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AN8049FHN
1.8-volt 3-channel step-up, step-down, and polarity inverting
DC-DC converter control IC

Overview
AN8049FHN is a three-channel PWM DC-DC converter control IC that features low-voltage operation. This IC can form a power 

supply that provides two step-up outputs and one step-down or polarity inverted output with a minimal number of external components. 
Minimal operating supply voltage of this IC is as low as 1.8 V, so that it can operate from 2 dry-batteries. 

Features
Wide operating supply voltage range : 1.8 V to 14 V
High-precision reference voltage circuit

— VREF pin voltage : ±1 %
— Error amplifier : ±1.5 %

Ultrathin surface mounting package for miniaturized and thinner power supplies
Supports control over a wide output frequency range : 20 kHz to 1 MHz 
On/off (sequence control) pins provided for each channel for easy sequence control setup 
The negative supply error amplifier supports 0 volt input.

Common-mode input voltage range : – 0.1 V to VCC –1.4 V
This allows the number of external components to be reduced by two resistors.

Fixed duty factor : 86 % 
However, the duty can be adjusted to anywhere from 0 % to 100 % with an external resistor.

Timer latch short-circuit protection circuit (charge current : 1.1 μA typical)
Low input voltage malfunction prevention circuit (U.V.L.O.) 

(operation start voltage : 1.67 V typical)
Standby function (active-high control input, standby mode current : 1 μA maximum) 

Applications
Electronic equipment that requires a power supply system

Package
24pin Plastic Quad Flat Non-leaded Package (QFN Type) 

Type
Silicon monolithic bipolar IC
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Application Circuit Example
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Block Diagram
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Pin Descriptions

DescriptionTypePin namePin No.

Channel 3 soft start setting⎯DT324

Time constant setting capacitor connection for short-circuit protection⎯SCP23

Error amplifier 1 block outputOutputFB122

Error amplifier 1 block inverting inputInputIN–121

Error amplifier 2 block outputOutputFB220

Error amplifier 2 block inverting inputInputIN–219

Error amplifier 3 block outputOutputFB318

Error amplifier 3 block inverting inputInputIN–317

Error amplifier 3 block non-inverting inputInputIN+316

Oscillator circuit timing resistor/capacitor connection⎯OSC15

Voltage supplyPower SupplyVCC14

OUT3 block open-collector type outputOutputOUT313

GroundGroundGND12

OUT2 block push-pull type outputOutputOUT211

OUT1 block push-pull type outputOutputOUT110

Output source current setting resistor connection for OUT1 block⎯RB19

Output source current setting resistor connection for OUT2 block⎯RB28

Reference voltage outputOutputVREF7

On/off controlInputOFF6

Channel1 on/off controlInputCTL15

Channel2 on/off controlInputCTL24

Channel3 on/off controlInputCTL33

Channel1 soft start setting⎯DT12

Channel2 soft start setting⎯DT21
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Absolute Maximum Ratings

Operating Supply Voltage Range

⎯mA–50ISO(OUT)
OUT1 and OUT2 pins 
output source current9

⎯VVCC – 0.2VCTLCTL pin allowable applied voltage7

⎯V14.2VOFFOFF pin allowable applied voltage6

*4V6VIN
Error amplifier input pin 
allowable applied voltage8

*3°C−55 to +125TstgStorage temperature5

NotesUnitRatingSymbolParameterA 
No.

⎯mA⎯ICCSupply current2

⎯mA+50IOOUT3 pin output current10

*3°C−30 to +85ToprOperating ambient temperature4

*2mW111PDPower dissipation3

*1V14.2VCCSupply voltage1

Notes) *1: The values under the condition not exceeding the above absolute maximum ratings and the power dissipation.
*2: The power dissipation shown is the value at Ta = 85°C for the independent (unmounted) IC package.

When using this IC, refer to the PD-Ta diagram of the package standard page 4 and use under the condition not exceeding the allowable value.
*3: Except for the power dissipation, operating ambient temperature, and storage temperature, all ratings are for Ta = 25°C.
*4: When VCC < 6 V, the following condition must be satisfied : VIN–1 = VIN+2 = VCC – 0.2 V

NotesUnitRangeSymbolParameter

*V1.8 to 14VCCSupply voltage range

Note) *: The values under the condition not exceeding the above absolute maximum ratings and the power dissipation.

