge, in such
conditions that a time when the all Cells’ voltages are down to a level lower than over-charge voltage, by
connecting a kind of load to Voo after disconnecting a charger from the battery pack. Then, the output
voltage of Cour pin becomes "L", and it makes an external Pch MOSFET turn on, and charge cycle is
available. If a charger is continuously connected to the battery pack, when all the cells voltages are
lower than the released voltage from over-charge, charge cycle is acceptable. Thus, this over-charge
detector has hysteresis. To judge whether or not load is connected, the built-in excess-discharge
current detector is used. By connecting some load, V+ pin voltage becomes equal or less than ex-
cess-discharge current detector threshold, and reset the over-charge detecting state.

Further, even if when one of the cells is equal or higher than the over-charge detector threshold, if a
charger is removed and some load is connected, COUT outputs “H”, however, load current can flow
through the parasitic diode of the external charge control Pch MOSFET. After that, when the VDD pin
voltage becomes lower than the over-charge detector threshold, CouT becomes “L”.

Internal fixed output delay times for over-charge detection and release from over-charge exist. Even
if one of voltage of Cells keeps its level more than the over-charge detector threshold, and output delay
time passes, over-charge voltage is detected. Even when the voltage of each cell becomes equal or
higher level than Voem if these voltages would be back to a level lower than the over-charge detector
threshold within a time period of the output delay time, the over-charge is not detected. Besides, after
detecting over-charge, each Cell voltage is lower than the over-charge detector threshold, even if a
charger is removed and a load is connected, if the voltage is recovered within output delay time of re-
lease from over-charge, over-charge state is not released.

A level shifter incorporated in a buffer driver for the Cour pin makes the "H" level of Cout pin to the V+
pin voltage.

The output of the Cour pin is Vss and V+ with CMOS buffer.

e VDET2n / Over-Discharge Detectors (n=1, 2, 3, 4)
While the cells are discharged, the voltage between VC1 pin and VC2 pin (the voltage of Celll) , the

11
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voltage between VC2 pin and VC3 pin (Cell2 voltage), the voltage between VC3 pin and VC4 pin (Cell3

voltage) , and the voltage between VC4 pin and Vss pin (Cell4 voltage) are supervised. Even if one of

the cells’ voltage becomes equal or less than the over-discharge detector threshold, the
over-discharge is detected and discharge stops by the external discharge control Pch MOSFET
turning off with the Dour pin being at "H" level.

The condition to release over-discharge voltage detector is that connecting a charger to the battery
after detecting over-discharge voltage, and when the cell voltage becomes lower than over-discharge
detector threshold, some charge current flows through the parasitic diode of an external Pch MOSFET,
and when each cell voltage is higher than the released voltage from over-discharge, DOUT pin becomes
“L” level, and by turning on the external Pch MOSFET, discharge becomes possible. When a charger is
connected to the battery, if each cell is more than the released voltage from over-discharge, after the
delay time of the released from over-discharge, DOUT pin becomes “L”. Thus, the over-discharge de-
tector has hysteresis.

The output delay time for over-discharge detect is fixed internally. Even if one of the voltage of Cells is
down to equal or lower than the over-discharge detector threshold, if the voltage of each Cell would be
back to a level higher than the over-discharge detector threshold within a time period of the output
delay time, the over-discharge is not detected. Output delay time for release from over-discharge is also
set.

After detecting over-discharge, supply current would be reduced and be into standby by halting un-

necessary circuits and consumption current of the IC itself is made as small as possible.

When a cell voltage equals to zero, if the voltage of each cell is lower than charge inhibit maximum
voltage, charge is not acceptable. All the cell voltages are higher than charge inhibit maximum voltage,
Cour pin becomes "L" and a system is allowable to charge.

The output type of Dour pin is CMOS having "H" level of Vop and "L" level of Vss.

e VDET3-n (n=1, 2) /Excess discharge-current Detector, Short Circuit Protector

When the charge and discharge is acceptable, V+ pin voltage is supervised, if the load is short and V+
pin voltage becomes equal or lower than excess discharge current threshold, and equal or more than
short detector threshold, the status becomes excess discharge current detected condition. If V+ pin
voltage becomes equal or lower than short circuit detector threshold, the status becomes short
circuit detected, then DOUT pin outputs "H" and by turning off the external Pch MOSFET, large
current flow is prevented. As for version A, excess discharge current detector has two thresholds, and
each threshold has the output delay time. In terms of the output delay times, the delay time for the

excess discharge current detector 2 is set shorter than excess discharge current 1.
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The output delay times for the excess discharge-current detectors are internally fixed.

