MITSUMI 2ch Synchronous Step-down DC/DC Converter + 1ch LDO + 2ch P-GOOD MM3558 Series

2ch Synchronous Step-down DC/DC Converter + 1ch LDO + 2ch P-GOOD
Monolithic IC MM3558 Series

This IC is a compound power supply IC which built in Synchronous Step-down DC/DC converter 2ch,
LDO1ch, and P-GOOD2ch.

The ripple of the input current is decreased so that the DC/DC converter of 2ch may work by the opposite
phase, and a low noise is achieved. Because the output voltage can be set by external resistance, it is
possible to use it according to various output conditions.

Features

1. Input Operating Voltage Range 3.0V~5.5V
2. Shutdown Supply Current 0.1pA (Typ.)
3. Temperature Range -30~+85°C
4. DC/DC converters
Output Voltage 1.0V~PVIN Accuracy +2%
Maximum Output Current 1.5A /1ch
Oscillator Frequency 2MHz (Typ.)
Output Voltage is changeable in external parts.
Built-in start/stop sequence circuit.
Output OverVoltage Protection function 0.72V (Typ.)
Built-in SoftStart circuit 1.5ms (Typ.)
Built-in OverCurrent detection timer 1.5ms (Typ.)
5. LDO
Output Voltage 3.3V Accuracy +1%
Dropout voltage 0.10V (Typ.)
Current limit 40mA (Typ.)
6. P-GOOD

Input/Output Over Voltage/Low Voltage, Over Current, and Thermal detection.

SQFN-16A

Applications

1. Printer
2. Composit device

* Any products mentioned in this catalog are subject to any modification in their appearance and others for improvements without prior notification.
* The details listed here are not a guarantee of the individual products at the time of ordering. When using the products, you will be asked to check their specifications.
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2ch Synchronous Step-down DC/DC Converter + 1ch LDO + 2ch P-GOOD MM3558 Series

Block Diagram
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MITSUMI 2ch Synchronous Step-down DC/DC Converter + 1ch LDO + 2ch P-GOOD MM3558 Series

Pin Assignment

14 LT
15 L8
16 15

SQFN-16A

(TOP VIEW)
1 P_GOOD2 9 PGND2
2 EN1 10 SW2
3 SW1 11 EN23
4 PGND1 12 P_GOOD1
5 FB1 13 PVIN2
6 TP 14 AVIN
7 PVOUT3 15 AGND
8 FB2 16 PVIN1

* Any products mentioned in this catalog are subject to any modification in their appearance and others for improvements without prior notification.
* The details listed here are not a guarantee of the individual products at the time of ordering. When using the products, you will be asked to check their specifications.
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Pin Description

Pin No. Pin name Pin description Internal equivalent circuit diagram
1 P_GOOD2
. P: GOODI Power Good output pin .
PGND
AVIN *
2 EN1
Enable pin for ON/OFF
1 EN23 nable pin for ON/O
AGND . .
SW1
10 SW2 Power switched pin
PGND * ®
PGND1
PGND2 Ground pin
15 AGND
AGND . .
AVIN *
Err Amp
FB1 DC/DC output voltage
FB2 feedback pin
AGND
AVIN L
Test pin
6 TP
(Please connect with GND.) i
AGND * .

* Any products mentioned in this catalog are subject to any modification in their appearance and others for improvements without prior notification.
* The details listed here are not a guarantee of the individual products at the time of ordering. When using the products, you will be asked to check their specifications.



MITSUMI 2ch Synchronous Step-down DC/DC Converter + 1ch LDO + 2ch P-GOOD MM3558 Series

Pin No. Pin name Pin description Internal equivalent circuit diagram
AVIN
_@
<
7 PVOUT3 Regulator output pin E
4
AGND—
PGND
PVIN * *
1
13 PVIN2 . . Intenal
- PVINI Power supply input pin Cireuit SwW
4
PGND L .
AVIN *
: : Intenal
14 AVIN Power supply input pin Cirouit
AGND .

