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PART TEMP RANGE
PIN-

PACKAGE

PKG

CODE

MAX15002ATL+ -40°C to +125°C
40 TQFN-EP*
(6mm x 6mm)

T4066-3
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ABSOLUTE MAXIMUM RATINGS

ELECTRICAL CHARACTERISTICS
(VIN = 5.5V to 23V or VIN = VREG = 4.5V to 5.5V, VDREG_ = VREG, VPGND_ = VSYNC = VPHASE = VSEL = 0V, CREG = 2.2μF, RRT = 100kΩ,
CCT = 0.1μF, RILIM_ = 60kΩ, TA = TJ = -40°C to +125°C, unless otherwise noted. Typical values are at VIN = 12V, TA = TJ = +25°C.)
(Note 1)

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, LX_, CSN_ to SGND..........................................-0.3V to +30V
BST_ to SGND........................................................-0.3V to +30V
BST_ to LX_ ..............................................................-0.3V to +6V
REG, DREG_, SYNC, EN_, RT, CT, 
RESET, PHASE, SEL to SGND ...............................-0.3V to +6V

ILIM_, PGOOD_, FB_, COMP_, CSP_ to SGND .......-0.3V to +6V
DL_ to PGND_.......................................-0.3V to (VDREG_ + 0.3V)
DH_ to LX_...............................................-0.3V to (VBST_ + 0.3V)
PGND_ to SGND, PGND_ to Any Other PGND_.......-0.3V to +0.3V

Continuous Power Dissipation (TA = +70°C)
40-Pin TQFN (derate 37mW/°C above +70°C) .............2963mW*
θJA ..................................................................................27°C/W
θJc .................................................................................1.4°C/W

Operating Junction Temperature Range...........-40oC to +125°C
Maximum Junction Temperature .....................................+150°C
Storage Temperature Range .............................-60°C to +150°C
Lead Temperature (soldering, 10s) .................................+300°C

*As per JEDEC51 standard (multilayer board).

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS

SYSTEM SPECIFICATIONS

5.5 23.0 V
Input-Voltage Range VIN

VIN = VREG = VDREG (Note 2) 4.5 5.5 V

Input Undervoltage Lockout
Threshold

VUVLO VIN rising 3.95 4.05 4.15 V

Input Undervoltage Lockout
Hysteresis

0.35 V

Operating Supply Current VIN = 12V, VFB_ = 0.8V 4.3 6.0 mA

Shutdown Supply Current VIN = 12V, EN_ = 0V, PGOOD_ unconnected 150 300 μA

REG VOLTAGE REGULATOR

Output-Voltage Setpoint VREG VIN = 5.5V to 23V 4.9 5.2 V

Load Regulation IREG = 0 to 120mA, VIN = 12V 0.2 V

DIGITAL SOFT-START/SOFT-STOP

Soft-Start/Soft-Stop Duration 2048 Clocks

Reference Voltage Steps 64 Steps

ERROR TRANSCONDUCTANCE AMPLIFIER

FB_, TRACK_ Input Bias Current -250 +250 nA

TA = TJ = 0°C to +85°C 0.593 0.600 0.605 V
FB_ Voltage Setpoint VFB

TA = TJ = -40°C to +125°C 0.590 0.600 0.608 V

FB_ to COMP_
Transconductance

2.1 mS

COMP_ Output Swing 0.75 3.50 V

Open-Loop Gain 80 dB

Unity-Gain Bandwidth 10 MHz
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PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS

DRIVERS

 DL_, DH_ Break-Before-Make
Time

CLOAD = 5nF  20   ns

 Low, sinking 100mA  0.9   DH1 On-Resistance
High, sourcing 100mA  1.3  

 Ω

 Low, sinking 100mA  0.9   DH2 On-Resistance  
High, sourcing 100mA  1.3  

 Ω

 Low, sinking 100mA  0.9  
DL1 On-Resistance

High, sourcing 100mA  1.3   Ω

 Low, sinking 100mA  0.9   DL2 On-Resistance  
High, sourcing 100mA  1.3  Ω

LX_ to PGND_ On-Resistance Sinking 10mA  8  Ω

CURRENT-LIMIT AND HICCUP MODE   
Cycle-By-Cycle Valley Current-
Limit Adjustment Range

