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B DESCRIPTION

The MB39A113 evaluation board is a surface mount circuit board of down conversion circuit.

The MB39A113 evaluation board is a high-precision, high-efficiency battery charger capable of being set for 1 to
4 cells. It controls the charge voltage and charge current based on the power-supply voltage of, for example, an
AC adapter to supply a current of up to 3 A.

This board can dynamically control of the secondary battery’s charge current by detecting a voltage drop in an
AC adapter to keep its power constant. (Dynamically-controlled charging.)

B EVALUATION BOARD SPECIFICATIONS

(Ta= +25°C)
Value .
Parameter - Unit
Min Typ Max
12.6 V setting 13.2*2 16 22 Vv
Input voltage -
16.8 V setting™’ 17.4*2 19 25 \Y
12.6 V setting 12.45 12.6 12.75 \
Output voltage .
16.8 V setting*" 16.59 16.8 17.01 \Y
) 12.6 V setting — 126 252 mV
Ripple voltage -
16.8 V setting™’ — 168 336 mV
UVComp detection 126V setting 12.6 12.8 13 \%
voltage (VCC = H-L) 16.8 V setting*! 16.8 17 17.2 v
SW2=0N 2.82 3.03 3.26 A
Output current
SW2 = OFF 0.182 0.26 0.338 A
Dynamically-controlled charging detection voltage*? 17.6 18 18.4 \Y
Oscillation frequency 260 300 340 kHz
) Constant voltage mode 59 9.3 17 ms
Soft-start time
Constant current mode 2.8 4.4 8.2 ms

*1: 4 cells (16.8 V) charging is selected initially.
*2 : The actual minimum value is the dynamically-controlled charging detection voltage.

Copyright©2004-2008 FUJITSU MICROELECTRONICS LIMITED All rights reserved FU]ITSU
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H TERMINAL DESCRIPTION

Symbol Function
VAC AC adapter input terminal
VIN IC power supply terminal
Vo DC/DC converter output terminal VBATT = 16.8 V (Typ)
BATT System output terminal
Power supply control terminal [at SW1 (switch1) = OFF]
CTL VCTL=0V to 0.8 V : Standby mode
VCTL =2.0 V to VIN : Operation mode
VREF Reference voltage output terminal
Mode control terminal [at SW2 (switch2) = OFF]
MODE SW VMODE SW =0V to 1.0 V: Dead battery mode*'

VMODE SW = High-Z (or 2.5 V to VIN) : DCC mode*?
Constant-voltage control state detection output terminal (open drain form)

CVM At constant-voltage control state : “L” level
DC/DC converter output overvoltage detection terminal (open drain form)
OVP . g
At overvoltage : “H” level
GND Battery charge system GND
SGND IC control side GND

*1 : This mode is used to check whether the battery is normal. The dead battery mode charge current value is set
to about 260 mA (Typ) .

*2 1 Charging is performed in dynamically-controlled charging (DCC) mode. The DCC mode charge current value
is setto 3 A (Typ) .

Note : The AC adapter detection voltage is set to 18.0 V to control a constant electric power. For normal operation,
apply a voltage of at least 18.0 V to the VAC terminal.

B SWITCH DESCRIPTION

sSw Name Function ON OFF
CTL Power supply control Operation Stand-by
2 Mode SW Charge current mode control DCC mode Dead Battery mode

B SETUP AND CHECKUP

* Setup
» Connect power supply terminal side to VAC and GND. Connect the BATT terminal to required loading device
or measuring instrument.
* Set SW to OFF.

e Checkup
Turn on SW1 and turn on the power to the VAC (power supply) while turned on.
The IC works normally with the following outputs : BATT =16.8 V (Typ)

SW2 =ON : DCC mode
SW2 = OFF : Dead battery mode
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l CONNECTION DIAGRAM

MB39A113
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B PARTS LIST

Symbol Model Specification
d?,%,;:r,.%::‘ n‘:%te name | Rating1 Rating 2| Rating 3| Value |Deviation| Features Package f:\ll::a;m:r Note

