FUJITSU SEMICONDUCTOR
DS04-27706-2E

ASSP for Power Supply Application (for secondary battery)

DC/DC Converter IC for Parallel Charging
of 3/4 cell Li-ion & NIMH Batteries

MB3879

m DESCRIPTION

The MB3879 is a DC/DC converter IC for parallel charging of 3/4 cell Li-ion & NiMH batteries, which uses the
pulse-width modulation (PWM) for controlling output voltages and output currents independently.

This IC can dynamically control secondary batterie’s charge current, which detects voltage dropping in an AC
adapter in order to keep its power constant (Dynamically controlled charging). This operation allows quick charging
by variable charging current in accordance with operating status of a notebook PC.

Moreover, the total current of the system current and control IC input current are detected, and control of the
secondary battery is enabled.

An efficient charge becomes possible because of the charge current comes in changeability according to the
operation state of notebook PC by this operation.

The IC also allows parallel charging that charges two batteries simultaneously, reducing charging time dramatically.
The IC, using a built-in output voltage setting resistor, allows high-precision setting of output voltages. With its
output-voltage switching function that is ready for both graphite-type and coke-type Li-ion batteries as well as
NiMH battery, the IC is best suited to a built-in charger of a notebook PC.

This product is covered by US Patent Number 6,147,477.

m FEATURES

 Detecting a voltage dropping in the AC adapter, and dynamically controlling the charge current (Dynamically-
controlled charging)
* Detecting total current of system current and control-IC input current (Differential-charging)

(Continued)
m PACKAGE

48-pin plastic LQFP
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(Con

tinued)
Selection of output voltages by 4-bit decoder:

12.3V (3 cells: 4.1V), 12.6V (3 cells: 4.2V), 16.4V (4 cells: 4.1V), 16.8V (4 cells: 4.2V)
High efficiency: 94% (using reverse current preventive diode)

Wide range of power supply voltage: 8 V to 25V

Setting precision of output voltage (built-in output voltage setting resistor): + 0.8% (Ta = +25 °C)
Setting precision of charge current: £5%

Setting of frequency for only external capacitor, using built-in frequency setting resistor.
Oscillation frequency range: 100 kHz to 500 kHz

Built-in current detect amplifier with wide range of in-phase input voltages: 0 V to Vcc
Stand-by current: 0 pA

Built-in load-independent soft-start circuit

Built-in charge mode detection function

Built-in totem-pole outputs supporting Pch MOS FET
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m PIN DESCRIPTION

Pin No. Symbol 1/0 Descriptions
1 VCC d Power supply terminal
2 DO I VDD logic input terminal
3 D1 I VDD logic input terminal
4 D2 I VDD logic input terminal
5 D3 I VDD logic input terminal
6 VSS d VDD logic ground terminal
Power supply control terminal. Setting “L” level on CTL terminal
7 CTL I .
places the IC in standby mode.
8 VDD O VDD logic power supply terminal
9 VB o] Reference voltage output terminal
Constant-voltage charging distinction signal output terminal
10 OUT-EV 0 H level: Dynamically-controlled _charglng, Differential charging, or
Constant-voltage charging mode
L level: BATT1 or BATT2 Constant-voltage charging mode
Constant-current charge distinction signal output terminal
11 OUT-EC 0 H level: Dynamically-controlled _charglng, Differential charging, or
Constant-voltage charging mode
L level: BATT1 or BATT2 Constant-current charging mode
Differential-charging distinction signal output terminal
12 OUT-EA2 o H level: Dynam|caIIy-controIIed-_charg|ng, Constant-voltaging, or
Constant-current charging mode
L level: Differential-charging mode
Dynamically-controlled charging distinction signal output terminal
13 OUT-EA1 0 H level: Dynamically-controlled chgrgmg, Constant-voltage charging,
or Constant-current charging mode
L level: Dynamically-controlled charging mode
<BATT1> Current detection amplifier (Current Amp2) input terminal
14 IN1 I ) ;
Output voltage feedback input terminal
15 +INC2 I <BATT1> Current detection amplifier (Current Amp2) input terminal
16 FB3 O <BATT1> Error amplifier (Error Amp3) output terminal
17 ouTC2 @] <BATT1> Current detection amplifier (Current Amp2) output terminal
18 —INE3 I <BATT1> Error amplifier (Error Amp3) inverted input terminal
19 +INE3 I <BATT1> Error amplifier (Error Amp3) non-inverted input terminal
20 FB6 @) <BATT1> Error amplifier (Error Amp6) output terminal
21 -INE6 I <BATT1> Error amplifier (Error Amp6) inverted input terminal
22 CSs2 a Soft-start capacitor connection terminal
23 Cs1 O Soft-start capacitor connection terminal
24 ouT @) External FET gate driving terminal
25 VCCO O Driver block power supply terminal

(Continued)
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(Continued)
Pin No. Symbol 1/0 Descriptions
26 VH @) FET driver circuit power supply terminal (VH = VCC-6V)
27 GNDO O Ground terminal
28 TEST (0] Internal reference voltage for setting charge voltage
29 —INES5 I <BATT2> Error amplifier (Error Amp5) inverted input terminal
30 FB5 @] <BATT2> Error amplifier (Error Amp5) output terminal
31 +INE4 I <BATT2> Error amplifier (Error Amp4) non-inverted input terminal
32 -INE4 I <BATT2> Error amplifier (Error Amp4) inverted input terminal
33 OuUTC3 O <BATT2> Current detection amplifier (Current Amp3) output terminal
34 FB4 @) <BATT2> Error amplifier (Error Amp4) output terminal
35 +INC3 I <BATT2> Current detection amplifier (Current Amp3) input terminal
36 IN2 | <BATT2> Current detectipn amplifi(_ar (Current Amp3) input terminal
Output voltage feedback input terminal
37 cT 0 Triaqgular wave oscillation frequency setting capacitor connection
terminal
38 GND O Ground terminal
39 DTC I External duty control input terminal
40 +INE2 I Error amplifier (Error Amp2) non-inverted input terminal
41 —-INE2 I Error amplifier (Error Amp2) inverted input terminal
42 FB2 0] Error amplifier (Error Amp2) output terminal
43 +INE1 I Error amplifier (Error Amp1l) non-inverted input terminal
44 —-INE1 I Error amplifier (Error Ampl) inverted input terminal
45 ouTC1 @) Current detection amplifier (Current Amp2) output terminal
46 FB1 o Error amplifier (Error Amp1) output terminal
47 -INC1 I Current detection amplifier (Current Amp1) input terminal
48 +INC1 I Current detection amplifier (Current Amp1) input terminal
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m BLOCK DIAGRAM
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m ABSOLUTE MAXIMUM RATINGS

. Rating )

Parameter Symbol Conditions - Unit
Min Max
Vee VCC and VCCO terminal O 28 \%
Power supply voltage
Vob O O 17 Y
Output current lo OUT terminal a 60 mA
OUT terminal

Peak output current lop Duty < 5% (t = 1/foscxDuty) O 700 mA
Power dissipation Po Ta< +25°C O 860* mw
Storage temperature Tstg O -55 +125 °C

*: The package is mounted on the dual-sided epoxy board (10 cmx10 cm) .

WARNING: Semiconductor devices can be permanently damaged by application of stress (voltage, current,
temperature, etc.) in excess of absolute maximum ratings. Do not exceed these ratings.
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m RECOMMENDED OPERATING CONDITIONS

N Value )
Parameter Symbol Conditions - Unit
Min Typ Max
Vce VCC and VCCO terminals 8 19 25 \%
Power supply voltage
Vob O 2.7 5 7 Y
Reference voltage output current Is VB terminal -1 O 0 mA
VH terminal output current In VH terminal 0 O 30 mA
-INE1 to -INES, _
VINE | 1INEL to +INE4 terminal 0 H Veerl8 |V
+INC1 to +INC3, —-INC1
Input voltage Vine o rminal 0 N Vee v
Vine IN1 and IN2 terminals 0 O Vee \%
Vbtc DTC terminal 0 O Vce—-0.9 \%
Output current lo OUT terminal -45 O +45 mA
Duty < 5%
Peak output current lop (t = 1/foscxDuty) -600 O +600 mA
OUT terminal
CTL terminal input voltage Vet CTL terminal 0 O 25 \%
Decoder block input voltage VbEc DO to D3 terminals 0 O Vb \%
Oscillation frequency fosc O 100 300 500 kHz
Timing capacitor Cr O 47 100 330 pF
Soft-start capacitor Cs O a 0.022 1.0 uF
VH terminal capacitor CH O a 0.1 1.0 uF
Refergnce voltage output Crer 0 0 0.1 10 uF
capacitor
Operating ambient temperature Ta O -30 +25 +85 °C

WARNING: The recommended operating conditions are required in order to ensure the normal operation of the
semiconductor device. All of the device’s electrical characteristics are warranted when the device is
operated within these ranges.

Always use semiconductor devices within their recommended operating condition ranges. Operation
outside these ranges may adversely affect reliability and could result in device failure.

