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 PART  TEMP RANGE  PIN-PACKAGE

MAX1954AEUB -40°C to +85°C 10 µMAX

EVALUATION KIT

AVAILABLE
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ABSOLUTE MAXIMUM RATINGS

Stresses beyond those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only, and functional
operation of the device at these or any other conditions beyond those indicated in the operational sections of the specifications is not implied. Exposure to
absolute maximum rating conditions for extended periods may affect device reliability.

IN, FB to GND...........................................................-0.3V to +6V
LX to BST..................................................................-6V to +0.3V
BST to GND............................................................-0.3V to +20V
DH to LX................................................... -0.3V to (VBST + 0.3V)
DL, COMP to GND.......................................-0.3V to (VIN + 0.3V)
HSD to GND..............................................................-0.3V to 14V
PGND to GND .......................................................-0.3V to +0.3V

Continuous Power Dissipation (TA = +70°C)
10-Pin µMAX (derate 5.6mW/°C above +70°C) ...........444mW

Operating Temperature Range ...........................-40°C to +85°C
Junction Temperature ......................................................+150°C
Storage Temperature Range............................+65°C to +150°C
Lead Temperature (soldering, 10s) .................................+300°C

ELECTRICAL CHARACTERISTICS
(VIN = 5V, VBST - VLX = 5V, TA = 0°C to +85°C, unless otherwise noted.)

 PARAMETER  CONDITIONS  MIN  TYP  MAX  UNITS

 GENERAL      
 Operating Input Voltage Range   3.0   5.5  V
 HSD Voltage Range  (Note 1)  3.0   13.2  V
 Quiescent Supply Current  VFB = 1.5V   1  2  mA

 Standby Supply Current
 VIN = VBST = 5.5V, VHSD = 13.2V, LX = unconnected,
COMP = GND

   2  mA

 Undervoltage-Lockout Trip Level  Falling VIN, 50mV (typ) hysteresis  2.5  2.7  2.9  V
 DC-DC CONTROLLER      
 Output-Voltage Adjust Range
(VOUT)

 Maximum output voltage depends on external components
and maximum duty cycle

 0.8    V

 ERROR AMPLIFIER      
 FB Regulation Voltage   -1.0  +0.8  +1.0  %
 Transconductance  70  110  160  µS

 Voltage Gain    200   V/ V 

 FB Input Leakage Current  VFB = 0.9V   50  500  NA

 FB Input Common-Mode Range   -0.1   +1.5  V
 COMP Output-Voltage Swing   0.80   2.36  V
 Current-Sense Amplifier
Voltage Gain

  3.15  3.5  3.85  V / V 

 VFB = 0.8V  110  135  145 Current-Limit Threshold  VPGND - VLX  VFB = 0V  21  36  51
 mV

 OSCILLATOR      
 Switching Frequency  MAX1954A  240  300  360  kHz

 Maximum Duty Cycle  Measured at DH  89  91  93  %
 Minimum Duty Cycle  VCOMP = 1.25V, LX = GND, VBST = VIN = 3.3V   2.5  3  %
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ELECTRICAL CHARACTERISTICS (continued)
(VIN = 5V, VBST - VLX = 5V, TA = 0°C to +85°C, unless otherwise noted.)

 PARAMETER  CONDITIONS  MIN  TYP  MAX  UNITS

 SOFT-START      
 Soft-Start Period    3.4   ms

 Soft-Start Levels    12.5   mV

 FET DRIVERS      
 DH, DL Output Low Voltage  ISINK = 10mA    0.1  V

 DH, DL Output High Voltage  ISOURCE = 10mA
 V IN  -  0.1V  or 
V BS T  -  0.1V 

   V

 DH Pullup/Pulldown,
 DL Pullup On-Resistance

   1.5  3  Ω

 DL Pulldown On-Resistance    1  2  Ω
 LX, BST, HSD Leakage Current  VBST = 18.7V, VLX = 13.2V, VIN = 5.5V, VHSD = 13.2V    30  µA

 THERMAL PROTECTION      
 Thermal Shutdown  Rising temperature, 15°C hysteresis   +160   °C

