
_______________________________
MAX1858A/MAX1875A/MAX1876A

4.5V 23V
1V 18V 10A

180°
RMS

100kHz 600kHz
MAX1858A/  

MAX1875A/MAX1876A
MAX1858A/MAX1875A/MAX1876A
90°

90°
MAX1858A/MAX1875A/MAX1876A

MAX1858A /

MAX1858A/MAX1875A/MAX1876A
MOSFET

DC-
DC

MAX1858A/  
MAX1876A
(POR)

MAX1858A/MAX1875A/MAX1876A
E N M A X 1 8 7 5 A /  

MAX1876A

MAX1858A/MAX1875A/MAX1876A 24 QSOP
MAX1875 MAX1858

MAX1858A/MAX1875A/MAX1876A

_______________________________

DSP ASIC FPGA

_______________________________
♦ 4.5V 23V

♦ 0 18V ( 10A ) 

♦
♦ 100kHz 600kHz

♦
/

♦ 4 x 90° ( 7) 

♦ (MAX1875A/MAX1876A) 

♦ (MAX1858A) 

♦ 140ms RRSSTT (MAX1858A/MAX1876A)

♦ (PWM)
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24

23

22

21

20

19

18

17

1

2

3

4

5

6

7

8

EN

LX2

DH2

BST2OSC

ILIM2

FB2

COMP2
TOP VIEW

DL2

VL

PGND

DL1CKO

GND

REF

V+

16

15

14

13

9

10

11

12

BST1

DH1

LX1

COMP1

FB1

ILIM1

SYNC

QSOP

MAX1858A
MAX1875A
MAX1876A

RST (N.C.)
 
() ARE FOR THE MAX1875A ONLY

____________________________

____________________________

19-2966; Rev 0; 10/03

Maxim Maxim
Maxim

Maxim www.maxim-ic.com.cn

PART TEMP RANGE PIN-PACKAGE

MAX1858AEEG -40°C to +85°C 24 QSOP

MAX1875AEEG -40°C to +85°C 24 QSOP

MAX1876AEEG -40°C to +85°C 24 QSOP

EVALUATION KIT

AVAILABLE

www.ic-cn.com.cn

http://www.ic-cn.com.cn


M
A

X
1

8
5

8
A

/M
A

X
1

8
7

5
A

/M
A

X
1

8
7

6
A

180°
/

2 _______________________________________________________________________________________

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.

V+ to GND..............................................................-0.3V to +25V
PGND to GND .......................................................-0.3V to +0.3V
VL to GND ..................-0.3V to the lower of +6V and (V+ + 0.3V)
BST1, BST2 to GND ...............................................-0.3V to +30V
LX1 to BST1..............................................................-6V to +0.3V
LX2 to BST2..............................................................-6V to +0.3V
DH1 to LX1 ..............................................-0.3V to (VBST1 + 0.3V)
DH2 to LX2 ..............................................-0.3V to (VBST2 + 0.3V)
DL1, DL2 to PGND........................................-0.3V to (VL + 0.3V)
CKO, REF, OSC, ILIM1, ILIM2, 

COMP1, COMP2 to GND ..........................-0.3V to (VL + 0.3V)

FB1, FB2, RST, SYNC, EN to GND...........................-0.3V to +6V
VL to GND Short Circuit .............................................Continuous
REF to GND Short Circuit ...........................................Continuous
Continuous Power Dissipation (TA = +70°C)

24-Pin QSOP (derate 9.4mW/°C above +70°C)...........762mW
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
(V+ = 12V, EN = ILIM_ = VL, SYNC = GND, IVL = 0mA, PGND = GND, CREF = 0.22µF, CVL = 4.7µF (ceramic), ROSC = 60kΩ, 
compensation components for COMP_ are from Figure 1, TA = -40°C to +85°C (Note 1), unless otherwise noted.)