* Any products mentioned in this catalog are subject to any modification in their appearance and others for improvements without prior notification.
* The details listed here are not a guarantee of the individual products at the time of ordering. When using the products, you will be asked to check their specifications.
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AN ETo) (V=R VAR U0 MR ERE R Te 58 (Except where noted otherwise Ta=25°C)

ltem Symbol Ratings Units

AVIN Voltage VaviN -0.3~+6.0 A%

PVIN1 Voltage Vevini -0.3~+6.0 A%

PVIN2 Voltage Vpving -0.3~+6.0 A%

SW1 Voltage Vswi -0.6~VprviN1+0.3 A%

SW2 Voltage Vswe -0.6~VprviN2+0.3 A%

FB1 Voltage VFB1 -0.3~+6.0 A%

FB2 Voltage VrB2 -0.3~+6.0 A%
P_GOOD1 Voltage Vrc1 -0.3~+6.0 v
P_GOOD2 Voltage Vre2 -0.3~+6.0 A%

EN1 Voltage VEN1 -0.3~+6.0 A%

EN23 Voltage VEnzs -0.3~+6.0 A%
PVOUTS3 Voltage Vprvos -0.3~Vavin+0.3 A%

SW1 Maximum Current Isw1 1.8 A
SW2 Maximum Current Iswe 1.8 A
P_GOOD1 Maximum Current Irc1 200 mA
P_GOOD2 Maximum Current IrGz 200 mA
PVOUT3 Maximum Current Ipvos 50 mA
Storage Temperature Tsre -55~+150 °C
Power Dissipation (Alone) Po 220 (Notel) mW

Note1 : The values indicate reference values.

Recommended Operating Conditions JECE RN ERMERRSUEREEREE L)

Item Symbol Ratings Units

AVIN Voltage Vavin 3.0~5.5 \Y%

PVIN1 Voltage Vevini 3.0~5.5 \Y%

PVIN2 Voltage Veving 3.0~5.5 \Y%

SW1 Current Isw1 0~1.5 A

SW2 Current Iswe 0~1.5 A

DC/DC Converter Output Voltage (Note2) Vbco 1.0~PVIN \Y
PVOUT3 Current Ipvos 0~10 mA
Operating Temperature Torr -30~+85 °C
Junction Temperature (Note3) Ty 150 °C

Note2 : There is a case to take operation from 1 to 2 when applying to the following
condition in addition to the thing without the voltage difference between the
input and the output.

- Duty 90% or more
- Hiside Tr ON resistance x load current > voltage difference between the
input and the output
1) If Duty becomes 100%, the output voltage decreases depending on
“Input voltage- Hiside Tr ON resistance x load current”.
2) There is a case that becomes operation that the switching operates at a cycle
different from the oscillatory frequency that looks like the abnormally oscillation.

Note3 : Please calculate TJ from ambient temperature TA and power consumption

Preferring to the next expression.
TJ=TA+P x 62.2 °C/W
Thermal resistance 62.2 °C/W is a value when the substrate size mounts on two glass
epoxy layer substrate of 90x90x1.6mm? (copper interconnect rate 90%).

* Any products mentioned in this catalog are subject to any modification in their appearance and others for improvements without prior notification.
* The details listed here are not a guarantee of the individual products at the time of ordering. When using the products, you will be asked to check their specifications.



MITSUMI 2ch Synchronous Step-down DC/DC Converter + 1ch LDO + 2ch P-GOOD MM3558 Series

Electrical Characteristics (Except where noted otherwise AVIN=PVIN1=PVIN2=5.0V, EN1=EN23=5.0V, Ta=25°C)

