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document is marked with the name “Fuijitsu”, the company that originally developed the specification, Spansion
will continue to offer these products to new and existing customers.

Continuity of Specifications

There is no change to this document as a result of offering the device as a Spansion product. Any changes that
have been made are the result of normal document improvements and are noted in the document revision
summary, where supported. Future routine revisions will occur when appropriate, and changes will be noted in a
revision summary.

Continuity of Ordering Part Numbers
Spansion continues to support existing part numbers beginning with “MB”. To order these products, please use
only the Ordering Part Numbers listed in this document.

For More Information
Please contact your local sales office for additional information about Spansion memory, analog, and
microcontroller products and solutions.
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FUJITSU SEMICONDUCTOR
DATA SHEET DS405-00015-1v0-E

ASSP for Power Management Applications

2ch Buck DC/DC Converter + 1ch LDO
with I°C interface and SW FET

MB39C031

B DESCRIPTION
The MB39C031 contains 2ch buck DC/DC converter and 1ch LDO. It is possible to supply the main power
supply line in a system by using only one chip. The current mode system is adopted for the DC/DC
converter, and it is possible to use the chip inductor with the high switching frequency operation which
contains internal SW FET. The MB39CO031 contains the output setting resistor and the the phase
compensation circuit, and contributes to reduce the number of external components and the mounting area.
Also, it contains the CTL input pin which can control the ON/OFF for each CH, the Power Good signal
output pin and the I’C communication interface, therefore it is easy to design the power supply sequence.
It is possible to tune in the output voltage exactly using the I*C communication and possible to correspond
to the DVS/ASYV system.

® FEATURES
* Operating input voltage range:2.5V to 5.5V (Maximum rating: 7V)
+ Output voltage setting range, Maximum output current: DD1*:1.0V to 1.3V (20mV/step), 1.4A (DC)
DD2*:1.2V to 1.95V (50mV/step), 0.6A (DC)
LDO:2.8V/2.85V/3.0V/3.3V, 0.25A (DC)
Note: Each channel has selective preset voltage (Lineup for a total of 32 kinds) .
* Soft-start time setting range: 0.9ms to 14.3ms (approximately 0.9ms/step)
+ Switching frequency for the DC/DC block:3MHz (fixed)
- Communication interface: I*C (ON/OFF, Output voltage, Soft-start time setting)
* Built-in PFM/PWM auto switching mode
* Built-in function: Output setting resistor, Phase compensation circuit, Discharge resistor, Soft-start
+ Each Channel Power Good output function (Open-drain)
* Protection function: Under voltage lockout protection circuit (UVLO), Over current protection circuit
(OCP), Thermal shutdown protection circuit (TSD)
* Error signal output pin installed (Open-drain)
*+ Small package: QFN28 (4mm x 4mm x 0.8mm, 0.4mm pitch)
*: DD1,DD2 : DC/DC converter block 1, 2

H APPLICATION

* Network equipment: Wifi-tuner, Surveillance camera

+ Data-storage device: HDD, SSD, Picture recording equipment

+ Image and voice output equipment: MFP, Printer, Scanner, Projector, Electrophone, STB
+ Various terminals: POS, FA, HEMS etc.

Copyright©2013 FUJITSU SEMICONDUCTOR LIMITED All rights reserved FU] ITSU
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B APPLICATION CIRCUIT EXAMPLE

Vin
5.0V
MB39C031
1.5uH Vo1
PVCC1 LX1 19V 14A
Rl o
* PGND1 10uF
L L L 1 ;; M
4.7uF )_|—n4.7|JF ;4.7pF ; 1 5uH
i Vo2
VCC LX2
R LCCIN 1.8V 0.6A
0.1uF j; 0.1uF T gl 7—_;10|JF
—{cTL1
LDO
CTL Signal = { R LDO 3.3V 0.25A
—cTLMAIN 104F
—{vceize ™
l2C Signal —> «[ i T
—| ADDSEL %100@1 00kS100kS100k
VR PG1 |—*
0.47pF | 0.10F [ |VREF P2
I i ERR
GND
JH: GND

)
2 FUJITSU DS405-00015-1v0-E



B RECOMMENDED APPLICATION SPECIFICATIONS

[Input Voltage Range]

MB39C031
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Input voltage VCC (V)
Min Typ Max
2.5 3.6 5.5
[Output Specification]
(Ta=+25°C)
OQutput| Limit
T |5 5 | Outeut voltage curant Current itchi i
Y% ; -
2 S 8 ) Switching Coil Output |Soft-start|Discharge
S S 5 (mA) | (mA) Mode |frequency capacitance| time |resistance| Remarks
s5lal 8, . MH) | P T GR ] me) | ko)
o < | Min|Typ |Max| Max | Min
0.99*(1.00%(1.01* 14.3
1.01[1.02|1.03 0.9%
1.03 | 1.04 | 1.05 1.8
1.05]1.06 | 1.07 2.7
1.07|1.08{ 1.09 3.6 Built-in SW
FET
* * *
1.09%(1.10%|1.11 45 Built-in
LIT| 112113 Buck 54 output setting
1.13|1.14 | 1.15 6.3 resistors
DDI | Vol |+1.2% 1400 | 2000 [SYnchronous 1.5 10 5 ‘
1.15]1.16| 1.17 rectification) 7.2 Operation
117|118 | 1.19 C-mode 8.1 mode
1.19%[1.20%[1.21* 9.0 switching
(Fixed PWM,
121122123 9.9 PEM/PWM)
123)1.24| 125 10.8
124126128 11.6
1.261.28|1.30 12,5
1.28%|1.30%|1.32* 13.4
1.19%(1.20%(1.21* 143
124125127 0.9%
128130132 1.8
1.33%(1.35%(1.37* 2.7
138(1.40 | 1.42 3.6 Built-in SW
FET
143 145|147 45 Builtin
148* 150* 152* Buck 54 output SCttil’lg
1.53|1.55|1.57 6.3 resistors
DD2 | Vo2 |+1.2% 600 | opp |[Synchronous 5, 1.5 10 5 _
1.58]1.60| 1.62 rectification) 7.2 Operation
1.63]1.65]1.67 C-mode 8.1 mode
1.68(1.70| 1.72 9.0 switching
(Fixed PWM,
1.73]1.75 | 1.77 9.9 PEM/PWM)
1.78*(1.80*|1.82* 10.8
1.83]1.85|1.87 11.6
1.88[1.90 | 1.92 12,5
1.93[1.95|1.97 13.4
o)
DS405-00015-1v0-E FU][TSU 3
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Qutput| Limit
_ _ >, | Output voltage tlc t
2|3 3] ) currentf Lurren Switching| . | Output |Soft-start|Discharge
S [ 5 (mA) | (mA) Mode |frequency capacitance| time |resistance| Remarks
5|a| 8 MHz) | B R ms) | k)
O < |Min|Typ|Max| Max | Min
2.7512.80 | 2.85 14.3
2.80*(2.85*(2.90* 0.9
2.9513.00 | 3.05 1.8
3.24*(3.30%(3.36* 2.7%
- - - 3.6
- -] - 45
- - - 54
- - - 6.3
LDO |LDO | £1.8% 250 300 LDO - - 4.7 5
- - - 7.2
- - - 8.1
- - - 9.0
- - - 9.9
- - - 10.8
- - - 11.6
- - - 12.5
- - - 13.4

*: Preset value

Note: It is possible to set the output voltage and to change the soft-start time using I°C.

)
FUJITSU
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H PIN ASSIGNMENT

(TOP VIEW)
O
O ¥ O o o4 o o
Z
S F & 8 B L &
ctLt [1 ] [ 21] cTL2
/

PG1 [2 ] [ 20| PG2
PGND1 3 | | 191  PGND2
X1 [4 ] Top View [ 18] Lx2
IN1 6 | EP(Exposed Pad) E IN2
CTLMAIN [7__| [ 15| VREF
o o] Lol Ll fef fo] L
— |
S & o 3 m 2 ¢
> O w ) 8 ©)

g )

<
(LCC-28P-M70)
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m PIN DESCRIPTIONS (PKG)

PAD
o Numb| Pull- PAD PAD PAD treatment
Circuit | 5. erof | Pin Description | down | treatment | treatment | treatment | when not
Pin name| I/0 . 2
block pin for| No (PKG) resista| when not | when not | when not | using I°C
PKG nce |using DD1|using DD2| using LDO |communic
ation
DD1-Output voltage GND
IN1 1 6 I , - _ ; ; -
feedback pin. connection
DD1-Output block VCC
PVCCl1 1 5 - . - . - - -
power supply pin connection
DD1-Pin for
DD1 LX1 1 4 (0] inductance - Open - - -
connection.
DD1-POWERGOOD
PG1 1 2 (6] . - Open - - -
output pin
DD1-Output block GND
PGND1 1 3 - . - ] - - -
ground pin connection
DD2-Output voltage GND
IN2 1 16 | 1 , - - ' ; ;
feedback pin. connection
DD2-Output block VCC
PVCC2 1 17 - . - - i - -
power supply pin connection
DD2-Pin for
DD2 LX2 1 18 (6] inductance - - Open - -
connection.
DD2-POWERGOOD
PG2 1 20 (6] . - - Open - -
output pin
DD2-Output block GND
PGND2 1 19 - . - - . - -
ground pin connection
LDO-P )\ vCC
PVCCL 1|26 |- | T TONESIPRY - - - _ -
pm connection
LDO LDO 1 25 (0] LDO-Output pin - - - Open -
LDO-POWERGOOD
PGL 1 24 (6] . - - - Open -
output pin
CTLI1 1 1 I | DDI Control pin O] Open - - -
CTL2 1 21 I | DD2 Control pin o - Open - -
CTL CTLL 1 23 I | LDO Control pin O - - Open -
Control pin for
CTLMAIN 1 7 I | common block and o - - - -
digital block *
ERR signal output
ERR ERR 1 27 (6] R - - - - -
pin
o | 9 i onwer supply pin for i i ) ) GNP
I"C. connection
SCL 1 10 I | I°C clock pin x - - - Open
I’C
SDA 1 11 | YO | I’Cdata /O pin x - - - Open
Switch pin for slave
ADDSEL 1 12 I o - - - Open
address

6 FU(]{i)TSU DS405-00015-1v0-E
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PAD
o Numb| Pull- PAD PAD PAD treatment
Circuit Pin name| & of | Pin e Description | down | treatment | treatment | treatment | when not
block pin for| No (PKG) resista| when not | when not | when not | using I°C
PKG nce |using DD1|using DD2| using LDO |communic
ation
8, Control circuit block
VCC 2 - . - - -
28 power supply pin
Reference voltage
VREF 1 15 o . - -
(2.4V) output pin
Common
Reference voltage
VR 1 14 (0] . - -
(0.6V) output pin
13, Control circuit block
GND 2 - . - .
22 ground pin
- GND 1 EP - Ground pin - - -

*: When turning on DD1, DD2 and LDO, it is also necessary to set CTLMAIN to "H". See BOPERATION
MODE LIST for the details.