Recommended Operating Conditions

750

1 000

20

100

3

—

–40

0

Min

*pF—CSCP
Time-constant setting capacitance
for short-circuit protection7

*kHz1 000fOUTOscillator frequency6

*Ω15 000RBOutput current setting resistance8

*pF10 000CTTiming capacitance5

NotesUnitMaxSymbolParameterA No.

*mA–1ISO(OUT)OUT1/OUT2 pin output source current2

*kΩ33RTTiming resistance4

*mA40IOOUT3 pin output current3

*V14VOFFOFF pin applied voltage1

Note) *: Do not apply current or voltage from external source to any pin not listed above.
In the circuit current, (+) means the current flowing into IC and (–) means the current flowing out of IC.
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Electrical Characteristics at VCC = 2.4 V, CREF = 0.1 μF
Note) Ta = 25°C±2°C unless otherwise specified.

Error Amplifier 3 Block

mV6—–6—5VIOInput offset voltage17

VVCC
–1.4—– 0.1—5VICRCommon-mode input voltage range18

μA—– 0.3– 0.6—5IB3Input bias current 319

V1.41.21.0—5VEH3High-level output voltage 320

V0.2———5VEL3Low-level output voltage 321

μA–24–31–38—5ISO(FB)3Output source current 322

mA——0.5—5ISI(FB)3Output sink current 323

Oscillator Block

kHz210190170ROSC = 7.5 kΩ, COSC = 680 pF6fOUTOscillator frequency24

mA——0.5—4ISI(FB)2Output sink current 216

Error Amplifier 2 Block

Error Amplifier 1 Block

U.V.L.O. Block

—

—

—

μA–24–31–38—3ISO(FB)1Output source current 1

—

—

—

VCC = 1.8 V to 14 V

—

V1.2791.264VTH2Input threshold voltage 2 1.241

V0.2—3VEL1Low-level output voltage 1 —

mV2021LineLine regulation —

9

Reference Voltage Block

μA0.20.1——4IB2Input bias current 212

V1.41.21.04VEH2High-level output voltage 213

V0.2——4VEL2Low-level output voltage 214

μA–24–31–384ISO(FB)2Output source current 215

V1.2731.261.247IREF = – 0.1 mA1VREFReference voltage1

2

mV—–3–20IREF = – 0.1 mA to –1 mA1LoadLoad regulation3

V1.751.671.592VUONU.V.L.O. start voltage4

V1.2791.261.241—3VTH1Input threshold voltage 15

μA0.20.1—3IB1Input bias current 16

V1.41.21.0—3VEH1High-level output voltage 17

8

mA——0.5—3ISI(FB)1Output sink current 110

11

Limits

Typ
Unit

Max
Test

circuits Notes
Min

ConditionsSymbolParameterB 
No.
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Electrical Characteristics at VCC = 2.4 V, CREF = 0.1 μF (continued)
Note) Ta = 25°C±2°C unless otherwise specified.