VCL VCL_ = VILIM_/10 50 300 mV

VILIM_ = 0.5V 44 54Cycle-By-Cycle Valley Current-
Limit Threshold Tolerance VILIM_ = 3V 288 312

mV

ILIM_ Reference Current VILIM_ = 0 to 3V, TA = TJ = +25°C 20 μA

ILIM_ Reference Current
Temperature Coefficient

3333 ppm/°C

CSP_, CSN_ Input Bias Current VCSP_ = 0V, VCSN_ = -0.3V -20 +20 μA

Number of Cumulative Current-
Limit Events to Hiccup

NCL 8

Number of Consecutive Non-
Current-Limit Cycles to Clear NCL

NCLR 3

Hiccup Timeout 4096
Clock

periods

ENABLE/PHASE/SEL

EN1 Threshold VEN-TH EN1 rising 1.19 1.215 1.24 V

EN1 Threshold Hysteresis 0.12 V

EN1 Input Bias Current -1 +1 μA

PHASE Input High 2 V

PHASE Input Low 0.8 V

PHASE Input Bias Current -1 +1 μA

SEL Threshold 20 %VREG

SEL Input Bias Current -1 +1 μA

ELECTRICAL CHARACTERISTICS (continued)
(VIN = 5.5V to 23V or VIN = VREG = 4.5V to 5.5V, VDREG_ = VREG, VPGND_ = VSYNC = VPHASE = VSEL = 0V, CREG = 2.2μF, RRT = 100kΩ,
CCT = 0.1μF, RILIM_ = 60kΩ, TA = TJ = -40°C to +125°C, unless otherwise noted. Typical values are at VIN = 12V, TA = TJ = +25°C.)
(Note 1)
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ELECTRICAL CHARACTERISTICS (continued)
(VIN = 5.5V to 23V or VIN = VREG = 4.5V to 5.5V, VDREG_ = VREG, VPGND_ = VSYNC = VPHASE = VSEL = 0V, CREG = 2.2μF, RRT = 100kΩ,
CCT = 0.1μF, RILIM_ = 60kΩ, TA = TJ = -40°C to +125°C, unless otherwise noted. Typical values are at VIN = 12V, TA = TJ = +25°C.)
(Note 1)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS

PGOOD, RESET OUTPUTS

FB_ for PGOOD Threshold FB_ falling 0.54 0.555 0.57 V

RESET, PGOOD_ Output Low
Level

Sinking 3mA 0.1 V

RESET, PGOOD_ Leakage -1 +1 μA

CT Charging Current 1.8 2 2.2 μA

CT Output Low Sinking 3mA 0.1 V

CT rising 1.8 2.6
CT Threshold for RESET Delay

CT falling 1.2
V

OSCILLATOR

Switching Frequency Range
(Each Converter)

fSW VSYNC = 0V, fSW = 1.5 x 1011/RRT + 2k 200 2200 kHz

fSW ≤ 1500kHz -5 +5Switching Frequency Accuracy
(Each Converter) fSW > 1500kHz -7 +7

%

VPHASE = 0V (DH1 rising to DH2 rising) 180 degrees
Phase Delay

VPHASE = VREG (DH1 rising to DH2 rising) 0 degrees

RT Voltage VRT 40kΩ < RRT < 500kΩ 2 V

Minimum Controllable On-Time tON(MIN) 75 ns

Minimum Off-Time tOFF(MIN) 150 ns

SYNC High-Level Voltage 2 V

SYNC Low-Level Voltage 0.8 V

SYNC Internal Pulldown Resistor 50 100 200 kΩ

SYNC Frequency Range (Note 3) 0.4 4.6 MHz

SYNC Minimum On-Time 30 ns
SYNC Minimum Off-Time 30 ns

PWM Ramp Amplitude
(Peak-Peak)

2 V

PWM Ramp Valley 1 V

Note 1: 100% production tested at TA = TJ = +25°C and TA = TJ = +125°C. Limits at other temperatures are guaranteed by design.
Note 2: For 5V applications, connect REG directly to IN.
Note 3: The switching frequency is 1/2 of the SYNC frequency.
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CONVERTER 1 EFFICIENCY
vs. LOAD CURRENT
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CONVERTER 2 EFFICIENCY
vs. LOAD CURRENT
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CONVERTER 1 LOAD REGULATION
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CONVERTER 2 LOAD REGULATION
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INTERNAL VOLTAGE REGULATION (REG)
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CONVERTER-SWITCHING FREQUENCY
vs. RRT
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(VIN = 12V, referenced to Figure 8, TA = TJ = +25°C, unless otherwise noted.)