 SHUTDOWN CONTROL      
 COMP Logic-Level Low  3V < VIN < 5.5V    0.25  V
 COMP Logic-Level High  3V < VIN < 5.5V  0.8    V
 COMP Pullup Current     100  µA

ELECTRICAL CHARACTERISTICS
(VIN = 5V, VBST - VLX = 5V, TA = -40°C to +85°C, unless otherwise noted.) (Note 2)

 PARAMETER  CONDITIONS  MIN   MAX  UNITS

 GENERAL      
 Operating Input Voltage Range   3.0   5.5  V
 HSD Voltage Range  (Note 1)  3.0   13.2  V
 Quiescent Supply Current  VFB = 1.5V    2  mA

 Standby Supply Current
 VIN = VBST = 5.5V, VHSD = 13.2V, LX = unconnected,
COMP = GND

   2  mA

 Undervoltage Lockout Trip Level  Rising VIN 3% (typ) hysteresis  2.50   2.93  V
 DC-DC CONTROLLER      
 Output-Voltage Adjust Range
(VOUT)

  0.8   0.9 x VIN  V

 ERROR AMPLIFIER      
 FB Regulation Voltage   -2.5   +1.0  %
 Transconductance  70   160  µS

 FB Input Leakage Current  VFB = 0.9V    500  NA

 FB Input Common-Mode Range   -0.1   +1.5  V
 COMP Output-Voltage Swing   0.8   2.2  V



M
A

X
1

9
5

4
A

PWM Buck

4 _______________________________________________________________________________________

Note 1: HSD and IN are externally connected for applications where HSD < 5.5V.
Note 2: Specifications to -40°C are guaranteed by design and not production tested.

ELECTRICAL CHARACTERISTICS (continued)
(VIN = 5V, VBST - VLX = 5V, TA = -40°C to +85°C, unless otherwise noted.) (Note 2)

 PARAMETER  CONDITIONS  MIN   MAX  UNITS

 Current-Sense Amplifier
Voltage Gain

  3.15   3.85  V/V

 VFB = 0.8V  110   145 Current-Limit Threshold  VPGND - VLX, MAX1954A
 VFB = 0V  21   51

 mV

 OSCILLATOR      
 Switching Frequency   240   360  kHz

 Maximum Duty Cycle  Measured at DH  89   93  %
 Minimum Duty Cycle  VCOMP = 1.25V, LX = GND, VBST = VIN = 3.3V    3  %
 FET DRIVERS      
 DH, DL Output Low Voltage  ISINK = 10mA    0.1  V

 DH, DL Output High Voltage  ISOURCE = 10mA
 V IN  -  0.1V  or 
V BS T  -  0.1V 

   V

 DH Pullup/Pulldown,
 DL Pullup On-Resistance

    3  Ω

 DL Pulldown On-Resistance     2  Ω
 LX, BST, HSD Leakage Current  VBST = 18.7V, VLX = 13.2V, VIN = 5.5V, VHSD = 13.2V    30  µA

 SHUTDOWN CONTROL      
 COMP Logic-Level Low  3V < VIN < 5.5V    0.25  V
 COMP Logic-Level High  3V < VIN < 5.5V  0.8    V
 COMP Pullup Current     100  µA
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(TA = +25°C, unless otherwise noted.)
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____________________________________________________________ ( )
(TA = +25°C, unless otherwise noted.)

LOAD TRANSIENT
MAX1954A toc07

40µs/div

100mV/divVOUT
AC-COUPLED

IOUT
5A/µs

5A

2.5A

NO-LOAD SWITCHING WAVEFORMS
MAX1954A toc08

2µs/div

2A/divIL

DH

LX

DL

5V/div

10V/div

5V/div

HEAVY-LOAD SWITCHING WAVEFORMS
ILOAD = 5A

MAX1954A toc09

2µs/div

2A/divIL

DH

LX

DL

5V/div

10V/div

5V/div

SHORT CIRCUIT AND RECOVERY
MAX1954A toc11

200µs/div

1V/divVOUT

VIN

ILX 5A/div

2V/div

IIN 2A/div

POWER-UP/POWER-DOWN WAVEFORMS
MAX1954A toc10

4ms/div

5V/divVIN

VOUT

ILX 5A/div

2V/div

STARTUP INTO PREBIASED OUTPUT 
(OUTPUT PREBIASED AT ~1.7V)