)
DS405-00015-1v0-E FUJITSU 7
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H BLOCK DIAGRAM

VCC:2.5V to 5.5V

g

U clk1/2

<<DD1>> PVCC1
‘ e— pEl A
PWM QP
Logic | AST ww—4—-() Vo1:1.00V to 1.30V
(——>{Control I (20mV step)
v lo(Max):1400mA
CNV
SLP -
lstcm ik
= VCCﬁ FE; ’—1
3 ®
? PWM ?
Logic | AST X2 wr——e) Vo2:1.20V to 1.95V
ontrol (50mV step)
o ! lo(Max):600mA
CNV PGND2,
SLP —
T
PG2
2 Oaepa Do
PVCCL
+ LDO:2.80V/2.85V/
3.00V/3.30V
LDO lo(Max):250mA
T
=+
UVLO
[POR]
PGL S
csl vsell sepl.
VREF
T
Logic control
block
- cti1
{0 cti2
-0 ctl
s [ | =
i Common block
ctimain
! e
Output volt: C block
SRy mer vee
VR,0SClogic power supply | | oo 8GR
VREF
Reference
M 0.6V
O : Pin

GND

VR

VREF

(2.4V) 71; (0.6V) ;

)
FUJITSU
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B ABSOLUTE MAXIMUM RATINGS
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Parameter Symbol Condition . Rating Unit
Min Max
Power supply voltage Ve ;/\sg’ci?]\c/g é’ég;ﬁi’ - 7 v
Vere | CTLMAIN, 1, 2, L pins - 7 A%
Input voltage Vour IN1, IN2 pins - 7 A%
Vlogic | SDA, SCL pins - 7 A%
LX voltage Vix LX1, LX2 pins -0.3 +7 v
Ta <+25°C
Power dissipation Pp Thermal resistor value - 1720 mW
(6j-2):(50°C/W*)
Storage temperature Tsta - -55 +125 °C
*: When mounted on a QFN28 (LCC-28P-M70) PKG, 4layers 0.8mm thickness 117mm x 84mm
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.
)
DS405-00015-1v0-E FU][TSU 9
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B RECOMMENDED OPERATING CONDITIONS
Value

Parameter Symbol Condition Min Typ Max Unit

Power
supply Vee VCC pin 2.5 3.6 5.5 A%
voltage

Reference
General | voltage
output
current

IREF VREF pln -1 - 0 mA

Ir VR pin -1 - 0 pA

Operating

- _ + + o
emperature | T2 30 25 85 C

Power
supply Ve VCC, PVCC1, PVCC2 pins 2.5 3.6 5.5 A%

DC/DC
voltage

CH

Input

voltage
P L pi

LDO Power VCC, PVCCL pins

CH supply Vee Output voltage setting: default 3.5 3.6 5.5 \Y%
voltage (3.3V)

CTL Input
block voltage

Vour IN1, IN2 pins 0 - VCC Vv

VCTL CTL* plIl 0 - VCC \'

Power
supply Vece VCCI2C pin 1.76 - 3.37 A%

Digital
It
block [
(I°C) Logic
input Vlogic | SDA, SCL pin 0 - VCCI2C A"

voltage
*: CTLMAIN, CTL1, CTL2, CTLL

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
representatives beforehand.

10 FU(]{i)TSU DS405-00015-1v0-E



B ELECTRICAL CHARACTERISTICS

1. Common Block

MB39C031
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(Ta=+25°C, VCC=PVCCl, PVCC2, L=3.6V)

Parameter Symbol Condition . Value Unit
Min | Typ | Max
Vr VR pin =0mA 0.594 | 0.600 | 0.606 | V

Reference Voltage Veer | VREF pin ~0mA 2376 | 2400 | 2424 | V

Block Output voltage -

[VR, VREF] VRER2 VCC pin =2.5V to 5.5V 2.370 | 2400 | 2430 | V

VREFs VREF pin =0mA to -lmA | 2.370 | 2.400 | 2.430 | V

Under Voltage Threshold T

Lockout voltage V1n VCC pin =_a 2,156 | 220 | 2244 | V

Protection Circuit Hvsteresi

Block ?’;ﬁres‘s Vi . - 0.20 - \Y%

[VCC UVLO] wi

Over Current

Protection Circuit | Timer time tocp1 x]/);l)ule, DD2, LDO Default 0.5 1 1.5 ms

Block [OCP]

Thermal

shutdown Stop " o

Protection Circuit | temperature Trsou i ) 150 ) ¢

Block [TSD]

. VCC
A% CTL* - VCC A%
Input voltage " b x 0.7
Control Block Vi CTL* pin 0 - 0.4 Vv
(CTL) Ietin CTL* pin =3.6V 2.7 3.6 5.1 LA
CTL] Input current —

[ Iere | CTL* pin =0V - - 1 HA
Inppt pull-down Ry CTL* pin i | i MO
resistor

IVCCSI CTL* pln =0V - 0 1.0 },LA
CTLMAIN=3.6V
veess | oTL1, CTL2.L pins =0V - 80| 120 1 wA
CTLMAIN, L pins =3.6V
Tvee Only LDO operation No - 200 300 HA
load
CTL* pin = 3.6V
General Power supply all CH No load
(DC/DC block) current Ivee (DD operation mode: 450 680 nA
PFM/PWM mode)
CTL* pin = 3.6V
all CH No load
I - 10.8 | 16.2 | mA
vee (DD operation mode:
Fixed PWM mode)
CTLMAIN, L pin=3.6V
I - 7.2 12.0 A
VECRC | yCCI2C pin = 1.8V H
*: These are not the rated values. Use these values as reference when planning.
e}
DS405-00015-1v0-E FU][TSU 11
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2. DD1, DD2
(Ta=+25°C, VCC=PVCCI, PVCC2, L=3.6V)
Parameter Symbol Condition . Value Unit
Min | Typ | Max
Output voltage setting:
Output voltage Vour | 1.2V 1186 | 120 | 1214 | Vv
IOUT=-10mA
. IOUT=-10mA,
Input stability ViNE VCC=2.5V t0 5.5V -5 - +5 mV
IOUT=-1mA to
-1400mA (when in -10 - - mV
Load stabilit \ Fixed PWM mode)
Y LA OUT=-1mA to
-1400mA (when in -10 - +15 mV
PFM/PWM mode)
INI oin input IN1 pin=1.5V
u
PR P Ry output voltage setting: - 400 - kQ
impedance
DC/DC 1.2V
Converter SW PMOS-Tr ON RPMOS LX1 pin=—30mA _ 0.12* - Q
Block resistance
[DD1] SW NMOS-Tr ON . «
resistance RNMOS LX1 pimn= 30mA - 0.09 - Q
SW PMOS-Tr leak .
cutrent ILE AK LX1 plII:OV -1 - - ]J,A
SW NMOS-Tr leak .
current ILEAK LX1 p1n=3.6V - - 1 H,A
O t tecti
¢ a\;zrecurren protection L L=1.5uH 2000 i i mA
PFM/PWM
reshuffling electric Iprm L=1.5pH - 40* - mA
current
Discharge resistor Rpis - - 5 - kQ
Soft-start time tss Preset value 0.8 0.9 1.0 ms
Switching frequency fosc - 2.7 3.0 33 MHz
o)
12 FU][TSU DS405-00015-1v0-E
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Parameter Symbol Condition . Value Unit
Min | Typ | Max
Output voltage setting:
Output voltage Vour 1.8V IOUT=10mA 1.778 | 1.80 | 1.822 A\
. IOUT=-10mA
Input stability ViNE VCC=2.5V t0 5.5V -5 - +5 mV
IOUT=-1mA to -600mA
(when in Fixed PWM -10 - - mV
mode)
Load stabilit A%
oac SR LoD I OUT=-1mA to -600mA
(when in PFM/PWM -10 - +20 mV
mode)
o IN2 pin =2.0V
.INZ pin input R Output voltage setting: - 300 - kQ
impedance
1.8V
DC/DC SW PMOS-Tr ON .
g?nfner resistance RPMOS LX2 pm =-30mA - 0.16* - Q
oc
[DD2] rsezslt\fr\fcgs'n ON Rawos | LX2 pin = 30mA - |oaax | - Q
SW PMOS-Tr leak .
current ILEAK LX2 pm =0V -1 - - I,LA
SW NMOS-Tr leak .
current ILE AK LX2 pm =3.6V - - 1 },I.A
Overcurrent protection
Va:iue u p ILIMIT L=1 SMH 900 - - mA
PFM/PWM
reshuffling electric Iprm L=1.5puH - 70%* - mA
current
Discharge resistor Rpis - - 5 - kQ
Soft-start time tss Preset value 0.8 0.9 1.0 ms
Switching frequency fosc - 2.7 3.0 33 MHz
*: These are not the rated values. Use these values as reference when planning.
o)
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3. LDO
(Ta=+25°C, VCC=PVCCI1, PVCC2, L=3.6V)
Parameter Symbol Condition . Value Unit
Min | Typ | Max
Output voltage setting : 3.3V
Output voltage Vour IOUT=-10mA 3.241 | 3.300 | 3.359 A%
I/O voltage _
difference Vorr IOUT=-10mA - - 0.20 \Y
IOUT=-10mA
Input stabilit \Y ’ -5 - +5 \Y%
fiput StabIty UNE | VCC=3.5V to 5.5V m
Load stability VLoaD IOUT=-1mA to -150mA -30 -20 - mV
LDO . PVCC_L=0.2Vrms, =10Hz, 35 75 i 4B
Block Ripple remove RR IOUT=-150mA
ti PVCCL=0.2V f=10kH
[LDO] ratio CC Tms, Z, 15 50 ) 4B
IOUT=-150mA
Overcurrent
protection value T Voutx0.9 300 ) ) mA
Control macro Tpveers At stand-by - 0 1 LA
consumption
current IPVCCL IOUT=0mA - 80 105 I,LA
Discharge resistor Rpis - - 5 - kQ
Soft-start time tss Preset value 2.4 2.7 3.0 ms