No warranty is made with respect to uses, operating conditions, or combinations not represented on
the data sheet. Users considering application outside the listed conditions are advised to contact their
FUJITSU representatives beforehand.



m ELECTRIC CHARACTERISTICS
VCC =VCCO =19V, VDD =5V, Charge mode = Li4C42, Ta = +25 °C)
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) . Value )
Parameter Symbol | Pin No. Conditions - Unit
Min | Typ | Max
Charge mode =Li4C42,
VTEsT1 28 Ta = +25 °C 4,167|4.200|4.233| V
1. Reference Vreso | 28 %if%;g"?g?;jggif’ 4.158|4.200|4.242| Vv
voltage block | Output voltage ch de=Liacal
REF arge mode =Li ,
[REF] VTesTs 28 | [, Zip5oc 4.063|4.100|4.137| V
Charge mode =Li4C42,
V1EST4 28 Ta = 30 °C 10 +85 °C 4.050(4.100|4.150| V
Va1 9 Ta=+25°C 495|500 |505| V
Output voltage
Va2 9 Ta=-30°Cto+85°C | 4.94 | 5.00 | 5.06 | V
2.Control — —
circuit bias Input stability Line 9 VeC =VCCO =8 V1o 0 3 10 | mVv
25V
voltage block
[VB] Load stability Load 9 VB=0mAto-1mA 0 1 10 | mV
short-circuit output los 9 VB=1V 25 | —15 | =5 | maA
current
ViH 1 VCC=VCCO = | 6.0 | 6.2 | 64 | V
Threshold voltage
3. Under VTHL 1 VCC=VCCO= Y 50 | 52 | 54 | V
voltage lockout | yysteresis width Vi 1 O o || o |v
protection V 9 VB = [ 25 | 27 | 29 | V
. . TLH = . . .
circuit block Threshold voltage
[UVLQ] Ve 9 VB= Y 23| 25|27 |V
Hysteresis width VH 9 O O 0.2*| 0O \%
4. Soft-start
block Charge current | 22,23 0 -14 | -10 | -6 | pA
[SOFT1, 9 cs ’ H
SOFT2]
Oscillation frequency fosc 24 Cr =100 pF 240 | 300 | 360 | kHz
5 Triangular ~\Frequency Afffdt | 24 |Ta=-10°Cto+85°C | O | 54 | O | %
oscillator block |temperature stability
[OSC]
Frequency Afffdt | 24 |Ta=-30°Cto+85°C | O |10% | O | %
temperature stability
*1 : Standard design value
(Continued)
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(VCC =VCCO =19V, VDD =5V, Charge mode = Li4C42, Ta = +25 °C)

: . Value i
Parameter Symbol | Pin No. Conditions - Unit
Min | Typ | Max

;? ég Error Amp1 to Error

Input offset voltage Vio 40: 41: ég]lp;lo o= 25y d 1 5 mV
43, 44 '
18, 19, |-INE1 =+INE1 =

Input bias current ls 31,32, | -INE2 = +INE2 = -100 | -30 | O | nA

40, 41, |-INE3 =+INE3 =
43,44 |-INE4 =+INE4=0V

Common mode input Vv 16, 34, |Error Ampl to Error 0 0 Vee— Vv
voltage range M 42,46 |Amp2 1.8
Voltage gain Av ig ?:é DC g 100*| O dB
. 16, 34,
Frequency band width | BW 42 46 Av=0dB ad 2*1 0 |MHz
16, 20,
Von 30, 34, |FB1to FB6 =-1 mA 4.5 4.7 O \%
42, 46
Output voltage
16, 20,
VoL 30,34, |FB1to FB6 =1 mA 0 1.0 1.2 \%
6. Error 42, 46
amplifier block 16, 20,
[Error Amplto | output source current | Isource | 30, 34, |FB1to FB6 =2.5V 0 -9 | -45 | mA
Error Amp6] 42, 46
16, 20,
Output sink current Isink 30,34, |FB1toFB6=2.5V 45 | 9.0 O mA
42, 46
FB5=FB6 =25V,
Ta=+25°C Vrr*2x | Vtux | VThx
V| 20,30 | charge mode = Liac42, | 0.992 | 1.000 | 1.008| ¥
Li3C42
FB5=FB6 =25V,
Ta=-30°Cto +85 °C |Vtu*?x| Vtux | Vtux
Ve | 20,30 | charge mode = Liac42, | 0.990 | 1.000 | 1.010| ¥
Li3C42
Threshold voltage
FB5=FB6 =25V,
Ta=+25°C Vrr*dx | Vtux | VThx
Vis | 20,30 | oo rge mode = Liacat, | 0.991 | 1.000|1.000|
Li3C41

FB5=FB6=2.5V,
Ta=-30°Cto+85°C |Vtu*3x| Viux | VTHX

V| 20,30 | charge mode = Li4acai, | 0.989 |1.000|1.011| ¥
Li3c41
*1 : Standard design value
*2:16.8 V (Li4C42) , 12.6 V (Li3C42)
*3:16.4 V (Li4C41) , 12.3 V (Li3C41) (Continued)
ontinue
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VCC =VCCO =19V, VDD =5V, Charge mode = Li4C42, Ta = +25 °C)

) . Value )
Parameter Symbol | Pin No. Conditions - Unit
Min | Typ | Max
INL=IN2=16.8V
liNEHL 14, 36 Charge mode = Li4C42 O 500 | 750 | pA
INL=IN2=16.4V
Input current NP 14, 36 Charge mode = Li4C41 g 488 | 730 | pA
VCC =VCCO =0V,
IinL 14, 36 INL=IN2 =169 V O 0 1 MA
6. Error R1+R2
a;n lifier Ra 14,36 |IN1=IN2=16.8V 176 | 25.2 | 32.8 | kQ
P Charge mode = Li4C42
block
[Error Amp1 to R3
Error Amp6] Rb 21,29 [IN1=IN2=16.8V 59 | 84 | 109 | kQ
) Charge mode = Li4C42
Input resistance
R1
Rc 14,36 |IN1=IN2=12.6V 15.7 | 22.4 | 29.1 | kQ
Charge mode = Li3C42
R2+R3
Rd 21,29 [IN1=IN2=126V 7.8 | 11.2 | 146 | kQ
Charge mode = Li3C42
+INC1 to +INC3
4+ 1521:5’ =3V to Vee, 0 | 20 | 30 | pA
AVin = =100 mV
+INC1 =3 V to Vce,
I=INncH 47 AVin = —100 mV O 0.1 0.2 HA
Input current
15 35 +INC1 to +INC3
[+incL 4,18 =0V —180|—120| O HA
AVin = =100 mV
7. Current _ +INC1=0V _ _
detection I=incL 47 AVin = —100 mV 195|-130| O HA
amplifier block 17 33 +INC1 to +INC3
[Current Ampl Vourel 45| =3VioVee, 2.375|2.500(2.625| V
to Current AVin = -100 mV
Amp3]
17 33 +INC1 to +INC3
Voutc2 215 ' | =3V to Vce, 0.410(0.530|0.650| V
Current detection AVin =-20 mV
voltage 17 33 |+INC1to +INC2
Voutcs 215 "1 =0Vto3V, 2251250275 | V
AVin =-100 mV
17 33 +INC1 to +INC2
Voutca "15 "1 =0Vto3V, 033053073 | V
AVin =-20 mV
(Continued)
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(Continued)
VCC =VCCO =19V, VDD =5V, Charge mode = Li4C42, Ta = +25 °C)
) N Value )
Parameter Symbol | Pin No. Conditions - Unit
Min | Typ | Max
Common mode input Ve 17, 33, 0 0 0 vee | v
voltage range 45
17 33 +INC1 to +INC3
Voltage gain Av 215 " | =3V to Ve, 23.75|25.00|26.25 | VIV
AVin =-100 mV
7. Current 17 33
detection Frequency band width | BW "15 " |Av=0dB O 2.0 0O |MHz
amplifier block
[Current Amp1 17, 33,
to Current VoutcH 45 0 4.8 4.9 0 V
Amp3] Output voltage 17 33
VoutcL o O O 20 200 | mV
45
Output source current | Isource 17, 33, ?UTCl to OUTC3 O -2 -1 | mA
45 =2V
Output sink current Isink 17, 33, CEUTC1 to OUTC3 100 | 200 O A
45 =2V
8.PWM VL 24 Duty cycle =0 % 19 | 20 O Y
comparator Threshold voltage
block Vi 24 | Duty cycle = 100 % O | 30| 31|V
[PWM Comp.]
9. DTC Input terminal current Iotc 39 DTC =25V -400 | -200 | O nA
detection v 24 | Duty cycle =0 % 19 |20 0 | v
block Threshold voltage
[DTC] VH 24 Duty cycle = 100 % O 3.0 | 31 Y
OUT =14V, Duty<5% e
Output source current | Isource 24 (t=1/fosc x Duty) O 400 O mA
. OUT =19V, Duty<5% "
Output sink current Isink 24 (t = 1/ fosc x Duty) O |400 O mA
10. Output , Row 24 |OUT = -45 mA 0O | 65| 98| Q
section Output on resistor
[OUT] Rot 24 OUT =45 mA O 50 | 75 Q
L OUT = 3300 pF “
Rise time trl 24 (Si4435 equivalent) O 50 O ns
. OUT = 3300 pF -
Fall time tf1 24 (Si4435 equivalent) O 50 O ns
11. Bias VCC =VCCO = Vee— | Vee = | Vee -
voltage block | Output voltage VH 26 8Vto25V, 65 | 60 | 55 \Y
[VH] VH =0 mA to 30 mA ' ' '

*1 : Standard design value
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(Continued)
VCC =VCCO =19V, VDD =5V, Charge mode = Li4C42, Ta = +25 °C)
) N Value )
Parameter Symbol | Pin No. Conditions - Unit
Min | Typ | Max
) VTH 7 Operating status 2.0 O 250 | V
CTL input voltage
V1L 7 Standby status 0 O 0.8 \%
leTim 7 CTL=5V O 100 | 150 | pA
12. Control Input current
block leTie 7 CTL=0V O 0 1 HA
CTL =*H” N
[CTL Data output delay time too 24 CTL : H level - Start O O 1 ms
charging
QTL signal re-input et 7 CTL= “H" level - “L 5 0O 0 ms
time level - “H” level
2,3, Vop %
Vi 45 0 0 O 0.2 \
Input voltage >3 v
y 9, DD X
ViH 45 0 0.7 0 Vbb V
13. Decoder > 3
block In ' |D3toD0=5V O 50 75 | pA
4,5
[DEC] Input current
I i:; D3toDO=0V O O 10 | pA
Data setup time tos i 3,;_’ D3 to DO-CTL 1 O O ms
Vi | 3230 |FB1t0 FBE = 32 | 33|34 | v
Threshold voltage m : m
A 12, 13 FB1lto FB6 = Y. 29 30| 31 \Y
14. Mode L 10, 11, -
detection Hysteresis width VH 12,13 O O 0.3 O \Y
block
OUT-EA1=0OUT-EA2=
[MODE Comp.] Voo | 9 loutev=ouT-Ec=2| O | 0 |04 | v
12,13
mA
Output voltage
10 11 OUT-EA1=0OUT-EA2= Vop -
Vo "2 |OUT-EV=0UT-EC= |'2°" | O o | v
12,13 0.4
-0.4 mA
Standby current Iops 8 CTL=0V O 0 10 | pA
15. VDD power CTL=5v
suppl = ,
pply Power supply current loo 8 OUT-EV =“L" level O 200 | 300 | pA
Standby current lccs 1,25 |CTL=0V O 0 10 | pA
16. General
Power supply current lcc 1,25 [CTL=5V O 8 12 | mA

*1 : Standard design value
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m TYPICAL CHARACTERISTICS

Power supply current lcc (mA)

Reference voltage Vrest (V)

Power supply current vs. Power supply voltage

-
N

T T T
Ta=+25°C

Juny
o

CTL=5V 4

5

10

15 20 25

Power supply voltage Vcc (V)