V0.2——IO = 10 mA, RB = 1 kΩ8VOL2Low-level output voltage 233

mA–24–29–34VO = 0.7 V, RB = 1 kΩ8ISO(OUT)2Output source current 234

mA——40VO = 0.7 V, RB = 1 kΩ8ISI(OUT)2Output sink current 235

kΩ372717—8RO2Pull-down resistance 236

Output 3 Block

%928680ROSC = 7.5 kΩ, COSC = 680 pF6DU3Output duty ratio 337

V0.5——IO = 40 mA9VO(sat)Output saturation voltage38

μA1——V13 = 14 V9IOLEOutput leakage current39

Short-circuit Protection Circuit Block

V0.1———10VSTBYInput standby voltage40

V1.00.90.8—10VTHPCInput threshold voltage41

V0.1———10VINInput latch voltage42

μA– 0.77–1.1–1.43VSCP = 0V10ICHGCharge current43

ON/OFF Control Block

V1.20.90.6—12VON(TH)Input threshold voltage 44

CTL Block

V1.451.261.07—11VTHCTLInput threshold voltage 45

μA– 0.77–1.1–1.43VCTL = 0 V11ICTLCharge current46

The Whole Circuit

mA97—RB = 1 kΩ, Duty ratio = 50 %13ICC(OFF)Average current consumption47

μA1———12ICC(SB)
Current consumption in standby 
mode48

V——VCC
–1IO = –10 mA, RB = 1 kΩ8VOH2High-level output voltage 232

Output 2 Block

Output 1 Block

ROSC = 7.5 kΩ, COSC = 680 pF

mA——40VO = 0.7 V, RB = 1 kΩ7ISI(OUT)1Output sink current 1

VO = 0.7 V, RB = 1 kΩ

IO = –10 mA, RB = 1 kΩ

%92866DU2Output duty ratio 2 80

mA–24–297ISO(OUT)1Output source current 1 –34

29

%928680ROSC = 7.5 kΩ, COSC = 680 pF6DU1Output duty ratio 125

V——VCC
–17VOH1High-level output voltage 126

V0.2——IO = 10 mA, RB = 1 kΩ7VOL1Low-level output voltage 127

28

kΩ372717—7RO1Pull-down resistance 130

31

Limits

Typ
Unit

Max
Test

circuits Notes
Min

ConditionsSymbolParameterB 
No.
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Electrical Characteristics (Reference values for design)
Note) Ta = 25°C±2°C unless otherwise specified.

VOFF = 5 V

—

Ta = –30°C to +85°C
ROSC = 7.5 kΩ, COSC = 680 pF

Ta = –30°C to +85°C

—

Oscillator Block

Error Amplifier 3 Block

Error Amplifier 1 Block

Reference Voltage Block

*1%—1—VCC = 1.8 V to 14 V
ROSC = 7.5 kΩ, COSC = 680 pF6fdV

Change of frequency 
with supply voltage55

*1%—3—6fdT
Change of frequency 
with ambient temperature 56

Short-circuit Protection Circuit Block

*1V—1.26—10VTHLComparator threshold voltage57

ON/OFF Control Block

*1μA—38—12IOFFOFF pin current58

*1%—1—Ta = –30°C to +85°C 1VREFdT
Change of VREF with 
ambient temperature49

*1%—1.5—Ta = –30°C to +85°C3VTHdT1
Change of VTH with
ambient temperature 150

*1dB—80—14AV1Open-loop gain 151

Error Amplifier 2 Block

*1%—1.5—4VTHdT2
Change of VTH with
ambient temperature 252

*1dB—80——14AV2Open-loop gain 253

*1dB—80——14AV3Open-loop gain 354

Reference 
values

Typ
Unit

Max

Test
circuits Notes

Min
ConditionsSymbolParameterB 

No.

Note) *1: The above characteristics are reference values for design of the IC and are not guaranteed by inspection.
If a problem does occur related to these characteristics, Matsushita will respond in good faith to user concerns. 
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Test Circuit Diagram
1. Test Circuit1
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Test Circuit Diagram (continued)
3. Test Circuit3
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Test Circuit Diagram (continued)
5. Test Circuit5
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Test Circuit Diagram (continued)
7. Test Circuit7
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Test Circuit Diagram (continued)
9. Test Circuit9
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Test Circuit Diagram (continued)
11. Test Circuit11
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12. Test Circuit12
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Test Circuit Diagram (continued)
13. Test Circuit13
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14. Test Circuit14
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Electrical Characteristics Test Procedures

Measure the change rate of V7  voltage.
VCC = 2.4 V
IREF = 0.1 mA
Ta = –30°C to +85°C

Change of VREF with 
ambient temperature49

Measure the change of V7  voltage.VCC = 2.4 V
IREF = 0.1 mA to 1 mALoad regulation3

Measure the change of V7  voltage.VCC = 1.8 V to 14 V
IREF = 0.1 mALine regulation2

Measure the voltage V7.

Measurement MethodConditions

VCC = 2.4 V
IREF = 0.1 mAReference voltage1

ParameterC
No.