A quick recovery of V+ pin level from a value between Excess discharge current detector and short
circuit detector threshold within the delay time, may keep the status as before excess discharge
current detected. Output delay time for Release from excess discharge-current detection is also set.

When the short circuit protector is enabled, the delay time is also set.

The V + pin has a built-in pull-down resistor to the Vss pin, that is, the resistance to release from

excess-discharge current.
After an excess discharge-current or short circuit protection is detected, removing a cause of excess
discharge-current or external short circuit and opened, V+ pin level is going to the VDD pin level,
through the built-in pulled down resistor. When the V+ pin becomes equal or more than excess dis-
charge current detector threshold, the excess-discharge current or short circuit status is automatically
released. The reset resistor of excess discharge-current is off at normal state. Only when detecting
excess discharge-current or short circuit, the resistor is on.

Output delay time of excess discharge-current is set shorter than the delay time for over-discharge
detector. Therefore, if Voo voltage would be lower than Voerzn at the same time as the excess dis-
charge-current is detected, the R5431Vxxxxx is at excess discharge-current detection mode. By dis-
connecting a load and opened, the excess discharge current status is automatically released.

o VDET4/ Excess charge-current detector

When the battery pack is chargeable and discharge is also possible, VDET4 senses V+ pin voltage.
For example, in case that a battery pack is charged by an inappropriate charger, an excess current
flows, then the voltage of V+ pin becomes equal or more than excess charge-current detector threshold,
then the output of Cour becomes "H", and prevents from flowing excess current in the circuit by turning
off the external P)ch MOSFET.

Output delay of excess charge current is internally fixed. Even the voltage level of V+ pin becomes
equal or lower than the excess charge-current detector threshold, if the voltage becomes lower than
excess charge current threshold within the delay time, the excess charge current is not detected.
Output delay for the release from excess charge current is also set.

VDET4 can be released with disconnecting a charger and connecting a load.

e DS (Delay Shorten) function

Output delay time of over-charge, over-discharge, excess discharge current, excess charge current
and release from those detecting modes can be shorter than those setting value by forcing VDD voltage
level to DS pin.

e Operation against cell Unbalance

If one of the cells detects over-charge and the output of CouT becomes "H", even if the other cell

detects over-discharge, the over-charge status is maintained and the output of Cout keeps "H". If one

of the cell detects over-charge and the output of Cout becomes "H", the other cell detects

13
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over-discharge and the former cell is released from over-charge, after the delay time of the released
from over-charge, the output of COUT becomes "L", and after the delay time of detecting
over-discharge, the output of DouT becomes "H". After detecting over-discharge, internal unneces-

sary circuits are halted and the R5431V is into the standby mode. (Supply current Typ. 6.0uA)

Charge inhibit detector Vhochg-n (n=1, 2, 3, 4)

Charge inhibit detector is equipped for each cell. Even if one of the cells' voltage is equal or lower than
charge inhibit voltage, when a charger is connected, charge inhibit is detected, the output of CouTt
becomes "H", then by turning off the external Pch MOSFET, the charge is halted.

While the charge inhibit status, the cell voltage with equal or lower than the charge inhibit voltage is
equal or lower than over-discharge voltage, both of the outputs of COUT and DOUT become "H" and
the external MOSFETS become "off"/"off". Other than charge inhibit status, external MOSFETs will

never be "off"/"off".

CTL pin
By forcing VDD voltage level to CTL pin, the outputs of COUT and DOUT are set "H" compulsory.

CTL pin input and outputs of COUT and DOUT

CTL pininput Cour output Doyt output
High High High
Open normal normal
Low normal normal

SEL pin

SEL pin is used as switch over 3-cell protector and 4-cell protector. By forcing VSS voltage level to
SEL pin, the operation of 4th cell's protection circuit, the signal is shut down, therefore, even if the
4th cell is shortened, over-discharge is not detected and operates as a 3-cell protector IC.

SEL pin must be set as Vpp voltage or Vss voltage level.