Reference voltage vs. Power supply voltage

5
4
3
2 /
TEST = 4.2V setting
1 Ta=+25C
CTL=5V
TEST =0 mA
0 L A L L L
0 5 10 15 20 25

Reference voltage vs. Ambient temperature

Power supply voltage Vcc (V)

Power supply current loo (LA)

Reference voltage Vrest (V)

Power current vs. VDD logic block
power supply voltage

500
450

T
Ta=+25°C

VCC=19V |

400
350

CTL=5V

300

Z

250

~

200

150
100

(

50
0

0

2

4

6 8 10

VDD logic power supply voltage Voo (V)

Reference voltage vs. Power supply voltage

5

4

3

2 /
TEST =4.1V setting

1 Ta=+25°C |
CTL=5V
TEST=0mA

0

0 5 10 15 20 25

Power supply voltage Vec (V)

Reference voltage vs. Ambient temperature

. 425 , , , 4.15 . . .
2 a2 TEST=42Vspecified | & 414 TEST = 4.1V specified 1
;e vee =19v p a3 Criosv
i 4.22 TEST = 0 mA . < 412 TEST =0 mA .
> 421 %, 4.11
3 4.2 = 4.1
q>) 4.19 —] ; 4.09 —]
% 4.18 % 4.08
o 4.17 5 407
g a6 & 406
1 20 20 40 60 80 100 % 4620 20 40 60 80 100
Ambient temperature Ta ( °C) Ambient temperature Ta ( °C)
(Continued)
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Reference voltage vs. Power supply voltage Reference voltage vs. Load current
6 6 |
= = Ta=+25°C
S 5 2 s VCC=19V _
m (1] —
< / £ \ CTL=5V
o 4 L 4
()] (@]
3 3 |
= = N
g 3 / g 3
[} (] \
(8} (&)
c 2 c 2
g o
% N Ta=+25°C | -% 1 \
Y CTL=5V x
VB =0mA
0 0
0 5 10 15 20 25 0 5 10 15 20 25 30
Power supply voltage Vcc (V) Load current ls (mA)
Reference voltage vs. Ambient temperature CTL terminal current gnd reference voltage
vs. CTL terminal voltage
510 T 500 ———— 10
5.08 vee=19V | £ Ta=+25°C e
450 |— 9 <~
S CTL=5V 3 vce=19V A S
< 5.06 VB=0mA —| = 400 8 <
m
> 504 = 350 72
o = ICT
S 502 $ 300 v 6 &
S 500 S 250 VB 5 ©
> o / >
Q 4.98 T 200 / 48
c
§ 4.9 £ 150 3 O
L 494 S 100 2 £
X 492 = 50| 1 &
O “
4.90 0 0
-40 -20 0 20 40 60 80 100 o 5 10 15 20 25
Ambient temperature Ta ( °C) CTL terminal voltage Vet (V)
Triangular oscillation frequency vs.
= Timing capacitor
T RS
3 Ta=+25°C
L ‘ < VCC=19V
> N CTL=5V
c ™N
(]
=
9] N
E N
c 100k BN
R N
E AN
I
(%]
o
3
=]
(@]
c
8 10k
= 10 100 1000
Timing capacitor Cr (pF)
(Continued)
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Triangular oscillation frequency Vvs. Triangular oscillation frequency Vs.
Power supply voltage Ambient temperature
< 310 . 340 : :
T = ° - o~ A
< a8 Critsv | B % Voo 1oV |
23 306 CT =100 pF 9% 320 CTL=5V |
> S E— T =100 pF -
S 304 — | g 310 CT=100p
[} c
3 302 S 300
(0] ‘(E — -
= 300 ST 290
<] DX
k5 298 o9 280
D 296 §£ 270
o
5 294 5 260
3 292 > 250
c
8 290 8 240
= 0 5 10 15 20 25 30 F -40 -20 0 20 40 60 80 100
Power supply voltage Vce (V) Ambient temperature Ta ( °C)

Error amplifier threshold voltage vs.
Ambient temperature (Error Amp6)

_
N
=}

T
VCC=19V
CTL=5V

Error amplifier threshold voltage V (V)

-40 -20 0 20 40 60 80 100
Ambient temperature Ta ( °C)

Error amplifier threshold voltage Vs.
Ambiennt temperature characteristics (Error Amp5)
17.0 ,

VCC=19V
CTL=5V

Error amplifier threshold voltage V (V)

-40 -20 0 20 40 60 80 100
Ambient temperature Ta ( °C)

(Continued)
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Error amplifier gain, phase vs.
Frequency (Error Amp2)

Ta=+25°C _
0 LU 180 VCC=19V
R~ | Av 240 kQ
NI N AA
N \\
20 [ ‘“‘k \\ 90 —~
N \‘\\ (@)
N <) > & )
‘\ = @0) ouT
° N ° g
N\ e l 21V Eror Amp2
\\II o
-20 M —90
-40 -180
1k 10k 100 k 1M 10M
Frequency f (Hz)
Error amplifier gain, phase vs.
Frequency (Error Amp3)
T T TTTTIT
Ta=+25°C
40 et 180 VCC =19V
~N \\\ Av _-l- 4.2V
N I 240 kQ
\\\\\ AVAVAV
20 o S 90 10kQL 10k02
\ ~~\ =
N \\ ~~ Ol l',l,E'
N o 1] A
\i CD
\\\ 3K 24kQ
0 < o =
A\ 0
@ 2.5V L Error Amp2
£ 10kQ 210kQ
-20 -90 Q- l l
-40 -180
1k 10k 100 k 1M 10M
Frequency f (Hz)

(Continued)
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(Continued)

Gain Av (dB)

Current detection amplifier, phase vs. Frequency

40
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m FUNCTIONS
1. DC/DC Converter Functions
(1) Reference voltage block (REF)

The reference voltage generator (REF) generates a temperature-compensated reference voltage from the volt-
age supplied from the VCC terminal (pin 1). The voltage is used as the reference voltage for Error Amp.

(2) Control bias voltage block (VB)

The control bias voltage block (VB) generates a temperature-compensated reference voltage using internal
reference voltage (5.0V Typ) from VB terminal. The voltage is used as the reference voltage for the IC’s internal
circuitry.

The reference voltage can be used to supply a load current of up to 1 mA to an external device through the VB
terminal

(3) Triangular waveform oscillator block (OSC)

The triangular wave oscillation frequency setting resistor is built in, and the triangular wave oscillation waveform
(amplitude of 1.6 Vto 2.6 V) is generated by connecting the triangular wave oscillation frequency setting capacitor
with the CT terminal (pin 37) .

The triangular oscillation waveform is input to the PWM comparator on the IC.

(4) Error amplifier block (Error Amp1)

The error amplifier (Error Amp1) controls the charge current with the amplifier which outputs the PWM control
signal detecting the total current of the system current and control IC input current. It supports a wide range of
common mode input voltages from "0 V to Vcc - 1.8 V",

In addition, an arbitrary loop gain can be set by connecting a feedback resistor and capacitor from FB1 terminal
to -INE1 terminal, enabling stable phase compensation to be provided for the system.

This section also outputs signal to mode detection section.

(5) Error amplifier block (Error Amp2)

The error amplifier (Error Amp2) detects the dropping voltage of AC adapter by connecting an external resistor
to +INE2 terminal (pin 40), and outputs PWM control signals. It supports a wide range of common mode input
voltages from "0 V to Vcc - 1.8 V",

In addition, an arbitrary loop gain can be set by connecting a feedback resistor and capacitor from FB2 terminal
(pin 42) to —INE2 terminal (pin 41), enabling stable phase compensation to be provided for the system.

This block also outputs signal to mode detection block.

(6) Error amplifiers block (Error Amp3 and Error Amp4)

The error amplifiers (Error Amp3 and Error Amp4) detect the output voltages of current detection amplifiers
(Current Amp2 and Current Amp3) and compare the voltages with ones on +INE3 terminal (pin 19) and +INE4
terminal (pin 31), and then outputting PWM control signal. This block controls charge currents.

In addition, an arbitrary loop gain can be set by connecting a feedback resistor from FB3 terminal (pin 16) to -
INE3 terminal (pin 18) and from FB4 terminal (pin 34) to -INE4 terminal (pin 32) and capacitor, enabling stable
phase compensation to be provided for the system.

This block also outputs signal to mode detection block.

By connecting a soft-start capacitor to CS1 terminal (pin 23), an inrush current upon power supply startup is
prevented. By detecting soft-start with the error amplifier, soft-start time becomes constant, being independent
of output loads.
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(7) Error amplifiers block (Error Amp5 and Error Amp6)

The error amplifiers (Error Amp5 and Error Amp6) detect the DC/DC converter output voltage and outputs PWM
control signals. An on-chip output voltage setting resistor is provided on the IC, external output voltage setting
resistor is not needed. A 4-bit decoder selects output voltage among 12.6V (3 cells), 12.3V (3 cells), 16.8V (4
cells), and 16.4V (4 cells), which are applicable to NiMH batteries as well as Li-ion batteries.

In addition, an arbitrary loop gain can be set by connecting a feedback resistor and capacitor from FB5 terminal
(pin 30) to -INE5 terminal (pin 29)and from FB6 terminal (pin 20) to -INE6 terminal (pin 21), enabling stable
phase compensation to be provided for the system.

This block also outputs signal to mode detection block.

By connecting a soft-start capacitor to CS2 terminal (pin 22), an inrush current upon power supply startup is
prevented. By detecting soft-start with the error amplifier, soft-start time becomes constant, being independent
of output loads.

(8) Current detection amplifier block (Current Amp1)

The current detection amplifier (Current Amp1) detects voltage dropping occurring across the both sides of
output sense resistor (Rs1) between +INC1 terminal (pin 48) and -INC1 terminal (pin 47), regarding total current
between system current and control IC input current. This block outputs the signal amplified 25 times to next
stage error amplifier (Error Amp1).

(9) Current detection amplifier block (Current Amp2 and Current Amp3)

The current detection amplifiers (Current Amp2 and Current Amp3) detect voltage dropping occurring across
the both sides of output sense resistor (Rsz) between +INC2 terminal (pin 15) and IN1 terminal (pin 14), regarding
total current between system current and control IC input current. This block outputs the signal amplified 25
times to next stage error amplifier (Error Amp3).

The current detection amplifier (Current Amp3) detects voltage dropping occurring across the both sides of
output sense resistor (Rss) between +INC3 terminal (pin 35) and IN2 terminal (pin 36), and then outputs the
signal amplified 25 times to next stage error amplifier (Error Amp3).