 PARAMETER  CONDITIONS  MIN  TYP  MAX  UNITS

 GENERAL

 (Note 2)  4.5   23.0 V+ Operating Range  VL = V+ (Note 2)  4.5   5.5
 V

 V+ Operating Supply Current  VL unloaded, no MOSFETs connected   3.5  6  mA

 V+ Standby Supply Current  EN = LX_ = FB_ = 0V   0.3  0.6  mA

 Thermal Shutdown  Rising temperature, typical hysteresis = 10°C   +160   °C

 ILIM_ = VL  75  100  125

 RILIM_ = 100kΩ  32  50  62 Current-Limit Threshold  PGND - LX_

 RILIM_ = 600kΩ  225  300  375

 mV

 VL REGULATOR
 Output Voltage  5.5V < V+ < 23V, 1mA < ILOAD < 50mA  4.75  5  5.25  V
 VL Undervoltage Lockout Rising
Trip Level

  4.1  4.2  4.3  V

 VL Undervoltage Lockout
Hysteresis

 (Note 3)   100   mV

 REFERENCE

 Output Voltage  IREF = 0µA  1.98  2.00  2.02  V
 Reference Load Regulation  0µA < IREF < 50µA  0  4  10  mV

 SOFT-START

 Digital Ramp Period
 Internal 6-bit DAC for one converter to ramp from 0V to
full scale (Note 4)

  1024   DC-DC
clocks

 Soft-Start Steps    64   Steps

 FREQUENCY

 0°C to +85°C  84  100  115
Low End of Range  ROSC = 60kΩ

 -40°C to +85°C  80  100  120
 kHz

High End of Range  ROSC = 10kΩ  540  600  660  kHz

DH_ Minimum Off-Time  ROSC = 10kΩ   250  303  ns
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ELECTRICAL CHARACTERISTICS (continued)
(V+ = 12V, EN = ILIM_ = VL, SYNC = GND, IVL = 0mA, PGND = GND, CREF = 0.22µF, CVL = 4.7µF (ceramic), ROSC = 60kΩ, 
compensation components for COMP_ are from Figure 1, TA = -40°C to +85°C (Note 1), unless otherwise noted.)

 PARAMETER  CONDITIONS  MIN  TYP  MAX  UNITS

SYNC Range
 Switching frequency must be set to half of the SYNC
frequency

 200   1200  kHz

 High  100   
SYNC Input Pulse Width  (Note 4)  Low  100    ns

SYNC Rise/Fall Time  (Note 4)    100  ns

 ERROR AMPLIFIER

 FB_ Input Bias Current     250  nA

 0°C to +85°C  0.985  1.00  1.015 FB_ Input Voltage Set Point  -40°C to +85°C  0.98  1.00  1.02
 V

 0°C to +85°C  1.25  1.8  2.70 FB_ to COMP_ Transconductance  -40°C to +85°C  1.2  1.8  2.9
 mS

 DRIVERS

 DL_, DH_ Break-Before-Make Time CLOAD = 5nF   30   ns

 Low   1.5  2.5 DH_ On-Resistance  High   3  5  Ω

 Low   0.6  1.5 DL_ On-Resistance  High   3  5 Ω

 LOGIC INPUTS (EN, SYNC)

 Input Low Level  Typical 15% hysteresis, VL = 4.5V    0.8  V
 Input High Level  VL = 5.5V  2.4    V
 Input High/Low Bias Current  VEN = 0 or 5.5V  -1  +0.1  +1  µA

 LOGIC OUTPUTS (CKO)

 Output Low Level  VL = 5V, sinking 5mA    0.4  V
 Output High Level  VL = 5V, sourcing 5mA  4.0    V
 COMP_

 Pulldown Resistance During
Shutdown and Current Limit

   17   Ω

 RST OUTPUT (MAX1858A/MAX1876A ONLY)

 Output-Voltage Trip Level
 Both FBs must be over this to allow the reset timer to
start; there is no hysteresis

 0.87  0.9  0.93  V

 VL = 5V, sinking 3.2mA    0.4 Output Low Level  VL = 1V, sinking 0.4mA    0.3
 V

 Output Leakage  V+ = VL = 5V, V RST = 5.5V, VFB = 1V    1  µA

 Reset Timeout Period  VFB_ = 1V  140  315  560  ms

 FB_ to Reset Delay  FB_ overdrive from 1V to 0.85V   4   µs

Note 1: Specifications to -40°C are guaranteed by design and not production tested.
Note 2: Operating supply range is guaranteed by VL line regulation test. Connect V+ to VL for 5V operation.
Note 3: When VL falls and UVLO is tripped, the device is latched and VL must be discharged below 2.5V before normal operation

can resume.
Note 4: Guaranteed by design and not production tested.
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_______________________________________________________________
(Circuit of Figure 1, VIN = 12V, TA = +25°C, unless otherwise noted.)