SEL pin input and operation mode

SEL pin input Operation Mode
High 4-cell protector
Open Indefinite
Low 3-cell protector
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TIMING CHART

(1) Timing diagram of Over-charge, Excess charge current

Connect Charger

Charge

Charger

L |_Connect Load Ejrrent L Connect Load
< >K 5 Sl
VCELLA1 A
Vv
DET11 |
v / 4 \\
|
VCELL2 A t
\DET1
V REL12 \\
|
VCELL3 A t
V DET13 -
VREL13 s \\
>
VCELL4 ss A t
\/ DET14
V REL14
/ \\
|
V+ A t
\/DET4|
\/DD
\/ DET3-1
V'ss| .
Ll
couT A t
V+
ET] o . ng L
Vss <¥REL1 — &EU o e
Charge/Discharge >
Current t
Charge B
Current
Discharge >
Current t
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(2) Over-discharge, Excess discharge currentl, 2, Short circuit

Excess Excess
Sggpe;t glschatr1ge D|scha:ge ShorOPEN
Connect Load ger Currentl | peGYTent? opey
VCELL1 A
- ]
3 ||
VREL21 —
VbET21 — B
>
VCELL2 A t
| d
\ N
REL22 -
V pET2 — N
|
VCELL3 A t
- d
- [ |
V REL23 —
VDET23 — B
>
VCELL4 A t
| d
- ||
V' REL24 [
\bET24 — -
|
A t
V+ v DET4
VDEY3-1
¥DET:-z yalimiWA
short —‘
»
DOUT Vsy t
V oo Vigr o - B 2—
NV pErorle— AV/SYS DY)

V ss t Vesiole— Vg o1je— tVesise—| (tVrsiset (tVRs e
Charge/Discharge >
Current A t
Charge Current

0 >
Discharge L
Current L t
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TYPICAL APPLICATION AND TECHNICAL NOTES

*Circuit example (for 4-cell protection)

‘ ? A A L ‘ (—I_
R1
VCl1 VDD SEL]
C1
3300
Celll R2 n1nE Dout R6
VC2
1KQ
330Q 2
Cell2 R3 0.1uF Cout ®
ves R5431V
3300 e Vet
Cell3 R4 0.1uF
VC4
3300 4| ocs CTL
Cell4
VSS
DS 1 co6
0.1uF

* Circuit example (for 3-cell protection)

a
Y
* ? “Lh ?f@

R1
VDD sEL
3300 | ¢ Vel
Celll
R2 0.1uF Dout § R6
VC2 1kQ
Cell2 3300 2 ®
R3 0.1uF Cout
VC3 Rb5431V
Cell3 330Q 3
0.1uF
vC4 CTL
| C6
VSS DS —
0.1uF
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*Circuit example (for 4-cell protection with CTL function and DS function)

® ? +
R1 VDD <
Vel SEL
330Q
Celll cl
R2 0.1uF Dout R6
330Q Ve 1
c2
Cell2 ~ OLUF Cout ®
VC3 R5431V
3300
Cell3 c3 v+
R4 0.1uF
VC4 R7
call 3300 ca  _Lcs CTL O
RS 01uF T 0.1uF 1kQ
VSS R8
510 DS O
1kQ R9 L cs
1kQ 0.1uF
__/

*Circuit example (for 3-cell protection with CTL function and DS function)

’ ’ 2 Smuls o 3G
R1 VDD -
VCl SEL
330Q
Celll Cl
R2 0.1uF Dout R6
VC2 1kQ
330Q c2
Cell2 o O1UF Cout ®
VC3 R5431V
330Q c3
V+
Cel3 o IO.luF
VC4 R7
decs cTL AAVAY, O
R5 IO.lUF 1:;2
o—\\\—e VSS
510 DS O
1kQ RO _lcs
1kQ T 01uF
@
(N
\__/
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TECHNICAL NOTES

R1, R2, R3, R4, R5, C1, C2, C3, C4, and C5 stabilize the supply voltage to the R5431Vxxxxx. If R1,
R2, R3, R4, and R5 values are large, the conduction current inside the IC at detection mode, the de-
tector threshold may rise, therefore recommended R1, R2, R3, R4 value is equal or less than 1kQ.
The recommended R5 value is equal or less than 330Q.

To stabilize the operation, the value of C1, C2, C3, C4, and C5 should be equal or more than 0.01puF.

R5 and R6 can operate also as parts for current limit circuit against the reverse charge or applying
a charger with excess charging voltage beyond the absolute maximum rating of the R5431VxxXxXxX.
Small value of R5 and R6 may cause over-power consumption rating of the power dissipation of the
R5431Vxxxxx. Thus, the total value of 'R5+R6' should be equal or more than 1kQ.