(10) PWM comparator block (PWM Comp.)

The PWM comparator is a voltage-to-pulse width converter for controlling the output duty depending on the
output voltage of the error amplifiers. The comparator compares the triangular wave generated by the triangular
wave oscillator with the output voltage of error amplifier and voltage of DTC terminal (pin 39), and turns on Pch
MOS FET when triangular wave voltage is lower than output voltage of error amplifier and voltage of DTC terminal.

(11) Output block (OUT)

The output block is designed in the totem pole configuration, capable of driving an external P-channel
MOS FET. Output amplitude is set to "6V (typical)" at "L" level on output stage by using a voltage generated in
bias voltage block.

This feature allows higher conversion efficiency and low withstanding voltages on external Pch MOS FET even
under wide input voltage range.

(12) Bias voltage block (VH)
The Bias voltage block output a minimum voltage of output circuit, Vcc-6V (typical).
A same voltage as Vcc is output under standby status.

20
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2. VDD Logic Block
(1) Control block (CTL)

The system is placed under standby mode by setting CTL terminal (pin 7) to "L" level (power supply current is
a maximum of 10 pA under standby mode). Setting "H" level at CTL terminal generates an internal reference
voltage, placing the system under output operation status.

After setting "L" level at CTL terminal, CTL signal reactivation time (trcri=2ms(Min)) is required to set the "H"
level signal.

(2) Decoder block (DEC)

By applying signals to DO terminal (pin 2) through D3 terminal (pin 5), the 4-bit decoder section (DEC) selects
output voltage among 12.6V (3 cells), 12.3V (3 cells), 16.8V (4 cells), and 16.4V (4 cells). The voltages are
applicable not only to Li-ion batteries but also to NiMH batteries that require cancellation of output voltage control.
(See "H DECODER SECTION OUTPUT VOLTAGE SETTING CODES" for details.)

(3) Mode detection block (MODE Comp.)

The mode detection block outputs which charge mode to OUT-EAL terminal (pin 13), OUT-EA2 terminal (pin
12), OUT EC terminal (pin 11), and OUT-EV terminal (pin 10). For dynamically-controlled charging mode, OUT-
EAL terminal is set to "L" level and OUT-EA2 terminal, OUT-EC terminal, and OUT-EV terminal are set to "H"
level. For Differential-charging mode, OUT-EA2 terminal is set to "L" level and OUT-EA1 terminal, OUT-EC
terminal, and OUT-EV terminal are set to "H" level. For Constant-current charge mode, OUT-EC terminal is set
to "L" level and OUT-EA1 terminal, OUT-EA2 terminal, and OUT-EV terminal are set to "H" level. For Constant-
voltage charge mode, OUT-EV terminal is set to "L" level and OUT-EAL terminal, OUT-EA2 terminal, and OUT-
EC terminal are set to "H" level.

Using DTC terminal (pin 39), duty setting from external device is allowed. In such a case, set all of OUT-EA1
terminal, OUT-EA2 terminal, OUT-EC terminal, and OUT-EV terminal to H level when FB terminal voltages of all
error amplifiers are higher than DTC terminal voltage.

3. Control Function
Specifies settings of "on" and "off" of outputs with setting conditions of CTL terminal (pin 7).

"On" and "off" settings of outputs

Voltage level of CTL terminal "On/off" status of output
L OFF (standby mode)
H ON (operating mode)

4. Protection Functions
(1) Undervoltage lockout protection circuit block (UVLO)

The transient state or a momentary decrease in power supply voltage (Vcc) or internal reference voltage (VB),
which occurs when the power supply is turned on, may cause the control IC to malfunction, resulting in breakdown
or degradation of the system.

To prevent such malfunctions, the undervoltage lockout protection circuit detects decrease of the internal refer-
ence voltage level with respect to the power supply voltage and internal reference voltage, and holds OUT
terminal (pin 24) on output terminals at "H" level. The circuit restores the output transistor to normal when the
supply voltage and internal reference voltage reach the threshold voltage of the undervoltage lockout protection
circuit.
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(2) Functions upon operation of protection circuit (UVLO)

The following table summarizes functions upon operation of VCCUVLO and VBUVLO (VCC or VB voltage is
below UVLO threshold voltage).

Cs1

CSs2

ouT

OUT-EA1

OUT-EA2

OUT-EV

OUT-EC

L

L

L

L

5. Soft-start Function
(1) Soft-start block (SOFT1 and SOFT2)

By connecting capacitors to CS1 terminal (pin 23) and CS2 terminal (pin 22), an inrush current upon power
supply startup is prevented. By detecting soft-start with the error amplifier, soft-start time becomes constant,
being independent of output loads of DC/DC converter.

(See "W SETTING SOFT-START TIME " for details.)

SETTING CHARGE CURRENT

Voltage values of +INE3 terminal (pin 19) and +INE4 terminal (pin 31) specify charge current (output limit current
value). If a current exceeding specified current value is about to flow, a charge voltage drops by the setting
current value.

+INE3 and +INE4 voltage setting
+INE3 (V) =25 %12 (A) % Rs2 (Q)
+INE4 (V) =25 x 13 (A) % Rs3 (Q)

+INE3 : Voltage for setting charge current on battery 1
+INE4 : Voltage for setting charge current on battery 2

SETTING MAXIMUM CURRENT on AC ADAPTER

Voltage value of +INE1 terminal (pin 43) specifies charge current (output limit current value) so that total current
of system current and control IC input current does not exceed maximum current of AC adapter. If a current
exceeding specified current value is about to flow, system is placed under Differential-charging mode by the
specified current value, and charge current is reduced.

+INE1 voltage setting
+INE1 (V) =25 x 11 (A) x Rs1 (Q)

+INEL1 : Voltage for setting maximum current of AC adapter
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m SETTING DETECTION VOLTAGE FOR AC ADAPTER VOLTAGE

By connecting an external resistor to +INE2 terminal (pin 40), the system is placed under Dynamically-controlled
charging mode when voltage at junction A of AC adapter input voltage (VCC) decreases below - INE2 terminal
voltage. This feature decreases charge current to keep on constant power of AC adapter.

AC adapter detection voltage setting : Vth
Vth = (R1 +R2) / R2 x —INE2

<Error Amp2>

-INE2
al A
+INE2 I
vce , a0 +
- R1 A
R2

m SETTING TRIANGULAR WAVE OSCILLATION FREQUENCY
Triangular wave oscillation frequency is specified by connecting a timing capacitor (Ct) to CT terminal (pin 37).

Triangular wave oscillation frequency : fosc

fosc (kHz) = 30000 / C+ (pF)
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m DECODER BLOCK OUTPUT VOLTAGE SETTING CODES
The following summarizes decoder block output voltage setting codes :

DC/DC output Application Charge
S A R e
0 0 0 0 12.3 Li-ion 3 4.1 Li3C41
0 0 0 1 12.6 Li-ion 3 4.2 Li3C42
0 0 1 0 12.3 none none none g
0 0 1 1 12.3 none none none g
0 1 0 0 12.3 none none none |
0 1 0 1 12.3 none none none g
0 1 1 0 16.4 Li-ion 4 4.1 Li4C41
0 1 1 1 16.8 Li-ion 4 4.2 Li4C42
1 0 0 0 12.3 none none none g
1 0 0 1 12.3 none none none g
1 0 1 0 12.3 none none none g
1 0 1 1 12.3 none none none g
1 1 0 0 12.3 none none none 0
1 1 0 1 Not controlled NiMH 10 to 12 O NiMH
1 1 1 0 12.3 none none none g
1 1 1 1 12.3 none none none g

< Functions of bits >

DO : Selecting BATT type (Li-ion or NiMH)

D1 and D2 : Selecting the number of cells (3 Cell or 4 Cell)
D3 : Selecting charge voltage (4.1 V or 4.2 V)

24
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m SETTING SOFT-START TIME
1. Setting Soft-start Time in Constant-current Mode

To prevent surge currents when the IC is turned on, you can set a soft-start by connecting a soft-start capacitor
(Cs1l) to the CS1 terminal (pin 23).

Setting CTL terminal (pin 7) voltage to "H" level to activate the IC (Vcc = UVLO threshold voltage), Q2 is turned
off and charging starts on soft-start capacitor (Cs1) connected to the CS1 terminal at 10 pA.

The error amplifier output (FB3 terminal (pin 16) or FB4 terminal (pin 34)) is determined by comparison between
the lower one of the potentials at two non-inverted input terminals (+INE3 terminal (pin 19) voltage (+INE4
terminal (pin 31) voltage, and CS1 terminal voltage). The FB3 (FB4) terminal voltage during the soft-start period
(CS1 terminal voltage < +INE3 (+INE4)) is therefore determined by comparison between the -INE3 (-INE4)
terminal and CS1 terminal voltages. The DC/DC converter output voltage rises in proportion to the CS1 terminal
voltage as the soft-start capacitor connected to the CS1 terminal is charged. The soft-start time is obtained
from the following equation:

Soft-start time : ts (time to output 100%)
ts (s) = +INE3 (+INE4) /10 (WA) x Cs1 (UF)

CS1 terminal voltage
Error Amp block Comparison voltage to -INE3 (-INE4) voltage
SHINEZ Y crerrrrrrmrrrnmrrrnnnennnne g —_

(+INE4)

=55V

=0V —

Soft-start time ts

VB
10 pA l 110 HA
FB3 (16
FB4 (34 Error
-INE3 (18 NAmp
+ b eeeas

-INE4

+
cs1 F
HNE3 (@
+INE4
0311: Q2 fl I UVLO

<Soft-start circuit>

)
w

©
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2. Setting Soft-start Time in Constant-voltage Mode

To prevent surge currents when the IC is turned on, you can set a soft-start by connecting a soft-start capacitor
(Cs2) to the CS2 terminal (pin 22).

Setting CTL terminal (pin 7) voltage to "H" level to activate the IC (Vcc = UVLO threshold voltage), Q2 is turned
off and charging starts on soft-start capacitor (Csz2) connected to the CS2 terminal at 10 pA.

The error amplifier output (FB5 terminal (pin 30) or FB6 terminal (pin 20)) is determined by comparison between
the lower one of the potentials at two noninverting input terminals (TEST terminal (pin 28) voltage and CS2
terminal voltage). The FB5 (FB6) terminal voltage during the soft-start period (CS2 terminal voltage < TEST)
is therefore determined by comparison between the -INE5 (-INE6) terminal and CS2 terminal voltages.

