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Power LSI series for Digital Camera and Digital Video Camera 

4CH Internal Power MOSFET 
System Switching Regulator 
BD9866GUL 

 
●Outline 

BD9866GUL is a 4ch DC/DC converter IC composed of 
Buck converter 3-channels and Buck-Boost converter 
1-channel.Including power MOSFET of all channels 
reduces the number of peripheral devices. Each 
channel is controlled individually, that enables to reduce 
power consumption of not working channel. 

●Features 
1) Includes Buck converter (CH1, 2 and 4), and 

Buck-Boost converter (CH3), total 4 channels 
included. 

2) Includes Power MOSFET for all channels. 
3) Includes Over Current Protection (OCP) for all 

channels. 
4) Includes Short Circuit Protection (SCP.) 
5) Includes Undervoltage Lock Out (UVLO.) 
6) Includes Thermal Shut Down (TSD.) 
7) Includes Power Good(PG) 
8) External synchronous oscillation 
9) Each channel can be turn on/off individually. 
10) Contains internal compensation for all channels. 
11) Operation frequency of 1MHz. 

 
●Package 

 WLCSP(3.75mm×3.75mm) 

●Use 
For digital single-lens reflex camera, digital video 
camera. 

 
 

●Key specifications 

・Input voltage range :  

・Output voltage 

CH1 reference voltage: 

CH2 reference voltage: 

CH3 reference voltage: 

CH4 reference voltage: 

・Load current 

CH1 load current: 

CH2 load current: 

CH3 load current: 

CH4 load current: 

・Frequency: 

4.0V to 14.0V 

 

0.6V±1.67% (typ.) 

0.8V±1.25% (typ.) 

0.8V±1.25% (typ.) 

0.8V±1.25% (typ.) 

 

3.0A(max) 

2.0A(max) 

1.5A(max) 

3.0A(max) 

1MHz(typ.) 
 
 
●Function block diagram 
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Figure. 1 Function block diagram
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●Pin assignment(Bottom View) 
 
 

G PVCC1 PVCC1 VREGD PVCC GND VCC PVCC4

F Lx1 CH1G INV1 VREGB VREGA RT PVCC4

E Lx1 CH2G SYNC INV3 INV4 Lx4 Lx4

D PGND1 PGND1 CTL2 INV2 RTSS PGND4 PGND4

C PGND2 PGND2
1pin

POST
CTL1 CTL4 CTL3 SEL

B Lx2 Lx2 PGND SCP PG Lx32 VO3

A PVCC2 PVCC2 PVCC3 Lx31 PGND3 PGND3 Lx32

1 2 3 4 5 6 7

 
Figure.2 Pin assignment 

 
 

 ●Pin description 

PINno Symbol I/O Description 

G6 VCC - Input supply voltage 

G4 PVCC - Input supply voltage of internal regulator for driver  

B3 PGND - Ground terminal 

G1,G2,A1,A2, 

A3,F7,G7 
PVCC1,2,3,4 - Driver input supply voltage terminal. 

D1,D2,C1,C2, 

A5,A6,D6,D7 
PGND1,2,3,4 - Ground for internal FET 

G5 GND - Ground 

G3 VREGD O Output terminal of 3.5V regulator for lowside driver 

F5 VREGA O Output terminal of 3.5V regulator for internal reference voltage 

F4 VREGB O Output terminal of PVCC – 3.5V regulator for highside driver 

B7 Vo3 O Output voltage terminal for CH3 

E1,F1,B1,B2, 

E6,E7 
Lx1,2,4 O Inductor connecting terminal 

A4 Lx31 O CH3 input side inductor connecting terminal 

A7,B6 Lx32 O CH3 output side inductor connecting terminal 

F3,D4,E4,E5 INV1,2,3,4 I Error amplifier inverted input terminal 

E3 SYNC I External oscillator input terminal 

F6 RT - Oscillator frequency adjustment terminal with external resistor 

B4 SCP - SCP delay time setting terminal with external capacitor 

C4,D3,C6,C5 CTL1,2,3,4 I ON/OFF control terminal 

B5 PG O Power good signal output terminal at SCP 

F2,E2 CH1,2G O CH1,2 power good signal output terminal 

D5 RTSS O RT voltage setting terminal 

C7 SEL I CH2,4 mode select terminal 
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●block diagram 