If R5 value is set too large, by the conduction current inside the IC at detection, the detector threshold
becomes lower, thus recommended R5 value is equal or more than 330Q. If R6 value is set too large,
release operation by connecting a charger may be impossible, our recommendation value as R6 is equal
or less than 10kQ.

R7 and R8 can operate as parts for current limit circuit against forcing over voltage. If CTL function or
CTL function is necessary, attach R7 and R8 with the resistance of 1kQ or more. Since a pull-down
resister is not built in the DS pin, when the DS function is necessary, attach R9 with the resistance of
1kQ.

To stabilize the operation of the IC, use a capacitor with a range of the capacity from 0.06uF to 0.1uF
as C6.

The typical application circuit diagram is just an example. This circuit performance largely depends
on the PCB layout and external components. In the actual application, fully evaluation is necessary.
Over-voltage and the over current beyond the absolute maximum rating should not be forced to the
protection IC and external components. If positive terminal and negative terminal of the battery pack
short, even though the short protection circuit is built in the IC, during the delay time until detecting
the short-circuit, a large current may flow through the FET.

Select an FET with large enough current capacity in order to endure the large current during the
delay time.

Ricoh cannot assume responsibility for use of any circuitry other than circuitry entirely embodied in a Ricoh
product. If technical notes are not complied with the circuit which is used Ricoh product, Ricoh is not responsible

for any damages and any accidents.
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TEST CIRCUITS
A

D

OSCILLOSCOPE

” vcr VPP v
T V2 Cout
7-’1 Dout

VC3
;’_‘ SEL
- VC4 DS
/‘—
Viss CTL
=
vct VPP v
VC2 Gour
DouTt
VC3
SEL
VC4 DS
\/ss CTL

” vcl Voo
- V2 Cout
T— Dout

VC3
p— SH.
s VC4 DS
\/ss CTL

P vcl Voo
au VC2 Cour
;_’1 Dout

VC3
7_4 SEL
1. VC4 DS
/‘—

\/ss CTL

E t
B ver V0w
T Ve Cour
T—_— Dout

VC3

— SEL
s VC4 DS
17 Vs CTL

F ?
-—@E ver VP v
k VC2 Cout
P Dout
__h VC4 DS
-f Vss CTL

-

G ?
Vv ver Voo
T vC2 Cour
r— Dout

VC3

p— SEL
s VC4 DS
T Vss CTL

H ?
0-@ ver Vv
T VC2 oo
. T pouT
# VC3 L
s VC4 DS
3 Vss CTL
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N
2

vel VPP vy o 0—e
N V2 Cout +—O
- Dout —0O
VC3
— SE
VC4 DS
j[_®7 vss cn
E ver VPP v A
e YT @
Dout —Q4
SH
VC4
DS
- ®
\/ss CTL
.;- \_J
vcl Voo vyt
T pout
VC3
— SH. 1
is VC4 DS
Vss e +(A)

- O
vcy Voo v+J
S ([

- Dout ——O
VC3

— SH

— VC4 DS
\/ss CTL

AAA
2\
S

[

T
vcl VPP v
- VC2 Cout
o Dout
\VC3
SEL
- \VC4 DS
Iﬁ \/ss CTL
; E
vcl Vv
e o
Dout
T
SEL
E \VC4 DS
-f— Vss CTL
-
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Typical Characteristics were obtained with using those above circuits:

Test Circuit A: Typical characteristics 1)

Test Circuit B: Typical characteristics 2) 3)

Test Circuit C: Typical characteristics 4) 5)

Test Circuit D: Typical characteristics 6) 7)

Test Circuit E: Typical characteristics 8) 9) 10)
Test Circuit F: Typical characteristics 11) 12) 13) 14) 15) 16) 17) 18) 19)
Test Circuit G: Typical characteristics 20)

Test Circuit H: Typical characteristics 21) 22) 23)
Test Circuit I: Typical characteristics 26)

Test Circuit J: Typical characteristics 24)

Test Circuit K: Typical characteristics 27)

Test Circuit L: Typical characteristics 25)

Test Circuit M: Typical characteristics 28)

Test Circuit N: Typical characteristics 29) 30)

TYPICAL CHARACTERISTICS (Part 1)

1) Maximum charge inhibit voltage for CELLn vs. 2) Over-charge voltage threshold (CELLN) vs. Tem-
Temperature perature
R5431V301AA/BA n=1,2, 3,4 R5431V301AA/BA n=1,2, 3,4
110 440 |
1.00 +
£0.90 | SN T 435
5080 \ W 430 |
Z0.70 + >
425
0.60
0.50 4.20
60 -40 -20 0 20 40 60 80 100 -60 -40 -20 0 20 40 60 80 100
Ta (°C) Ta (°C)