MAX1954A toc12

2ms/div

1V/divVOUT

VIN

DL 5V/div

5V/div

DH 5V/div
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MAX1954A PWM DC-DC

300kHz
MAX1954A buck

N MOSFET P
MOSFET
MOSFET
MOSFET

135mV
MAX1954A

(HSD) 3V 13.2V
IC ( 1)

DC-DC

MAX1954A PWM

PWM

MOSFET PWM

(
)

PWM LC

 PIN  NAME  FUNCTION

 1  HSD
 High-Side Drain Current-Sense Input. HSD senses the voltage at the drain of the high-side, N-channel MOSFET.
Connect to the high-side MOSFET drain using a Kelvin connection.

 2  COMP
 Compensation and Shutdown Control Pin. Connect appropriate RC networks to compensate the control loop.
Pull to GND to shut down the IC. See the Compensation Design section for instructions on calculating the RC
values.

 3  FB
Feedback Input. Regulates at VFB = 0.8V. Connect FB to the center tap of a resistor-divider from the output to
GND to set the output voltage.

 4  GND  Ground

 5  IN IC Supply Voltage. Provides power for the IC. Connect to a 3V to 5.5V power supply. Bypass to GND with a
0.22µF ceramic capacitor and to PGND with a 1µF ceramic capacitor.

 6  DL
Low-Side Gate-Drive Output. Drives the synchronous-rectifier MOSFET. Swings from 0 to VIN. DL is low in
shutdown and UVLO.

 7  PGND  Power Ground

 8  DH
 High-Side Gate-Drive Output. Drives the high-side N-channel MOSFET. DH is a floating driver output that swings
from VLX to VBST. DH is low in shutdown and UVLO.

 9  LX
 Controller Current-Sense Input. Connect LX to the junction of the MOSFETs and inductor. LX is the reference
point for the current limit.

 10  BST
High-Side MOSFET Supply Input. Connect a 0.1µF ceramic capacitor from BST to LX to supply the necessary
gate drive for the high-side N-channel MOSFET.

___________________________________________________________________

HSD N MOSFET (Kelvin)
MOSFET

RC IC RC

VFB = 0.8V FB GND

IC IC 3V 5.5V 0.22µF GND 1µF
PGND

MOSFET 0 VIN UVLO DL

N MOSFET DH VLX VBST
UVLO DH

LX MOSFET LX

MOSFET BST LX 0.1µF N MOSFET
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MOSFET MOSFET

( ) MOSFET
MOSFET

MAX1954A PWM

( MOSFET
RDS(ON) )

(VSUM) PWM
VSUM (VCOMP) PWM

MOSFET MOSFET
HSD LX MOSFET

REFERENCE
AND

SOFT-START
DIGITAL-TO-ANALOG

CONVERTER

FOLDBACK CURRENT-
LIMIT CIRCUITRY

FB

COMP

0.5V

SHUTDOWN
COMPARATOR

ERROR
AMPLIFIER

SLOPE
COMPENSATION

THERMAL
LIMIT

UVLO

PWM
CONTROL
CIRCUITRY

CLOCK

SHORT-CIRCUIT
CURRENT-LIMIT

CIRCUITRY

CURRENT-LIMIT
COMPARATOR

PGND

2.36V
CLAMP

GND

DL

IN
LX

CURRENT-
SENSE

CIRCUITRY

DH

BST

HSD

IN

MAX1954A

___________________________________________________________________
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MOSFET
MOSFET MOSFET