i . .. | Measuring
Item Symbol Measurement conditions Min. | Typ. | Max. |Units Gircuit No.
EN1=5V, EN23=0V
Supply Current1 (DCDC1) Ipp1 FB1-0.65V 350 | 525 | pA 2
Supply Current2 EN1=0V, EN23=5V
(DCDC2, PVOUT3) Iop: FB2-0.65V 400 1 600 | wA 2
Supply Current FB1=FB2=0.55V
(No switching) oo PVOUT3=No Load 600 | 900 | uA 2
Shutdown Current Torp EN1=EN23=0V 0.1 | 1.0 | pA 2
VIN UVLO Detection Voltage | Vyviop AVIN=4.5V—0V 245|255 1265| V 2
_ . VUVLOD VUVLOD VUVLOD
VIN UVLO Release Voltage | Vuyvior AVIN=0V—4.5V 100 | 4150 | 4200 mV 2
OVP_IN Detection Voltage | Vovrp AVIN=5.0V—6.0V 56 | 5.8 | 6.0 \ 2
OVP_IN Release Voltage | Vovpr AVIN=6.0V—5.0V Y‘)lvgg)[’ mV 2
OVP_OUT Detection Voltage | Voveop FB1(FB2)=0.6—0.8V 0.66 072076 | V 2
OVP_OUT Release Voltage | Vovror FB1(FB2)=0.8—0.6V VEVZ"SOD mV | 2
EN1, EN23 pin "High"
Input Voltage Vexn AVIN/2 v 2
EN1, EN23 pin "Low"
Input Voltage Vent 05 V 2
EN1, EN23 Pin Input Current Ign EN=6V 2 HA 2
Thermal Shutdown Detection| Viyp No switching 150 °C
Thermal Shutdown Release | Viur No switching 120 °C
DC/DC converter
VOUT=1.8V
FB1, 2 Voltage VespwM L=2.7H, COUT=22y1F 0.588(0.600/0.612| V 1
FB1, 2 Pin Current Irg FB1=FB2=6V -1.0 +1.0 | pA 2
Oscillator Frequency fosc 1.8 | 20 | 22 |[MHz 1
Hiside Tr Current Limit (Note4) Ivsw 1.7 30| A 1
Hiside Tr ON Resistance Rswn SW1(SW2)=100mA sink 0.3 | 0.6 Q 2
Lowside Tr ON Resistance Rswr, SW1(SW2)=100mA source 0.25| 0.5 Q 2
Soft Start Time tss Time till it reaches to FBx0.9 05 ] 15 | 25 | ms 1
SW2 Pin Discharge Tr EN23=0V
ON Resistance Rosw SW2=5.0V 100 Q 2

Note4 : The parameter is guaranteed by design.

* Any products mentioned in this catalog are subject to any modification in their appearance and others for improvements without prior notification.
* The details listed here are not a guarantee of the individual products at the time of ordering. When using the products, you will be asked to check their specifications.



MITSUMI 2ch Synchronous Step-down DC/DC Converter + 1ch LDO + 2ch P-GOOD MM3558 Series

- . ., | Measuring
Item Symbol Measurement conditions Min. | Typ. | Max. |Units Gircuit No.
Regulator
PVOUTS3 Output Voltage 1 Vvos PVOUT3=No load 3.267/3.300(3.333| V 1
PVOUTS3 Output Voltage 2 Vvyosz PVOUT3=10mA 3.25213.300(3.333| V 1
. . PVOUT3=1mA 0
Line Regulation Vine AVIN=3.4 to 5.5V 0.05 | 0.25 | %/V 1
Load Regulation Vioap ImA=PVOUT3=10mA 5 15 | mV 1
PVOUT3=10mA
Dropout Voltage Vio AVINZ3.1V 010018 | V 1
. L PVOUT3=1mA
Ripple Rejection 1 (Note5) RR1 -1k 60 dB
. L PVOUT3=1mA
Ripple Rejection 2 (Note5) RR2 f-10kHz 40 dB
Output Short-circuit Current (Note5) It VPVO3=0V 40 mA
PVOUTS3 Discharge Tr R EN23=0V 1 KO 9
ON Resistance PVOUT3 bvos PVOUT3=3.3V
Power Good
P_GOOD1, 2 v Monitor AVIN Voltage Vovion mV 9
Detection Voltage FGAD AVIN=2.8—(0V +50
P_GOOD1 Monitor FB1 Voltage
Detection Voltage Vecrgi FB1=0.6—0V 046 0.50 | 0.54 |V 2
P_GOOD2 Monitor FB2 Voltage
Detection Voltage Vecrnz FB2-0.6—0V 046 ) 0.50 | 0.54 | vV 2
P_GOOD1 ’ P_GOOD2 V. Monitor AVIN Voltage VPGAD VPGAD VPGAD mV 2
Release Voltage FGAR AVIN=0—2.8V +100 | +150 | +200
P_GOOD1 V. Monitor FB1 Voltage VPGFBlD VPGFBID VPGFBlD mV 9
Release Voltage FGFBIR FB1=0—0.8V H0 | 425 | H0
P_GOOD2 V. Monitor FB2 Voltage VPGFBZD VPGFBZD VPGFBZD mV 2
Release Voltage PGRB2R FB2=0—0.8V +10 | 425 | +40
P_GOOD1, 2 "L" FB1=FB2=0V
Output Voltage Vecor P_GOOD1, 2=10mA 012030 vV 2
P_GOOD1, 2 Pin Sink Current FB1=FB2=0V
(Note5, 6) Trsmvi P_GOOD1, 2=5V 100 | 150 mA | 2
P_GOOD1, 2 Pin Leakage FB1=FB2=0.65V
Current o P_GOOD1, 2-6V -1.0 +LO | wA 2