 

 
 

Figure. 3 block diagram 
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●Absolute Maximum Ratings 

Parameter Symbol Limits Units 

Maximum Power Supply Voltage VCC, PVCC, PVCC1,2,3,4 -0.3 to 15 V 

Maximum Input Current 
IPVCC1,4 3.5 A 

IPVCC2,3 2.5 A 

Maximum Input Voltage 

VREGA, VREGD, PVCC1,2,3,4-VREGB -0.3 to 7 V 

Lx1, Lx2, Lx31, Lx4 -0.3 to 15 V 

Lx32, Vo3 -0.3 to 10.5 V 

PG -0.3 to 15 V 

CH1,2G -0.3 to 7 V 

CTL1,2,3,4 -0.3 to 15 V 

SEL -0.3 to 15 V 

SYNC -0.3 to 15 V 

Power Dissipation Pd 1.25
(*1)

 W 

Operating Temperature Topr -25 to +85 ℃ 

Storage Temperature Tstg -55 to +125 ℃ 

Junction Temperature Tjmax 125 ℃ 

(1*)when mounted on a 50mm×50mm×1.75mm glass epoxy 8layer PCB at Ta=25℃(Derate by 12.5mW/℃ above 25℃) 

 

●Recommended Operating Conditions 

Parameter Symbol 
Limits 

Units Conditions 
Min Typ Max 

Power Supply Voltage VCC,PVCC 4.0 6.0 14 V  

VREGA,VREGD Output Capacitor CVREGA,D 0.47 1.0 2.2 µF  

VREGB Output Capacitor CVREGB 0.47 1.0 2.2 µF Connect to PVCC 

Capacitor Connected to SCP CSCP 0.001 － 2.2 µF  

Oscillator Frequency FOSC 0.6 1.0 1.5 MHz  

OSC Timing Resistor RT 47 82 120 kΩ 1MHz by connecting 82kΩ 
Capacitor Connected to RTSS CRTSS 1000 10000 － pF  

H Level of SYNC Input voltage VSYNCH 3.0 - VCC V  

L Level of SYNC Input voltage VSYNCL -0.3 - 0.5 V  

Duty of SYNC Input DSYNC 40 50 60 %  

Output voltage range of CH3 VVOUT3 4.0 － 10 V  

Output Current of CH1 IOUTCH1 － － 3
(*3)

 A 1.1V Output 

Output Current of CH2 IOUTCH2 － － 2
(*3)

 A 1.5V Output 

Output Current of CH3 IOUTCH3 － － 1.5
(*3)

A 5.0V Output 

Output Current of CH4 IOUTCH4 － － 3
(*3)

 A 3.3V Output 

(*) Please connect capacitor to I/O(VCC, PVCC, VREG) so that IC can be operated safety. 

(*3) Please make a power design total loss of IC not to exceed the power dissipation. 

 

●Over Current Protection 

Parameter Symbol 
Limits 

Units Conditions 
Min Typ Max 

CH1 PVCC1 OCP Current IOCP1 3.2 - - A  

CH2 PVCC2 OCP Current IOCP2 2.2 - - A  

CH3 PVCC3 OCP Curernt IOCP3 3.0 - - A  

CH4 PVCC4 OCP Current IOCP4 3.2 - - A  
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●Electrical Characteristics(Ta=25℃, VCC=PVCC=6V, RT=82kΩ, CTL1-4=3V, unless otherwise noted) 