)
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4. Digital Block
(Ta=+25°C, VCC=PVCCI1, PVCC2, L=3.6V)
Parameter Symbol Condition . Value Unit
Min Typ Max
Output PGl, PG2, L pins
voltage Vou Ioi=1mA ) i 04 v
Output .
POWER-GOOD | current ToL PG1, PG2, L pins 1 - - mA
Block Low-voltage v IN1, IN2, LDO Vo x N
[Power Good ] detection th pins= Y ) 0.75* )
Power-on IN1, IN2, LDO Vo x
detection Vi . r - % - v
voltage pmns =.a 0.85
Output ERR pln IOL =
Error Block voltage Vo ImA ) ) 04 v
[ERR] Output .
current ToL ERR pin 1 - - mA
SCL, SDA pins VCCI2C x
Vi | veene=3.av 0.7 ) veeRe v
Input voltage -
v SCL, SDA pins 0 i VCCI2C x v
| vecene=3.3v 0.3
SCL, SDA pins
| yeene=3.3v ) ) 10 HA
Input current SCL. SDA oi
I°C Block , pins ) _ -
el ¢ I veene=3av 10 HA
Output SDA pin I,
voltage Vo =3mA ) ) 04 v
Output .
current ToL SDA pin 3 - - mA
Input
pull-down Rp ADDSEL pin - 1 - MQ
resistor
*: These are not the rated values. Use these values as reference when planning.
)
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B OPERATION MODE LIST

Mode Stand-by | Stand-by 2 General ERR.
detection
CTLMAIN (External) L H H H
2

CTL Signal CTLI (External / 12C) L L H/L X

CTL2 (External / I"C) L L H/L X

CTLL (External / IZC) L L H/L X

General OFF ON ON ON

Digital Block OFF ON ON ON
Operation OSC, VR Block OFF OFF ON*? OFF
Block DDI1 OFF OFF ON/OFF OFF

DD2 OFF OFF ON/OFF OFF

LDO OFF OFF ON/OFF OFF
I’C

L I>C communication Disabled Enabled Enabled Enabled

Communication

Thermal shutdown . . . "
Protection Protection (TSD) Not available | Not available Available 1
Operating (C();/(e:;)furrent Protection Not available | Not available Available *1

*1: This is the state after detection of ERR. It is possible to release the ERR detection mode by turning the power
supply on again or turning CTLMAIN on again.

*2: When only LDO is operating, the OSC block stops (OFF) after LDO activation. Also, the VR block keeps
operating (ON) after LDO activation.

Priority of the external pin/I’C communication for CTL1, CTL2 and L

CTLMAIN CTL* . 2 CTL*. . Relevant CH
(External pin) (External pin) (I“C communication)
H H H Unavailable
H H L ON
H L H ON
H L L OFF
L X Communication disabled OFF

*: + The I’C communication is enabled after the common block and digital block activation setting the external
CTLMAIN pin to "H".

* When executing the ON/OFF control for DD1, DD2 and LDO using the external pin, don't execute the
ON/OFF control using I*C. Aside from the ON/OFF control, it is possible to control everything else using
I’C.

* When executing the ON/OFF control for DD1, DD2 and LDO using I°C, input "L" to the CTL* pin (the pin
is open or in the GND connection condition).

16 FUﬁTSU DS405-00015-1v0-E



B STATE TRANSITION DIAGRAM

MB39C031

Stand-by

Error
detection

(1) External CTLMAIN pin "H"

(2) External CTLMAIN pin "L"

(3) External CTL pin "H" / I’C communication "relevant CH_ON"
(4) External CTL pin "L" / I’C communication "relevant CH_OFF"
(5) Error detection (OCP, OCP_1ms continuation)

(6) Turning on the power supply again (equal to or less than uvlo_vcce reset voltage) or setting CTLMAIN to "L"

Notes: * When executing the ON/OFF control for DD1, DD2 and LDO using the external pin, don't execute the
ON/OFF control using I’C. Aside from the ON/OFF control, it is possible to control everything else

using I°C.

* When executing the ON/OFF control for DD1, DD2 and LDO using I’C, input "L" to the CTL* pin

(the pin is open or in the GND connection condition).

DS405-00015-1v0-E FUﬁTSU
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B TURNING ON AND OFF SEQUENCE (Turning ON CTL*:CTL1, CTL2,
CTLMAIN=VCC Simultaneously)

2.2V 2.0V
vce 3 3

veeize o/

uvlo_vcc +

(IC internal signal)
VREF 4 2.4v

VR . T0% 0.6V N
osc i i nn nn ‘
(IC internal signal) : ”I” “l”l“““““””“”liji_ _Eijd-l_nm-”—m

ctl* |
(IC internal signal) |

; 85% \
DDA | L |

PG1 | [
T e i
DD2 g w E 1\
PG2 |
UVLO release to DD*activation ;
Time till start * Soft-start time
Typ:200uS
Max:300uS

*: VREF and VR activations depend on the VREF pin capacitance and VR pin capacitance.
Time in the sequence figure above is applied for the following condition.
* VREF pin capacitance  : 0.1uF
* VR pin capacitance : 0.47uF

18 FU(]{i)TSU DS405-00015-1v0-E
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B CTL* TURNING ON AND OFF SEQUENCE 1 (VCC — CTL*: CTL1, CTL2,

CTLMAIN)

VCC 38V

VCCI2C ov

CTL*

uvlo_vce ; +

(IC internal signal) | |

VREF i/

VR 75 90%

osc |

ctl* |

(IC internal signal)! ”I””“””“|||”“||”“||I

(IC internal signal):

Lo )

\ L o |

DD1
PG1
DD2
PG2
Turning on CTL* to DD*
activation i Soft-start time
Time till start *
Typ:270uS
Max:450uS

. A S

: VREF and VR activations depend on the VREF pin capacitance and VR pin capacitance.

Time in the sequence figure above is applied for the following condition.

* VREF pin capacitance  : 0.1pF
* VR pin capacitance : 0.47uF

DS405-00015-1v0-E
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B CTL* TURNING ON AND OFF SEQUENCE 2 (VCC—CTLMAIN—-CTL1—-CTL2)

VCC 36V

VCCI2C v

CTLMAIN

uvlo_vece +

(IC internal signal)é !
VREF L/ 2.4V

CTL1 >

VR T 90% 0.6V 1 N
i nn ' nn :
ose (0 intermal signan  [|JL|[UULIULULAALAL gy

P2
ctl1 (IC internal signal) <Q>

' 5 85% | . Discharge
DD _— s ;

N |

. A

e Soft-start time

CTL2

ctl2 (IC internal signal) : I

E\ J Discharge

PG2 — |

I
» !
>

DD2

Al

Soft-start time

(1) Time from turning on CTLMAIN to VREEF activation completion (=communication enabled)*
Typ: 130pS, Max: 200uS

(2) Time from turning on CTL1 to ctll (IC internal signal) "H"
Typ: 150pS, Max: 250uS

*: VREF and VR activations depend on the VREF pin capacitance and VR pin capacitance.
Time in the sequence figure above is applied for the following condition.
* VREF pin capacitance  : 0.1puF
* VR pin capacitance : 0.47uF

20 FUﬁTSU DS405-00015-1v0-E
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H CTL* PIN THRESHOLD VOLTAGE
The input circuit structure for the CTL* pin is the schmitt trigger style, and the threshold voltage shows the
hysteresis characteristics when CTL* OFF — ON and ON — OFF. (See "-CTL* pin equivalent circuit
diagram" below.)

Also, the threshold voltage level depends on the VCC pin voltage.
Moreover, make sure to input either the "H" level (>"VCCx0.7"V) or "L" level (<0.4V) to the CTL* pin
when in use.

+  CTL* pin equivalent circuit diagram

. N
The CTL threshold voltage

shows the hysteresis

characteristics.

VCC *

ESD protection A
element

CTL*

ESD protection A
element

GND d

)
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B PROTECTION OPERATION SEQUENCE

* DD channel
The DD channel monitors the FET current peak value at any time during the operation. When the DD output
becomes the over current state, the output voltage is decreased. Afterward, the timer operation is performed
and the output stops after about 1ms progress.

+ LDO channel
It contains the fold-back type over current protection circuit in order to prevent destroy because of the over
load and the output over current. It limits the output current and the output voltage from the peak around the
over current protection value for LDO (ILIMIT) to the over current current (Is).
At this time, if the output voltage Vo gets lower than the detection voltage Vd (Vd: Vox0.5), the timer
operation starts and the output stops after about 1ms progress. Moreover, because the over current protection
circuit does not operate at the soft-start (0V to Vo x 0.7), neither the output stops nor the error signal outputs.
However, the fold-back type over current protection characteristic functions. The following shows the
fold-back type over current protection characteristic.

o Output voltage setting value

8 Vo 'y Vo /p 9 9

© /'y

‘; Vox0.5 Vox0.7

= v

3 Vd /’ Vox0.9
/ \ 4 . >
Is  ILmax ILIMIT i Soft-start t

Output current lo Over current pro{e;:tion Over current protection
circuit stop circuit operation
(no stop output) (stop output)

Fold-back characteristic over current function
(over current limit operation)

* Thermal shutdown protection
If the temperature at the junction part reaches +150°C, the thermal shutdown protection circuit turns all

channels off.

22 FUﬁTSU DS405-00015-1v0-E
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+ Error detection sequence

DD1, DD2, LDO The whole IC
R Normal Normal
"| operation operation
Over current Thermal
detection shutdown
protection
Voltage drop
1ms
Continue for 1ms?

ERR detection mode
ERROR signal output (ERR pin)

+ ERR detection mode release
It is necessary to turn the power supply on again, or to turn CTLMAIN on again to release the ERR detection
mode.