Note5 : The parameter is guaranteed by design.

Noteb6 : Please use it under Power dissipation. It shows in 13.TYPICAL APPLICATION CIRCUIT
about calculation method of Loss.

* Any products mentioned in this catalog are subject to any modification in their appearance and others for improvements without prior notification.
* The details listed here are not a guarantee of the individual products at the time of ordering. When using the products, you will be asked to check their specifications.
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Measuring

Item Symbol Measurement conditions Min. | Typ. | Max. |Units Gircuit No.

Delay time

EN1, 23=0V&3V

Start/ Stop Delay Time | ENT1: Chl enable 10 us |2

(Note7) EN23 : Ch2, LDO enable
P_GOOD Detection Blanking ¢ 5.5x | 8.3x ms 1
Time During SoftStart (Note7) | DTS5 tss | tss
P_GOOD Detection Blanking ¢ AVIN=4.5V—Vpgap, 10 s 9
Time (Note7) DIDLY FB1(FB2)=0.6— Vpers
SW1, 2 Current Limit Timer 15 ms 1

Latch Time (Note7) tLvswoLy

Note7 : The parameter is guaranteed by design.

* Any products mentioned in this catalog are subject to any modification in their appearance and others for improvements without prior notification.
* The details listed here are not a guarantee of the individual products at the time of ordering. When using the products, you will be asked to check their specifications.
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Measuring Circuit
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MM3558 Series

Timing Chart

(1) Each output start, stop timing
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The delay time (10us typ.) has been set for the input of enable terminal EN1 and EN23.
Therefore, IC-output doesn't response when a short signal of the cycle is input to an enable terminal at

delay time.

* Any products mentioned in this catalog are subject to any modification in their appearance and others for improvements without prior notification.
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(2) Protected operation
¢ UVLO detection, OVP_IN detection

AVIN=PVIN1=PVIN2=EN1=EN23
FB pin voltage decreases to discharge electricity
by low side Tr when starting.

5.0V S'SY’W""! 5.0V X
AVIN _/ Rt
PVIN 127 82
SoftStart "} o o 7
- r_t - ,'" “‘. - (I—
FB1 / 0.54V/ i V
(VOUTT) ___ T f
Softsart " o o :
FB2 70 Discharge! Y
VOUT?) / 0.54V 000 / 0.54V ee
3.3V Discharge 3.3V N
/ (1kQ)

PVOUT3 82
P_GOOD1 ‘
P_GOOD2

5.5xtss 5.5xtss
AVIN 88 260V
\
PVIN t<totoLy(=10us) 2.55V
0.6V
FB1
(VOUT1)
0.6V _
FB2 g'ggga)fge
(VOUT?)
3.3 Discharge
PVOUT3 82 ‘%
P_GOOD1 i
P_GOOD2 82 7 ?_DTDLY=1OUS

When AVIN rises and the input overvoltage is detected, VOUT1, 2, and PVOUTS3 are turned off.
Operation can be returned by decreasing AVIN.