MOSFET (RDS(ON) x IINDUCTOR)
MOSFET

MOSFET MOS-
FET MOSFET

_______________________________________________________________

HSD

COMP

N1

L1C4

D1

CF

RC

C1 C2

C5

CC

C3

C6

R3 R1

R2
GND

BST

DH

LX

DL

PGND

FB

IN

MAX1954A VOUT
1.8V

VIN
3V TO 5.5V

VHSD
5.5V TO 13.2V

1.  MAX1954A

IN

COMP

N1

L1
0.8µH

C7
0.1µF

D1

CF
15pF

RC
270kΩ

CC
560pF

C1
0.22µF

C15

C14

R3 R1
10kΩ

C8–C13
270µF

C2–C6
10µF

R2
8.06kΩ

GND

BST

DH

LX

DL

PGND

FB

HSD

MAX1954A VOUT
+1.8V AT 20A

VHSD
10.8V TO 13.2VVIN

3V TO 5.5V

N2

N3 N4

2. 20A MAX1954A
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20%
MOSFET

MOSFET
MAX1954A

MOSFET
135mV

MAX1954A
MOSFET

(DL)

MOSFET
MAX1954A

DL DH
( )

DL MOSFET DL
DL

MOSFET
MAX1954A

MOSFET
( MOSFET 1 50mil
100mil) (DH )

(BST)

N
( 3) MOSFET BST LX

VIN VIN
MOSFET LX

MOSFET (VGS)
BST DH

MOSFET

(UVLO)

VIN 2.7V MAX1954A
UVLO

DL DH VIN 2.7V

VIN UVLO MAX1954A
5

1)  VIN 2.7V UVLO

2) 92%(VREF > 1V)

3) 

4) 

5) 

FB

1024 (1024 / fS) 64

MAX1954A
UVLO (

) MAX1954A

N

N

BST

DH

LX

DL

IN

MAX1954A

3.  DH



M
A

X
1

9
5

4
A

PWM Buck

______________________________________________________________________________________ 11

1. 

PART DESIGNATOR MAX1954A
(FIGURE 1)

20A CIRCUIT
(FIGURE 2)

C1
0.22µF, 10V X7R ceramic capacitor
Kemet C0603C224M8RAC

0.22µF, 10V X7R ceramic capacitor
Kemet C0603C224M8RAC

C2
1µF, 6.3V X5R ceramic capacitor
Taiyo Yuden JMK212BJ106MG

10µF, 16V X5R ceramic capacitor
Taiyo Yuden EMK325BJ106MN

C3
10µF, 16V X5R ceramic capacitor
Taiyo Yuden EMK325BJ106MN

10µF, 16V X5R ceramic capacitor
Taiyo Yuden EMK325BJ106MN

C4 0.1µF, 6.3V X7R ceramic capacitor
10µF, 16V X5R ceramic capacitor
Taiyo Yuden EMK325BJ106MN

C5
180µF, 4V SP polymer capacitor
Panasonic EEFUEOG181R

10µF, 16V X5R ceramic capacitor
Taiyo Yuden EMK325BJ106MN

C6
1500pF, 50V X7R ceramic capacitor
TDK C1608X7R1H152K

10µF, 16V X5R ceramic capacitor
Taiyo Yuden EMK325BJ106MN

C7 —
0.1µF, 50V X7R ceramic capacitor
Taiyo Yuden UMK107BJ104KA

C8 —
270µF, 2V SP polymer capacitor
Panasonic EEFUEOD271R

C9–C13 —
270µF, 2V SP polymer capacitors
Panasonic EEFUEOD271R

Cc
680pF, 10V X7R ceramic capacitor
Kemet C0402C681M8RAC

560pF, 10V X7R ceramic capacitor
Kemet C0402C561M8RAC

CF —
15pF, 10V C0G ceramic capacitor
Kemet C0402C150K8GAC

R1 16.9kΩ ±1% resistor 10kΩ ±1% resistor

R2 8.06kΩ ±1% resistor 8.06kΩ ±1% resistor

R3 2Ω ±5% resistor —

RC 62kΩ ±5% resistor 270kΩ ±5% resistor

D1
Schottky diode
Central Semiconductor CMPSH1-4

Schottky diode
Central Semiconductor CMPSH1-4

N1, N2
20V, 5A dual MOSFETs
Fairchild FDS6898A

30V N-channel MOSFETs
International Rectifier IRF7811

N3, N4 —
30V N-channel MOSFETs
Siliconix Si4842DY

L1
1µH,  3.6A inductor
TOKO 817FY-1R0M

0.8µH, 27.5A inductor
Sumida CEP125U-0R8
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MAX1954A
NPN COMP IC COMP
0.25V MAX1954A VCE(SAT)
0.25V