)
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B OPERATION CONDITION, STOP CIRCUIT AND RELEASE CONDITION FOR
PROTECTION CIRCUIT

Operation Thermal
) Over voltage
Channel whilst rotection Under voltage lockout shutdown
under P (OCP) protection (UVLO) protection
protection (TSD)
Operating condition: Operating condition:
After about 1 ms progress in Chip temperature
the over current condition increment
Process during protection Process during
DDI1, DD2 Discharge | operation: . .. protection operation:
’ Operating condition: Input
1) Powre}; supply re.asserted Proces.s dPring protection Refovery condition:
(2) CTLMAIN reasserted ODFSYIatB’B-z LDO stop (1) Power supply
> > reasserted
Operating condition: Recover}'f condition: Input (2) CTLMAIN
After about 1ms progress in voltage rise reasserted
the over current condition
Process during protection UVLO operates only Only when
. operation: when CTLMAIN is "H" ‘s
LDO Discharge DDI, DD2, LDO stop (normal operation) ?T"LMAIN is in the
R dition: H" state and one of
( 1‘;°1‘)’V6ry con ‘11"“‘ CTL1, CTL2 or Lis
ower Supply in the "H" state, TSD
re-asserted will operate
(2) CTLMAIN reasserted P '
"L" output when detecting
ERR output "L" output when
(ERRpin) - OCP at CH of DD1, DD2, No change detecting TSD

or LDO

Thermal shutdown protection (TSD) operation during over current protection timer operation

When the thermal shutdown protection (TSD) operated during the over current protection (OCP) timer
operation, the thermal shutdown protection has priority.

Operation when releasing under voltage lockout protection (UVLO)

DD1, DD2 and LDO: Activation following the condition for CTL* pin

(o0}
FUJITSU
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B DD SOFT-START OPERATION

The soft-start operation for DD1, DD2 and LDO is enabled in order to prevent the rush current during the
DD activation. The soft-start time can be controlled by I*C.

Soft-start control: enabled to set at DD1, DD2 and LDO

+ DD, LDO soft-start

Output voltage
setting value

Soft-start time

A

CH ON/OFF signal (internal signal)

v

—

)
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H DISCHARGE OPERATION
* DD channel

When executing the DD OFF operation at the CH ON/OFF signal, the DC/DC smooth capacitance charged
for each output voltage is discharged using resistor for discharge which is set in the IC and the output voltage
is decreased gradually. However, the discharge time changes depending on the DC/DC converter load current.
The discharge time is calculated by the following equation.

Discharge time (time till the output becomes 10% without load)
toff(s) = 2.3 x Rps X Cout(F)

Note: See the table in BELECTRICAL CHARACTERISTICS for the discharge resistor value.

INx

®—0)

vy

R13 = Resistor for discharge

A

PVCCX
)

\J

Vo /2 Error — @

R2Z
Amp

T 7T > LXx
+
06V - 7;|7;Cout

PGNDx

v

CH ON/OFF Cont.

« LDO channel

When executing the LD OFF operation at the CH ON/OFF signal, the output capacitance charged for the
output voltage is discharged using resistor for discharge which is set in the IC and the output voltage is
decreased gradually. However, the discharge time changes depending on the output load current. The
discharge time is calculated by the following equation.

Discharge time (time till the output becomes 10% without load).
toff(s) = 2.3 xRpisx Cout(F)

Note: See the table in BELECTRICAL CHARACTERISTICS for the discharge resistor value.

PVCCL

M
O.GV%

\AAS
AAN
\AAS

Resistor for discharge =

e

CH ON/OFF Cont.

A
g Wy
Q
[e]
c
=8
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B PG1/PG2/PGL PIN AND ERR PIN
The following pins for each CH POWER GOOD output are prepared.

* PGl
It is the pin for DD1 POWER GOOD output.
When the output voltage exceeds 85% of the setting value at the DD1 ON mode, "H" is output.
Also, when the output voltage becomes equal to or lower than 75% of the setting value after the "H"
output, "L" is output.
"L" is output at the DD1 OFF mode.

*PG2
It is the pin for DD2 POWER GOOD output.
When the output voltage exceeds 85% of the setting value at the DD2 ON mode, "H" is output.
Also, when the output voltage becomes equal to or lower than 75% of the setting value after the "H"
output, "L" is output.
"L" is output at the DD2 OFF mode.

*PGL
It is the pin for LDO POWER GOOD output.
When the output voltage exceeds 85% of the setting value at the LDO ON mode, "H" is output.
Also, when the output voltage becomes equal to or lower than 75% of the setting value after the "H"
output, "L" is output.
"L" is output at the LDO OFF mode.

The following pin for the error state output is prepared.
*ERR pin

It is the pin for the error state output. "L" is output during the error detection mode.
The ERR detection mode is released by turning on the power supply or CTLMAIN again.

)
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m I°C INTERFACE

1. Structure of I°C interface

The I°C interface executes the data communication in 1 byte (8-bit) units using two signal lines (bus), a SCL
(serial clock line) and a SDA (serial data line).

This bus is connected to multiple devices;
master: device to generate the clock signal and to control the data transfer (CPU and so on)
slave: device that an address is specified by a master.

This IC is set as the slave and has no function to be the master.

Each device is defined due to the communication direction as described below.
transmitter: device to send data to bus
receiver: device to receive data from bus

The IC has the function both transmitter and receiver.

SCL
SDA A

transmitter
\l/ receiver

\L receiver

master

slave1

1\ transmitter

slave2

The IC defines the followings;
Write : data is transmitted from master and the IC receives data

Read : The IC transmits data and master receives data.

2. Definition of signal lines

SCL and SDA are connected to the power supply by the pull-up resistor.
The output circuit is the open Drain output.
When a bus is not used (waiting state), the open "H" is set changing the open Drain to the OFF state.

Note: SCL and SDA pins adopt a different ESD protection system from standard I’C specification because of
ESD enhancement (see l1/O CIRCUIT TYPE).
When the power supply is in the bus line, don't shut off the power supply for an IC (VCCI2C).

I2C bus line power supply

SCL

e

SDA

Ins

4[>—> input

ide of IC

—> |—<— output

input

)
FUJITSU
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3. Validity of data

Data has the following characteristics;
change when SCL is the "L" level
valid if the state is kept while SCL is the "H" level.

Moreover, the SDA signal change means the start or stop condition when SCL is the "H" level.

4. Definition of start and stop condition

The start and stop conditions are output from the master and shows start and stop of communications to the
slave.

Start : SDA changes from "H" to "L" when SCL is "H".
Stop : SDA changes from "L" to "H" when SCL is "H".

SCL | | | |

| - |

| | _ _ | |
| |

SDA I I I I
| I - - I

I g1 I p |

start stop
condition condition

)
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5. ACK signal

This is a signal to confirm the data reception during communication.

The receiver replies the ACK signal to show the data reception to a transmitter every time 1 byte (8-bit) of
data is received. The ACK signal is sent in 9clk after sending data 8-bit matching to the SCL signal that the
master generates.

A transmitter keeps SDA output "open H" in SCL9clk.

A receiver informs the data reception situation to a transmitter outputting the followings in SCL 9 clk ;
when data was received : SDA output "L" (ACK)
when no data was received : SDA output "open H" (NACK)

However, if the master is changed to the receiver, ACK is not replied after the last data reception because the
bus keeps open stopping the data transmission to the slave transmitter. In this case, the slave transmitter
opens the bus (open H) and is set to the stop condition reception waiting state from the master.

scL \ / 1\ / 8 / 9 10
from master _ | |
_—— | |
| |
SDA \ /  bito X X bit7 / |Hhold \ bit0
by transmitter - | |
' NACK,

SDA : |
by receiver

Re)
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6. I°C Interface Input Timing

MB39C031
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(within recommended operating conditions)

Value
Parameter Symbol SCL=100kHz SCL=400kHz Unit
Min Max Min Max
SCL clock frequency fSCL - 100 - 400 kHz
Start condition hold time tHD:start 4.0 - 0.6 - us
Restart condition setup time tsUstart 4.7 - 0.6 - us
Stop condition setup time tSU:stop 4.0 - 0.6 - us
Stop to Start bus open time touf 4.7 - 1.3 - us
SCL "L" time tLow 4.7 - 1.3 - us
SCL "H" time tHigh 4.0 - 0.6 - us
SCL/SDA rising time t, - 1.0 - 0.3 us
SCL/SDA falling time te - 0.3 - 0.3 s
Data hold time tHD:data 0.0 - 0.0 - us
Data setup time tSU: data 0.25 - 0.10 - us
SCL/SDA capacitor load Gy - 400 - 400 pF
*  VIH/VIL level reference
+ Conform to I°C bus specifications
tr tf
S E EtHighi E tLow E Sr P
b 1S > b v
seL—— i ii/_\ii )\ 7\ S
bl /i 0\ L | ! P i o
b ! o i - b - N PN
SDA —i | T\~~~ ——1 -———- i
B 1 st St W A W
— |: - P =
> i< Sl ol e ol e > i<
tH'D:st'art tsu:data tHD:data tS'U:st'art tS’U:st’op
o)
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7. Slave Address

This is a slave address when communicating with the I°C interface.

The slave address of this IC is set by the first seven bits as shown below.

The seventh bit follows the ADDSEL pin and "0"/"1" are variable.

The eighth bit is called the least significant bit (LSB) and determines the message direction. The bit "0"
shows that information will be written from the master to the slave.

The bit "1" shows that the master reads information from the slave.

This does not support the general call address.

* When the ADDSEL pin is in "H"

slave address
A
o ~ S
A ol 1ol 1| 1] 1] 1 |[RwW CT)
R P
T MSB LSB
* When the ADDSEL pin is in "L"
slave address
A
S| — ~ s
U T
A 0 1 0 1 1 1 0 |RW o
R P
T MSB LSB

)
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8. Bit structure of data on I°C interface

(1) Writing data to register and reading data

The data line is sent/received in the order from the most significant bit (MSB) to the least significant bit

MB39C031

(LSB).
S

T S
A A . A AT
R slave address c reglsterjiddress c )ata\ e
T NK NK O K P

No. 1 2 3 4 5 6 7 8 12 3 4 5 6 7_8 1. 2 3 5 6 8

I I I I I 1 1 1 1 1 1 1

| I B | | I I B B | | IS IR R I N B |
o 1lo]111 1111 |w |olololo,lolo1 0| albicidlelfigih m

*When the ADDSEL pin is in "H"
Register
DATA -
e
—
D06 D05 D04 DO3 D02 D01 DOO
024 a b (o] d e f g h
address < 104
114
-

Output the "stop" condition after sending the Write data.

DS405-00015-1v0-E
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(2) I’C Interface Data Format
I°C communication

1.

2.
3.
4.

When a different slave address comes, non-matching ID is informed by not replying ACK after receiving
the slave address.

All registers write to internal registers in the ACK signal after receiving the 8-bit data of each setting.

If a non-existing register address is specified, data is not written to a register.

Output the "stop" condition after sending the write data.