The P_GOOD changes to "L" in the condition of the AVIN=P_GOOD detecting voltage

(Monitor AVIN voltage) after delay time.
However, it doesn't respond for a signal of the cycle short following delay time.

* Any products mentioned in this catalog are subject to any modification in their appearance and others for improvements without prior notification.
* The details listed here are not a guarantee of the individual products at the time of ordering. When using the products, you will be asked to check their specifications.
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e OVP_OUT detection

AVIN=PVIN1=PVIN2=5.0V

EN1

EN23

FB1
(VOUT1)

VOUT2
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P_GOOD1
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abnormal rise abnormal rise because both EN1

and EN23 not "L".

The output overvoltage protection circuit works when the DC/DC converter voltage of the FB pin
exceeds 0.72V(TYP), the switching of SW1 and SW2 stops, the PVOUTS3 output is turned off,
and the state is maintained.

It is necessary to decrease AVIN below VIN UVLO detection voltage so that the FB pin may release

(FB1, FB2< 0.72V) when released and the state of the latch from the state of the output overvoltage or to
make both EN1 and EN23 "L".

* Any products mentioned in this catalog are subject to any modification in their appearance and others for improvements without prior notification.
* The details listed here are not a guarantee of the individual products at the time of ordering. When using the products, you will be asked to check their specifications.
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(3) Over current protection

¢ Over current protection for DC/DC converter

1
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Normal operation :ngggtggﬂ't Normal operation ngg{‘;t!gﬂ” S“gtt%*;,'”g

1

SW
Voltage

SW
Current

vouT ~—

ov

When a current limit is continuously detected between 1.5ms, the DC/DC converter maintains
OFF state with the short-circuit protection circuit. And, both SW1 and SW2 switching are stopped,
and the PVOUTS output is turned off, too.

The output of the DC/DC converter and PVOUTS returns by turning on both the re-turning on or EN1
and EN23 power supplies again.

e Over current protection for PVOUT3

Even if over-current protection of PVOUTS is effective, it does not have the influence on DC/DC converter
operation. The output of PYOUT3 will also return, if over-current protection of PVOUT3 is canceled.

* Any products mentioned in this catalog are subject to any modification in their appearance and others for improvements without prior notification.
* The details listed here are not a guarantee of the individual products at the time of ordering. When using the products, you will be asked to check their specifications.
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Flow Chart
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Application Circuit
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Application notes

(1) Setting of output voltage

PVIN1

PGND1

SwWi1

FB1

EN1
EN23

PVOUT3

AVIN
PVIN2
PGND2
sw2
MM3558 FB2
P_GOOD!1
P_GOOD2
AGND

2.7pH VOUT2
» >
c21 R22
22uF
R21
VIN
1kQ =1kQ
P_GOOD1
° = >
P_GOOD2
= >

- The output voltage can be calculated by the following expressions.

VOUT1=0.6x(1+R12/R11)

- Please set not to exceed R11+R12=1MQ from the reason for stability.
- Please adjust for Zero points fz of the feedback loop to become 20kHz the value of C11 for the
phase compensation. Zero points fz are calculated by the following expression.
fz=1/2xmxC11xR12)
- It becomes the best by adjusting fz according to the value of the usage, inductance,

and the output capacity.

- Please set VOUT?2 as well as VOUT1.

(2) When PVOUTS is not used

- The capacitor of 1uF is recommended to be connected with the terminal even when

PVOUTS is not used.

- There is a possibility of connecting it with the problem of an increase of the supply current etc.
when the terminal is opened or it is used while it is short-circuited in the power supply.