EFFICIENCY vs. LOAD
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SWITCHING FREQUENCY vs. ROSC
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0
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LOAD TRANSIENT RESPONSE (OUTPUT 1)
MAX1858A/75A/76A toc05

10µs/div

0A

IOUT1

10A

VOUT1
50mV/div
AC-COUPLED

VOUT2
50mV/div
AC-COUPLED

LOAD TRANSIENT RESPONSE (OUTPUT 2)
MAX1858A/75A/76A toc06

10µs/div

0A

IOUT2

10A

VOUT1
50mV/div
AC-COUPLED

VOUT2
50mV/div
AC-COUPLED

SOFT-START AND SOFT-STOP WAVEFORM
(MAX1858A ONLY)

MAX1858A/75A/76A toc07

2ms/div

VOUT1
1V/div
IOUT1 = 300mA
0V

VOUT2
1V/div
IOUT2 = 300mA
0V

10V
EN
0V

SOFT-START AND SOFT-STOP WAVEFORM
 (MAX1858A ONLY)

MAX1858A/75A/76A toc08

2ms/div

VOUT1
1V/div
IOUT1 = 300mA
0V

VOUT2
1V/div
IOUT2 = 300mA
0V

5V
EN
0V

EN PULLED HIGH BEFORE VOUT1 REACHES 0V.
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START AND STOP WAVEFORM
(MAX1875A/MAX1876A ONLY)

MAX1858A/75A/76A toc09

2ms/div

10V
EN
0V

VOUT1
1V/div
IOUT1 = 300mA
0V

VOUT2
1V/div
IOUT2 = 300mA

PREBIAS STARTUP
0V
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INPUT POWER REMOVAL
MAX1858A/75A/76A toc10

5ms/div

VIN
10V/div
0V
VOUT1
1V/div
IOUT1 = 300mA
0V

0V

VOUT2
1V/div
IOUT2 = 300mA

CKO OUTPUT WAVEFORM
MAX1858A/75A/76A toc14

400ns/div

VOUT1
10mV/div
AC-COUPLED

5V

0V
VCK0

VLX1
10V

0V

SYNC = GND

CKO OUTPUT WAVEFORM
MAX1858A/75A/76A toc15

400ns/div

VOUT1
10mV/div

5V

0V
VCK0

VLX1
10V

0V

SYNC = VL

___________________________________________________________ ( )
(Circuit of Figure 1, VIN = 12V, TA = +25°C, unless otherwise noted.)

SHORT-CIRCUIT CURRENT FOLDBACK 
AND RECOVERY

MAX1858A/75A/76A toc16

4ms/div

IOUT1 = 10A (5A/div)
VOUT1 = 1.8V (1V/div)

VOUT2 = 2.5V (1V/div)

IOUT2 = 10A (5A/div)VOUT2

SHORT

RESET TIMEOUT 
(MAX1858A/MAX1876A ONLY)

MAX1858A/75A/76A toc11

100ms/div, 5V/div

VOUT1

0V

0V

0V

VOUT2

0
EN

VRST

OUT-OF-PHASE WAVEFORM
MAX1858A/75A/76A toc12

1µs/div

VOUT1
20mV/div

VOUT2
20mV/div

12V
VLX1

VLX2

0V

0V

12V

EXTERNALLY SYNCHRONIZED
SWITCHING WAVEFORM

MAX1858A/75A/76A toc13

400ns/div

VOUT1
10mV/div
AC-COUPLED

5V

5V

0V

0V

VSYNC

VCK0

VLX1
10V

0V
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___________________________________________________________________

1 COMP2

2 FB2

3 ILIM2

4 OSC

5 V+

6 REF

7 GND

8 CKO

9 SYNC

10 ILIM1

11 FB1

12 COMP1

RST
13

N.C.

2 (REG2) (RCOMP2) (CCOMP2A)
(CCOMP2B) REG2 1

2 (REG2) FB2 REG2 GND 1V 18V
1V FB2 REG2 REF

2 (REG2) ILIM2 VL PGND-LX2 100mV ILIM2
GND (RILIM2) REG2 (VITH2) 50mV (RILIM2 = 100kΩ) 300mV 
(RILIM2 = 600kΩ)

OSC GND (ROSC) 100kHz (ROSC = 60kΩ)
600kHz (ROSC >= 100kΩ) SYNC ROSC

ROSC

4.5V 23V

2V 0.22µF GND

2 4 ( (SYNC CKO) )

GND (MAX1875A)

SYNC 3 SYNC 200kHz 1200kHz
SYNC GND 2 SYNC VL 4 (

(SYNC CKO) )