Parameter Symbol 
Limits 

Units Conditions 
Min Typ Max 

【Internal Regulator】 

Regulator output voltage for internal 
analog circuit 

VREGA 3.3 3.5 3.7 V IVREGA=-1mA 

Regulator output voltage for bias 
voltage of Highside FET 

VREGB VCC-3.7 VCC-3.5 VCC-3.3 V IVREGB=+1mA 

Regulator output voltage for bias 
voltage of Lowside FET 

VREGD 3.3 3.5 3.7 V IVREGD=-1mA 

【Under Voltage Lock Out】 

Threshold voltage of VCC 
undervoltage lock out 

VSTD1 3.2 3.4 3.6 V 
VCC terminal voltage 
monitor  

Hysteresis voltage of VCC 
undervoltage lock out 

VHYS1 － 0.1 0.2 V 
VCC terminal voltage 
monitor 

Threshold voltage of VREG 
undervoltage lock out 

VSTD2 2.8 3.0 3.2 V 
VREGA,VREGD
terminals voltage 
monitor 

Hysteresis voltage of VREG 
undervoltage lock out 

VHYS2 － 0.1 0.2 V 
VREGA,VREGD
terminals voltage 
monitor 

【Short Circuit Protection】 

SCP terminal output current ISCP 2.5 5.0 7.5 µA VSCP=0.1V 

SCP terminal detect voltage VTSC 0.45 0.50 0.55 V  

SCP terminal stand-by voltage VSSC － 10 100 mV  

【Oscillator】 

Oscillator frequency of DC/DC 
converter 

FOSC 0.9 1.0 1.1 MHz RT=82kΩ 

Max duty Lx1,Lx2,Lx4 DMAX1,2,4 - - 100 % 
VSCP=0V  

(*4)
,  

Lx1,Lx2,Lx4 High Duty 

Max duty Lx31 DMAX31 - - 100 % Lx31 High Duty 

Max duty Lx32 DMAX32 74 80 86 % Lx32 Low Duty 

RTSS terminal stand-by voltage RTSSF - 1 20 mV CTL1-4=0V 

RTSS terminal input current IRTSSI -7 -5 -3 µA  

RTSS terminal output current IRTSSO 3 5 7 µA  

【Error Amplifier】 

INV1-4 terminal input bias current IINV1,2,3,4 -50 0 50 nA INV=2.0V 

INV1 terminal threshold voltage VINV1 0.590 0.600 0.610 V  

INV2-4 terminal threshold voltage VINV2,3,4 0.790 0.800 0.810 V  

【Soft Start】 

CH1 Soft start time TSS1 0.7 1.4 2.1 msec  

CH2,3,4 Soft start time TSS2,3,4 0.95 1.9 2.85 msec  

(*4) SCP circuit starts to charge when operated 100% Duty, therefore it is possible to use 100% Duty only while SCP voltage doesn’t reach to 0.5V. 
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●Electrical Characteristics(Ta=25℃, VCC=PVCC=6V, RT=82kΩ, CTL1-4=3V, unless otherwise noted) 
 