FUJITSU
M1 IC '\P/IET?»9A1 13 . o o . . . FPI\TA-(?:P- M%ﬁé@o
Q1 |PehFET |upa27iaGR|PD=2W |Y$Oo=|D=7A | — — — SO-8 | NEC
Q2 |Noh FET |MCH3405 [PD=0.8W Yoo~ ID=18A[ — — — MCPH3 | SANYO
Q3 Pch FET |uPA2714GR|PD =2 W Yg’g% D=7A | — — — SO-8 | NEC
D1 SBD  |RB053L-30 VF;%“AZV gg‘CM N — — — PMDS | ROHM
D2 SBD RB053L-30 VF;%‘LZV XECM - — — — — PMDS | ROHM
L1 Coil  [SDRHI0MR F;[.)GCAZ _ — | 15uH | +30% ?oCrFr: o | sMp [sumia
c1  |Soramie (CORSBIEL 25y | — | — | 47pF | £10% | eTRERL | 3005 | TDK
co  (Coramic |GS2SBIE| 55y | | | 47pF | t10% | Jemeedlre | ogpps | TDK
C3  |osconmlosveeom | 20V | 1490 Tl oauF | ESR-eoma | SMD [SANYO
Ca |Soramic (CORSBIE| 25y | — | — | 47pF | £10% | TR | 3005 | TDK
ce  |Ceramc |CIS0BBIHI sov | — | — |1500pF| x10% | TeTRerALre | 4608 | TpK
c7  |Ceramio OWOOBBH| sov | — | — | 0duF | 107 | emeeralre | o4g0g | DK
cg |Coramio GWSOBBH| sov | — | — |001pF| 107 | emeeralre | 4g0g | DK
co |Seramic |CISOBBH| sov | — | — |o04pF | x10% | emReraIe | 4508 | TDK
Clo |Seremic @10 sov | — | — |4700pF| x10% | TeTPerAWre | 4608 | TDK
ci1 |Soremic M1 sov | — | — |o022pF| x10g% | TeTPeAW | 4608 | TDK
Ciz |Seremic |C108BHI sov | — | — |0dpF | x1og | TeTPeAWIe | 4608 | TDK
Note : OS - CON™ is a trademark of SANYO Electric Co., Ltd.

(Continued)
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Symbol Specification

d?,%,;:{{; nF;?;te I\I‘I::I?‘IZI Rating 1| Rating 2| Rating 3| Value |Deviation| Features Package fg’gﬂ?‘;r Note
oo [ GRS [ v | — | = [avw] zioe ememe] oo | tox [
C14 c?:rzzg]rﬁer glg?&lm 50V _ _ 0.1uF| +10% ch-l;ler:crtjz:iztt?crse g| 1608 TDK zztunted
RO |Jumper |RK73ZJ | 1A | — — | oa 5'(\)"?“"9 — 1608 | KOA