1 (REG1) ILIM1 VL PGND-LX1 100mV ILIM1
GND (RILIM1) REG1 (VITH1) 50mV (RILIM1 = 100kΩ) 300mV 
(RILIM1 = 600kΩ)

1 (REG1) FB1 REG1 GND 1V 18V
1V FB1 REG1 REF

1 (REG1) (RCOMP1) (CCOMP1A)
(CCOMP1B) REG1 1

( MAX1858A/MAX1876A) 10% RST
90% (VFB_>0.9V) RST 140ms

RST
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____________________________
DC-DC PWM

MAX1858A/MAX1875A/MAX1876A
PWM ( 2)

SYNC

(fSW = fOSC/2)
COMP COMP

PWM
R E G 1 N

MOSFET
REG2 MOSFET

MOSFET

MOSFET MOSFET

(
(ILIM_) ) MOSFET

MOSFET

MAX1858A/MAX1875A/MAX1876A 
180°

(EMI)
MAX1858A/MAX1875A/MAX1876A

MOSFET

(ESR) RMS
ESR

ESR

MAX1858A/MAX1875A/
MAX1876A MOSFET 180°

RMS

EMI

180°
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_______________________________________________________________ ( )

14 DH1

15 LX1

16 BST1

17 DL1

18 PGND

19 VL

20 DL2

21 BST2

22 LX2

23 DH2

24 EN

1 (REG1) DH1 LX1 BST1 DH1 UVLO

1 (REG1) LX1 LX1 DH1

1 (REG1) 1 BST1

1 (REG1) DL1 PGND VL DL1 UVLO

5V

2 (REG2) DL2 PGND VL DL2 UVLO

2 (REG2) 1 BST2

2 (REG2) LX2 LX2 DH2

2 (REG2) DH2 LX2 BST2 DH2 UVLO

VL
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5V

(V+) 23V 4.7µF (VL )
PGND VL 500mV V+

5 . 5 V V L 5 V M A X 1 8 5 8 A / M A X 1 8 7 5 A /
MAX1876A VL 4.2V

0.1µF
VL GND VL UVLO

VL 2.5V

VL 50mA
IC

FET

600kHz 18nC
FET 18nC ✕ 600kHz = 11mA

MOSFET VL
4.5V 5.5V
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V+

BST1

DH1

LX1

DL1

VL

BST2

DH2

LX2

DL2

FB1

COMP1

  *IRF7811W
**OPTIONAL

FB2

COMP2

PGND

REF

GND
OSC

SYNC
CKO

ILIM1

ILIM2EN
OFF

ON

RESET OUTPUT

CLOCK OUTPUT

VL
RST (MAX1858A/
MAX1876A ONLY)

MAX1858A
MAX1875A
MAX1876A

CV+
0.22µF

CIN1
2 × 10µF

COUT1
4 × 220µF

NH1*

NL1*

L1
1.1µH

OUTPUT1
VOUT = 1.8V

VIN
6V - 23V

CBST1
0.1µF

R1A
8.06kΩ

R1B
10kΩ

10kΩ

RCOMP1
5.9kΩ

CCOMP1A
0.01µF

CCOMP1B
100pF

CREF
0.22µF

CCOMP2A
6800pF

CCOMP2B
100pF

RCOMP2
8.2kΩ R2B

10kΩ

96.5kΩ

140kΩ

R2A
15kΩ

4.7Ω4.7Ω

RV+
4.7Ω

NL2* ****

NH2* L2
1.1µH

CMPSH-3A

COUT2
4 × 220µF

CIN2
2 × 10µF

OUTPUT2
VOUT = 2.5V

CBST2
0.1µF

CVL
4.7µF

0.1µF

118kΩ

D3
CMSSH-3

84.5kΩ

D2
CMSSH-3

1. 600kHz
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CONVERTER 1

R

S

Q

ILIM1

DL1

PGND

LX1

DH1

BST1

VL - 0.5V

FB1

COMP1

SOFT-START DAC
 (SEQUENCING—
MAX1858A ONLY)

OSCILLATOR

OSC
1VP-P

SYNC

CK0

V+5V LINEAR
REGULATOR

VLGND

REF

DL2

LX2

DH2

BST2

ILIM2FB2

COMP2

CONVERTER 2

RESET

EN

UVLO
AND

SHUTDOWN

VREF
2.0V

MAX1858A
MAX1875A
MAX1876A

RST
(MAX1858A/

MAX1876A ONLY)