1. Test Circuit1

Measure the voltage VCC when V10 and V11 change from low to
high level and V13 changes from high to low level while increasing
the VCC voltage gradually.

Measurement MethodConditions

VCC : variableU.V.L.O. start voltage4

ParameterC
No.

2. Test Circuit2

V21 : 1.5 V
SW1 : aLow-level output voltage 18

Measure the voltage V22 .

V21 : 0.5 V
SW1 : aHigh-level output voltage 17

Measure the current I21 .
V21 : 1.5 V
SW1 : aInput bias current 16

Measure the change rate of VTH1 voltage.V21 : variable, SW1 : a
Ta = –30°C to +85°C

Change of VTH with
ambient temperature 150

V21 : 1.5 V
SW1 : bOutput sink current 110

Measure the current I22 .

V21 : 0.5 V
SW1 : bOutput source current 19

Measure the voltageV21 when V22 changes from low to high level 
while decreasing the V21 voltage gradually from 1.5 V.

Measurement MethodConditions

V21 : variable
SW1 : aInput threshold voltage 15

ParameterC
No.

3. Test Circuit3  [Error Amplifier 1 Block]

210804901806020
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Electrical Characteristics Test Procedures (continued)
4. Test Circuit4  [Error Amplifier 2 Block]

V19 : 1.5 V
SW1 : aLow-level output voltage 214

Measure the voltage V20 .

V19 : 0.5 V
SW1 : aHigh-level output voltage 213

Measure the current IIN2 .
V19 : 1.5 V
SW1 : aInput bias current 212

Measure the change rate of VTH2 voltage.V19 : variable, SW1 : a
Ta = –30°C to +85°C

Change of VTH with
ambient temperature 252

V19 : 1.5 V
SW1 : bOutput sink current 216

Measure the current I20 .

V19 : 0.5 V
SW1 : bOutput source current 215

Measure the voltageV19 when V20 changes from low to high level 
while decreasing the V19 voltage gradually from 1.5 V.

Measurement MethodConditions

V19 : variable
SW1 : aInput threshold voltage 211

ParameterC
No.

5. Test Circuit5  [Error Amplifier 3 Block]

Measure the current I18 .

Measure the voltage V18 .

V16 : 1 V
V17 : variable, SW1 : a

V16 : 0 V
V17 : – 0.1 V
SW1 : a

High-level output voltage 320

Measure the current I17 .
V16 : 0 V
V17 : – 0.1 V
SW1 : a

Input bias current 319

Measure the voltageV17 when V18 changes from low to high level 
while decreasing the V17 voltage gradually from 1.1 V.

V16 : – 0.1 V
V17 : variable, SW1 : aCommon-mode input voltage 

range18

V16 : 0 V
V17 : 0.2 V
SW1 : b

Output sink current 323

V16 : 0 V
V17 : – 0.1 V
SW1 : b

Output source current 322

V16 : 0 V
V17 : 0.1 V
SW1 : a

Low-level output voltage 321

Measure the voltageV17 when V18 changes from low to high level 
while decreasing the V17 voltage gradually from 0.5 V.

Measurement MethodConditions

V16 : 0 V
V17 : variable
SW1 : a

Input offset voltage17

ParameterC
No.

210804901906020
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Electrical Characteristics Test Procedures (continued)
6. Test Circuit6

Measure the change rate of fOUT frequency .

VCC = 2.4 VOutput duty ratio 337

VCC = 2.4 VOutput duty ratio 231

VCC = 2.4 VOutput duty ratio 125

VCC = 2.4 V
Ta = –30°C to +85°C

Change of frequency 
with ambient temperature56

Measure the change rate of fOUT frequency .VCC = 1.8 V to 14 VChange of frequency 
with supply voltage55

Observe the waveform of oscilloscope.

Measurement MethodConditions

VCC = 2.4 VOscillator frequency24

ParameterC
No.