Parameter Symbol 
Limits 

Units Conditions 
Min Typ Max 

【Driver】 

Lx1 Highside SW on resistance RON1P - 180 300 mΩ ILx1=-50mA 

Lx1 Lowside SW on resistane RON1N - 75 130 mΩ ILx1=+50mA 

Lx2 Highside SW on resistance RON2P - 190 305 mΩ ILx2=-50mA 

Lx2 Lowside SW on resistance RON2N - 100 160 mΩ ILx2=+50mA 

Lx31 Highside SW on resistance RON31P - 190 305 mΩ ILx31=-50mA 

Lx31 Lowside SW on resistance RON31N - 115 185 mΩ ILx31=+50mA 

Lx32 Highside SW on resistance RON32P - 230 370 mΩ Vo3=5.0V, ILx32=-50mA

Lx32 Lowside SW on resistance RON32N - 115 185 mΩ ILx32=+50mA 

Lx4 Highside SW on resistance RON4P - 170 290 mΩ ILx4=-50mA 

Lx4 Lowside SW on resistance RON4N - 140 230 mΩ ILx4=+50mA 

Lx1,Lx2,Lx4 terminal discharge 
resistance 

RDISLX,2,4 40 100 160 Ω CTL1,2,4=0V 

VO3 terminal discharge resistance RDISVO3 40 100 160 Ω CTL3=0V 

【Power Good】 

PG terminal on resistance RONPG - 350 600 Ω PG=1V 

PG terminal leak current ILKPG - 0 1.0 µA PG=15V 

CH1G,CH2G terminals high voltage CH1,2GH
VREGA

-0.5 
- - V ICTL1,2G=-100uA 

CH1G,CH2G terminals low voltage CH1,2GL - - 0.5 V ICTL1,2G=+100uA 

【Control】 

CTL terminal active voltage VCTLH 2.5 - VCC V CTL1,2,3,4 

CTL terminal stand-by voltage VCTLL -0.3 - 0.8 V CTL1,2,3,4 

CTL terminal pull-down resistance RCTL 250 400 700 kΩ CTL1,2,3,4 

SEL terminal high voltage VSELH 2.5 - VCC V  

SEL terminal low voltage VSELL -0.3 - 0.8 V  

SEL terminal pull-down resistance RSEL 250 400 700 kΩ  

【Circuit Current】 

Stand-by current(IC OFF) ISTB - 0 5 µA CTL1-4=0V 

Active current(SCP detect state) ICCST - 5 10 mA 
INV1,2,3,4=0V 
Circuit current of analog

Active current(DC/DC converter 
active) 

ICCAPP - 35 45 mA 
All channels operate 
with recommended 
external parts 
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●Application circuit1 
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Figure. 4 Application circuit 1 



 

 
 

8/35 

DatasheetDatasheetBD9866GUL 

TSZ02201-0B2B0A400010-1-2
17.APR.2013 Rev.001

© 2013 ROHM Co., Ltd. All rights reserved. 
www.rohm.com 

TSZ22111・15・001 

PVCC4

VCC

Lx1

PGND1

PVCC1

Lx2

PVCC2

PVCC3

Lx31

PGND3

Lx32

Vo3

Lx4

VREGB

PGND2

PVCC

A

B

D

C

C

B

A

D

+

-

+

ERRORAMP1

PWMCOMP1
INV1

+

-

+

ERRORAMP2

INV2

+

-

+

ERRORAMP3

INV3

ERRORAMP4

INV4

+

-

SCP TIMER

PROTECTION

TSD

UVLO

OSCCH CTL

VREG
A

PGND

CTL1 CTL2 CTL3 CTL4 RT VREGA GNDSYNC

CH2

Step Down

(Current mode)

CH1

Step Down

(Current mode)

CH3

Cross Converter

(Voltage mode)

----
+

RTSS

VREG
D

VREG
B

VREGD

SCP

CH4

Step Down

(Current mode)

PWMCOMP2

PWMCOMP3

PG

SCP

TIMEROUT

Substrate

VCC

VREGA

VREGD

OCP

OCP

OCP

PWMCOMP4
OCPVREGA

VREGA

VREGA

VREGA

RTSS

enable

SS
Counter reset

CLK

shutdown

SCP

TIMEROUT

Limit input current for PVCC

Limit input current for PVCC

Limit input current for PVCC

Limit input current for PVCC

+

PGND4
Light Load

mode

Light Load
mode

CH1G

VREGA

VREGA

CH2G

SEL

SEL

SEL

150kΩ

180kΩ

100kΩ

120kΩ

200kΩ

39kΩ

24pF

75kΩ

24kΩ

0.01μF

0.01μF 82kΩ

1.0μF

1.0μF

1.0μF

100kΩ

10μF

4.7μH

4.7μF

10μF

4.7μF

4.7μH

10μF

4.7μH

4.7μF

10μF

4.7μH

4.7μF

Vo1

1.1V

Vo2

1.5V

Vo3

5.0V

Vo4

3.3V

(47pF)

(8.2kΩ)

( )

( )
(*1)

 
Figure. 5 Application circuit 2 

 
(*1) Add to improve transient characteristics optionally. 
We are confident that above applied circuit diagram should be recommended, but please thoroughly confirm its 

characteristics when using it. In addition, when using it with external circuit’s constants changed, please make a 

decision that allows a sufficient margin in light of the fluctuations of external components and ROHM’s IC in terms of 

not only static characteristics but also transient characteristics.. 
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●Timing Chart of startup 
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Figure.6 Timing chart of Startup 
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●Timing chart of UVLO operation 
 

 
 
 

Figure. 7 Timing chart of UVLO operation 
(UVLO detect and after release from UVLO, restart with softstart) 
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●Timing chart of SCP detection after startup 
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Figure. 8 Timing chart of SCP detection after startup 
(abnormal output in operating) 
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●Timing chart of startup with output shorted to GND 
 

 
 
 