VREF

VL

Q

5µA

2.
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ONM

DH_

DL_

MAX1875A/MAX1876A POWER-ON-OFF SEQUENCING DEFINITIONS

SYMBOL DEFINITION

SS_

VOUT_

EN

VL

UVLO A B C D E F G H I J K L

Undervoltage lockout trip level is provided in the Electrical Characteristics table.
Internal 5V Linear-Regulator Output
Active-High Enable Input
Output Voltage
Internal Soft-Start Input Signal into Error Amplifier
High-Side Gate-Driver Output
Low-Side Gate-Driver Output
VL rising while below the UVLO threshold. EN is low.
VL is greater than the UVLO threshold. EN is low.
EN is pulled high.
Normal operation
VL enters UVLO.
VL exits UVLO.
Resumes normal operation
EN is pulled low.
EN is pulled high.
Resumes normal operation
VL drops below UVLO threshold while EN is high.
Resumes normal operation
UVLO is activated and DL_ is latched low.
Exiting UVLO: DL_ remains latched low until the first fall of DH_ is detected.
DL_ is low after EN is pulled low.

UVLO
VL
EN

VOUT_
SS_
DH_
DL_

A
B
C
D
E
F
G
H
I
J
K
L
M
N
O

3. MAX1875A/MAX1876A /
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VOUT1

SS1

VOUT2

SS2

DH1

DL1

DH2

DL2

UVLO A B C D E F G H I J K ML

EN

VL

PON

MAX1858A POWER-ON-OFF SEQUENCING DEFINITIONS

SYMBOL DEFINITION

VL
EN

VOUT1
SS1

VOUT2
SS2
DH1
DL1
DH2
DL2

A
B

Internal 5V Linear-Regulator Output
Active-High Enable Input
Regulator 1 Output Voltage
Regulator 1: Internal Soft-Start Input Signal into Error Amplifier
Regulator 2 Output Voltage
Regulator 2: Internal Soft-Start Input Signal into Error Amplifier
Regulator 1: High-Side Gate-Driver Output
Regulator 1: Low-Side Gate-Driver Output
Regulator 2: High-Side Gate-Driver Output
Regulator 2: Low-Side Gate-Driver Output
VL rising while below the UVLO threshold. EN is low.
VL is greater than the UVLO threshold. EN is low.

SYMBOL DEFINITION
D
E
F

Normal operation
VL enters UVLO.
VL exits UVLO.

UVLO Undervoltage threshold value is provided in the 
Electrical Characteristics table.

EN is pulled high. DH1 and DL1 start switching. DH2 and 
DL2 are off.

C

Resumes normal operation. DH1 and DL1 start switching. 
DH2 and DL2 are off.
EN is pulled low and then high.H

G

VOUT1 must reach 0V before restarting due to the cycling 
of the enable in region H (above).
VOUT1 recovers.
VOUT2 recovers.
VL enters UVLO before VOUT2 fully recovers.
VL exits UVLO.
UVLO latches DL_ low.

J
K
L
M
N

O

P

I

Exiting UVLO: DL_ remains latched low until the first fall 
of DH_ is detected.

DL_ is high after EN is pulled low and soft-stop is complete.

4.  MAX1858A /
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(BST_ )

N ( 5)
( BST_ LX_ ) MOSFET

( MOSFET ) LX_
5V

MOSFET BST_ DH_
MOSFET

5V
VIN MOSFET (fSWITCH ✕

QG) VL

MOSFET (DH_ DL_ )

DH DL N
MOSFET VIN - VOUT

DL_
DH_ (

)
DL_ FET DL_

DL_
MOSFET

MAX1858A/MAX1875A/MAX1876A
MOSFET

( MOSFET 1
50mils 100mils) DH

30ns

MOSFET
(Schottky)

MAX1858A/MAX1875A/MAX1876A

DL_ 0.5Ω
( ) MOSFET

LX_
DL_

FET -
EMI

BST_ ( 5Ω )
FET

( 5)

(ILIM_)

MOSFET
MAX1858A/MAX1875A/MAX1876A

( 6)

MOSFET

MOSFET 
( ) ILIM_

( 1) 50mV 300mV
100kΩ 600kΩ

MOSFET ILIM_ 1/10
ILIM VL 100mV

100mV VL - 0.5V

(
)

VL

BST_

DH_

LX_

4.7Ω

INPUT
(VIN)

MAX1875A

5.