R1 Resistor (S0 1000 | 1W — — [33ma| +1% — 6.2x4.5mm| KOA

R2 Resistor Zfs?spr' 1716W | — — |47kQ| +05% | +25ppm/°C| 1608 | ssm

R3 Resistor ggﬁ%wp' 1716W | — —  |330kQ| +05% | +25ppm/°C| 1608 | ssm

R4 Resistor fg‘ﬁ%wp' 1716W | — —  |180kQ| +05% | +25ppm/°C| 1608 | ssm

R5 Resistor |00 010 | 116 W | — — [330kQ| +05% | +25ppm/°C| 1608 | ssm

R6 Resistor 00017 | 116 W | — — | 30kQ| +05% | +25ppm/°C| 1608 | ssm

R7 Resistor |o-001%7" | 116 W | — — |22kQ| +05% | +25ppm/°C| 1608 | ssm

R8 Resistor fg‘ﬁ%‘ﬁp' 1716w | — —  |100kQ| +05% | +25ppm/°C| 1608 | ssm

R9 Resistor E’g‘so_gwp' 1716w | — — |10kQ| +05% | +25ppm/°C| 1608 | ssm

R0 [Resistor |"Poo'®" [ 16w | — —  |120kQ| +05% | +25ppm/°C| 1608 | ssm

R11  |Resistor gg’_%‘ep' 176w | — — | 30kQ| +05% | +25ppm/°C| 1608 | ssm

R12  |Resistor gg’_%‘ep' 116w | — — | 30kQ| +05% | +25ppm/°C| 1608 | ssm

R13  |Resistor EESQBD‘GP' 1716w | — — | 20kQ| +05% | +25ppm/°C| 1608 | ssm

R14  |Resistor fgf%mp' 1716W | — — | 1kQ | +05% | +25ppm/°C| 1608 | ssm

R15  |Resistor |"PO2'%F" | 16w | — — |120Q| +05% | +25ppm/°C| 1608 | ssm

R16  |Resistor ggﬁgwp' 1716w | — —  |200kQ| +05% | +25ppm/°C| 1608 | ssm

R17  |Resistor f(';‘ﬁgwp' 1716w | — —  |100kQ| +05% | +25ppm/°C| 1608 | ssm

R18  |Resistor 554?%16'3' 1716w | — —  |200kQ| +05% | +25ppm/°C| 1608 | ssm

R19  |Resistor f?ﬁ%wp' 1716w | — —  |100kQ| +05% | +25ppm/°C| 1608 | ssm

R20  |Jumper |RK73ZIJ | 1A | — — | oa SgA?nXQ — 1608 | koa (N

(Continued)
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(Continued)
Symbol Specification
— Part Model Manufac-
Circuit Package Note
diagram| Name | name |Rating 1 Rating 2|Rating 3| Value |Deviation| Features J turer
mark
) PR0816P- o Not
R21 Resistor 104-D 116 W — — 100kQ| +0.5% |+25ppm/°C| 1608 ssm | unted
Max Not
R22 Jumper |RK73Z1J 1A — — 0Q 50 mQ — 1608 KOA mounted
R23  |Jumper [RK73Z1J | 1A — — | 0q | M — 1608 KOA
P 50 mQ
R24  |Jumper |RK73ZlJ | 1A | — — | oq | M — 1608 | KOA
P 50 mQ
R25  |Jumper |RK73zi | 1A | — — | oq | M — 1608 | KOA
P 50 mQ
R26  |[Jumper |RK73Z1J | 1A — — 0oq | M — 1608 KOA
P 50 mQ
R27  |Resistor f('?f_sD‘GP' 11Mew | — —  |100kQ| +05% |+25ppm/°C| 1608 ssm
. PR0816P- o Not
R28 Resistor 104-D 116 W — — 100kQ| +0.5% |+25ppm/°C 1608 sSM | ounted
R29  |[Jumper |RK73Z1J | 1A — — 0oq | M — 1608 KOA
P 50 mQ
) PR0816P- o Not
R30 Resistor 104-D 116 W — — 100kQ| +0.5% |+25ppm/°C 1608 sSM | unted
. PR0816P- o Not
R31 Resistor 104-D 116 W — — 100kQ| +0.5% |+25ppm/°C 1608 ssmM | unted
. PR0816P- o Not
R32 Resistor 103-D 116 W — — 10kQ | +0.5% |+£25ppm/°C 1608 sSM | Cunted
SWi1, .
SW2 Switch  |DMS-2H — — — 2 poles — — — MATSUKYU
_ |Terminal 7o — — — — — — — MacEight
pins
NEC NEC corporation
ROHM ROHM CO., LTD.
SUMIDA Sumida Corporation
SANYO SANYO Electric Co., Ltd
TDK TDK Corporation
KOA KOA Corporation
ssm SUSUMU CO., LTD.
MATSUKYU Matsukyu Co., Ltd.
MacEight MacEight Co., Ltd
Resistor value at 3-cell or 4-cell
Battery 3-cell 4-cell
R20 [Q] 0 Remove
Vo [V] 12.6 16.8
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B INITIAL SETTINGS
(1) Output voltage

Vo(v) = _R19+R18+R17) s _ 168 (V)
R17
Notes : o For resistors R17, R18 and R19, use a resistor value at which the ON resistance (35 Q, 1 mA) of the
internal FET connected to the OUTD terminal (pin 17) can be ignored.

o For 3-cell charge, place a jumper at R20.