< During write (W)>
S
T S
A slave address A register address A DATA 1 data Al
\% i
R A C N c N c 9
T/ N\NK /7 N\ KO NK P
[ T T T 1T 11
1 [ I N [ O I N
S|Of1[0]j1111111]W . L P
*When the ADDSEL pin is in "H" ~1 |:|
| |:Signal that master sends : Signal that the IC sends
L

Write is allowed per one address. (sequential writing is not allowed.)
Send register address and data as one unit.

< During read (R) >
S S
T T S
A A A A A AT
C C C C
$ slave address K registeraddress $ slave address K data K ?
s I @ Y - )
| IO R I Y N B | 1 I 1111 11
I | | | [ | | [ T I T | | | | | | 1 [ T T B I | |_|
sjoj1]o]1t1t11]w Prrrr 1'11'1R prr e P
*When the ADDSEL pin is in "H" *When the ADDSEL pin is in "H"
1
| | : Signal that master sends : Signal that the IC sends
L

Read is allowed per one address. Be sure to perform read by specifying the register addresses.
(sequential reading is not allowed.)

FUﬁTSU DS405-00015-1v0-E
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B STRUCTURE OF I°C INTERFACE AND DATA

+  Register map

DATA Writing
address =157 77406 [ 405 | d04 | 403 | d02 | o1 | d00 | Default | timing Remarks
00,*
05,*
00y | x| x| x| x |D03|D02| D01 |DOO| " ack | PP!outputvoltage
O0AL* setting
OF,*
Output 00,*
voltage 03,*
oly | X | x| x | x | Dpo3|Do2|Do1 | DOO " ack | PD2 output voltage
06* setting
0C,*
LDO output volt
02y | x| x| x| x| x| x |pot|poo| o3 ACK O output voltage
setting
DDI soft- i
10, | X | x| x| x |D03|D02|D01|DO00]| o01, ACK I soft-start time
setting
Soft 01y*/ DD2 soft-start time
Sart My [ X | X | X | X |D03| D02 | DOI|DOO| ot ACK | ting
LDO soft-start ti
12 | x| x| x| x |Dpo3|poz2|poi|Dpoo| 03 ACK o soft-start fime
setting
DD1, DD2 operation
DD -

. mode setting
operation 20y X X X X X X | D01 | DOO 00y ACK "0": Fixed PWM mode
mode ' ’

"1": PFM/PWM mode
DDI1, DD2, LDO
output ON/OFF setting
ON/OFF | 30, | X | x | x | x| x | D02| D01 |D00]| 004 ACK | v Output OFF/
"1":Output ON
For test FXg - - - - - - - - - - Disabled

*: The value depends on the preset value.
* Because the "X" block in the register map has no register, "0" is returned when in reading.
* The address FXjy is used for tests. It is normally disabled.

Don't read/write to the FXy; address.
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(1) DD1 and DD2 output voltage control

1. Addresses 00y, 01y are allocated as registers for the DC/DC output voltage control.
2. The DC/DC output voltage control is controlled by writing data to addresses 00y, 01y.

DATA

A
? o N A S
All O 0O | O [Doz|Do2 [Do1 |Doollc g
R K P
T| MSB LSB

address 004 : For DD1 output voltage setting
address 01y : For DD2 output voltage setting
Do3 to Dgo: Set the output voltage

DD1 output voltage setting table

DATA Output voltage
004 1.00*
01y 1.02
024 1.04
03y 1.06
04y 1.08
054 1.10%*
06y 1.12
07u 1.14
08y 1.16
09, 1.18

0A* 1.20%*
0By 1.22
0Cy 1.24
0Dy 1.26
0Ey 1.28
OFy 1.30%*

*: The selectable output voltage setting as preset value.

[Vl

DD2 output voltage setting table

DATA Output voltage
00y 1.20%
01y 1.25
024 1.30
03y 1.35%
04y 1.40
054 1.45
06y 1.50%*
07n 1.55
084 1.60
094 1.65
0Ag 1.70
0By 1.75

0Cy* 1.80*
0Dy 1.85
0Ey 1.90
OFy 1.95

)
FUJITSU
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(2) LDO output voltage control

1. Address 02y is allocated as a register for the LDO output voltage control.
2. The LDO output voltage control is controlled by writing data to addresse 02y.

DATA

A
S| — N S
T AllT
All O 0 0O 0 0 |Do1 | Doo || C o
R K =]
T| MSB LSB

address 02,: For LDO output voltage setting
Do to Dgg: Set the output voltage

LDO output voltage setting table

DATA Output voltage
00y 2.80
01y 2.85%
02y 3.00
03y4* 3.30%* [V]

*: The selectable output voltage using the preset value changing products

)
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(3) Soft start time

1. Address 10y to 12y are allocated as registers for the soft start time control.
2. The soft start time control is controlled by writing data to addresses 10y to 12y.

DATA

A
? / ~
All O 0 0 O | Do3 | Doz |Do1 | Doo
R
T| MSB LSB

address10y: For DD1 soft start time setting
address11y: For DD2 soft start time setting
address12y: For LDO soft start time setting

Dos to Dgo: Set the soft start time

TO-HW!m

Soft start time setting table

DATA1 Soft start time Default setting
00y 14.3mS
01y 0.9mS DDI1, DD2
02y 1.8mS
03y 2.7mS LDO
04y 3.6mS
05y 4.5mS
06y 5.4mS
07y 6.3mS
08y 7.2mS
094 8.1mS
0Ay 9.0mS
0By 9.9mS
0Cy 10.8mS
0Dy 11.6mS
0Eq 12.5mS
O0Fy 13.4mS
o)
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(4) DC/DC operation mode

1. Address 20y is allocated as a register for the DC/DC operation mode control.

2. The DC/DC operation mode is controlled by writing data to address 20y.

MB39C031

DATA
N
S| — R S
T A T
All O 0| O O | O |Dot|Dool|C 0
R K P
T| MSB LSB
address20y: For DC/DC operation mode setting
Dy1 to Dgg: Set the DC/DC operation mode
address Bit Value Description Value Description
204 D00 0* DD1 Fixed PWM* 1 DDI1 PFM/PWM
20y DOl 0* DD2 Fixed PWM* 1 DD2 PFM/PWM
*: It is a preset value.
(5) ON/OFF for DC/DC and LDO
1. Address 30y is allocated as a register for the DC/DC and LDO ON/OFF.
2. The DC/DC and LDO ON/OFF is controlled by writing data to address 30y.
DATA
S A
- N S
T AllT
All O 0 | 0| O |Doz|Doi|Dol|lCl|lg
R Kllp
T| MSB LSB
address30y: For DC/DC and LDO ON/OFF
Doz to Dgo: Set ON/OFF for DC/DC and LDO
address Bit Value Description Value Description
304 D00 0* DD1 output OFF* 1 DD1 output ON
304 DOl 0* DD2 output OFF* 1 DD2 output ON
30y D02 0* LDO output OFF* 1 LDO output ON

*: It is a preset value.

DS405-00015-1v0-E
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H |/O PIN EQUIVALENT CIRCUIT DIAGRAM

<<Reference voltage block VR>>

Wy

o\

OVR

<<Qutput block (DD1,2)>>

PVCCx,PGNDx,VODDx
: each channel

<<\VVCC>>
vee O
ESD A
protection
element
GND O
<<Reference voltage block VREF>>
VCC ¢ VCC ¢
% VREF ¢——
=
QO VREF ’i‘>~|§
bt r N
GND ¢ 2
GND ¢
<<IN1,2>>
VCC ¢— VCC +—
A
INxO - 17 PvcCx QO
r § __
r N
GND "
"D
: PGNDx GND
<<PVCCL/LDO>>
VCC +—
QO PVCCL
>—|% A
QO LbO
r N
(O LDO_S
3 A
= =
GND ¢«

O LXx

e
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H |/O CIRCUIT TYPE

CTLMAIN/CTL1/CTL2/CTLL/ADDSEL pins

vcec O .

CTL*
ADDSEL

GND O——o—

SCL pin

vcerRecO——s
SCL@—i—W&—@v
GND O

SDA pin

vceieeO——e
SDAQ) %

GND (O

T

I MWy
—> }—<ji|<7
PG1/PG2/PGL/ERR pins

(O vce
PG*/ERR
(O GND

LV

)
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H TYPICAL OPERATION CHARACTERISTIC MEASUREMENT CIRCUIT

MB39C031

'VCC:2.5V to 5.5V —> O vee
----------- 7 0.1pF
1 VCC

C2
1Ir0.1uF

20 Pvce

c3
T a7F

t———() CTL1

t——=2a O PvCcc2

c4
T 470k

——%—C() CTL2

+—to O PVCCL

5
A TR

+——>—0) CTLL

CTLMAIN
VCCI2C

SCL
SDA

ADDSEL

VREF VR

LX1

IN1

PG1
PGND1

LX2
IN2

PG2
PGND2

LDO (

PGL (

ERR (

GNDGND

\J

Vo1:1.00V to 1.30V
(20mV step)
lo(Max):1400mA

V02:1.20V to 1.95V
(50mV step)
lo(Max):600mA

g LDO:2.80V/2.85V/

3.00Vv/3.30V
lo(Max):250mA

ERR

42
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+  Part list
o $ymbo| . Parts Part number Specifications | Vendor
(Circuit diagram notation)

L1 Metal alloy inductor | 1299AS-H-1R5N 1.5pH TOKO
L2 Metal alloy inductor | 1299AS-H-1R5N 1.5pH TOKO
Cl1 Ceramic Capacitor C1608X5R1H104K 0.1puF TDK
C2 Ceramic Capacitor C1608XSR1H104K 0.1uF TDK
C3 Ceramic Capacitor C1608X5R1V475K 4.7uF TDK
Cc4 Ceramic Capacitor C1608X5R1V475K 4.7uF TDK
Cs Ceramic Capacitor C1608X5R1V475K 4.7uF TDK
C6 Ceramic Capacitor C1608X5R1H104K 0.1pF TDK
C7 Ceramic Capacitor C1608X5R1H474K 0.47uF TDK
C8 Ceramic Capacitor C1608X5R1V475K 4.7uF TDK
C9 Ceramic Capacitor C1608X5R1A106K 10pF TDK
C10 Ceramic Capacitor C1608X5R1A106K 10pF TDK
R1 Resistor RRO0816P-104-D 100kQ SSM
R2 Resistor RRO816P-104-D 100kQ SSM
R3 Resistor RRO0816P-104-D 100kQ SSM
R4 Resistor RRO816P-104-D 100kQ SSM

TOKO : TOKO, INC.