IN
DU

CT
OR

 C
UR

RE
NT

ILIMIT

ILOAD

0 TIME

-IPEAK
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PC DC
LX_ PGND

MOSFET Kelvin
MOSFET

V L 4 . 2 V M A X 1 8 5 8 A / M A X 1 8 7 5 A /
MAX1876A

(UVLO) DL DH
UVLO RST

VL VL
2.5V

REF GND

CREF > ((8.29 x 10-4) / V+_SLOPE) - (1.97 x 10-1 / fS_MAX)

V+_SLOPE

600kHz
660kHz 1.6V/ms CREF

0.22µF CREF

(EN)

EN
3 4

MAX1858A
1 (OUT1)

2 (OUT2)

90% (RST)
( ) EN

/

(RST) ( MAX1858A/MAX1876A)

RST
90% RST

90% RST
RST

100kΩ
RST

(SYNC CKO)

SYNC SYNC
(CKO) MAX1858A/

MAX1875A/MAX1876A
MAX1858A/MAX1875A/MAX1876A

CKO MAX1858A/MAX1875A/MAX1876A
(SYNC = GND)

90° (SYNC = VL) DC-DC
MAX1858A/MAX1875A/MAX1876A

• SYNC = GND CKO REG1
(fCKO = fDH1) CKO REG1

• SYNC = VL CKO REG1
(fCKO = 2fDH1) CKO REG1

90°
4

• SYNC SYNC

(fSW = fSYNC/2) REG1
CKO REG1

(fCKO = fDH1) CKO
REG1 SYNC

MAX1858A/MAX1875A/MAX1876A
ROSC

50% (fCKO = 0.5fDH1)
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MAX1858A/MAX1875A/MAX1876A
TJ=+160°C

DL_ DH_
10°C

RST
VL

____________________________

MAX1858A/MAX1875A/MAX1876A
4.5V 23V MAX1858A/MAX1875A/

MAX1876A
(tON(MIN))

tON(MIN) 100ns

(DMAX = 1 - fSW ✕ tOFF(MIN))

VDROP1
PC VDROP2

PC

1V GND
FB_ MAX1858A/MAX1875A/ 

MAX1876A ( 8) R_B(FB_ GND
) 1kΩ 10kΩ R_A (OUT_

FB_ )

 

R A R B
V
V
OUT

SET
_ _=



















-1

V
V V

f t
V VIN MIN

OUT DROP

SW OFF MIN
DROP DROP( )

( )
= +











+1
2 11-

-

V
V

t f
IN MAX

OUT

ON MIN SW
( )

( )
≤

SYNC

SLAVE

OSC

SYNC

CK0

MASTER

VL

4-OUTPUT APPLICATION3-OUTPUT APPLICATION

DH1

DH2

DH

MASTER

SLAVE

 180° PHASE SHIFT 90° PHASE SHIFT

DH1

DH2

DH1

DH2

MASTER

SLAVE

MAX1858A
MAX1875A
MAX1876A

MAX1858A
MAX1875A
MAX1876A

MAX1858A
MAX1875A
MAX1876A

SYNC

SLAVE

OSC OSC

SYNC

CK0

MASTER

VL
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VSET = 1V ( ) VOUT
VSET 18V

1V REF
FB_ MAX1858A/MAX1875A/

MAX1876A ( 8) R_C (FB_ REF
) 1kΩ 10kΩ R_A

VSET = 1V VREF = 2V ( )
VOUT 0 VSET

SYNC (
)

(fSW = fOSC/2)
OSC GND fSW ROSC

fSW Hz ROSC Ω 600kHz
ROSC = 10kΩ

I2R

SYNC SYNC

ROSC SYNC

ROSC SYNC (fSYNC)

MAX1858A/MAX1875A/MAX1876A
3 (L)

(IPEAK) DC (RDC)
AC DC (LIR)

LIR RMS I2R
LIR

( ) LIR
I2R

30% (LIR=0.3)
LIR

VIN VOUT IOUT (
) ROSC (

)

RMS
AC

DC

(ILOAD(MAX))

 
I I

LIR
IPEAK LOAD MAX LOAD MAX= + 



( ) ( )2

 
L

V V V
V f I LIR
OUT IN OUT

IN SW OUT
= ( )-

ROSC =
6 ×109(Ω Hz)

fSW

 
R A R C

V V
V V
SET OUT

REF SET
_ _=







-

-
 MAX1858A
MAX1875A
MAX1876A

 MAX1858A
MAX1875A
MAX1876A

OUT_

R_A

R_B

FB_

VOUT_ > 1V

OUT_

R_C

R_A

FB_

REF

VOUT_ < 1V
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MOSFET
MOSFET

ILOAD(MAX)
(VITH) MOSFET

RDS(ON) MOSFET (NL)
MOSFET RDS(ON)