SWITCHING FREQUENCY ACCURACY
vs. TEMPERATURE
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VALLEY CURRENT-LIMIT THRESHOLD
vs. VILIM

M
AX

15
00

2 
to

c0
8

VILIM (mV)

VA
LL

EY
 C

UR
RE

NT
-L

IM
IT

 T
HR

ES
HO

LD
 (m

V)

30002500200015001000

100

150

200

250

300

350

50
500 3500

电子工程师之家http://www.eehome.cn

项目开发 芯片解密 零件配单 TEL:15013652265 QQ:38537442



6 _______________________________________________________________________________________

(VIN = 12V, referenced to Figure 8, TA = TJ = +25°C, unless otherwise noted.)

VALLEY CURRENT-LIMIT THRESHOLD
vs. TEMPERATURE
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SWITCHING CURRENT
vs. FREQUENCY

M
AX

15
00

2 
to

c1
0

FREQUENCY (kHz)

SW
IT

CH
IN

G 
CU

RR
EN

T 
(m

A)

17001200700

6

7

8

9

10

11

12

13

14

15

5
200 2200

VIN = 12V
DL_, DH_
UNCONNECTED
VFB_ = 0V

RATIOMETRIC STARTUP
MAX15002 toc11

2ms/div

10V/div

0VVIN

VOUT1, 2

1V/div

1V/div

0V
VEN2 = 0V, SEL = REG

RATIOMETRIC SHUTDOWN
MAX15002 toc12

1ms/div

500mV/div

500mV/div

VOUT2

VOUT1

0V
VEN2 = 0V, SEL = REG

CHANNEL 2 SHORT CIRCUIT
(RATIOMETRIC MODE)

MAX15002 toc13

1ms/div

10V/div

1V/div

VOUT2

VOUT1

VIN

0V

0V

2V/div

0V
VEN2 = 0V, SEL = REG

CHANNEL 1 SHORT CIRCUIT
(RATIOMETRIC MODE)

MAX15002 toc14

1ms/div

10V/div

2V/div

VOUT1

VOUT2

VIN

0V

0V

1V/div

0V
VEN2 = 0V, SEL = REG

COINCIDENT STARTUP
MAX15002 toc15

2ms/div

10V/div

VOUT1, 2

VIN

1V/div

0V

1V/div

0V
CIRCUIT OF FIGURE 8, SEL = REG

COINCIDENT SHUTDOWN
MAX15002 toc16

2ms/div

500mV/div

500mV/div

VOUT2

VOUT1

0V
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CHANNEL 2 SHORT CIRCUIT 
(COINCIDENT MODE)

MAX15002 toc17

1ms/div

10V/div

0V

0V

VOUT2

VIN

VOUT1

1V/div

2V/div

0V

CHANNEL 1 SHORT CIRCUIT 
(COINCIDENT MODE)

MAX15002 toc18

1ms/div

10V/div

0V

0V

VOUT1

VIN

VOUT2

2V/div

1V/div

0V

SEQUENCING STARTUP
MAX15002 toc19

4ms/div

10V/div

0VVIN

VOUT1, 2

1V/div

1V/div

0V
SEL = REG

SEQUENCING SHUTDOWN
MAX15002 toc20

1ms/div

500mV/div

VOUT1

VOUT2

500mV/div

0V
SEL = REG

CONVERTER 2 OUTPUT SHORT CIRCUIT
(SEQUENCING MODE)

MAX15002 toc21

1ms/div

10V/div

1V/div

VIN

VOUT1

VOUT2

0V

2V/div

0V

0V

SEL = GND
EN/TRACK2 = PGOOD1

CHANNEL 1 OUTPUT SHORT CIRCUIT
(SEQUENCING MODE)

MAX15002 toc22

1ms/div

10V/div

2V/div

VIN

VOUT2

VOUT1

0V

1V/div

0V

0V

SEL = GND
EN/TRACK2 = PGOOD1

RESET AT STARTUP
(SEQUENCING MODE)

MAX15002 toc23

20ms/div

5V/div

1V/div

VOUT1, 2

VRESET

1V/div

0V

0V

SEL = GND
EN/TRACK2 = PGOOD1

RESET AT SHUTDOWN
(SEQUENCING MODE)

MAX15002 toc24

1ms/div

5V/div

1V/divVOUT2

VOUT1

VRESET

1V/div

0V

0V

SEL = GND
EN/TRACK2 = PGOOD1

(VIN = 12V, referenced to Figure 8, TA = TJ = +25°C, unless otherwise noted.)
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IN-PHASE OPERATION
MAX15002 toc27