The DC/DC converter output voltage rises in proportion to the CS2 terminal voltage as the soft-start capacitor
connected to the CS2 terminal is charged. The soft-start time is obtained from the following equation:

Soft-start time : ts (time to output 100%)
ts (s) = TEST /10 (UA) x Csz (UF)

CS2 terminal voltage

Soft-start time ts

VB
10 pA l l 10 pA

FB5 (30)

FB6 @ Error
-INE5 (29 w
-INE6 D) :/

52

cs2

TEST (8
Cszl Q2 El | UVLO
7T

<Soft-start circuit>
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m USING WITH SHORT-CIRCUIT CS1 AND CS2 TERMINAL

By making a short circuit CS1 terminal (pin 23) and CS2 terminal (pin 22), the start-up of constant current
charging mode and constant voltage charging mode is allowed at the same time.

A capacitor to be connected must have a charging current at 20 pA.

m TREATMENT WITHOUT USING THE CSCP TERMINAL
If the soft-start function is not used, open CS1 terminal (pin 23) and CS2 terminal (pin 22).

uopenn

O—@) cs2
“Open”

O—=@ cst

<Treatment without using the CSCP terminal>
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G SEQUENCE

1. Sequence of Normal Power Supply Startup and Charge Startup Completion

<AC adapter

is connected with Battery 1 inserted>

L *2*3 4 5 *6 *7 *8 *9 *10 *11 *12

VIN

vcC

VDD

(Insert)
(Remove)
(Insert)
(Remove)

Batteryl

Battery2

tbo tRCTL

CTL

X Reset microprocessor

BATT1 voltage

BATT2 voltage

tbs

Data Data

D0-D3

Decoder output Data Set

:VDD rises.

:CTL signal

:Insert Batter

FB1
(Differential-charging)
CT

=

FB2
(Dynamically-controlled charging)
CT

NA_A_A_A_A

VVVVV

FB6
(BATT1 constant voltage)
CT

FB3
(BATT1 constant current)
CT

FB5
(BATT2 constant voltage)
CT

<) . S .. =) <]

FB4
(BATT2 constant current)
CT

OUT-EA2

NN - - -3

=

OUT-EA1

OUT-EV

OUT-EC

“\\\\“ : Undefined

1
UT-EAL, OUT-EA2, OUT-EV, and OUT-EC ="“L" level

:CTL signal is “L” level after resettlng microprocessor (CTL = “HiZ” until microprocessor is reset) .
:VIN and VCC rises by connecting AC adapter.
:Charge voltage data is set by microprocessor.

is turned on after data setup time (tos) .

:Upon detecting CTL signal at “H” level, decoder data is set after data output delay time (too) .
:Shift to constant current mode. OUT-EAL, OUT-EA2, and OUT-EV = *H” level.

*9 :Shift from constant current char qu control to constant voltage change control OUT-EC ="“H"level, OUT-EV =
*10:With CTL signal “L” level, OUT-

Al, OUT-EA2, OUT-EV, and OUT-EC="L" level.

*11:Data set after turning off 'CTL S|gnal

*12:After CTL si

ignal set at “L” level, CTL signal reactivation time (trett=2 ms (Min)) or longer time is required.

“L"level.
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Sequence that Limitation (Differential Control) Activates by Input Current during Constant Current
Charging on BATT1
<AC adapter is connected with Battery 1 inserted, and exceeding input current>

VIN

*1

*2 *3

VvCC

VDD

Batteryl (Insert)

(RemO\E
(Insert)

*4

*5

*6:*7 _:*8

*9

*10

*11

*12 *13

Battery2
(Remove)

tDo

CTL

BATT1 voltage

Y Reset microprocessor

tRCTL

BATT2 voltage

tDS

DO0-D3

Decoder output

AN

Data )<

AN

AN

Data

Data Set

FB1
(Differential-charging)

CT
FB2

(Dynamically-controlled chargi

e

CT

FB6
(BATT1 constant voltage)

<

CT

FB3
(BATT1 constant current)

<

CT
FB5
(BATT2 constant voltage)

<A

CT

FB4
(BATT2 constant current)

<

slsl3.s].s].S)
slLslslsl sl 2

<.

S Y S )

CT

OUT-EA2

OUT-EA1

OUT-EV

OUT-EC

NN : undefined

*1:Insert Battery 1
*2:VDD rises. ( ]
*3:CTL signal is “L" level after resettin
*4:VIN and VCC rises by connecting

*5:Charge voltage data is set by microprocessor.
*6:CTL signal is turned on after data setup time (to
*7:Upon detecting CTL signal at “H” level, decoder
*8:Shift to constant current mode. OUT-EAL, OUT-EA2, and OUT-EV =“H"level. =~
*9:SOth_|_frEg constant current charge control to differential charge control by exceeding input current. OUT-EAL = “L" level,
*10:Returning to input current level within allowable range, shift to constant current charge control. OUT-EA1 = “H” level, OUT-

“H” level.

ap

evel.

UT-EAL, OUT-EA2, OUT-EV, and OUT-EC = > o )
microprocessor (CTL = “HiZ"until microprocessor is reset) .
C adapter.

“L” level

*11:After CTL signal set at “L” level, OUT-EAL, OUT-EA2, OUT-EV, and OUT-EC
*12:Data set after turning off CTL signal. o ) o )
*13:After CTL signal set at "L" level, CTL signal reactivation time (trct. =2 ms (Min) ) or longer time is required.

S) .
Jata is set after data output delay time (too) .

="“L" level.
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3. Sequence that Limitation _pfifferential Control) Activates by Input Current during Constant

Voltage Charging on BAT
<AC adapter is connected with Battery 1 inserted, exceeding input current>

*1 *2*3 *4 *5 *6*7 *8 *9 *10 *11 *12 *13 *14

VIN
VCC
VDD /.
Batteryl  (Insert)

(Remove)
Battery2  (Insert)

(Remove)
CTL tDo tRCTL

"} Reset microprocessor

BATT1 voltage
BATT2 voltage oS
DO0-D3 A\ Data AN N\XE Data
Decoder output CAALNN NN Data Set

FB1 £
(Differential-charging) /CA/ /\) QNE
CT
FB2 A 7
(Dynamically-controlled charging) /CM\N\N V\/
CT
FB6 < Dr
(BATT1 constant voltage) /CW NZ ~W~
CT
FB3 7
(BATT1 constant current) AAV‘V\/ \Nv\/
CT
F\L

FBS N \ !
(BATT2 constant voltage) %@\MZNNW
CT
FB4 R
(BATT2 constant current) /CM\N\/\/ W
CT

OUT-EA2

OUT-EAL

OUT-EV

OUT-EC : Undefined

*1:Insert Battery 1

*2:VDD rises. OUT-EAL, OUT-EA2, OUT-EV, and OUT-EC = “L"level

*3:CTL signal is “L"level after resetting microprocessor (CTL = “HiZ” until microprocessor is reset) .

*4:VIN and VCC rises by connecting AC adapter.

*5:Charge voltage data is set by microprocessor.

*6:CTL signal is turned on after data setup time (tos) .

*7:Upon detecting CTL signal at “H” level, decoder data is set after data output delay time (too) .

*8:Shift to constant current mode. OUT-EAL, OUT-EA2, and OUT-EV = “H’level.

*9:Shift from constant current charge control to constant voltage charge control. OUT-EC = “H"level, OUT-EV = “L"level.

*10:Shift to differential charge control by exceeding input current. OUT-EAL =“L" level, OUT-EV = “H" level.

*11:Returning to input current level within allowable range, shift to constant voltage charge control. OUT-EA1 = “H”level,
OUT-EV ="“L"level

*12:After CTL signal set at“L” level, OUT-EA1, OUT-EA2, OUT-EV, and OUT-EC ="“L" level.

*13:Data set after turning off CTL signal.

*14:After CTL signal set at“L” level, CTL signal reactivation time (trct. =2 ms (Min) ) or longer time is required.
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4. Sequence that Limitation (Dynamically-controlled Charging) Activates by Dropping Input
Current during Constant Current Charging on BATT1
<AC adapter is connected with Battery 1 inserted, under dropping input current>

*1 *2%3 %4 X5 4gx7 *8 x9 10 *11 *12 13
VIN
VCC
VDD
Battery1 (Insert)
(F(ilemO\t/)e)
nser
Battery2 (Remove) — v
CTL
" _Reset microprocessor
BATT1 voltage
BATT2 voltage tDS
D0-D3 \ Data X \ \ \ \\ Data
Decoder output ¢ TTTTIRNN LN Data Set
FB1 ;
(Differential-charging) KMIMIW\/
CT
FB2 L/\_/\N 7
(Dynamically-controlled charging) ¢ V¥
CT
FB6
(BATTL1 constant voltage) /CN\A/\/\N\]
CT
X
FB3 A W\
(BATT1 constant current) M f\f\,
CT
FB5 /C/\/\/\/\/\N\]
(BATT2 constant voltage)
CT
FB4 /c
(BATT2 constant current) M/\/\/\N\]
CT
OUT-EA2
OUT-EA1
OUT-EV
OUT-EC £ : Undefined
*1:Insert Battery 1
*2:VDD rises. OUT-EAL, OUT-EA2, OUT-EV, and OUT-EC ="“L" level
*3:CTL signal is “L” level after resetting microprocessor (CTL = “HiZ" until microprocessor is reset) .
*4:VIN and VCC rises by connecting AC adapter.
*5:Charging voltage data is set by microprocessor.
*6:CTL signal is turned on after data setup time (tos) .
*7:Upon detecting CTL signal at “H” level, decoder data is set after data output delay time (too) .
*8:Shift to constant current mode. OUT-EA1, OUT-EA2, and OUT-EV =“H" level.
*9:Shift from constant current charge control to dynamically-controlled charge control due to dropping input voltage.
OUT-EA2 =“L" level, OUT-EC = “L" level
*10:Returning to input voltage level within allowable range, shift to constant current charge control. OUT-EA2 = “H” level,
OUT-EC ="“L" level.
*11:After CTL signal set at “L” level. OUT-EA1, OUT-EA2, OUT-EV, and OUT-EC ="“L" level.
*12:Data set after turning off CTL signal.
*13:After CTL signal set at “L” level, CTL signal reactivation time (tret. = 2 ms (Min) ) or longer time is required.