RDS(ON)
MOSFET 1°C 0.5%

ILIM_ VL 100mV ( )
ILIM_ GND

(RILIM_) (VITH_) RILIM_

RILIM_ Ω VITH_ V

100kΩ 600kΩ RILIM
50mV 300mV 1%

ILIM
(RFBI) RILIM RFBI

PFB 15% 30%

RILIM_ RDS(ON)
MOSFET PFB

(IRMS)

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

( OS-CON)

( ) ESR
RMS

+10°C

ESR

ESR

 
V V VRIPPLE RIPPLE ESR RIPPLE C≅ +( ) ( )

I I
V V V

VRMS LOAD
OUT IN OUT

IN
=

( )-

 

R
P V

P
and

R
V P R

V V P

FBI
FB OUT

FB

ILIM
ITH FB FBI

OUT ITH FB

= ×

×

= × ×
×[ ]

5 10 1

10 1
10 1

6- -

-
- -

( )

( )
( )

 
R

V

AILIM
ITH

_
_

.
=

µ0 5

 
V R I

LIR
ITH DS ONMAX LOAD MAX> × × 



( , ) ( ) 1

2
-
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ESR

IP-P ( )

VIN - VOUT

tOFF(MIN) ( )
fSW ROSC ( )

9
PWM

COMP GND RCOMP_
CCOMP_A ( 9)

(AL) FB COMP
(ACOMP/FB) COMP LX (ALX/COMP)
LX FB (AFB/LX)

CCOMP_B CCOMP_A

VRAMP = 1VP-P

DC
gM

DC

DC RCOMP

 

f
R C

Z COMP A
COMP COMP A

_ _
_ _

=
×

1

2π

 

A
g

SC

SR C

SR C
V

V

V
V

SR C

S LC

L
M COMP

COMP A

COMP COMP A

COMP COMP B

IN

RAMP

SET

OUT

ESR OUT

OUT

≅ ×
+
+

×

× ×
+

+

_

_

_

_

1

1

1

12

 

A
V
V

V
V

sR C

S LC SR C

V
V

SR C

V S LC

FB LX
FB

LX

SET

OUT

ESR OUT

OUT ESR OUT

SET

OUT

ESR OUT

OUT OUT

/ = = +
+ +

≅ +
+

1

1

1

1

2

2

 
A

V
V

V
VLX COMP

LX

COMP

IN

RAMP
/ = =

A
V

V

g

SC
sR C

sR C

COMP FB
COMP

FB

M COMP

COMP

COMP COMP A

COMP COMP B

/
_

_

_
                     

= ≅ ×

+
+

1

1

 A A A AL COMP FB LX COMP FB LX= × ×/ / /

 

V

L I I
V
V f

t

C V
V V

V f
t

SAG

LOAD LOAD
OUT

IN SW
OFF MIN

OUT OUT
IN OUT

IN SW
OFF MIN

=







+






























( ) ( )

( )

1 2
2

2

-

-
-

 

V I R

V
I

C f

I
V V

f L
V
V

RIPPLE ESR P P ESR

RIPPLE C
P P

OUT SW

P P
IN OUT

SW

OUT

IN

( )

( )

=

=

=











-

-

-
-

8
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ESR
LC LR

CCOMP_B

10

• RCOMP CCOMP
fZ_COMP_A
CCOMP_A ( )

• RESR COUT
ESR
COUT (

)

• CCOMP_B RCOMP (
) fCOMP_B

9

1

RCOMP

• 1/5

• 1 fCO
5 fESR

CCOMP_A fZ_COMP_A fLC

CCOMP_B fCOMP_B fCO 3

 