(IQ) 220µA ( )

MAX1954A
TJ = +160°C IC

15°C IC
IC

____________________________

MAX1954A FB
( 1 2)

R2 8kΩ 24kΩ R1

VFB = 0.8V R1 R2 IC

LIR LIR
LIR

30% LIR

fS

300kHz

MAX1954A MOSFET
ILOAD(MAX)

MOSFET

VVALLEY

MOSFET RDS(ON)

RDS(ON) < 0.8V / (3.65 x (ILOAD(MAX) x ( 1 + LIR / 2)))

MOSFET RDS(ON)
MOSFET

0.5%

MOSFET

MAX1954A N MOSFET

1) (RDS(ON))
(RDS x IPEAK) 16mV

2) (VDSS) MOSFET
20%

3) (Qg, Qgd, Qgs)

3.3V VGS = 2.5V
RDS(ON) MOSFET 5V

VGS ≤ 4.5V RDS(ON) MOSFET

MOSFET
(N1) MOSFET
RDS(ON) N2 N1
dV/dt
Qgd/Qgs MOSFET dV/dt

V R I
LIR

IVALLEY DS ON LOAD MAX LOAD MAX= × −








 × ( ) ( )( ) ( )

2

 
I I

LIR
IPEAK LOAD MAX LOAD MAX= + 





×( ) ( )2

L
V V V

V f I LIR
OUT IN OUT

IN S LOAD MAX
=

× −( )
× × ×( )

R R
V
V
OUT

FB
1 2 1= × −






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TJ(MAX) N1 N2
N2

(PN2CC)
(PN2DC)

VF tdt N1 N2
fS tdt 20ns ( )

N1
(PN1CC) VL (PN1SW)

(PN1DR) N1

IGATE DH

RDS(ON)(N2) MOSFET (
1.5Ω) RGATE MOSFET (

2Ω)

VGS~VIN

20%
MOSFET N2

N1

MOSFET MOSFET

PC

(EMI)
0.1µF

DH DL
MOSFET

MOSFET

MOSFET

MOSFET

LX
EMI

RC
RC

1) LX GND
fR

2) ( LX
GND )

LX (CPAR) 1/3
(LPAR)

(RSNUB) 2π x fR x LPAR
(CSNUB)

CPAR 2 4
(PRSNUB) RSNUB

VIN fS
RSNUB

P C V fRSNUB SNUB IN S= × ( ) ×    2

 

L
f C

PAR
R PAR

=
( ) ×

1

2 2π   

 
P Q V f

R
R RN DR g GS S

GATE

GATE DS ON N
1

2
= × × ×

+  ( )( )

I
V

R R
GATE

IN

DS ON N GATE
  .

 ( )( )
≅ ×

+
0 5

2

             

.

               
 

( )

( ) ( )

P
V

V
I R

Use R at T

P V I
Q Q

I
f

N CC
OUT

IN
LOAD DS ON

DS ON J MAX

N SW IN LOAD
gs gd

GATE
S

1
2

1

=








 × ×

= × ×
+









×

 (

.

                        

( ) ( )

( ) ( )

V R I
LIR

I

Use R at T

P I V t f

VALLEY DS ON LOAD MAX LOAD MAX

DS ON J MAX

N DC LOAD F dt S

= × −








 ×

= × × × ×

( )2

22

TJ(MAX) RDS(ON)

TJ(MAX) RDS(ON)
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(IRMS)

(VIN = 2 x VOUT)
IRMS IRMS(MAX) = ILOAD / 2

(ESR) (ESL)
(RMS) 10°C

ESR ESL

ESR
ESL

ESR ESL

IP-P - ( )

MAX1954A

ESR

ESR
ESR x ∆ILOAD

(
)

MAX1954A
MOSFET

1 2

MAX1954A MOSFET (RDS(ON))