Figure. 9 Timing chart of startup with output shorted to GND 
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●Typical Operating Characteristics 
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●Typical Operating Characteristics(continued) 
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Figure.16 VREGD- VCC 
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Figure.17 VREGD – Ta
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●Typical Operating Characteristics(continued) 
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Figure.18 (PVCC–VREGB)- VCC Figure.19 (PVCC–VREGB) – Ta
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Figure.21 
 INV1 threshold voltage – Ta 

Figure.20  
INV1 threshold voltage – VCC 
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●Typical Operating Characteristics(continued) 
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Figure.23 
 INV2,3,4 threshold voltage– Ta 

Figure.22 
 INV2,3,4 threshold voltage– VCC 
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Figure.25 fosc - Ta Figure.24 fosc - VCC 
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●Typical Operating Characteristics(continued) 
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Figure.26 UVLO VCC 
detect threshold voltage 

Figure.27 UVLO VCC 
reset threshold voltage 
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Figure.28 UVLO VREGA 
detect threshold voltage 

Figure.29 UVLO VREGA 
 reset threshold voltage 
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●Typical Operating Characteristics(continued) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

0.0

1.0

2.0

3.0

4.0

5.0

2.90 2.95 3.00 3.05 3.10 3.15 3.20

VREGD [V]

C
H

1
G

[V
]

0.0

1.0

2.0

3.0

4.0

5.0

2.90 2.95 3.00 3.05 3.10 3.15 3.20
VREGD[V]

C
H

1
G

[V
]

Figure.30 UVLO VREGD 
detect threshold voltage 

Figure.31 UVLO VREGD  
reset threshold voltage 
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Figure.32 CTL OFF threshold voltage Figure.33 CTL ON threshold voltage 
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●Typical Operating Characteristics(continued) 
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Figure.36 Lx2 High side FET RON 

(Ta=-30℃, 25℃, 85℃) 

Figure.34 Lx1 High side FET RON 

(Ta=-30℃, 25℃, 85℃) 
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Figure.37 Lx2 Low side FET RON 

(Ta=-30℃, 25℃, 85℃) 

Figure.35 Lx1 Low side FET RON 

(Ta=-30℃, 25℃, 85℃) 

VCC=7V 

ILx1=-1→-50mA 

85℃ 

25℃ 

-30℃ 

85℃ 25℃ 

-30℃

VCC=7V 

ILx1=1→50mA 

VCC=7V 

ILx2=-1→-50mA 

85℃ 

25℃ 

-30℃ 

VCC=7V 

ILx2=1→50mA 

85℃ 

25℃ 

-30℃



 

 
 

20/35 

DatasheetDatasheetBD9866GUL 

TSZ02201-0B2B0A400010-1-2
17.APR.2013 Rev.001

© 2013 ROHM Co., Ltd. All rights reserved. 
www.rohm.com 

TSZ22111・15・001 

●Typical Operating Characteristics(continued) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

0.0

25.0

50.0

75.0

100.0

125.0

150.0

175.0

200.0

225.0

250.0

0 10 20 30 40 50

ILx32 [mA]

O
N

 R
E

S
IS

T
A

N
C

E
[m

o
h

m
]

Figure.38 Lx31 High side FET RON 

(Ta=-30℃, 25℃, 85℃) 
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Figure.40 Lx32 High side FET RON 

(Ta=-30℃, 25℃, 85℃) 
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Figure.41 Lx32 Low side FET RON 

(Ta=-30℃, 25℃, 85℃) 

Figure.39 Lx31 Low side FET RON 

(Ta=-30℃, 25℃, 85℃) 
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●Typical Operating Characteristics(continued) 
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Figure.42 Lx4 High side FET RON 

(Ta=-30℃, 25℃, 85℃) 

0.0

25.0

50.0

75.0

100.0

125.0

150.0

175.0

200.0

0 10 20 30 40 50

ILX4 [mA]
O

N
 R

E
S

IS
T

A
N

C
E

[m
o

h
m

]

Figure.43 Lx4 Low side FET RON 

(Ta=-30℃, 25℃, 85℃) 
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Figure.44 Lx1 discharge SW RON 

(Ta=-30℃, 25℃, 85℃) 

