
/

(VOUT = 1.8V)

200ns 10A

100nH

555ns

10A 10µs

5%

n MOSFET (

RDS_ON) ( 1)

A Q1 5V Q2

3V B Q1 5V Q2

3V Q2 Q1

MOSFET

Q1 Q2 (VDS)

MOSFET

5V

MOSFET

MAX4428 MOSFET

FET

18V

1.5A ( Q1 Q2

RDS_ON CBP ESR )

(CIN)

( 2)

MOSFET

3

1. n MOSFET

POWER
 SUPPLY

INPUT

POWER
SUPPLY

CIN

CBP CBP
Q2

3V
SOURCE

5V
SOURCE

Q1

PULSE GENERATOR
MAX4428

MOSFET DRIVER
MAX4428



MOSFET

( )

CIN

MOSFET

CIN

(∆t) ∆VSTEP CIN

(CBP) RESR

CIN CIN

RESR

(LESL) CIN CBP (LS)

(t) CIN

CIN = 100µF ∆V = 1V

100A CIN 1µs

CBP CIN 100nH

CIN 1V

2µs

RESR LESL

(MLCC)

MOSFET

2mm 1oz

25mΩ/cm 5nH/cm

MOSFET

MOSFET

MOSFET Q1 Q2

(RDS_ON) RDS_ON

RESR

(CIN)

RDS_ON

RDS_ON /

MOSFET

MOSFET
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RS

CBP

RESR RESR_IN

LESR_IN

CGS

CIN

CGS

LG

RG

LESL

CDG CDG
LS LMOSFET RDS_ON RDS_ON LMOSFET RS LS

Q1 Q2

5V
SOURCE

3V
SOURCE

BODY DIODE BODY DIODE

PULSE
GENERATOR

MOSFET DRIVERS

DEVICE
UNDER
TEST

CBP

RESR

LESL
LG

RG

2.

∆t

∆VSTEPI = CIN ×



MOSFET

D2PAK 8 SO

10nH 3.2nH

MOSFET

(CGS) MOSFET

CGS MAX4428

nF MOSFET

MOSFET

/

MOSFET

MOSFET CIN MOSFET

n

MOSFET

MOSFET

( 3) MOSFET

(VGS)

MOSFET

VGS RDS_ON

(CDS)

(LPARA) 3

MOSFET (COUT)

MOSFET MOSFET

LPARA MOSFET

( MOSFET )

(RG

LG)

(RLOAD >> RDS_ON) MOSFET

RA ( 3 )

(RB) MOSFET MOSFET

R A

RA + RB

(LR)

RA RB

?

buck

4a ILOAD(s)

5

RG

ISTEP = VSENSE / RSENSE

LG

RDS_ON

RA

RB

LR

RSENSE

COUT

VOUT

LPARA

LPARA

FUNCTION GENERATOR
OR MOSFET DRIVER

3. MOSFET



VIN(s)

ZOUT(s)

(GVIN(s))

buck

D L COUT RLOAD

4b

buck

RLOAD

buck VIN = 12V 50%

6V 2V

1V

(VREF) 4a

(1 + GFB ×

GC(s)) GFB GC(s)

GFB × GC(s)

VIN ILOAD

(ƒC) | GFB × GC(s) | = 1

( ) 180° ƒC

0° ƒC
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4. buck (a) (b)

GVIN(s)VIN(s)

ILOAD(s)

VOUT(s)

VREF(s)

COUT VOUTRLOADDVIN

L

ZOUT(s)

CONTROLLER
GAIN

(a) (b)

FEEDBACK

RLOAD

Ls2LCOUT + s

D

VIN

VOUT
= GVIN(s)

+ 1
=

∆

∆

1

+ 1
=

RLOAD

sLs2LCOUT +

sL
sL =

sCOUT
RLOAD

∆IOUT

∆VOUT

VOUT(s) =
VREF(s) × GC(s)

1 + GFB × GC(s)
+

1 + GFB × GC(s)

VIN(s) × GVIN(s)

-
1 + GFB × GC(s)

ZOUT(s) × ILOAD(s)

VOUT(s) = VIN(s) × GVIN(s) - ILOAD(s) × ZOUT(s)



1/ƒ

1/s s jω

DCGAIN 5a

-20dB /

90°

VIN ILOAD

1 / s

Laplace

( 5b) (∆ILOAD)

∆V = ILOAD(s) × ZOUT(s)

ZOUT(s)

(RESR) (LESL)

(τ ≈ 1/2πƒC)

(∆V) 63%

GVIN(s) VIN(s)

( 1/2πƒC)

63%

90°

0°

0°

-1 1
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5. (a) (b)

V OU
T(

t)

-45°/DECADE

PH
AS

E

FREQUENCY (Hz)

(a) (b)

0°

0
0

TIME (s)

∆V

0dB

GA
IN

PHASE MARGIN = 90

-90°

fc

DC GAIN
-20dB/DECADE

ω0/2π

∞

+ 1
GFB × GC(s) =

ω0

s

DCGAIN

( )

1
(1 + GFB × GC(s))( )

V(t) = 
∆V

1 + DCGAIN
× (1 + DCGAIN × e-(ω0 + ω0DCGAIN)t)



DCGAIN = 60dB

ƒC ω1 ω2 ω1 ω2

ƒC

MATLAB® step()

( 6)

6

72° 0%

7a/b/c buck

( www.maxim-ic.com.cn MAX1960EVKIT)

0 10A COMP

( )

VIN = 5V VOUT = 1.8V ILOAD = 10A

7a

42kHz 2° 0 10A

11°

( 7b) 90° ( 7c)

2°

0A 0A

( )

ILOAD = 10A VIN = 5V

VOUT = 1.8V

10A 0

ILOAD 0A

0A ( 10A

)

DPAK n

MOSFET (IRLR024N) MOSFET

37.5mΩ

(HP8112)

0 4V 200ns 0 10A
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6. MATLAB step()

1.0

0.8

0.6

0.4

0.2

-0.2

-0.4

-0.6

-0.8

0

0 1 2
x 10-4TIME (s)

AM
PL

IT
UD

E

13°

22°

30°

48°
90°

74°
65°

GFB × GC(s) = 
1000

s + 1
ω1 ω2

s + 1( () )

1
1 + GFB × GC(s)

MATLAB The MathWorks, Inc.



7d 7c

3.3V 5V 1

9mΩ n MOSFET (IRF3704

TO-220 ) 3.3V 5V

MAX1960

470µF POSCAP (6TPB470M)

400ns 250mV

VIN 3.3V 5V

VIN = 3.3V
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7. (a) 2° (b) 11° (c) 90°

(d) 90°

5.33A/div

100µs/div 100µs/div

100µs/div

5.33A/div

2V/div

ILOAD

VIN = 5V

VIN = 5V

VIN = 5V

IOUT = 0A

ILOAD

VOUT

ILOAD

VOUT

VIN

VOUTVOUT

(b)(a)

(d)
100µs/div

(c)

100mV/div
100mV/div

100mV/div

5.33A/div

100mV/div