(RC) (CC)

ESR ESR

V I ESR

V
I

C f

V
V

L
ESL

I
V V

f L

V

V

RIPPLE ESR P P

RIPPLE C
P P

OUT S

RIPPLE ESL
IN

P P
IN OUT

S

OUT

IN

( )

( )

( )  

 

  
  

   

  
  

= ×

=
× ×









 ×

=
−

×









 ×











−

−

=

−

8

 
V V V VRIPPLE RIPPLE ESR RIPPLE C RIPPLE ESL= + +( ) ( ) ( )

I
I V V V

V
RMS

LOAD OUT IN OUT

IN
  

  
=

× × −( )
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gmc x
RLOAD RLOAD (COUT)

(RESR) -

RLOAD = VOUT / IOUT(MAX) gmc = 1 / (ACS x
RDS(ON)) ACS RDS(ON)

MOSFET ACS 3.5

GFB = VFB / VOUT VFB
0.8V GEA(DC) = gm x
RO 10MΩ CC RO RC

RC CC CF RC
ESR

(fC)

fC fPMOD
1/8

fzMOD fC

RC

gmEA = 110µs

RC CC
fpMOD CC

fzMOD 5 x fC COMP GND
Cf ESR Cf

fzMOD fC fC

G G
f

fMOD fC MOD DC
pMOD

zMOD
( ) ( )= ×

 
C

R ff
C zMOD

=
× ×

1
2π

 
C

R f L C
R f L RC
LOAD S OUT

LOAD S C
=

× × ×
+ ×( ) ×

      
  (   )   

 
R

V
g V GC

OUT

mEA FB MOD fC
=

× × ( )

G g R and G g R
f

fEA fC mEA C MOD fC mc LOAD
pMOD

C
( ) ( )= × = × ×

G G
V

VEA fC MOD fC
FB

OUT
( ) ( )× × = 1

f f
f

pMOD C
S<< <   
8

f
C R R

f
C R

f
C R

pdEA
C O C

zEA
C C

pEA
F C

=
× × +

=
× ×

=
× ×

1

2

1

2

1

2

π

π

π
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f

C
R f L
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R

f
C R

pMOD

OUT
LOAD S

LOAD S
ESR

zMOD
OUT ESR

=

× ×
× ×

+ ×
+











=
× ×
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2

1

2

π
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R f L
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= ×
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fC

RC

CC Cf

____________________________
2 MAX1954A

PC

PC

PC

1) IC IC
( 7 ) ( 4 )

IN 7 4

2) MOSFET
MOSFET MOSFET

3)

4)

5) MOSFET
MOSFET

6) HSD MOSFET

7) LX MOSFET

8) MOSFET 7

9)
IC

10) (FB,
COMP)

11) MOSFET DH DL
700mil

MAX1954A

C
R f L C

R f L R

C
V

R f

C
LOAD S OUT

LOAD S C

f
OUT

C zMOD

=
× × ×

+ ×( ) ×

=
× ×

      
      

2π

 
R

V
V

f
g f GC

OUT

FB

C

mEA zMOD MOD fC
= ×

× ×
  

( )

G g R
f

fEA fC mEA C
zMOD

C
( ) = × ×

2.  
MANUFACTURER COMPONENT PHONE WEBSITE

Central Semiconductor Diodes 631-435-1110 www.centralsemi.com

Coilcraft Inductors 800-322-2645 www.coilcraft.com

Fairchild MOSFETs 800-341-0392 www.fairchildsemi.com

Kemet Capacitors 864-963-6300 www.kemet.com

Panasonic Capacitors 714-373-7366 www.panasonic.com

Taiyo Yuden Capacitors 408-573-4150 www.t-yuden.com

TOKO Inductors 800-745-8656 www.toko.com
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HSD

COMP

N

N

GND

BST

DH

LX

DL

PGND

FB

IN

MAX1954A

VOUT
0.8V TO 0.93 VIN

VIN
3V TO 5.5V

VHSD
5.5V TO 13.2V

_________________________ ____________________________
TRANSISTOR COUNT: 2963

PROCESS: BiCMOS
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