* Any products mentioned in this catalog are subject to any modification in their appearance and others for improvements without prior notification.
* The details listed here are not a guarantee of the individual products at the time of ordering. When using the products, you will be asked to check their specifications.
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(3) About the calculation of IC loss
- The substrate size mounts on two glass epoxy layer substrate

(90% of rate of copper interconnect) to which it is referring in Note3 of the RECOMMENDED
OPERATING CONDITIONS is computed for an example.

- The power dissipation at 25°C to 150°C is computable with about 2.01 W from thermal

resistance 62.2°C/W. For example, when carrying out the pull-up of the P_GOOD terminal to an
external power supply, if it connects with 5V power supply directly, 150 mA (typ.) sink current
will flow. As a loss of a P_GOOD terminal, Pr_coop = 5V x 150mA = 0.75W occur.

When P_GOOD1 and 2 both sides are set as the same conditions, since 1.5W (typ.) loss occurs,
it is the calculation which generates heat about 93.3°C.

By element variation, temperature variation, other losses in a circuit, and thermal resistance by
substrate conditions, since a loss/calorific value is changed, please set up the conditions of a
P_GOOD terminal after fully examining a loss and calorific value by the set of use.

(4) About the output operation of 1.0V or less
- If an input-and-output voltage difference is large and ON Duty falls, it becomes impossible to

take operation in the PWM mode stable like following figure A.
The stability of input voltage of operation over 1.0V or less is shown in figure B.

Representation data

e 1.0
b ~|vourt
50mV/div Stable area
offset : 0.8 I
( V) s <
LT LT Q
LU LR L B
Il | |] “'\_N ' "_\ 2V/div Unstable area
0.8

Figure.A Unstable operation waveform

30 35 40 45 50 55 6.0
VIN (V)

Figure.B 1V or less output vs VIN
operation stability
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MITSUMI 2ch Synchronous Step-down DC/DC Converter + 1ch LDO + 2ch P-GOOD MM3558 Series

(@] o 1710101 g 1= 1[05] (Except where noted otherwise Ta=25°C)
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MITSUMI 2ch Synchronous Step-down DC/DC Converter + 1ch LDO + 2ch P-GOOD MM3558 Series

M Load regulation VOUT1(1.8V)

(AVIN=PVIN1=5.0V, IOUT=0—+2000mA)
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MITSUMI 2ch Synchronous Step-down DC/DC Converter + 1ch LDO + 2ch P-GOOD MM3558 Series

M Supply current 1 - Temperature B Supply current 2 - Temperature
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MITSUMI 2ch Synchronous Step-down DC/DC Converter + 1ch LDO + 2ch P-GOOD MM3558 Series

B PVOUTS3 - Temperature M Oscillator Frequency - Temperature
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MITSUMI 2ch Synchronous Step-down DC/DC Converter + 1ch LDO + 2ch P-GOOD MM3558 Series

M Load Transient Response
(AVIN=PVIN1=5.0V, VOUT1=1.8V, IOUT1=50mA—500mA) (AVIN=PVIN1=5.0V, VOUT1=1.8V, IOUT1=500mA— 50mA)

sver. AR W R ———
(1v/div) | Al ik it (1v/div) il il ik il
\ il il il il il il il
VOUT1.," . OO OO OO ON OSSO OSSO OSSN OO VOUT1., _,/\\ﬂ‘""*v—m—-«.
(20mv/div) RS R W e comn RO S (20mV/div) [T T
IOUTA | oo IQUTA [ o D
7 (10ps/div) 7 (10ps/div)

(AVIN=PVIN2=5.0V, VOUT2=1.2V, IOUT2=50mA—500mA) (AVIN=PVIN2=5.0V, VOUT2=1.2V, IOUT2=500mA— 50mA)

swe  (EUNIER AU ORI se=. WO ORRAL L
vy - L A Crvr A A R
VOUT2 R VOUT2 N
out2 louT2 | )
(0.1A/div) (0.1A/div)

' (10ps/div) (10us/div)

* Any products mentioned in this catalog are subject to any modification in their appearance and others for improvements without prior notification.
* The details listed here are not a guarantee of the individual products at the time of ordering. When using the products, you will be asked to check their specifications.