3) CELLn Over-Charge Released Voltage vs. Temperature 4) Over-charge Detector Delay Time vs. Temperature

R5431V301AA/BA n=1, 2,3, 4 R5431V301AA/BA n=1,2, 3,4
VCELLn=3.2V VCELLn=3.5V, VCELL1=3.5V t0 4.5V
4.25 1.4
1.2
420 |- ~—~—— L
S g 10
T 415 ¢ 208 |
> = 04
4.05 - o2 |
4.00 0.0
60 -40 -20 0 20 40 60 80 100 -60 -40 -20 0 20 40 60 80 100

Ta(°C) Ta (°C)
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5) Release from Over-charge Delay Time vs. Temperature 6) CELLn Over-discharge Detector Threshold vs. Temperature

R5431V301AABA  n=1.2 3 4 R5431V301AABA  n=1,2, 3,4
VCELLn=3.5V, VCELL1=4.5V to 3.5V 2 40 VCELLn=3.2V
200 :
18.0 | 2.35
/8\ 16.0 + \‘ e g
3140 € 2.30 e —
= -
= 120 - W 225 -
W 10.0 + >
= 80 | 220 |
6.0 2.15
4.0 60 -40 20 0 20 40 60 80 100
60 -40 -20 0 20 40 60 80 100 Ta (°C)
Ta (°C) a

7) CELLnN Release Voltage from Over-discharge vs. Temperature 8)  Over-discharge Detector Delay Time vs. Temperature (Ver. AA)

R5431V301AA/BA n=1, 2, 3, 4 R5431V301AA n=1, 2, 3, 4
3.10 VCELLn=3.2V VCELLn=3.5V, VCELL1=3.5V to 2.0V
: 1.6
3.05 1.4
s ooz __
2 3.00 | 2
ﬁ /\\~ é’, 10 +
%g 2.95 W 08 |
2 06
290 | 04
2.85 0.2
60 -40 20 0 20 40 60 80 100 60 40 20 0 20 40 60 80 100
Ta (°C) Ta (°C)

9) Output Delay Time of Over-discharge Detector vs. 10) Output Delay Time of Release from Over-discharge vs.

Temperature (Ver. BA) Temperature
R5431V301BA n=1, 2, 3, 4 R5431V301AA/BA n=1,2,3,4
V/CELLn=3.5V, VCELL1=3.5V to 2.0V VCELLn=3.5V, VCELL1=2.0V to 3.5V
160 1.4
140 - \\ 12 ¢
120 | _ ee——— -
) o 1.0
3100 3
E €08 I
N | 5
0.6 -
W o | 4
2 40 | 204 -
20 ¢ 02 |
0 0.0
60 40 -20 0 20 40 60 80 100 60 -40 20 O 20 40 60 80 100
Ta (°C) Ta(°C)
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11) Excess Discharge Current Detector Threshold 1 vs.
Temperature
R5431V301AA/BA  n=1. 2 3. 4
VCELLn=3.5V
-0.17
-0.18
< -0.19
i -0.20 - T —
(L B
g -0.21 + \
-0.22 -
-0.23
60 40 -20 0 20 40 60 80 100
Ta(°C)
13) Short Detector Threshold vs. Temperature
R5431V301AA/BA n=1, 2, 3, 4
-0.70 VCELLn=3.5V
-0.80 -
-0.90 - /
< -1.00
>
5 -1.10 | —
&
> 120 | /
-1.30
-1.40 -
-1.50
60 -40 -20 O 20 40 60 80 100
Ta (°C)
15) Output Delay Time of Excess discharge-current Detector 1 vs.
Temperature (Ver. BA)
R5431V301BA n=1.2 3,4
VCELLn=3.5V, V+=14.0V to 13.6V
16
14 -
\
5 12 L T ——
8 10 -
Q 6
2 4
2
0
60 -40 -20 O 20 40 60 80 100
Ta (°C)

12) Excess Discharge Current Detector Threshold 2 vs. Temperature

VDET32(V)

14)

tVDET31(sec)

16)

tVDET32(msec)