31
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5. Sequence that Limitation (Dynamically-controlled Charging) Activates by Dropping Input
\oltage during Constant Voltage Charging on BATT1
<AC adapter is connected with Battery 1 inserted, under dropping input voltage>

¥ 23 ¥ 5 *6X7 ¥8,*9  *10 *11 *12 ¥13 ¥14
VIN
VCC
VDD
Batteryl (Insert
(I'?’IemO\t/)e)
nser
Battery2 (Remove) i
CTL foo
"% Reset microprocessor
BATT1 voltage -
BATT2 voltage o -
D0-D3
IN\Y SBT3 ALBAREAREARARRNN
Decoder output
— OO Data Set
FB1
(Differential-charging) /OV\/\/\/\/‘ NN ‘
CT
AN
(Dynamically-controlled charging) \ V Vi
CT
N\ F\L
FB6 N FA AN
(BATT1 constant voltage) /& w\MN/\/\N\
CT
=
FB3
(BATT1 constant current) AAV{/\/V\/\N
CT
o N
FB5 \ Y
(BATT2 constant voltage) /é \/\M"MNN\
CT
FB4
(BATT2 constant current) /GV‘ VWWWW.
CT
OUT-EA2 |
OUT-EAl1 |
OUT-EV r
OUT-EC ANV - Undefined

*1.Insert Battery 1

*2:VDD rises. OUT-EAL, OUT-EA2, OUT-EV, and OUT-EC ="“L" level

*3:CTL signal is “L” level after resetting microprocessor (CTL = “HiZ” until microprocessor is reset) .

*4:VIN and VCC rises by connecting AC adapter.

*5:Charge voltage data is set by microprocessor.

*6:CTL signal is turned on after data setup time (tos) .

*7:Upon detecting CTL signal at “H” level, decoder data is set after data output delay time (too) .

*8:Shift to constant current mode. OUT-EAL, OUT-EA2, and OUT-EV = “H" level.

*9:Shift from constant current mode to constant voltage charge control. OUT-EC =“H” level, OUT-EV ="“L" level.

*10:Shift to dynamically-controlled charge control due to dropping input voltage.
OUT-EA2 ="“L" level, OUT-EV =“H" level.

*11:Returning to input voltage level within allowable range, shift to constant voltage charge control. OUT-EA2 = “H" level,
OUT-EV ="“L"level

*12:After CTL signal set at “L” level, OUT-EA1, OUT-EA2, OUT-EV, and OUT-EC ="“L" level

*13:Data set after turning off CTL signal.

*14:After CTL signal set at “L” level, CTL signal reactivation time (tre. =2 ms (Min) ) or longer time is required.
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6. Sequence of Normal Power Supply Startup and Charge Startup Completion

<Battery 1 is inserted with AC adapter is connected, or with "OV" battery voltage, AC adapter is connected and
then Battery 1 is inserted>

¥1 2 *3  *4 %5 %6¥7 *8 %9 *10 *11 ¥12
VIN
VCC
VDD (Insert
(Remove)
(Insert)
Batteryl  (Remdve)
Battery2
tDo tRCTL
CTL ‘ty— Reset miCI‘OpI’OCQSSOf
BATT1 voltage 4
BATT2 voltage S -t
Do-D3 paia i X\NANNAMNNNENNNX pata
Decoder output —— (NN Data Set
FB1 . -
(Differential-charging) /CA/\/\/W\/\}\
CT
(Dynamically-controlled charging) /\/\
CT e
FB6 a AAAAA
(BATTL1 constant voltage) V VVVVYV
CT ‘
FB3 y -
(BATTL1 constant current) AAV‘<NW\M
CT -
N
FB5 \
(BATT2 constant voltage) /CM\AMMA
CT ‘
(BATT2 constant current) /CM\
CT —_—
OUT-EA2
OUT-EAl1
OUT-EV
OUT-EC L KN : Undefined
*1:VIN and VCC rises by connecting AC adapter.
*2:VDD rises. OUT-EA1L, OUT-EA2, OUT-EV, and OUT-EC ="“L" level.
*3:CTL signal is “L” level after resetting microprocessor (CTL = “HiZ” until microprocessor is reset) .
*4:Insert Battery 1
*5:Charging voltage data is set by microprocessor.
*6:CTL signal is turned on after data setup time (tos) .
*7:Upon detecting CTL signal at “H” level, decoder data is set after data output delay time (too)
*8:Shift to constant current mode. OUT-EA1, OUT-EA2, and OUT-EV = "H” level.
*9:Shift from constant current charge control to constant voltage change control. OUT-EC = “H” level, OUT-EV = “L"level.
*10:With CTL signal“L” level, OUT-EA1, OUT-EA2, OUT-EV, and OUT-EC ="“L" level.
*11:Data set after turning off CTL signal.
*12:After CTL signal set at “L” level, CTL signal reactivation time (trct. = 2 ms (Min) ) or longer time is required.
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7. Sequence when Battery 2 (almost empty) is inserted during BATT1 is being charged
constant voltage , and shifting to constant current charge mode

<Battery 2 (almost empty) is inserted when AC adapter is connected and Battery 1 is inserted >

*1 *2#3  *4 35 67 *8 %9 *10  *11 *12 *13
VIN
VCC
VDD (Insert)
(Remove)
(Insert)
Batteryl (Remowl
Battery2
tDo trRCTL
cTL I¥: Reset microprocessor
BATT1 voltage ——
L —
BATT2 voltage —— tps
Do-D3 AN Data AMNVNANNK, pata
eceder output ' —(\T\TATAVNVX ™ ouas
FB1 y
(Differential-charging) /C’\/\/W \/\/\/
CT
FB2 ]
(Dynamically-controlled charging) /CM\N\/ V\N
CT
N\ B
FB6 A_A
(BATTL1 constant voltage) /CM\/ \A% \/\N
CT
FB3 y
(BATTL1 constant current) AAVAVW \/\/\/
CT
N\
(BATT2 constant voltage) /O\/\ /\/\/
CT
FB4 ‘
(BATT2 constant current) /CM\ AVAV‘\
CT
OUT-EA2
OUT-EA1
OUT-EV
OUT-EC N\N\W]: Undefined

*1:Insert Battery 1.

*2:VDD rises. OUT-EA1, OUT-EA2, OUT-EV, and OUT-EC ="“L" level.

*3:CTL signal is “L” level after resetting microprocessor (CTL = “HiZ” until microprocessor is reset) .

*4:VIN and VCC rises by connecting AC adapter.

*5:Charging voltage data is set by microprocessor.

*6:CTL signal is turned on after data setup time (tos) .

*7:Upon detecting CTL signal at “H” level, decoder data is set after data output delay time (too) .

*8:Shift to constant current mode. OUT-EA1, OUT-EA2, and OUT-EV =“H" level.

*9:Shift from BATT1 constant current charge control to constant voltage change control. OUT-EC =“H" level, OUT-EV =“L" level.
*10:Battery2 (almost empty) is inserted. Controlled by FB4 (BATT2 constant current charge) . OUT-EC = “L” level.
*11:With CTL signal “L” level, OUT-EA1, OUT-EA2, OUT-EV, and OUT-EC ="“L" level.

*12:Data set after turning off CTL signal.

*13:After CTL signal set at “L” level, CTL signal reactivation time (tret. =2 ms (Min) ) or longer time is required.
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8. Sequence of Normal Power Supply Shutoff and Completion of Charging

<Battery 1 is removed and then AC adapter is removed.>

*l *2 *3 *4
VIN
VCC
VDD
Batteryl (Insert)
(Rlemo&/e)
Battery2 (é:r?s)v)e)
CTL
BATT1 voltage
BATT2 voltage
DO0-D3 \ \ \
Decoder output Data Set
FB1 R
(Differential-charging) \/\/\/\/\]‘
CT
FB2 - 3
(Dynamically-controlled charging) \/\/\/\N‘
CT
FB6
(BATTL1 constant voltage) ‘VAVWV‘\
CT
FB3 R
(BATTL1 constant current)
© VWWW
FB5
(BATT2 constant voltage)
& VWA
FB4
(BATT2 constant current)
o VWWWM
OUT-EA2
OUT-EA1
OUT-EV
OUT-EC
\\\\\\\| : Undefined
*1:With CTL signal “L” level, OUT-EAL, OUT-EA2, OUT-EV, and OUT-EC ="“L" level.
*2:Voltages of BATT1 and BATT2 fall by removing Battery 1.
*3:VIN and VCC power supply falls by removing AC adapter.
*4:VDD falls. CTL, OUT-EA1, OUT-EA2, OUT-EV, and OUT-EC =HizZ
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9. Sequence of Normal Power Supply Shutoff and Completion of Charging

< AC adapter is removed and then Battery 1 is removed.>

*1 *2 *3 *4

VIN
VCC
VDD

(Insert)
Batteryl (Remove)

(Insert)
Battery2 (Remove)
CTL
BATT1 voltage
BATT2 voltage
DO-D3 JANALERALRRRRERRRRRNNY
Decoder output "Dt Set

FB1
(Differential-charging) \/\/\/\/\/

CT
FB2 y,
(Dynamically-controlled charging)
CT
FB6
(BATTL1 constant voltage) VVVVYV \
CT
FB3 7
(BATT1 constant current) \/\/\/\N
CT
FB5
(BATT2 constant voltage) M‘
CT
FB4 —_—]
(BATT2 constant current)
(®/ VWWW.
OUT-EA2
OUT-EA1
OUT-EV
OUT-EC

*1:With CTL signal “L” level, OUT-EA1, OUT-EA2, OUT-EV, and OUT-EC

*2:VIN and VCC power falls by removing AC adapter.
*3:Voltages of BATT1 and BATT2 falls by removing Battery 1.
*4:VDD falls. CTL, OUT-EAL, OUT-EA2, OUT-EV, and OUT-EC = HiZ

NN\\\\\] : Undefined




10. Sequence of Normal Power Supply Shutoff and Completion of Charging

< Battery 1 and 2 are removed during charge operation.>

MB3879
T

*1

*2

*3

VIN
VCC

VDD

(Insert)

Batteryl  (Remove)

(Insert)

Battery2 Remove)

CTL

BATT1 voltage

BATT2 voltage

AN

D0-D3

AN

Decoder output  Data Set

FB1
(Differential-charging)
CT

VWWWW.

FB2

FB6
(BATT1 constant voltage)
CT

(Dynamically-controlled charging)\/\/\/\/\/\/\/\f\/
CT
AAAAAAM

FB3

FB5
(BATT2 constant voltage)

(BATT1 constant current) WW
& VWWWV

CT
FB4

(BATT2 constant current)

OUT-EA2

cT VWWWWWW

OUT-EAL

OUT-EV

OUT-EC

*1:Stopping charge operation by removing Battery 1.