Figure.45 Lx2 discharge SW RON 

(Ta=-30℃, 25℃, 85℃) 
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●Typical Operating Characteristics(continued) 
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Figure.46 Vo3 discharge SW RON 

(Ta=-30℃, 25℃, 85℃) 

Figure.47 Lx4 discharge SW RON 

(Ta=-30℃, 25℃, 85℃) 
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●Efficiency 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure.48 Efficiency – load current 
CH1 Vo1=1.1V 

Figure.49 Efficiency – load current 
CH2 Vo2=1.5V 

Figure.50 Efficiency – load current 
CH3 Vo3=5.0V 

Figure.51 Efficiency – load current 
CH4 Vo4=3.3V 
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●Block explanation 

・DCDC Block(4channels) 

Followings is specification of each channel of this IC. 

  CH1 CH2 CH3 CH4 

Type Buck Buck Buck-Boost Buck 

Mode Current Current Voltage Current 

Synchronous 
rectifier 

○ ○ ○ ○ 

FET constitution Internal P/N Internal P/N Internal P/N Internal P/N 

Softstart Internal counter Internal counter Internal counter Internal counter 

ON/OFF control Independent Independent Independent Independent 

Table.1 specification of each channel 

 

・VREGA,VREGD,VREGB Block 

 VREGA is an internal regulator of 3.5V output. VREGD supply 3.5V gate bias voltage of Low side internal FET, VREGB 

supply PVCC – 3.5V gate bias voltage of High side internal FET. Bypass these regulators to GND(VREGB to PVCC) with 

a capacitor between 0.47μF and 2.2μF. We recommend capacitor of 1.0μF. 

 
 

・Oscillator Block 

  OSC generates triangular waveform (slope waveform) with a resistor connected to RT terminal for setting frequency and 
inputs into PWM comparator of each CH. Swithing frequency is set to 1.0MHz at RT = 82kΩ. Refer to the way of detailed 
setting on p.26. 

  When CTL is turned ON with SYNC terminal input external clock, DC/DC converter switches at the frequency of the clock 
input to SYNC terminal. Refer to p.29 for details of external synchronization. 

 

・ERRORAMP Block 

Error amplifiers monitor output voltage at INV terminals and output amplified error voltage at internal EOUT node. 

Reference voltage of CH1 is 0.6V and accuracy is ±1.67%, and 0.8V for CH2-4 and accuracy is ±1.25%. Refer to p.26 

for setting of output voltage. 
 

・PWM Comparator Block 

PWM comparators control switching duty of output FET by comparing SLOPE waveform from OSC and output voltage of 
error amplifier. 

 

・Current Mode Control Block 

CH1, 2 and 4 operate with current mode PWM. In current mode DC/DC converter, main FET of synchronous rectifier 
turns on at the edge of main clock, and turn off after detection of peak current in current comparator. 

 

・Buck-Boost control Block 

a block for controlling the switching duty of buck-boost DC/DC of CH3. This block consists of PWM comparator to 
compare 1.0MHz SLOPE waveform and output of error amplifier, and Logic circuit to convert the output of PWM 
comparator to ON/OFF signal of 4 internal output FETs. 

 

・Softstart Block(SS) 

Softstart block prevents the inrush current to charge the output capacitor at DC/DC start-up by softly starting up the 
reference voltage of error amplifier. CH1 is 1.4msec(typ. at fosc=1MHz) and CH2-4 are 1.9msec(typ. at fosc=1MHz.) 
Only CH1 has 50usec of delay time at stop. As in Figure .6, output is turned off after 50usec has passed from CTL1 is 
turned to L. 
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・Channel Control Block(CH_CTL) 

CTL1-4 terminals enable output of each channels to turn ON/OFF individually. When voltage of each terminal is over 
2.5V and less than VCC voltage each channel turns ON, and when the terminals are open or voltage of them is over  
-0.3V and less than 0.8V, it turns OFF. When all channels are turned OFF, IC becomes stand-by state. Each terminal 
contains pull-down resistor of 400kΩ (typ.) Note that the output voltage of CH3 may swing when CH4 is turned OFF while 
CH3 is operating, so use this IC after confirming with much care that does not cause any problems in that situation. 