R5431V301AA/BA =1, 2, 3, 4
0500 VCELLn=3.5V
-0.525 |-
-0.550 -
-0.575 |-
-0.600 | \\
0625 | ~—_
-0.650 | SN
-0.675 |-
-0.700
60 -40 -20 0O 20 40 60 80 100
Ta (°C)
Output Delay Time of Excess discharge Current Detector 1 vs.
Temperature (Ver. AA)
R5431V301AA n=1,2,3,4
VCELLn=3.5V, V+=14.0V to 13.6V
1.6
14 ¢
127 \
1.0
0.8 r
0.6
04 +
0.2
-60 -40 -20 0 20 40 60 80 100
Ta(°C)
Output Delay Time of Excess Discharge Current Detector 2 vs.
Temperature (Ver. AA)
R5431V301AA n=12 3,4
VCELLn=3.5V V+=14.0V to 13.3V
14
12 \
10 r
8 L
6 L
4 L
2 -
0
-60 -40 -20 0 20 40 60 80 100
Ta (°C)
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17) Output Delay Time of Excess Discharge Current Detector 2 vs.  18) Output Delay Time of Short Detector vs. Temperature vs.
Temperature (Ver. BA) Temperature

R5431V301BA n=1,2,3,4
VCELLn=3.5V, V+=14.0V to 13.3V

R5431V301AABA  n=1,2. 3, 4
VCELLn=3.5V, V+=14.0V to 12.0V

3.0
500
25 400
§ 20 \ o S ~—
[0}
E 3 300 |
N 15 | =
o 5 200 -
o 10 - Iz
= 100
05 -
0
0.0 60 -40 20 O 20 40 60 80 100
60 40 -20 O 20 40 60 80 100 Ta (°C)

Ta (°C)

19) Output Delay Time for Release from Excess-discharge current. 20) Excess Discharge Current Release Resistance vs. Temperature
vs. Temperature

R5431V301AA/BA n=1,2,3,4 R5431V301AA/BA n=1, 2, 3, 4
VCELLn=3.5V, V+=12.0V to 14.0V 60 V+=VDD-1.0V
1.4
12 50 -
— \
g 1.0 + — s 40 -
E 08 <
EE’ g 30 -
o 06 <
S sl © 20 ¢
02 | 10 |-
0.0 0
-60 40 20 0 2(3 40 60 80 100 60 -40 20 O 200 40 60 80 100
Ta (°C) Ta (°C)

21) Excess Charge Current Detector Threshold vs. Temperature  22)  Output Delay Time of Excess Charge Current Detector vs.

Temperature
R5431V301AA/BA n=1,2,3,4 R5431V301AA/BA n=1,2,3,4
0.24 VCELLh=3.5V VCELLn=3.5V, V+=14.0V to 14.5V
: 12
0.23
10 |
0.22 .
S 8l —— -
2 0.21 + g
2020 - Sy 6
(=}
> 019 | § 4l
018 | .|
017 |
0
0.16 60 40 20 0 20 40 60 80 100
60 -40 20 0 20 40 60 80 100 Ta (C)

Ta (°C)
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23) Output Delay Time of Release from Excess charge current vs. 24) Cout Nch ON Voltage vs. Temperature
Temperature
R5431V301AA/BA n=1,2,3,4 R5431V301AA/BA n=1,2, 3,4
VCELLn=3.5V, V+=14.5V to 14.0V 0.14 [oL=-50uA
1.6 :
14 \ 012 |
o 12+ 0.10
q’ —
g 10 - S 0.08
¥ 08 5
o 06 | 2006
L o4l 0.04 |
02 - 0.02 +
0.0 0.00
60 -4 -20 0 20 40 60 80 100 60 -40 20 0 20 40 60 80 100
Ta (°C) Ta (°C)
25) Doyt Nch ON Voltage vs. Temperature 26) Cout Pch ON Voltage vs. Temperature
R5431V301AA/BA n=1,2,3,4 R5431V301AA/BA n=1,2, 3, 4
0.14 I0L=-50uA [OH=50uA
14.0
0.12 t
0.10 + /— 13.9
— /
% 0.08 = 138 |
2 006 |- =
0.04 | S 137 |
0.02 t 13.6
0.00
60 -40 20 0O 20 40 60 80 100 13.5
Ta (°C) 60 -40 20 0O 20 40 60 80 100
Ta (°C)
27) Dout Pch ON Voltage vs. Temperature 28) CTL pin "H" Input Current vs. Temperature
R5431V301AA/BA n=1,2,3,4 R5431V301AA/BA n=1,2, 3,4
14.0 IOH=50uA VCELLn=3.5V, CTL=VDD
' 1.0
139 + 08 |
< 138 +
< 2 06
5 2
> 137 ¢ = 04 - //
13.6 - 02 -
13.5 0.0
-60 40 -20 0O 20 40 60 80 100 60 -40 20 0 _20 40 60 80 100
Ta(°C) Ta(°C)
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29) Supply Current (4-cell protection) vs. Temperature