(2) Dynamically-controlled charging detection voltage (DCC mode)

R11 R4 + R5 + R6

Note : Change the setting when the product is used with a 16 V AC adapter.

(3) Maximum charge current (CC mode)

VREF x R13
lowen (A) = —Bi5 7 RT3) x20x AT~ o03A)

(4) Dead battery mode charge current

VREF x R13 x (R14 + R15)

loeao (A) = (R12xR13+ (R12+R13) x (R14 + R15)) x 20 x R1

=0.25 (A)

(5) Soft-start time

Constant-voltage mode soft-start time
ts(ms) = 0.42 x C11 (uF) =9.2 (ms)

Constant-current mode soft-start time

R13 VREF
ts(ms) = B2+ R19) X 10 (UA) x C11(uF) =4.4 (ms)

(6) Oscillation frequency

fosc (kHz) = % ~300 (kH2)
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B REFERENCE DATA

1. Conversion efficiency
Vo = 16.8 V setting constant-voltage control Vo = 12.6 V setting constant-voltage control
Isatr vs. Efficiency (Constant Voltage mode) learT vs. Efficiency (Constant Voltage mode)
100
s o [
96 E 96 |-
— 9 F == ~ 9%
L &) el
X 92 X 92r =
~ 90 FE ~ 90 [
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S wf g sk 7
S B o /
£ 8¢ VAC =19V £ 8¢
= 78 ¢ = o 78 EF , _ H
w 76 Vo=16.8V setting w s xgi; 2‘%‘\’/ etiing I
5 E 7 n = (VBATT x IBATT) / (VAC x IAC) s E 1 = (VeaTT x IBaTT) / (VAC X IAC) [
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S aif d R
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74 E lo = 3.03 A setting °E 1 = (VBATT x IBATT) / (VAC X IAC) ]
72 E | TR N TR T N T N N B 7 E [ lo =3.03 A setting _
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2. Dropping characteristic

MB39A113
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Vo =16.8 V setting

[atT vs. Veatt (Vo = 16.8 V setting)

VAC =19V —

VO = 16.8 V setting

VBATT (v)

W

K

_/_!SW2=ON

2.0 2.5

lgarT (A)

3.0

[satT vS. Vearr (Vo = 12.6 V setting)

VAC =19V
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3. Switching waveform

Vo = 16.8 V setting constant-voltage control

OUT (V)
i ﬂ_15
{
VD (V) [ VAC =19V 110
BATT = 1.
201 Vo = 16.8 V setting L5
10
5_
0
T T T T T T 1 |
0 1 2 3 4 5 6 7 8 9 10(us)

Vo = 16.8 V setting constant-current control

ouT (V)
st
‘l 15
VD (V) | VAC=19V 110
0= settin
20 |t Veurr 2 10V o
a
15—:::::::::::::::::: T L O
10
5_ r
0
T T T T T T T T T 1
0 1 2 3 4 5 6 7 8 9 10(us)

Vo = 12.6 V setting constant-voltage control
OUT (V)

M IRIIE
f 1t !
VD (V) { VAC=19V 110
CV mode
o0 || BATT=15A
L Vo =126V setting L5
15 | 0
10
5
0