C
f R

COMP B
CO COMP

_ =
× ×( ) ×

1

2 3π

 
C

LC

R
COMP A

OUT

COMP
_ =

×2

 

f GBW
V

V

V

V
g R R

L

CO
IN

RAMP

SET

OUT

M COMP COMP ESR

= = ×

×
× ×

×
_

2π

 
A

V
V

V
V

g R R

sLL
IN

RAMP

SET

OUT

M COMP COMP ESR≅ × ×
× ×_

 

f
R C

COMP B
COMP COMP B

_
_

=
×

1

2π

 
f

R C
ESR

ESR OUT
=

×
1

2π

 

f
LC

LC
OUT

=
×

1

2π

COMP_

RCOMP_

CCOMP_A
CCOMP_B

gM_COMP

P

W

M
VC

VSET

DH

DL

N

N

L

LX

FB

VOUT

RESR

COUT
COMP_

RCOMP_

CCOMP_A CCOMP_B

gM_COMP

VSET

L

LX

FB

RESR

COUT

GAIN = +VIN/VRAMP 

=
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MOSFET

MAX1858A/MAX1875A/MAX1876A
N MOSFET

• (RDS(ON))

• (VDS(MAX))

• (VTH(MIN))

• (Qg)

• (CRSS)

•

4 N MOSFET
VGS

> 4.5V

MOSFET(NH_)
MOSFET

MAX1858A/MAX1875A/MAX1876A DL_
NL_ NH_ dv/dt

NL_ - NL_

MOSFET
MOSFET

VL 4

MOSFET I2R
MOSFET I2R

NH_ NL_
MOSFET

MOSFET

MOSFET
MOSFET

MOSFET (PNH)
MOSFET

(PNL)

IGATE DH

RDS(ON)DH MOSFET (
5 Ω ) R G A T E D H B S T ( 5 )

RGMOSFET MOSFET

PNH(CONDUCTION) MOSFET PNL

EMI
0.1µF DL_

DH_ MOSFET

 

P I R
V
V

P P P

P I R
V
V

NH CONDUCTION LOAD DS ON NH
OUT

IN

NH TOTAL NH SWITCHING NH CONDUCTION

NL LOAD DS ON NL
OUT

IN

( ) ( )

( ) ( ) ( )

( )

=






= +

=
















2

2 1-

 

I
V

R R R
GATE

L

DS ON DH GATE GMOSFET
=

+ +( )2 ( )

 
P V I f

Q Q
INH SWITCHING INLOAD SW

GS GD

GATE
( ) = +





 P V Q fVL IN G TOTAL SW= × ×_

BODE PLOT FOR VOLTAGE-
MODE CONTROLLERS

FREQUENCY (MHz)

GA
IN

 (d
B)

0.10.01
-40

-30

-20

-10

0

10

20

30

40

50

0.001 1

fZ-COMP_A

fCOMP_B

fLC

fCO

fESR

fSWITCH
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____________________________

(tOFF(MIN))
(100kHz)

( VSAG
)

(∆IDOWN) (∆IUP)
h = ∆IUP/∆IDOWN

1 h 1

VSAG

h 1.5
VSAG

h

VDROP1
PC VDROP2

PC
tOFF(MIN)

h = 1

V+(MIN)

VSAG VSAG

VOUT = 5V

fSW = 600kHz

tOFF(MIN) = 250ns

VDROP1 = VDROP2 = 100mV

h = 1.5

h = 1

VIN 6V
6.58V

MAX1858A/MAX1875A/MAX1876A

( )

PC

PC

MAX1858 EV kit MAX1875 EV kit

V
V mV

kHz ns

mV mV V

IN MIN( ) ( )( )
= +









+ =−

5 100
1 600 250

100 100 6

-

V
V mV

kHz ns

mV mV V

IN MIN( ) . ( )( )

.

= +









+ =−

5 100
1 1 5 600 250

100 100 6 58

-

V
V V

hf t
V VIN MIN

OUT DROP

SW OFF MIN
DROP DROP( )

( )
= +











+1
2 11-

-
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•
OUT1 OUT2 PGND

( PGND1 PGND2) AC PGND1
PGND2

• OUT1 OUT2

•

• GND PGND
4

•
(2oz 1oz)

1%

• LX_ PGND
Kelvin 8
SO MOSFET

MOSFET 8 SO
PGND LX_

•

MOSFET
MOSFET

• COUT_
(BST_ LX_ DH_ DL_)

(REF FB_ CSP_ CSN_) PGND1
PGND2 EMI

• (ILIM_ SYNC EN)
(GND) (PGND)

1) (NL_ CIN
COUT_ )

( 2oz )

2) IC MOSFET (NL_)
LX_ PGND DL_

D L _
MOSFET 1 50mils
100mils

3) (BST_ VL )

4) DC-DC
GND

(REF) V+
OSC ILIM_ ( )

GND PGND ( GND PGND
)

5) ( )

____________________________
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