TDK : TDK Corporation

SSM : SUSUMU CO., LTD.

Note: The list above is recommended parts.
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B REFERENCE DATA

® DC/DC Load efficiency characteristics

- DD1
Vo=1.0V (Min) Vo=1.2V Vo=1.3V (Max)
Load efficiency Load efficiency Load efficiency
100 100 100
£l L 90 A 90 L
— 80 ' ™ — 8 ] ™ — 80 = I
> X 70 N X 70 / N X 7 Vd
Te) > 60 / > 60 > 60
N 2 s Q s ,
L@ 4 ,‘ @ 4 @
S & (—roearvm] 2 ) (—Fespm| 2 2 [— Fixed PWM
w10 |—eemPwn | 1 0K | — PFMPWM w 10l | — PFMPWM
[T T T
%.001 0.01 0.1 1 10 %.001 0.01 0.1 1 10 0.001 0.01 0.1 1 10
Load current [A] Load current [A] Load current [A]
Load efficiency Load efficiency Load efficiency
100 HH 100 100
_ 90 =i _ 90 AT . 9 Pl
o 80 p N S 80 ’ Jo 80 /
> o, oS, 70 SN, 70
O > 60 4 > 60 7/ > 60
o 8 50 / 8 50 / 8 50
g @ 40 7/ QO 40 @O 4o
= O 30 / ‘ ; o 3 / ‘ : o 2 il [ :
> = 20 > / = Fixed PWM £ 20 — Fixed PWM £ 20 / = Fixed PWM
10 |—rrvewm | [ G0 | —PFMPWM W 10 | — PFMPWM
[T T TTTM [T T TTTH
0.001 0.01 0.1 1 10 0.001 0.01 0.1 1 10 0.001 0.01 0.1 1 10
Load current [A] Load current [A] Load current [A]
Load efficiency Load efficiency Load efficiency
100 100 100
920 90 90
= 8 = = 8 T = 80 T
> § 70 T z,,,,,, N § 70 § 70 7 /|
Te] > 60 > 60 > 60 /
o 2 s 2 s o Q s Y
Il @ 4 O 40 y o 40 7
S 5 2 I S 30 / | S 3 / _
S & » [— Fixed PWM| £ 2 [— Fixed PWM £ 2 / [— Fixed PWM
w10 i | — PEMPWM w10 )i | — PEMPWM TRRTS i | — PFMPWM
0/” [T T T7T1T 0/’ [T T TITTI | LTI T TTTT
0.001 0.01 0.1 1 10 0.001 0.01 0.1 1 10 0.001 0.01 0.1 1 10
Load current [A] Load current [A] Load current [A]
foe)
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- DD2
Vo=1.2V (Min) Vo=1.8V Vo=1.95V (Max)
Load efficiency Load efficiency Load efficiency
100 100 100
90 920 90
= 80 ~ ™ = 8 ~ b = & ,,/ i
> E 70 // é. 70 7 / é. 70 /'
n > 6o y > 60 > 60
N 2 5 / Q w0 /
il © 40 A o 4|/ O 40
£ 5 A . S 04 . O 30 ,/ i
S E 2 / —Fixed PWMI| = o Vv — Fixed PWM £ 2 — Fixed PWM
b 1wl |—pempwm || 1 10 | — PFMPWM W 10 — PFMPWM
0 0 0 I T TTTI0
0.001 0.01 0.1 1 0.001 0.01 0.1 1 0.001 0.01 0.1 1
Load current [A] Load current [A] Load current [A]
Load efficiency Load efficiency Load efficiency
100 100 100
9 =y :g - S <l
— 80 — - 80
> §. 70 // § 70 // § 70 /
© > 60 / > 60 / > 60
n 2 0 ) 2 5 / 2 50 /
L@ 4o v T 40 o 40
£ O = ‘© / ‘C 30
> é ol A —Fixed PWM ﬁ% gg — Fixed PWM|| é’ 20| - — Fixed PWM
L 10 b~ ‘—PFMF’WM L 10 —PFMPWM || W 10 = PFMPWM
0 [ 171 LT [T
0.001 0.01 0.1 1 %001 0.01 0.1 1 %.001 0.01 0.1 1
Load current [A] Load current [A] Load current [A]
Load efficiency Load efficiency Load efficiency
100 100 100
90 22 90
— 80 P . — - — 80 =
s X n 1 X 70 ¢ X 7 7
n > 6o A > 60 / > 60 7
S / O 5 / O 5 /
v c © / c / c /
I © 40 @ 40 'g @ 40
£ § 30 A — Fixed PWM :§ 30 / — Fixed PWM :§ % / i — Fixed PWM
= E 20 A |— PEMPWM E 2 7 pll):(;.pWM | E 2 | — PEMPWM
10 —~ — 10 - i 10 —
= 0 [T T 0
0.001 0.01 0.1 1 0.001 0.01 0.1 1 0.001 0.01 0.1 1
Load current [A] Load current [A] Load current [A]
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® DC/DC line efficiency characteristics

- DD1
Vo=1.0V (Min) Vo=1.2V Vo=1.3V (Max)
Line efficiency Line efficiency characteristics Line efficiency
characteristics (10=400mA) (lo=400mA) characteristics (Io=400mA)
100 100 100
—_ 95 —_ 95 —_ 95
X w SR X 9
= g = g5 = 85
§ 80 ? 80 ? 80
g 75 | = Fixed PWI‘v‘Ii g 75 [—|=— Fixed PWM| g 75 —Fixed PWM‘
= 70 [|—PFMPWM =2 70 | — PFMPWM = 70 [—PFMPWM
i I ool T Eggu
25 3.0 3.5 4.0 4.5 5.0 55 25 3.0 35 4.0 45 50 55 2.5 3.0 3.5 4.0 4.5 5.0 55
Input voltage Vin[V] Input voltage Vin[V] Input voltage Vin[V]
- DD2
Vo=1.2V (Min) Vo=1.8V Vo=1.95V (Max)
Line efficiency Line efficiency characteristics Line efficiency
characteristics (10=400mA) (lo=400mA) characteristics (lo=400mA)
100 100 100
—_ 95 —_ 95 —_ 95
X 90 X 90 X 9
= 8 = & = &
2 a0 2 a0 2
Q 75 —— Fixed PWMi g 75 [ =—Fixed PWM g 75 — Fixed pwmi
O 70 —— PFMPWM = 70 [ {=—PFMPWM = 70 —— PFMPWM
oogl [ 5 oot i
25 3.0 3.5 4.0 4.5 5.0 5.5 25 3.0 3.5 4.0 4.5 5.0 55 25 3.0 3.5 4.0 4.5 5.0 55
Input voltage Vin[V] Input voltage Vin[V] Input voltage Vin[V]
foe)
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@ DC/DC line regulation characteristics

- DD1
Vo=1.0V (Min) Vo=1.2V Vo=1.3V (Max)
Line regulation Line regulation Line regulation
(lo=400mA) (lo=400mA) (lo=400mA)
>, > >,
+=  1.020 +=  1.220 +=  1.320
3 1015 ||—Fixed PWM 3 1215 || —Fixed PWM 3 1315 || —Fixed PWM
> 1010 [l=——PFMPWM > 1210 ||=—PFMPWM S 1310|—PFMPWM
O 1.005 O 1.205 O 1.305
Q1o D 1200 QD 1300
= 0.99 = 1195 = 1295
Q o990 Q 110 Q 1200
-+  0.985 + 1.185 + 1.285
> > >
o 0980 o 1180 o 1.280
..5, 250 3.00 350 4.00 450 500 5.50 .5, 250 3.00 3.50 400 450 500 550 ..5. 250 3.00 350 4.00 450 500 550
O O O
Input voltage Vin[V] Input voltage Vin[V] Input voltage Vin[V]
- DD2
Vo=1.2V (Min) Vo=1.8V Vo=1.95V (Max)
Line regulation Line regulation Line regulation
(lo=400mA) (lo=400mA) (lo=400mA)
>. >. >,
= 1.220 +  1.820 +=  1.970
8 1.215 ||=Fixed PWM 8 1815 ||—Fixed PWM 8 1.965 || —Fixed PWM
> 4210 l=—PFMPWM > 1810 }|=—PFMPWM >  1.960 j—PFMPWM
O 1205 O 1.805 O 1.955
D 1200 D 1800 QD 1950
= 1195 = 1795 = 1945
Q 1190 Q 1790 Q 1m0
+ 1.185 + 1785 + 1.935
> > >
o 1180 o 1780 o 1930
-— 250 3.00 350 4.00 450 500 550 = 250 3.00 350 400 450 500 550 = 250 3.00 350 4.00 4.50 500 5.50
> > >
O O O
Input voltage Vin[V] Input voltage Vin[V] Input voltage Vin[V]

® LDO line regulation characteristics

- LDO
Vo=2.8V (Min) Vo=3.3V (Max)
Line regulation Line regulation
(lo=50mA) (lo=50mA)

; 2.860 ;‘ 3.360

"g 2.840 "g 3.340

> 2.820 > 3.320

o ©

% 2.800 % 3.300

§ 2.780 E 3.280

‘5’ 2.760 "5' 3.260

“g— 2.740 % 3.240

O 3 3.5 4 4.5 5 55 O 3.5 4 4.5 5 5.5

Input voltage Vin[V] Input voltage Vin[V]
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® DC/DC load regulation characteristics