Vo = 12.6 V setting constant-current control

OUT (V)
—l _15
VD (V) . VAC=19V 10
(V) ICCrg(Xje N
0 =3 A setting
20_|1 VBATT=10V L 5
fr——
10
5_
0_
[ I I I I I I I |
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4. Soft-start/discharge operation waveform
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Vo =16.8 V setting BATT =10 Q
Soft-start operation waveform
Vo (V)
20 -
15 - - :
10
Vo J[
0
CTL (V)
54
CTL
0 e
[ I I I I I I I I I ]
0 25 50 7.5 10.012.515.0 17.5 20.0 22.5 25.0 (ms)
CVM (V)
6 -
4 4
24
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0- - aa e L
OVP (V)
5 - A
ovP
0 s “ S
CTL (V)
54
CTL
0-
[ I I I I I I I I I ]
0 25 50 7.5 10.012.515.0 17.5 20.0 22.5 25.0 (ms)

Discharge operation waveform

3

Vo

[
0 25 5.0 7.5 10.012.515.017.5 20.0 22.5 25.0 (ms)

0 25 5.0 7.5 10.012.515.017.5 20.0 22.5 25.0 (ms)
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B COMPONENT SELECTION METHODS

Flyback diode Output smoothing condenser
FET Inductor Charge current setting sense resistor

Overvoltage protection FET

D F{29 R27

39A113EVB-01
39A114EVB-01
Rev.1.0

<Z-
9u]uy)

R20
R18 R19
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“FUjiTSU 3
B

30

R17 R32 Ci14

C13
Cé

R1

swillo B~ CVM

Q. B
sw2ll | I~ [
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oUTD (MB39A113) ‘

SEL  éMB39A114)
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¢ 16.8 V output

Vin=25V (Max) , Vo=16.8 V, lo = 3 A, fosc = 300 kHz
1. P-ch MOS FET (uPA2714 (NEC product) )

Vos= —30V,Vas= £20V, Ib=7 A, Ros (on) =16 mQ (Typ) , Qg = 31 nC (Typ)
Drain current : peak value

The peak drain current of this FET must be within its rated current.
If the FET’s peak drain current is Ip, it is obtained by the following formula.

Main
|D2|O+%tON
25-16.8 1
23+ 53 5x10 ¢ X Booxio 0672
>36A

2. Inductor (CDRH104R-150 : SUMIDA product)
15 uH (tolerance + 30%) , rated current =3.6 A

L value at full load current condition:
Peak-to-peak value of ripple current should be set under half load current.

2 (Vin—Vo) fon

L>
lo
2x (25-16.8) 1
> 3 X 300 x 10° x 0.672
>12.2 yH
The load current satisfying the continuous current condition
Vo
lo> 5L torF
16.8 1
> 5x75x105 X Booxioe < (1-0672)
> 0.61A

Ripple current : peak value

The peak ripple current must be within the rated current of the inductor.
If the peak ripple current is I, it is obtained by the following formula.

Vin—Vo
IL> lo+ TtON
25-16.8 1
28+ 3510 X 300x 108 <0672
>36A

Ripple current : peak-to-peak value
If the peak-to-peak ripple current is Al it is obtained by the following formula.

A|L=MtON
25 _16.8 1
= q5x10-5 < Booxi0e <0072
 1.22A

MB39A113
e
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3. Output smoothing condenser(20SVP22M : SANYO product)
22 |F, rated voltage = 20 V, ESR = 60 mQ, maximum allowable ripple current = 1450 mArms

Assume the output ripple voltage as AVo (1% of output voltage) , output smoothing condenser as C., ripple
current as lcLrms, series resistance as ESR.

Series resistance

AVo 1
ESR<—Ar ~ Zac
. 0168 _ 1
- 1.22 21t x300x%x103x22x10-6
<114 mQ
Condenser
Al
O 5 (AVo - AL X ESR)
S 1.22
~21x300x10%x (0.168 — 1.22 x 0.06)
> 6.8 uF
Ripple current
(Vin — Vo) ton
> 3
ICLrms 2 5V 3L

. (25 - 16.8) x 0.672
~ 2V3x15x10-6x 300 x 103
> 707 mArms

4. Flyback diode (RB053L-30 : ROHM product)

Vr (DC reverse voltage) = 30 V, mean output current = 3.0 A, peak surge current =70 A
Vr = value enough to satisfy the input voltage—30 V

With the diode conduction time assumed as to (Max) , the diode mean current Ioi is obtained by the following
formula.