1μs/div

5V/div
VSYNC

VLX1

VLX2

10V/div

10V/div

0V

0V

0V

BREAK-BEFORE-MAKE TIMING
MAX15002 toc28

20ns/div

5V/divVLX1

VDL1

0V

2V/div

0V

CONVERTER 1 SHORT-CIRCUIT CONDITION
(HICCUP MODE)

MAX15002 toc25

4ms/div

500mV/divVOUT1

IOUT1

VLX1

VDL1

VPGOOD1

10V/div

10A/div

5V/div

1V/div

180° OUT-OF-PHASE OPERATION
MAX15002 toc26

1μs/div

5V/div
VSYNC

VLX1

VLX2

10V/div

0V

0V

10V/div

0V

LOAD-TRANSIENT RESPONSE
(IOUT2 = 100mA TO 10A)

MAX15002 toc29

200μs/div

100mV/div
AC-COUPLED

VOUT2

IOUT2

5A/div

0

LOAD-TRANSIENT RESPONSE
(IOUT2 = 5A TO 10A)

MAX15002 toc30

200μs/div

100mV/div
AC-COUPLED

VOUT2

IOUT2 5A/div

0

(VIN = 12V, referenced to Figure 8, TA = TJ = +25°C, unless otherwise noted.)
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1 REG

2 SEL

3 PGND1

4 DL1

5 DREG1

6 LX1

7 DH1

8 BST1

9 CSN1

10 CSP1

11 ILIM1

12 COMP1

13 EN1

14 FB1

15 PGOOD1

16 PGND2

17 DL2

18 DREG2

19 LX2

μ

μ

Ω Ω
μ

μ
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20 DH2

21 BST2

22 CSN2

23 CSP2

24 ILIM2

25 COMP2

26 EN/TRACK2

27 FB2

28 PGOOD2

29–33 N.C.

34 SYNC

35 SGND

36 RT

37 PHASE

38 RESET

39 CT

40 IN

— EP

Ω Ω
μ

Ω Ω

°

RESET RESET

RESET RESET μ
RESET
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REG

VREF

VR1

DOWN1

CLK1
FB1

COMP1

LDO

1.24V
1.12V

SHDN

RES
OVERLOAD

MANAGEMENT

VREGOK

IN SEL

PWM CONTROLLER 1

EN1 CT RESET

1.24VON
1.12VOFF

SEQ_
EN

EN

OSC

OVL
CONFIG

CSP1

SGND

CSN1

ILIM1

BST1

DH1

LX1

DREG1

DL1

PGND1

OVL_

R Q

SET
DOMINANT

S

0.925
x

VREF

FB1

PGPD1

PGPD_

DIGITAL
SOFT-START
AND STOP

0.6V
REF

CONFIG
SELECTOR

E/A

CPWM

CLK1LEVEL
SHIFT

RESET
TIMEOUT

RAMP

CLK2

CURRENT-
LIMIT
SET

SYNC
RT

PHASE

EN1

OVL1

IMAX1
CLK1

SEQ_

PGOOD1

MAX15002
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±

°
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DIGITAL
SOFT-START
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CPWM

CLK2
LEVEL
SHIFT

RAMP

CURRENT-
LIMIT
SET

CLK2
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μ

IREG = IQ + [fSW x Σ(QGHS_ + QGLS_)]

Ω Ω μ μ

μ

Ω Ω

fSW (Hz) = 1.5 x 1011/(RRT + 2000)Ω

°
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VOUT1

VOUT2

VOUT1

VOUT2

VOUT1

VOUT2

SOFT-START SOFT-STOP

SOFT-START SOFT-STOP

A)  COINCIDENT TRACKING OUTPUTS

B)  RATIOMETRIC TRACKING OUTPUTS

SOFT-
START SOFT-STOP

C)  SEQUENCED OUTPUTS
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COINCIDENT TRACKING PGOOD SEQUENCING

EN/TRACK2

SEL REG

VIN

EN1

RATIOMETRIC TRACKING

RA

RB

RA

RB

VIN

EN1

PGOOD1

EN/TRACK2

REG

VIN

EN1

VOUT2

FB2

VOUT1

EN/TRACK2

SEL

SEL REG
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Ω Ω

fSW (Hz) = 1.5 x 1011/(RRT + 2000)Ω
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PD = VIN x IREG

IREG = IQ + [fSW x (QG1 + QG2 + QG3 + QG4)]

PDMAX = 37 x (150 - TA)……….mW
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