- DD1
Vo=1.0V (Min) Vo=1.2V Vo=1.3V (Max)
Load regulation Load regulation Load regulation
;‘ K S‘ 1.220 ;' E
‘6' 152 :‘—Fixed PWM ‘6' 1.215 :‘—FiXP—d PW"“ ‘E' 12?2 — Fixed PWM
> o) o — PFMPWM 1 o) 1210 — PFMPWM | o) 1310 :‘—PFMPWM 1
e} _.(g 1.005 A _.(g 1.205 _.g 1.305
[q\] B 1.000 6 1.200 3 1.300
1l S 0995 S 11 S 1295
§ -05 0.990 -05 1.190 S 1.290
0.985 . .
8 . g g
> 0 02 04 06 08 1 12 14 16 > 0 02 04 06 08 1 12 14 16 3 0 02 04 06 08 1 12 14 16
o @) @)
Load current [A] Load current [A] Load current [A]
Load regulation Load regulation Load regulation
> > >
% 11?7212 — Fixed PWM| %‘ ﬁfg — Fixed PWM ';' :ﬁ? — Fixed PWM|
> o) 1o — PFMPWM l o) 1210 — PFMPWM l o) 1310 —PFMPWM l
© _.(S 1.005 _.(g 1206 f— _.(g 1.305
(ep] 6 1.000 6 1.200 6 1.300
1l S 095 S 1% > 1295
§ 5 0.99 5 v 5
0.985 . o
& i< R g =
=] 0 02 04 06 08 1 12 14 16 0 02 04 06 08 1 12 14 16 3 0 02 04 06 08 1 12 14 16
©] ] o
Load current [A] Load current [A] Load current [A]
Load regulation Load regulation Load regulation
— — =
% 1ﬁf§ — Fixed PWM % :jfg — Fixed PWM 'E‘ 12?2 — Fixed PWM|
> O 1010 —|—PFMPWM l o) 1210 [—|—PFMPWM l o) 1310 |—{—PFMPWM l
0 _'(g 1.008 "(E 1.205 ‘.(E 1.305
n g oW o 1.200 [~ o
1 0.995 1.195 1.295
§ -‘; 0.990 -O; 1.190 ..; 1.290
0.985 B B
2 8 8 i
S 0 02 04 06 08 1 12 14 16 =1 0 02 04 06 08 1 12 14 16 3 0 02 04 06 08 1 12 14 16
] o o
Load current [A] Load current [A] Load current [A]
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- DD2
Vo=1.2V (Min) Vo=1.8V Vo=1.95V (Max)
Load regulation Load regulation Load regulation
s > > .
lal :z: - Fixed PWM| ; 1_:?2 — Fixed PWM| l;‘ :_Zgz - Fixed PWM|
> Oy 121 —— PFMPWM 1 o) 1810 :‘—PFMPWM l o) 1960 :‘—PFMPWM 1
Te] U 1205 M 1805 M 1955
= - = = = N
N 1.200 1.800 - 1.950
1l g 1.195 g 1.795 g 1.945
§ -05 1.190 -05 1.790 -05' 1.940
1.185 1.785 1.935
-09- 1.180 -09- 1.780 -09- 1.930
8 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 8 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 8 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
Load current [A] Load current [A] Load current [A]
Load regulation Load regulation Load regulation
;‘ B S‘ 1.820 S‘ B
;‘ 12?2 — Fixed PWM ; 1.815 :‘— Fixed PWM ;. 1:;2 —— Fixed PWM
> o) 1210 ~— PFMPWM 1 o) 1810 —— PFMPWM 1 O) 190 ~— PFMPWM l
(D_ E 1.205 E 1.805 _.(g 1.955
(V') r— 1.200 r— 1.800 r— 1.950
1 C>) 1.195 C>) 1.795 g 1.945
§ -.S 1.190 -05 1.790 ds 1.940
1.185 1.785 1.935
49- 1.180 49- 1.780 -!9- 1.930
8 0 0.1 0.2 0.3 04 0.5 0.6 0.7 8 0 0.1 0.2 0.3 04 0.5 06 0.7 8 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
Load current [A] Load current [A] Load current [A]
Load regulation Load regulation Load regulation
;' . ;‘ 1.820 S‘ E
;. :zfg —Fixed PWM ;' 1.815 :‘— Fixed PWM l; 1222 :‘—Fixed PWM
> oy 120 —— PFMPWM 1 o) 1810 —— PFMPWM 1 o) 1960 —— PFMPWM 1
LO_ E 1.205 Q 1.805 [ E 1.955 (A
L() r— 1.200 r— 1.800 r— 1.950
1 g 1.195 g 1.795 g 1.945
E -— 1.190 - 1.790 - 1.940
> a 1.185 a 1.785 8— 1.935
g 1'1800 01 02 03 04 05 06 07 g 1'7800 01 02 03 04 05 06 07 g 1'9300 01 02 03 04 05 06 07
Load current [A] Load current [A] Load current [A]
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® LDO load regulation characteristics

«LDO
Vo=2.8V (Min) Vo=3.3V (Max)
Load regulation Load regulation
;‘ 2.850 ;‘ 3.360
Rl 2.840 [
3.340
> S e > S ..
S & o b &°
m 6 2.800 m B 3.300
& z ;_;Zz & z 3.280
> 3 > 3
-— -+—
8 270 0.05 01 0.15 02 025 8 3’2‘“’0 0.05 01 015 02 025
Load current [A] Load current [A]
Load regulation Load regulation
= 0 3360
% zzjz % 3.340
2.830
> O) 2820 > O 3.320
© T e © g
(Y) -~ (Y) s 3.300
i S i 9
E -— 2.780 E — 3.280
>3 -
8 ) 0.05 o1 015 0.2 0.25 8 820 0.05 01 0.15 0.2 0.25
Load current [A] Load current [A]
Load regulation Load regulation
E 2850 E 3360
2.840
3.340
> S oim > 5.
O 8 e 0 8-
e o™
C 7¢ C 3.280
S 5 i s 5
‘.9_ 2760 ‘.9_ 3.260
8 2750 0.05 o1 015 0.2 025 8 8240 0.05 0.1 0.15 0.2 0.25
Load current [A] Load current [A]
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® DC/DC output ripple waveform

- DD1 (Fixed PWM mode)
Output voltage =1.2V setting
lo=0mA 10=1400mA
$;9g1?gorg\\7dlv_DC) ) 7[ T T T I “
>
7> Y TSN USSR SUUS NS SO SO U N SO SUNS UU SN SU: SO O S SO SRS I SO S
o
Il
Z bbbl Bl b
> P
\;Ef); ?(F?f.omVIdiv_Dé?,|, -
>
©
)
1i
Z
>
>
n
To}
1|
Z
>

)
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- DD1 (PFM/PWM mode)
Output voltage =1.2V setting
lo=0mA [0=400mA [0=1400mA
>
Te]
o
1l
<
>
>
©
o)
1l
<
>
>
Te]
To)
1l
<
>

)
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- DD2 (Fixed PWM mode)
Output voltage =1.8V setting
lo=0mA 10=400mA [0=600mA

Vo2 (10.0mV/div_DC) |
offset:1.800V. N

> ,,,,,,
Lo I
(aV]
1l
Z b
> b
]
Bf‘f): e<11 ,:J,.omVIdw_D?), -
>
S S
™
1
Z
>

Vo2 (10.0mV/div_DC) T

VIN=5.5V

)
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- DD2 (PFM/PWM mode)
Output voltage =1.8V setting
lo=0mA 10=400mA [0=600mA

Vo2 (10.0mV/div_DC) T
offset:1.800V 1

VIN=2.5V
/
o 1

VIN=3.6V

VIN=5.5V

foe)
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® DD1 startup/shutdown waveform

Output voltage =1.2V setting
Soft-start setting=0.9ms

Fixed PWM mode

Control using the external pin (CTL1)

VCC =2.5V
lo=1400mA lo=0mA

. . ! T Y T T T T T T T
ESS ,,,3,,,,CTL1(3V{div),, : :

-«

VCC = 3.6V
10=1400mA lo=0mA

I I
CTL1(3V/div) | : : : : : : : :

VCC =5.5V
10=1400mA lo=0mA

B IIN(AdY)
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® DD2 startup/shutdown waveform

Output voltage =1.8V setting
Soft-start setting=0.9ms

Fixed PWM mode

Control using the external pin (CTL2)

VCC = 2.5V

lo=600mA

VCC = 3.6V

l0=600mA lo=0mA

,,,,, [ I D v T o
- .

<

. Vo1(0.9V/div) _]

4= 4~ [IN(500mA/div)

56
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® LDO startup/shutdown waveform
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VCC = 3.6V
lo=250mA
3 T ! ! C‘I%LL(3Vdeiv) ]
D ' : : : 9
3 : : : : PGL@3V/div)
[ ‘1ms/di\‘/ } : i |

| | ‘ LDO(1.5V/div) |

||N(200m/§/div)

PGL(3V/div)

Output voltage =3.3V setting
Soft-start setting=2.7ms

PGL(3V/div)

i “--LDO(1.5V/div) "

IIN(20mA/div) “ |

PGL(3V/div)

. o 'LDb(1 .5lediv) 7

IINj(20mA/jdiv) 3

Control using the external pin (CTLL)

DS405-00015-1v0-E
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® DC/DC Sudden load change characteristics

VCC=3.6V VCC=2.5V

VCC=5.5V

« DD1(Fixed PWM mode) OmA < 1400mA/10us

frooeee P Vo1(50mV/div)

put voltage =1.2V setting
T

Vo1(50mV/div)

Fooeereeees SR Vo (50mV/div)

offset:1.200V

Vo1(50mV/div)
offset:1.200V

offset:1.200V

-

I I 1

Vo1 (50mV/div)

offset:1.200V

lo(1.0A/div)
, -

T T 1

Vo (50mV/div)

offset:1.200V

-

58
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- DD2 (Fixed PWM mode) OmA<600mA/10us

Output voltage =1.8V setting
T T ]

[ 1 1 1 AR T
o] SRRRETAREEE P Vo2(50mV/div) R e AR R P Vo2(50mV/div)
! ! ! offset:1.800V ! ‘ offset:1.800V
R s e S 4 T~
O B = [ S S SO SR S SUR S SUR B
o
11 i i
O b e e E
@)
S Loos—= S ] ‘ |
S L. lo(200mA/div
A ! ! ! ! T T ! ]
= B I Fooeepeens P V02(50mV/div) I S Vo2(50mVidiv)
g ; : ! SR Lo offset:1.800V S A SR SR SO offset:1.800V
> T :
(O_ P D = ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
pos ‘ ! ‘
li | | | | | | | | 2 | | | | | |
®) ‘ !
@)
>
Y ‘ ‘ 1 1 ] ‘ v ‘ ‘ ‘ 1 1 ]
SERRRRRREEE R ARERRE SRR SRRRETAREEE P Vo2(50mV/div) SSRRRR TR R SERRA R P Vo2(50mV/div)
1 ! | offset:1.800V R S S S SN SR offset:1.800V
. L | 3 A~ I I ‘ ‘
= 3 B 3 3 3 3
LO_ o [ :! ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, T T EETTTT PR [ EEEEEE e
Te] ' ' | |
(I-I) f 1 f f f f f f f f f f 1 f f
3] dops
> s> L]
L lo(200mA/div
D
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VCC=3.6V VCC=2.5V

VCC=5.5V

- DD1 (PFM/PWM mode) 0OmA<1400mA/10us

T T 1 1 A 1 T

Vol(8omvidiv) S Do S S S P

offset:1.200V a ‘

. Y '/ """"""" Tt T B
I6 e Vo1(50mV/div)

Output voltage =1.2V setting
T T T T

10(1.0A/div) |

"

T T 1
Vo1(50mV/div)
offset:1.200V

]

Vo1(50mV/div)
offset:1.200V

60
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- DD2 (PFM/PWM mode) OmA<600mA/10us

Output voltage =1.8V setting

T Ad T 1 LA 1
Vo2(50mV/div) oo R AR SRR Vo2(50mV/div)
offset:1.800V : : : : : . offset:1.800V
X R S : : . B
= :
b P = S S S ORI SO SN U SRRt S §
N :
1l i i { i i i i f f t f f f f f
O ; : i
@) :
> / ‘ B
3 3 _..... ! 10(200mA/div
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® LDO Sudden load change characteristics

+ LDO OmA©150mA/2us
oo T
oo L DO(f0mV/div)
: . . . : : offset:3.300V
>
©
)
I
O
O
>
S I S A A LDO(omVdiv)
R S IS SUNUE SRR SRR offset:3.300V
>
o
o)
I
Q
o
>

Output voltage =3.3V setting

LDO(10mV/div)
___ offset:3.300V

LDO(10mV/div)
offset:3.300V

® Power dissipation

Pd W]

Power dissipation vs.
Operation ambient temperature

2.0
172 |

1.6

N

N

.