(Output 1/Output 2 Blocks)

1.7 V

0.1 V

V10,V12

T1 ,T2

tON1 ,tON2

t

2.4 V

0.1 V

V13

T3

tON3

t

(Output 3 Block)

fOUT = 
1 
T 

(Hz) 

DU1 = 
tON1

T1
× 100(%) 

DU2 = 
tON2

T2
× 100(%) 

DU3 = 
tON3

T3
× 100(%) 

210804902006020
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Electrical Characteristics Test Procedures (continued)
7. Test Circuit7  [Output 1 Block]

VCC = 2.4 V, V22 = 0.2 V
SW1 : b, V10 = 0.7 VOutput sink current 129

Measure the current IO1 .

VCC = 2.4 V, V22 = 0.7 V
SW1 : b, V10 = 0.7 VOutput source current 128

Measure the voltage VO1 .
VCC = 2.4 V, V22 = 0.2 V
SW1 : a, I10 = 10 mALow-level output voltage 127

VCC = 0 V
SW1 : a, I10 = 10 μAPull-down resistance 130

Measurement MethodConditions

VCC = 2.4 V, V22 = 0.7 V
SW1 : a, I10 = –10 mAHigh-level output voltage 126

ParameterC
No.

RO1 = 
VO1

10 μA

8. Test Circuit8  [Output 2 Block]

VCC = 2.4 V, V20 = 0.2 V
SW1 : b, V11 = 0.7 VOutput sink current 235

Measure the current IO2 .

VCC = 2.4 V, V20 = 0.7 V
SW1 : b, V11 = 0.7 VOutput source current 234

Measure the voltage VO2 .
VCC = 2.4 V, V20 = 0.2 V
SW1 : a, I11 = 10 mALow-level output voltage 233

VCC = 0 V
SW1 : a, I11 = 10 μAPull-down resistance 236

Measurement MethodConditions

VCC = 2.4 V, V20 = 0.7 V
SW1 : a, I11 = –10 mAHigh-level output voltage 232

ParameterC
No.

RO2 = 
VO2

10 μA

9. Test Circuit9  [Output 3 Block]

Measure the current IO3 .

Measure the voltage VO3 .

VCC = 2.4 V, V18 = 0.2 V
V13 = 14 V, SW1 : bOutput leakage current39

Measurement MethodConditions

VCC = 2.4 V, V18 = 0.7 V
I13 = 40 mA, SW1 : aOutput saturation voltage38

ParameterC
No.

210804902106020
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Electrical Characteristics Test Procedures (continued)
10. Test Circuit10

Measure the current I23 .

Measure the voltage V18 when V10 and V11 change from high to low 
level and V13 changes from low to high level while increasing the 
V18 voltage gradually from 0.6 V.

V18 : variable 
V20 = V22 = 0.6 V
SW1 : a

Measure the voltage V20 when V10 and V11 change from high to low 
level and V13 changes from low to high level while increasing the 
V20 voltage gradually from 0.6 V.

V20 : variable 
V18 = V22 = 0.6 V
SW1 : a

Measure the voltage V22 when V10 and V11 change from high to low 
level and V13 changes from low to high level while increasing the 
V22 voltage gradually from 0.6 V.

V22 : variable 
V18 = V20 = 0.6 V
SW1 : a

Input threshold voltage41

Measure the voltage V22 when V10 and V12 change from high to low 
level and V13 changes from low to high level while increasing the 
V23 voltage gradually from 0 V.

V18 = V20 = V22 = 1.2 V
SW1 : b, V23 = variableComparator threshold voltage57

V18 = V20 = V22 = 1.2 V
SW1 : b, V23 = 0 VCharge current43

Measure the voltage VSCP .

Keep on hold the state when 
V10 and V11 are set to low 
level and V13 is set to high 
level under the above 
measurement No.41.

Input latch voltage42

Measure the voltage VSCP .

Measurement MethodConditions

V18 = V20 = V22 = 0.6 V
SW1 : aInput standby voltage40

ParameterC
No.

11. Test Circuit11

Measure the current I3 , I4 , and I5 . 

Measure the voltage V3 when V13 changes from high to low level 
while increasing the V3 voltage gradually from 0 V.

V3 : variable 
V4 = V5 = 0 V

Measure the voltage V4 when V11 changes from low to high level 
while increasing the V4 voltage gradually from 0 V.