Vo
Vin

With the diode conduction time assumed as to (Max) , the diode peak surge current Ipip is obtained by the
following formula.

bi> lox (1- ) =3x(1-0.672)= 984 mA

loip> (lo +% torF) =36 A

5. Charge current setting sense resistor (SL1TTE33LOF : KOA product) 33 mQ

Where the +INE2 terminal voltage is 2 V and the charge current is 3 A, R1 is obtained by the following formula.

+ INE2
20x 1

2
20x 3

33 mQ

R1=

1k



¢ 12.6 V output

Vin=22V (Max) , Vo=12.6 V, lo = 3 A, fosc = 300 kHz
1. P-ch MOS FET (uPA2714 (NEC product) )

Vos= —30V,Vas= £20V, Ib=7 A, Ros (on) =16 mQ (Typ) , Qg = 31 nC (Typ)
Drain current : peak value

The peak drain current of this FET must be within its rated current.
If the FET’s peak drain current is Ip, it is obtained by the following formula.

Main
|D2|O+%tON
25 _12.6 1
28+ 5 15x 105 X B00xi0s *0°72
>36A

2. Inductor (CDRH104R-150 : SUMIDA product)
15 uH (tolerance + 30%) , rated current =3.6 A

L value at full load current condition :
Peak-to-peak value of ripple current should be set under half load current.

L> 2 (Vin—Vo) fon
lo
2x (22-12.6) 1
> 3 X 300 x 105 < 0.572
>12.0 uH

The load current satisfying the continuous current condition

Vo
lo>———torr

oL
12.6 1

> 3x15x105 X sooxioe < (170572

> 0.60 A

Ripple current : peak value

The peak ripple current must be within the rated current of the inductor.
If the peak ripple current is I, it is obtained by the following formula.

Vin— Vo
|LZ|O+TtON
22-12.6 1
28+ A% 105 X Booxi0s <0272
>36A

Ripple current : peak-to-peak value
If the peak-to-peak ripple current is Al it is obtained by the following formula.

AlLZMtON
C
22126 1
= f5x70° * Booxios <0572
=12A
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3. Output smoothing condenser (20SVP22M : SANYO product)
22 |F, rated voltage = 20 V, ESR = 60 mQ, maximum allowable ripple current = 1450 mArms

Assume the output ripple voltage as AVo (1% of output voltage) , output smoothing condenser as C., ripple
current as lcLrms, series resistance as ESR.

Series resistance

AVo 1
ESR< AlL ~ 2nfCL

. 0126 1
ST 12 2mx300x10°x 22 % 10-°

< 80 mQ

Condenser

AlL
L2 5 T (AVo — AL X ESR)

S 1.2
~ 2nx300x10%x (0.126 — 1.2 x 0.06)

> 11.8 uF

Ripple current

(Vin — Vo) ton
23l
(22 -12.6) x0.572
2V3x15x 10-6x 300 x 103
> 690 mArms

ICLrms >

4. Flyback diode (RB053L-30 : ROHM product)

Vr (DC reverse voltage) = 30 V, mean output current = 3.0 A, peak surge current =70 A
Vr : value enough to satisfy the input voltage—30 V

With the diode conduction time assumed as to (Max) , the diode mean current Ioi is obtained by the following
formula.

Vo
Vin

With the diode conduction time assumed as to (Max) , the diode peak surge current Ipip is obtained by the
following formula.

bi> lox (1- )=3x (1-0.572) =1284 mA

Vo

loip> (lo+ 5L

torF) =36 A

5. Charge current setting sense resistor (SL1TTE33LOF : KOA product) 33 mQ
Where the +INE2 terminal voltage is 2 V and the charge current is 3 A, R1 is obtained by the following formula.

+ INE2

R =011
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H ORDERING INFORMATION

EV board part No. EVboard version No. Remarks
MB39A113EVB-01 MB39A113EVB-01 Rev 1.0
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