*2:With CTL signal “L” level, OUT-EA1, OUT-EA2, OUT-EV, and OUT-EC="L" level.
*3:VDD falls. CTL, OUT-EA1, OUT-EA2, OUT-EV, and OUT-EC =HizZ

N\ ¢ Undefined
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11. Sequence of Normal Power Supply Shutoff and Completion of Charging
<AC adapter is removed during charge operation.>

*1 *2

VIN
VCC —\
VDD

(Insert)
Batteryl (Remove)

(Insert)
Battery2 (Remove)
CTL
BATT1 voltage
BATT2 voltage

D0-D3 AANAA1AAAARIAAALATATARAARARRRRARARARAAANY

Decoder output Data set

FB1 -

(Differential-charging) \/\N\N\N\

CT

FB2 -

(Dynamically-controlled charging) \N\N\N\/\

CT

FB6 VAAAAAAAA

(CB-I/-A\TT]. constant voltage) VVVVVVVY

FB3

(BATTL1 constant current) \/\/\N\N\/\ B

CT

FB5

(BATT2 constant voltage)

CT

FB4

(BATT2 constant current) u

ct VWWWWW
OUT-EA2 l
OUT-EAl1 l
OUT-EV

OUT-EC l

AW ¢ Undefined

*1:Fall of VIN and VCC voltages due to removal of AC adapter. OUT-EA1, OUT-EA2, OUT-EV,
and OUT-EC ="L" level.

*2:CTL signal is “L” level.
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® EQUIVALENT CIRCUIT DIAGRAM FOR CTL, DO to D3, OUT-EA1 , EA2, EV, EC TERMINALS

¢ CTL terminal
crt O —>
250 kQ
01
1A +—X
250 kQ
TrT 7T T
e DO to D3 terminals
vbD O
—-— D1 FE Q1
poto D3 O >
+ D2 L
100kQ 2 A E Q2
vss O
¢ OUT-EA1 to OUT-EC terminal
vbb O
Q1 4
FH Ap;
< O ouT-EAL
L E OUT-EA2
Q2 A, OUT-EV
OUT-EC
vss O
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m EQUIVALENT CIRCUIT DIAGRAM FOR DECODER BLOCK

po O D Q DDO
% —{CKXQp
| Decode
510 b o o1 output
% —|CKXQp
?_- Decoder
02 O D Q DD2
% —{CKXQp
|
03 O D Q DD3
% —|CKXQp
\f 7 VDD
SO
—>
Dc POW(;
CcTL 4/ \ /
oo0-0037/IIIIITIK ¢ patar set X pataz set

o

I'y

a point :
P Datal Load /

Charging
start signal

Data2 Load

/

Power

—
—
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m NOTES ON USING REVERSE CURRENT PROTECTION DIODE

« If charging currents (11 and I12) are imbalance under constant voltage control, voltages are controlled on the
basis of a lower battery voltage. Therefore, battery voltage on either side is higher for the potential occurring
on reverse current protection diodes (D1 and D2) and sense resistors (Rsz and Rs3).

» Take notes and voltage and current characteristics of reverse current protection diodes (D1 and D2) so that
the voltage will not exceed overcharge halt voltage.

VCCO DC-IN

@ O
® ®

ouT

e———IF
11
Rs2
TN
D1

VH ZS - Battery 1

@ —— T

12
- Rs3
D2
I
Battery 2 l
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m APPLICATION CIRCUIT EXAMPLE

Rs1.10 mQ
A‘/\,A
= C20
,{.\\/CCﬁ 0.1 pF
R25 _
Tooke LD . ~ <MODE
Zoutc1iS <<Differencial-Control>> Camp.l>
7o) '
+INC1 H <()ium-:‘;lm <Error Amp1> 5 13)0UT»EA1
l 1 N
R ' I ! 1
150 kQ 1 7 <MODE|: :
H Comp.2>|, '
: i
l 1 N
30Kd : 0> : 1@0 TeAz
> X=] [y g "
% B '
28l o | |
(B0KkS) S8 <MODE | !
= Comp.3> |} '
34 ' '
B TS + loutec
R4S in% i€ Q
sk : :
i
R28 100 ko TINE3 i :
<MODE |! :
c16 ouTc2 Comp.4> |, !
3300 pF| 1 ! 1
o> 1 LouT-EV
— P 1()
22 R2 iz T i
1009 | < B i .
0ke| T e
R21 LR20 Cl_ c2
2.7kQZ| 230k + VCCO 10 WF10 wF
R13 10| H (5 c3
: <PWM Y 1 o 1 1 _lofwr
Q3 beed : _lh Comp> <ouT> 1 ®E
H o F
Sw2 3300 pF <Current <Error Amp4> ' = e i
N N ot i o >° ¢
R12 ! o i Drive;
M |1 %L > LIS
R15| = kQ= + !
30 kQ ' —
:
RiT<|Lrig | FBaZl ]|l '
27103 | 25k vee
+
Q2 kecd ;
i bias [ (vcc -6 V)
Voltage
o1 X <VH>
0.022 iF
+ :
:
1 VN e e e R L it .
T eV =R (o <<Voltage-Contorl>> <UVLO> !
L :
' :
INES |—< <Error Amp5>| ! 5
~ .
cr :
3300 pF + 5 1
R14 + , :
51kQ =FB5 ! 1
' :
:
:
:
:
c15
3300 pF
R27
51kQ
c14
0.022 uF
S5V cig L
;O.l uF DO
cTL
<CTL>H7
T
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m PARTS LIST
COMPONENT ITEM SPECIFICATION VENDOR PARTS No.
Q1 FET VDS =30V, Qg =43 nC (Typ) TOSHIBA TPC8102
Q2, Q3 FET VDS =60V VISHAY SILICONIX 2N7002E
D1 to D3 Diode With VF = |()|54—23\,/ AMaX) and ROHM RBO53L-30
L1 Inductor 22 pH 35A, TDK SLF12565T-220M3R5
31.6 mQ
C1,C2 Ceramics Condenser 10 yF 25V TDK C3225JF1E106Z
C3 Ceramics Condenser 0.1 uF 50V TDK C1608JB1H104K
C4, C5 Electrolytic Condenser 100 pF 25V SANYO 25CV100AX
Ce6, C7 Ceramics Condenser 3300 pF 50V MURATA GRM39B322K50
C8, C9 Ceramics Condenser 0.1 puF 50V TDK C1608JB1H104K
C10 Ceramics Condenser 100 pF 50V TDK C1608CH1H101J
Cl1 Ceramics Condenser 6800 pF 50V MURATA GRM39B682K50
C12, C15, C16 | Ceramics Condenser 3300 pF 50V MURATA GRM39B332K50
C13,C14 Ceramics Condenser 0.022 pF 50V TDK C1608JB1H223K
C17, C19, C20| Ceramics Condenser 0.1 puF 50V TDK C1608JB1H104K
Rs1 Resistor 10 mQ 1% KOA SL1TE1OmF
R2 Jumper 0Q 50 mQ Max KOA RK732J1J
Resistor* 30 kQ 0.5% ssm RR0816P303D
R3 Resistor 100 kQ 0.5% ssm RR0816P104D
R4 Resistor 51 kQ 0.5% ssm RR0816P513D
Rs2,Rss3 Resistor 75 mQ 1% KOA SL1TE75mF
R10 Resistor 150 kQ 0.5% ssm RR0816P154D
R11 Resistor 30 kQ 0.5% ssm RR0816P303D
R12, R14 Resistor 51 kQ 0.5% ssm RR0816P513D
R13 Resistor 100 kQ 0.5% ssm RR0816P104D
R15, R16 Resistor 30 kQ 0.5% ssm RR0816P303D
R17, R21 Resistor 2.7kQ 0.5% ssm RR0816P272D
R18, R22 Resistor 100 kQ 0.5% ssm RR0816P104D
R19, R20 Resistor 30 kQ 0.5% ssm RR0816P303D
R23 Resistor 15 kQ 0.5% ssm RR0816P153D
R24 Resistor 47 kQ 0.5% ssm RR0816P473D
R25, R28 Resistor 100 kQ 0.5% ssm RR0816P104D
R26, R27, R29 Resistor 51 kQ 0.5% ssm RR0816P513D

*: 30 kQ for 4 cells

Notes : TOSHIBA : Toshiba Corporation
ROHM : ROHM CO., LTD.
TDK : TDK Corporation
SANYO : SANYO Electric Co., Ltd.
MURATA : Murata Manufacturing Co., Ltd.
KOA : KOA Corporation
ssm : SUSUMU Co.,, Ltd.
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m REFERENCE DATA

Conversion efficiency — Charge current
(constant voltage mode Li3C42)

Ta=+25°C

98 rvIN=16V

96 [-BATT charge voltage =12.6 V
setting

94 "BATT2 = OPEN
92 | SW1 =SW2 =0N r
n (%) = (Vearm x lgatrs) /1
90 ~/ (Vin xIn) x 100 /

88

86 /
84

82 //
80

10m 100 m 1 10
BATT1 charge current Isarm (A)

Conversion efficiency n (%)

Conversion efficiency — Charge current
(constant current mode Li3C42)

’\o‘ Ta=+25°C
< 98 VIN=16V
=3 96 - BATT charge voltage =12.6 V
' setting
c 94 — BATT2 = OPEN
2 | SW1=SW2=ON Tt
= 92 n (%) = (Vearm x lgarr1) L~
<5} — / (Vin x In) x 100
2 90 (Vin % Iin) 7
o /]
2 88 v
5 /|
°>J 86 4
= /
o 84
o y/
82 /
80

0 2 4 6 8 10 12 14 16
BATT1 charge voltage Vsarri (V)

(Continued)
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Conversion efficiency n (%)

Conversion efficiency n (%)

Conversion efficiency — Charge current
(constant current mode Li4C42)

100 T
Ta=+25°C
98 FVIN=19V
06 BATT charge voltage =16.8 V
setting |
94 - BATT2 = OPEN A
g | SW1=5W2=0N d
n (%) = (Vearm X leatr) /
90  (Vin x i) x 100 /
88 7
86 /
84 /
82 /
80
10m 100 m 1 10
BATT1 charge current lgatr (A)
Conversion efficiency — Charge current
(constant current mode Li4C42)
100 _ILa|=+|25|°C| T T T T T
98 VIN=19V
96 | BATTcharge voltage =16.8 V
setting »
94 —BATT2 = OPEN A
| SW1=SW2=0N P
92 n (%) = (Vearri x lgatr) / //
90 — (VinxIin) x 100 Y
88 /
86
84
82
80 /
0 2 4 6 8 10 12 14 16 18 20