R5431V301AA/BA n=1,2,3,4
VCELLn=3.9V
20.0
15.0
<
=10.0
@ -
50 r
0.0
60 -40 -20 O 20 40 60 80 100

Ta (°C)

Part 2. Delay Time dependence on Vbp
1) Delay Time for Over-charge detector vs. Voo

R5431V301AA/BA
VCELL1=3.2V, 3.6V, 4.0V to 4.5V, SEL=VDD
1.2

1 +

tVDET1 (sec)
© o o o

8
6
4
2
0

3.0 3.2 34 3.6 3.8 4.0 4.2
VCELLn (V) n=1,2,3,4

3) Output Delay of Over-discharge Detector vs. Voo
(Ver. AA)

R5431V301AA
12 VCELL1=3.2V, 3.6V, 4.0V to 2.0V, SEL=VDD

3.0 3.2 3.4 3.6 3.8 40 42
VCELLn (V) n=1,2,3, 4

30) Standby Current (4-cell protection) vs. Temperature

R5431V301AABA  n=1.2, 3.4
6.0 VCELIn=2.0V
50
40 | /// -
;és.o : /
%0l
10 |
0.0
60 -40 20 0 40 60 80 100

20
Ta (°C)

2) Delay Time for Release from Over-charge vs. Vobo

R5431V301AA/BA
VCELL1=3.2V, 3.6V, 4.0V to 4.5V, SEL=VDD
18
16 +
14 +
12 +

tVREL1 (msec)

oON O
T

30 32 34 36 38 40 42
VCELLn (V) n=1, 2, 3, 4

4)  Output Delay of Over-discharge Detector vs. VbD
(Ver. BA)

R5431V301BA
VCELL1=3.2V, 3.6V, 4.0V to 2.0V, SEL=VDD

140

120 |
5 100 |
80 |
60 |
40 |
20 |

tVDET2 (msec

3.0 3.2 3.4 3.6 3.8 4.0 4.2
VCELLn (V) n=1,2,3,4
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3)

tVREL2 (msec)

Output Delay of Release from Excess Discharge Current 6)
vs. Vob

0.8

0.6

0.4

0.2

R5431V301AA/BA
VCELL1=3.2V, 3.6V, 4.0V to 2.0V, SEL=VDD

3.0

3.2

4 3.6 3
VCELLn (V)

.8

Output Delay of Excess Discharge Current 1
vs. Vob

R5431V301AA
V+=VDD toVDD-0.3V, SEL=VDD

0.8 r

06

0.4

tVDET31(sec)

02 r

0
3.0 3.2 3.4 3.6 3.8 4.0 4.2

VCELLn (V) n=1,2,3,4

7) Delay Time of Excess Discharge Current Detector 1 8) Delay Time of Excess Discharge Current Detector 2
vS. Vob (Ver,. BA)

tVDET31 (msec)

9) Delay Time of Excess Discharge Current Detector 2

14

O N A OO 00O O

R5431V301BA
V+=VDD to VDD-0.3V, SEL=VDD
3.0 3.2 34 3.6 3.8 4.0 42
VCELLn (V) n=1,2,3,4

vs. VDD (Ver. BA)

tVDET32(msec)

25

N

-
[é,]

N

o
4]

o

R5431V301BA
V+=VDD to VDD-0.7V, SEL=VDD
3.0 3.2 34 3.6 3.8 4.0 4.2
VCELLn (V) n=1,2,3,4

vs. VDD (Ver. AA)

R5431V301AA

12 V+=VDD - VDD-0.7V, SEL=VDD

10 -

tVDET32 (msec)
»

3.0 3.2 3.4 3.6 3.8 4.0 4.2
VCELLn (V) n=1, 2, 3,4

10) Delay Time of Short Detector vs. VDD

R5431V301AA/BA
350 V+=VDD to VDD-2.0V, SEL=VD

3.0 3.2 34 3.6 3.8 4.0 4.2
VCELLn (V) n=1,2,3,4
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11) Delay Time of Release from Excess discharge current vs.  12) Delay Time of Excess Charge Current Detector vs.