0.8

0.4

0.0

-50 -25 0

Temperature [°C]

+25 +50 +75 +100
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B USAGE PRECAUTION

1. Do not configure the IC over the maximum ratings.

If the 1C is used over the maximum ratings, the LS] may be permanently damaged.

It is preferable for the device to be normally operated within the recommended usage conditions. Usage
outside of these conditions can have a bad effect on the reliability of the LSI.

. Use the devices within recommended operating conditions.

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
representatives beforehand.

. Printed circuit board ground lines should be set up with consideration for common impedance.

. Take appropriate measures against static electricity.

+ Containers for semiconductor materials should have anti-static protection or be made of conductive
material.
+ After mounting, printed circuit boards should be stored and shipped in conductive bags or containers.
* Work platforms, tools, and instruments should be properly grounded.
* Working personnel should be grounded with resistance of 250 kQ to 1 MQ in series between body
and ground.
. Do not apply negative voltages.

The use of negative voltages below -0.3 V may cause the parasitic transistor to be activated on LSI lines,
which can cause malfunctions.

. When all channels are operating, the reliability level is designed under the condition that the
average ambient temperature Ta=+60°C, the typical input voltage, the typical output voltage

and the typical output current condition are used.
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B ORDERING INFORMATION

Part number Package Remarks

28-pin plastic QFN
(LCC-28P-M70)

MB39C31WQN

)
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DD1 output voltage DD2 output voltage LDO output voltage
Preset code
preset code value preset code value preset code value
111 1.00V 1.20V 2.85V
112 1.00V 1.20V 3.30V
121 1.00V 1.35V 2.85V
122 1.00V 1.35V 3.30V
131 1.00V 1.50V 2.85V
132 1.00V 1.50V 3.30V
141 1.00V 1.80V 2.85V
142 1.00V 1.80V 3.30V
211 1.10V 1.20V 2.85V
212 1.10V 1.20V 3.30V
221 1.10V 1.35V 2.85V
222 1.10V 1.35V 3.30V
231 1.10V 1.50V 2.85V
232 1.10V 1.50V 3.30V
241 1.10V 1.80V 2.85V
242 1.10V 1.80V 3.30V
311 1.20V 1.20V 2.85V
312 1.20V 1.20V 3.30V
321 1.20V 1.35V 2.85V
322 1.20V 1.35V 3.30V
331 1.20V 1.50V 2.85V
332 1.20V 1.50V 3.30V
341 1.20V 1.80V 2.85V
342 1.20V 1.80V 3.30V
411 1.30V 1.20V 2.85V
412 1.30V 1.20V 3.30V
421 1.30V 1.35V 2.85V
422 1.30V 1.35V 3.30V
431 1.30V 1.50V 2.85V
432 1.30V 1.50V 3.30V
441 1.30V 1.80V 2.85V
442 1.30V 1.80V 3.30V
fee)
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B EV BOARD ORDERING INFORMATION
EV boad part number EV board version No. Remarks

MB39C031-EVB-01 MB39C031-EVB-01 REV3.0

B MARKING FORMAT (Lead Free version)

39C031
XXXXXXX

342 E 1 «—— Lead-free version
A

? XX

|
INDEX Preset code
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B LABELING SAMPLE (Lead free version)

Lead-free mark
JEITA logo JEDEC logo

|

MB123456P - 789 - GE1 » J

(3N) 1MB123456P-789-GE1 1000 E @

IR

(3N)2 1561190005 107210 QC PASS
i i i
1 OOO PCS

MB123456

-

2996_/0_3/_01 __ __ _ ASSEMBLED IN JPAN _ _

- 789 - GE1
||||II|I|I||II||||I||I|| 1/1 0605-201/\000
1561190005

The part number of a lead-free product has "ASSEMBLED IN CHINA" is printed on the label
the trailing characters "E1". of a product assembled in China.

DS405-00015-1v0-E FU(fi)TSU 67



MB39C031
G S G e

B MB39C031 RECOMMENDED CONDITIONS OF MOISTURE SENSITIVITY LEVEL

Recommended Reflow Condition

Item Condition

Mounting Method IR (infrared reflow), warm air reflow

Mounting times 3 times in a low

Please use it within two years after

Before opening manufacture

From opening to the reflow Less than 7 days

Storage period

Please process within 7 days after baking
(125°C=*3°C, 24H+2H/—0H)
Baking can be performed up to two times.

When the storage period after opening
was exceeded*

Storage conditions 5°C to 30°C, 60%RH or less (the lowest possible humidity)

*: Concerning the Tape & Reel product, please transfer product to heatproof tray and so on when you perform
baking.
Also please prevent lead deforming and ESD damage during baking process.

/ Supplier Tp 2 Tc \
User Tp < Tc
Tc \
,/..... ............. \ -Te '5°C. ...............................
' Supplier tp ' User tp
(1
Tp T TS <7, 5°C
T | Max. Ramp Up Rate = 3°C/s tp
o Max. Ramp Down Rate = 6°C/s
5 ' . \
© ‘Tsmax ‘ ‘ Preheat Area ‘ L \
[0] ¥ []
Q
§
"
ts
25
Time 25°C to Peak .
Time —
260°C or less (J-STD-020D)
T.toTp  : Temperature Increase gradient 3°C/s Max.
Ts : Preliminary heating 150°C - 200°C, 60s -120s
Tp-tp : Peak temperature 260°C or less, within 30s
T -t : Main Heating 217°C, 60s - 150s
Tpto T, : Cooling Increase gradient 6°C/s Max.
Time 25°C to Peak 8min Max.
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B PACKAGE DIMENSIONS

28-pin plastic QFN Lead pitch 0.40 mm
Package width x 4.00 mm x 4.00 mm
package length
Sealing method Plastic mold
Mounting height 0.80 mm MAX
Weight 0.04 g
(LCC-28P-M70)
28-pin plastic QFN
(LCC-28P-M70)
4.00£0.10 2.40£0.10
(.157+.004) (.094+.004)
0 JUUUU
]
[ (@
™ -
(41' (5’93:0(582) N (20'32;06(1)2) 0.200.05
NDEXAREA D T [(008.002)
[ (@
K\C
[ Annnnnn
0.40+0.05 | o
(.016+£.002)
0.40(.016) 1PIN CORNER
TP (C0.35(C.014))

TYP

0.75+0.05

— ‘ | —
(:030£.002)

0.02°%% | [(0.20(.008))
(:001:8%1)

Dimensions in mm (inches).

© 2009-2010 FUJITSU SEMICONDUCTOR LIMITED C280708-c-1-2 Note: The values in parentheses are reference values.

Please check the latest package dimension at the following URL.
http://edevice.fujitsu.com/package/en-search/

)
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All Rights Reserved.

FUJITSU SEMICONDUCTOR LIMITED, its subsidiaries and affiliates (collectively, "FUJITSU SEMICONDUCTOR")
reserves the right to make changes to the information contained in this document without notice. Please contact your
FUJITSU SEMICONDUCTOR sales representatives before order of FUIITSU SEMICONDUCTOR device.

Information contained in this document, such as descriptions of function and application circuit examples is presented
solely for reference to examples of operations and uses of FUIITSU SEMICONDUCTOR device. FUJIITSU
SEMICONDUCTOR disclaims any and all warranties of any kind, whether express or implied, related to such
information, including, without limitation, quality, accuracy, performance, proper operation of the device or
non-infringement. If you develop equipment or product incorporating the FUJITSU SEMICONDUCTOR device based on
such information, you must assume any responsibility or liability arising out of or in connection with such information or
any use thereof. FUJITSU SEMICONDUCTOR assumes no responsibility or liability for any damages whatsoever arising
out of or in connection with such information or any use thereof.

Nothing contained in this document shall be construed as granting or conferring any right under any patents, copyrights, or
any other intellectual property rights of FUIITSU SEMICONDUCTOR or any third party by license or otherwise, express
or implied. FUJITSU SEMICONDUCTOR assumes no responsibility or liability for any infringement of any intellectual
property rights or other rights of third parties resulting from or in connection with the information contained herein or use
thereof.

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 levels of safety is secured, could lead directly to death, personal injury, severe physical damage or other
loss (including, without limitation, use in nuclear facility, aircraft flight control system, air traffic control system, mass
transport control system, medical life support system and military application), or (2) for use requiring extremely high
level of reliability (including, without limitation, submersible repeater and artificial satellite). FUIITSU
SEMICONDUCTOR shall not be liable for you and/or any third party for any claims or damages arising out of or in
connection with above-mentioned uses of the products.

Any semiconductor devices fail or malfunction with some probability. You are responsible for providing adequate designs
and safeguards against injury, damage or loss from such failures or malfunctions, by incorporating safety design measures
into your facility, equipments and products such as redundancy, fire protection, and prevention of overcurrent levels and
other abnormal operating conditions.

The products and technical information described in this document are subject to the Foreign Exchange and Foreign Trade
Control Law of Japan, and may be subject to export or import laws or regulations in U.S. or other countries. You are
responsible for ensuring compliance with such laws and regulations relating to export or re-export of the products and
technical information described herein.

All company names, brand names and trademarks herein are property of their respective owners.
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