BATT1 charge voltage Vearr: (V)

(Continued)
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Conversion efficiency — Charge current
(constant voltage mode Li3C42)

100 T T T TTTTTT T T T T TTTTT
= Parallel charging
S 98 Ta=+25°C,VIN=16V
— 96 BATT charging voltage = 12.6 V setting
> gy [SW1=SW2=ON
8 n (%) = (Vearr: x lgatrs + //’—-"\
g 92 VeatT2 X |BATT2) /’
= 90 b I (Vinx i) _/
o x 100
5 88 Ngarrs = lsarre /
o 86
2
2 84
3 s

80

10m 100 m 1 10
BATT1 charge current lsatr1 (A)
Conversion efficiency — Charge current
(constant current mode Li3C42)

< 100 rparaie charging = T " T T T
~ 98 rTa=+25°C
S gglVIN=16V
,_>,‘ BATT charging voltage = 12.6 V setting
5 94 FSW1 =SW2 =0ON
‘S 02 [N (%) = (Vearts X leatrs + Vear2 |
E= x lgatt2) [/ (Vin X IiN) //
CD 90t x 100 v
S lsatT1 = lBATT2 /
i 88 -
@ /|
® 86 7
§ 84 7

82 /

80

0 2 4 6 8 10 12 14 16
BATT1 charge voltage Vear (V)

(Continued)
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Conversion efficiency — Charge current
(constant voltage mode Li4C42)

Parallel'charging

98 r'Ta=+25°C,VIN=19V

96 |BATT charging voltage = 16.8 V setting

SW1 =SW2 =0N »

'n (%) = (Vearm X lsatn 7

92 r VeatT2 X |gATT2)
[ (Vin % Iin)

90

x 100

88 [ Igatrs = lpatT2

Conversion efficiency n (%)

10m 100 m 1 10
BATTL1 charge current leatt1 (A)

Conversion efficiency — Charge current
(constant current mode Li4C42)

Pérailellch'arg']iné '
98 [Ta=+25°C

g6 [VIN=19V

BATT charging voltage = 16.8 V specified| L~
94 [sw1=Sw2 =0N =
92 N (%) = (Vearti X lgatms + e -

VeatT2 X |BATT2) /'/

(Vnxln) |/
88 x100 |/
86 leatt1 = lgaTT2 ) //
84 /

Conversion efficiency n (%)
8

82 /
0 2 4 6 8 10 12 14 16 18 20
BATT1 charge voltage Vsarm (V)

(Continued)
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BATT1 voltage Vearmi (V)

BATT1 voltage Vearm1 (V)

o N M O ©

BATT voltage — BATT charge current
(Li3C42)

T
Ta=+25°C

VIN=16 V
BATTL1 : Electric load

(Made by KIKUSUI :

PLZ-150W)
BATT2 : OPEN

Dead Battery MODE|

[Gocwooel |
rd

DCC : Dynamically-Controlled Charging

0.5

1

15 2

BATT1 charge current leatt1 (A)

BATT voltage — BATT charge current
(Li4C42)

Dead Battery MODE]

Ta=+25°C
VIN=19V

BATTL1 : Electric load 1
(Made by KIKUSUI : |
PLZ-150W)

BATT2 : OPEN
I

/I DCC MODE]

DCC : Dynamically-Controlled Charging

0.5

1

15 2

BATT1 charge current lgatr1 (A)

(Continued)
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BATT1 voltage Vearm (V)

BATT1 voltage Vearmi (V)

BATT voltage — BATT charge current
(Li3C42)

Ta=+25°C B

Dead Battery MODE]

Parallel charging

VIN=16V
BATT1 : Electric load |
(Made by KIKUSUI : 1
PLZ-150W)
leaTT1 = lBATT2

| |

IDCC MODEI

I’

o N b~ O ©

DCC : Dynamically-Controlled Charging

o N M O

0.5

1

15 2

BATT1 charge current lsarr (A)

BATT voltage — BATT charge current
(Li4C42)

Parallel charg'ing

Ta=+25°C ]

VIN=19V .

BATTL1 : Electric load

(Made by KIKUSUI : |

Dead Battery MODE|

PLZ-150W) b

leatT1 = IBaTT2

[DCC MODE]

DCCIZ : Qynamically-(_;ontrollecli Qhargirllg

0.5

1

1.5 2

BATTL1 charge current leatt1 (A)

(Continued)
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Switching waveform voltage mode (Li3C42)

Ta=+25°C
i
VD =

%) BATT2 = OPEN | vp.
10 1 -
0

Vourt (V)
20
0 } m vour| /M
0

o —
= —
N —
wW —
N
o1 —
o —
~ —
0 —
© —
S

(bs)

Switching waveform voltage mode (Li4C42)

Ta=+25°C VIN=19 V
LBATT1 =20 Q {
Vo (V) |BATTZ=OPEN

———
m}

10}__ ﬁ_VOUT j
0

I
Vb

o —
- —
N —
w —
N
o1 —
o —
~ —
o0 —
© —
S

Switching waveform current mode (Li3C42)

Ta=425°C
UEEY
Vo) EBATT2=OPEN{ vp
10 LT '
0
Vour (V)
20

o —
- —
N —
w —
N
o1 —
o —
~ —
00 —|
© —

Switching waveform current mode (Li4C42)

Ta=+25°CVIN=19V
LBATT1 =80 |
Vo(V) | BATT2 = OFEN

VD

10 }
Vout
10 -
0

o —
= —
N —
wW —
N
o1 —
o —
~ —
00 —
© —
S

(Ms)

(Continued)
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(Continued)
Soft-start operation waveform voltage mode
(Li3C42)
VeatT1 (V) [ Ta=+25°CVIN=16V| | |
15 FBATT1=20Q V/BATT1—
BATT2=0PEN | 4~ prosnfmiast VBATT2 (V)
10 7 VBATTZ 15
/l/rjl:“ 10
/ A‘""‘ :
Vet (V) S sl
5 . .
e 8
Tl

1T 1T 1T 1T 17 17T 17T 1T T
0 2 4 6 8 10 12 14 16 18 20

(ms)

Soft-start operation waveform voltage mode

(LiaC42)
VBATTL (V)
20 — S
;';?N—;%g VC o I VBATT2 (V)
15 —lgaTTi= 200 L7 yearri — 20
10 BATT2 = OP A 1 _[ ] 15
LT BATTZ
// A 10
Vet (V) tS=88ms[|
5
Vet
o]

T T T T T T T 1T 11
0 2 4 6 8 10 12 14 16 18 20
(ms)

Discharge operation waveform current mode
(Li3C42)

VBAaTT1 (V) v =
15 — FVBATTL VIN =16 V
o BATT1=200Q | VBATT2 (V)
10 —|FVeATT2 BATTZ = OPEN|{— 15
M
i 10

i A/

"
e

Vet (V)| verl

1T 1T T 1T 17T 1T T 171
0 2 4 6 8 1012 14 16 18 20

(ms)

Discharge operation waveform current mode

(Li4C42)
VBATTL (V)
20 T T T T
VBATTY Ta=+25°C VBATT2 (V)

15 et BATTiZ %00 |20
10 \ BATT2 = OPEN4 [— 15

\\ ] 10

0 LT N O o o
‘0-..._“

Vet (V) vero

.

T T 1T T 1T 1T 1T 7711
0 2 4 6 8 10 12 14 16 18 20
(ms)
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m NOTES ON USE
* Design ground lines on printed circuit with regard to common impedance.

* Be sure to take measures against electrostatics.
» Use static protection products or conductive containers for storing semiconductor devices.
» Use conductive bag or conductive containers for storing or carrying printed boards with semiconductor devices
mounted.
» Be sure to connect ground lines of work table, tools and measurement devices.
* Establish a ground for human body of a worker using a resistor of 250 kQ to 1 MQ serially connected between
the body and the ground.

» Do not apply a negative voltage.
« If a negative voltage lower than -0.3V, a parasitic transistor may appear on LSI, causing malfunction.

m ORDERING INFORMATION

Part number Package Remarks

48-pin Plastic LQFP
(FPT-48P-M05)

MB3879PFV
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m PACKAGE DIMENSION

MB3879

48-pin Plastic LQFP
(FPT-48P-M05)

9.00+0.20(.354+.008)SQ
*7.00°930(.276-54)SQ
@)
iHA A A ¢
Q= =
 — — — —
 — — — —
 — — — —
 —— ——|
 — — — —
= INDEX —
 —— ——|
@= g =0
IEEEEERERL
LEAD No. (1) (»)
0.2040.05
(:008.002)

© 2002 FUJITSU LIMITED F480135-c-5-9

Note 1) * : These dimensions include resin protrusion.
Note 2) Pins width and pins thickness include plating thickness.
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Dimensions in mm (inches)
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FUJITSU LIMITED

All Rights Reserved.

The contents of this document are subject to change without notice.
Customers are advised to consult with FUJITSU sales
representatives before ordering.

The information and circuit diagrams in this document are
presented as examples of semiconductor device applications, and
are not intended to be incorporated in devices for actual use. Also,
FUJITSU is unable to assume responsibility for infringement of
any patent rights or other rights of third parties arising from the use
of this information or circuit diagrams.

The products described in this document are designed, developed
and manufactured as contemplated for general use, including
without limitation, ordinary industrial use, general office use,
personal use, and household use, but are not designed, developed
and manufactured as contemplated (1) for use accompanying fatal
risks or dangers that, unless extremely high safety is secured, could
have a serious effect to the public, and could lead directly to death,
personal injury, severe physical damage or other loss (i.e., nuclear
reaction control in nuclear facility, aircraft flight control, air traffic
control, mass transport control, medical life support system, missile
launch control in weapon system), or (2) for use requiring
extremely high reliability (i.e., submersible repeater and artificial
satellite).

Please note that Fujitsu will not be liable against you and/or any
third party for any claims or damages arising in connection with
above-mentioned uses of the products.

Any semiconductor devices have an inherent chance of failure. You
must protect against injury, damage or loss from such failures by
incorporating safety design measures into your facility and
equipment such as redundancy, fire protection, and prevention of
over-current levels and other abnormal operating conditions.

If any products described in this document represent goods or
technologies subject to certain restrictions on export under the
Foreign Exchange and Foreign Trade Law of Japan, the prior
authorization by Japanese government will be required for export
of those products from Japan.

F0209
O FUJITSU LIMITED Printed in Japan
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