VDD

tVREL3 (msec)

1.2

0.8
0.6
0.4
0.2

0

VDD
R5431V301AA/BA R5431V301AA/BA
V+=VDD-2.0V to VDD, SEL=VDD V+=VDD to VDD+0.5V, SEL=VDD
9
8 L
7
§ 6
E 5
e
$a,
2 L
1
3.0 3.2 3.4 36 3.8 4.0 42 0

3.0 3.2 34 3.6 3.8 4.0 4.2

VCELLn (V) n=1,2,3,4
VCELLn (V) n=1,2,3,4

13) Delay Time of Release from Excess Charge Current
vs. VDD

tVREL4 (msec)

© o o o = =
oMM M ® ®»® =~ N B

R5431V301AA/BA
V+=VDD - VDD+0.5V, SEL=VDD

®
o

3.2 3.4 3.6 3.8 4.0 4.2
VCELLn (V) n=1,2,3,4
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Part 3 Supply Current dependence on Vop

Celll

Cell2

Cell3

Cell4

Test Circuit (for 4-cell protection)

?

VC1

VC2

VC3

VC4

VSS

VDD

R5431V

SEL 1

Dout

Cout

V+

CTL1

DS

1 C6
[T0.1uF

R6
1kQ

Supply Current

Iss(pA)

14

12

10

4-cell protection Supply Current vs. Voo

VoD(V)

10

12

14

16
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Part 4 Over-charge detector, Release voltage from Over-charge, Over-discharge detector,
Release voltage from Over-discharge dependence on External Resistance value

® T +
R1 VDD <
Vel SEL
Celll 1
R2 0.1uF Dout R6
VC2 1KQ
330Q c2
Cell2 R3 01uF Cout ®
VC3 R5431V
3300
Cell3 c3 v+
R4 0.1uF
VC4
330Q CTL
Celld ca G5
RS 0.1uF IO.luF
VSS C6
DS} —
51Q T 0.1uF
S
Test Circuit

Over-charge Detector Threshold / Released Voltage

from Over-charge vs. R1 (CELL1)

VDET11 === ==VREL11 |

4.370 4.155
4.365 4.150
‘z’ — -— - \>:
= 4.360 | L — 14145 3
a —— &
> == / >

I,

4.355 == | 1 4.140
4.350 4135
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A 1.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.

2.The materials in this document may not be copied or otherwise reproduced in whole or in part
without prior written consent of Ricoh.

3.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.

4.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.

5.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.

6. 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, firecontainment
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.

7. Anti-radiation design is not implemented in the products described in this document.

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

RICOH COMPANY., LTD. Electronic Devices Company

< HRicoh presented with the Japan Management Quality Award for 1999. HRicoh awarded 1SO 14001 certification.

Ricoh continually strives to promote customer satisfaction, and shares the achievements The Ricoh Group was awarded ISO 14001 certification, which is an international standard for
of its management quality improvement program with people and society. environmental management systems, at both its domestic and overseas production facilities.
Our current aim is to obtain ISO 14001 certification for all of our business offices.

After Apr. 1, 2006, we will ship out the lead free products only. Thus, all products that
Complion‘r will be shipped from now on comply with RoHS Directive.

http://WWW- ricoh . com/LSI/ @ ROHS Ricoh completed the organization of the Lead-free production for all of our products.
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@ Higashi-Shinagawa Office (International Sales)
3-32-3, Higashi-Shinagawa, Shinagawa-ku, Tokyo 140-8655, Japan
Phone: +81-3-5479-2857 Fax: +81-3-5479-0502

RICOH EUROPE (NETHERLANDS) B.V.
@ Semiconductor Support Centre

Prof. W.H.Keesomlaan 1, 1183 DL Amstelveen, The Netherlands
P.0.Box 114, 1180 AC Amstelveen

Phone: +31-20-5474-309 Fax: +31-20-5474-791

RICOH ELECTRONIC DEVICES KOREA Co., Ltd.

11 floor, Haesung 1 building, 942, Daechidong, Gangnamgu, Seoul, Korea
Phone: +82-2-2135-5700 Fax: +82-2-2135-5705

RICOH ELECTRONIC DEVICES SHANGHAI Co., Ltd.
Room403, No.2 Building, 690#Bi Bo Road, Pu Dong New district, Shanghai 201203,
People's Republic of China

Phone: +86-21-5027-3200 Fax: +86-21-5027-3299
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@ Taipei office

Room1089, 10F-1, No.51, Hengyang Rd., Taipei City, Taiwan (R.0.C.)
Phone: +886-2-2313-1621/1622 Fax: +886-2-2313-1623
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