CTL  LX  
VREGA VREGD VREGB OSC  

1  2  3  4  1  2  31 32 4  

L  L  L  L  L  L  Z L  L  N N N  N  

H  L  L  L  A L  Z L  L  A A A  A  

L  H  L  L  L  A Z L  L  A A A  A  

L  L  H  L  L  L  A A L  A A A  A  

L  L  L  H  L  L  Z L  A A A A  A  

H  H  H  H  A A A A A A A A  A  

 
Table.2 CTL table 

・Short Circuit Protection Circuit(SCP) 

Output short protect circuit with timer latch. When output of any channels drop, output of error amplifier rises. And after it 
reaches to 3.0V (typ.), SCP block start to charge the output capacitor at SCP terminal with current of 5uA output of all 
channels stop when the terminal voltage of SCP reaches to 0.5V. To release short circuit protection latch state, turn CTL 
terminal to “L” level and return to “H”, or restart power supply. When you don’t use short circuit protection, connect SCP 
terminal to GND. Refer to p.11, 12 about timing chart of SCP operation. 
 

・Undervoltage Lock Out(UVLO) 

Undervoltage lock out prevents IC malfunctions that could  otherwise occur due to power supply fluctuation at power on 
or abrupt power off. This system turns off output of each channel and fix the output voltage of error amplifier to “L”  when 
the VCC voltage becomes lower than 3.4V(typ.), or anyone of VREGA, VREGD voltage becomes lower than 3.0V(typ.) 
Threshold voltage of each UVLO has hysteresis of 0.1V to prevent malfunctions in transient swing of power supply 
around threshold voltage. Refer to p.10 about timing chart of UVLO operation. 
 

・Thermal Shut Down(TSD) 

The thermal shutdown circuit is protection the IC against thermal runaway and heat damage. When the temperature 

reaches to TSD threshold (typ. 175℃), the output of all channels, VREGA, VREGD, VREGB are turned off. Threshold of 

TSD has hysteresis of 25℃ to prevent malfunctions in transient swing of temperature around threshold. Notice is written 

in p.34. 
 

・Power Good Circuit(PG) 

PG is a NMOS open drain form terminal and when SCP is detected, inner NMOS FET  turns on and pull-down with 
350Ω(typ.) Refer to p.11,12 about PG operation. 
 

・CH1,2 Softstart Good Circuit(CH1G,CH2G) 

CH1G, CH2G is inverter output form terminals power supply of them is VREGA and they detect finish of softstart of CH1 
and CH2. When CTL terminal of each channel is L or while output voltage is lower than 90% of setting output voltage 
after CTL terminals are turned on, the output of these terminals is L. And at the end of softstart, when output voltage 
becomes greater than 90% of setting output voltage, the output voltage of CH1,2G terminal turns to H.( As shown in 
Figure. 57, CH1G output turns to L when CTL1 is turned off, but while CH1 is in the stop delay time, output of CH1 
continues.) Note that the output of CH1,2G terminals is kept H when output voltage drops below 90% of setting output 
voltage after softstart finished. Startup sequence of each channel can be controlled by connecting CH1,2G terminals to 
CTL terminals of other channels. Refer to p.30 about timing chart of CH1,2 softstart good function.  

 

・Light Load Mode Control Circuit(SEL) 

Control mode of CH2 and 4 is selected between PWM mode and light load mode by SEL terminal. When voltage of SEL 
terminal is over 2.5V and less than VCC voltage, light load mode is enabled. And when the terminal is open or voltage of 
that is over -0.3V and less than 0.8V, it is disabled. SEL terminal contains pull-down resistor of 400kΩ (typ.) When you 
use this function, we recommend to short SEL terminal to VREGA. 

 

・Over Current Protection Circuit(OCP) 

OCP prevents destruction of IC from over current flow through internal FET in overload situation or output shorted to 
GND by detecting input current. When OCP is detected, output switching duty is down to minimum duty, and thus, input 
current is limited and output voltage decrease. Finally, SCP operates and all DC/DC output stops safely. Refer to p.4 
about detect current limit. About CH3, OCP is detected when output current becomes greater than 1.8A under the 
conditions of VO3 output voltage setting is 5.0V. 
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