V4 : variable 
V3 = V5 = 0 V

Measure the voltage V5 when V10 changes from low to high level 
while increasing the V5 voltage gradually from 0 V.

V5 : variable 
V3 = V4 = 0 V

Input threshold voltage45

V3 = V4 = V5 = 0 VCharge current46

Measurement MethodConditionsParameterC
No.

210804902206020
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Electrical Characteristics Test Procedures (continued)
12. Test Circuit12

Measure the current I6 .

Measure the current ICC .V6 = 0 VCurrent consumption in 
standby mode48

Measure the voltage V6 when the voltage V7 exceeds 1 V while  
increasing the V6 voltage gradually.

V6 = 5 VOFF pin current59

Measurement MethodConditions

V6 : variableInput threshold voltage44

ParameterC
No.

13. Test Circuit13

Measure the current ICC → ICC(OFF).V17 = V19 = V21 = 0 V

Measure the current ICC → ICC(ON).

Measurement MethodConditions

V17 = V19 = V21 = 1.5 V
Average current consumption47

ParameterC
No.

ICC(AV) = 
ICC(ON) + ICC(OFF)

2

14. Test Circuit14

V17 : variable
V19 = V21 = 0 VOpen-loop gain 354

V19 : variable
V17 = V21 = 0 VOpen-loop gain 253

Measurement MethodConditions

V21 : variable
V17 = V19 = 0 VOpen-loop gain 151

ParameterC
No.

AV1 = 20log10
VEH1 – VEL1

ΔV21 (dB) 

V22

VEH1

VEL1

ΔV21

V21

AV2 = 20log10
VEH2 – VEL2

ΔV19 (dB) 

V20

VEH2

VEL2

ΔV19

V19

AV3 = 20log10
VEH3 – VEL3

ΔV17 (dB) 

V18

VEH3

VEL3

ΔV17

V17

210804902306020
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Technical Data
Timing Chart

VCC pin voltage
waveform

SCP pin voltage
waveform

CTL pin voltage
waveform

OUT1/OUT2 pin
voltage waveform
Totem-pole circuit
output

OUT3 pin
voltage waveform
Open-collector
output

210804902406020

1.67 V

Output short-
circuited

1.26 V

1.26 V

VCC

0 V

DTFB OSC

OSC
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Usage Notes
1)  Allowable power dissipation

Since the power dissipation (P) in this IC increases proportionally with the supply voltage, application must be careful 
to operate so that the loss does not exceed the allowable power dissipation, PD, for the package. 

Reference formula :
P = (VCC – VBEQ1) × ISO(OUT)1 × DU1 + (VCC – VBEQ2) × ISO(OUT)2 × DU2 + VO(SAT)3 × IOUT3 × DU3 + VCC × ICC < PD

VBEQ1

ISO(OUT)1

DU1

VBEQ2

ISO(OUT)2

DU2

VO(SAT)3

IOUT3

DU3

ICC

: The voltage between the base and emitter of the channel 1 npn transistor

: The OUT1 pin output source current 
(This is set by the resistor connected to the RB1 pin. When RB is 1 kΩ,  ISO(OUT)1 will be 34 mA, maximum.)

: The output 1 ON-duty

: The voltage between the base and emitter of the channel 2 npn transistor

: The OUT2 pin output source current 
(This is set by the resistor connected to the RB2 pin. When RB is 1 kΩ,  ISO(OUT)2 will be 34 mA, maximum.)

: The output 2 ON-duty

: The OUT3 pin saturation voltage (0.5  V maximum when IOUT3 is 40 mA.)

: The OUT3 pin current (This will be {VCC – VBEQ3 – VO(SAT)3} / RO3.)

: The output3 ON-duty

: The VCC pin current

2)  If the IC is shorted to ground, shorted to VCC, or inserted incorrectly, either the device itself or peripheral components will be 
destroyed.

3)  Electrical characteristics in pages 8 to 10 are based on the following conditions unless otherwise specified : VCC = 2.4 V, 
Ta (ambient temperature) = 25°C±2°C.
Electrical characteristic values vary according to the change of VCC or ambient temperature.      

210804902506020
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