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可提供评
估板

MAX1586
MAX1587

V1

V2

V3

V4

V5

V6

V7

VCC_IO 3.3V

VCC_MEM 2.5V

VCC_CORE
0.8V TO 1.3V

VCC_USIM
0V, 1.8V, 3.0V

MAIN BATTERY

VCC_PLL 1.3V

VCC_SRAM 1.1V

BACKUP
BATTERY

IN

BKBT

MR

RSO

VCC_BATT

POK

nRESET

nVCC_FAULT

SYS_EN

PWR_EN

ON1-2

ON3-6

nBATT_FAULT DBO

PART TEMP RANGE PIN-PACKAGE

MAX1586AETM -40°C to +85°C 48 Thin QFN 7mm x 7mm

MAX1586BETM -40°C to +85°C 48 Thin QFN 7mm x 7mm

MAX1586CETM -40°C to +85°C 48 Thin QFN 7mm x 7mm

MAX1587AETL -40°C to +85°C 40 Thin QFN 6mm x 6mm

MAX1587CETL -40°C to +85°C 40 Thin QFN 6mm x 6mm
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2 _______________________________________________________________________________________

ABSOLUTE MAXIMUM RATINGS

ELECTRICAL CHARACTERISTICS
(VIN = 3.6V, VBKBT = 3.0V, VLBI = 1.1V, VDBI = 1.35V, circuit of Figure 5, TA = 0°C to +85°C, unless otherwise noted. Typical values
are at TA = +25°C.)

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, IN45, IN6, MR, LBO, DBO, RSO, POK, SCL, SDA,
BKBT, V7, SLP, SRAD, PWM3 to GND...............-0.3V to +6V

REF, CC_, ON_, FB_, DBI, LBI, V1, V2, RAMP, BYP,
MR to GND ...........................................-0.3V to (VIN + 0.3V)

PV1, PV2, PV3, SLPIN to IN...................................-0.3V to +0.3V
V4, V5 to GND ..........................................-0.3V to (VIN45 + 0.3V)
V6 to GND ..................................................-0.3V to (VIN6 + 0.3V)
PV1 to PG1 ............................................................-0.3V to +6.0V
PV2 to PG2 ............................................................-0.3V to +6.0V
PV3 to PG3 ............................................................-0.3V to +6.0V
LX1 Continuous Current....................................-1.30A to +1.30A
LX2 Continuous Current........................................-0.9A to +0.9A

LX3 Continuous Current........................................-0.9A to +0.9A
PG1, PG2, PG3 to GND.........................................-0.3V to +0.3V
V1, V2, V4, V5, V6 Output Short-Circuit Duration.......Continuous
Continuous Power Dissipation (TA = +70°C)

6mm x 6mm 40-Pin Thin QFN 
(derate 26.3mW/°C above +70°C)...........................2105mW
7mm x 7mm 48-Pin Thin QFN 
(derate 26.3mW/°C above +70°C)...........................2105mW

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

PARAMETER CONDITIONS MIN TYP MAX UNITS

PV1, PV2, PV3, SLPIN, IN Input
Voltage Range

PV1, PV2, PV3, IN, and SLPIN must connect together
externally

2.6 5.5 V

IN45, IN6 Input Voltage Range 2.4 5.5 V

VIN rising 2.25 2.40 2.55IN Undervoltage-Lockout (UVLO)
Threshold VIN falling 2.200 2.35 2.525

V

MAX1586 32Only V7 on, VIN below
DBI threshold VIN = 3.0V MAX1587 5

MAX1586 130REG1 and REG2 on in
switch mode, REG3 off MAX1587 130

MAX1586 60REG1 and REG2 on in
sleep mode, REG3 off MAX1587 60

MAX1586 225

Quiescent Current

No load (IPV1 +
IPV2 + IPV3 + IIN +
ISLPIN + IIN45 +
IIN6)

All REGs on
MAX1587 200

μA

ON1 = 0 4
BKBT Input Current

ON1 = IN 0.8
μA

REF Output Voltage 0 to 10μA load 1.2375 1.25 1.2625 V

SYNCHRONOUS-BUCK PWM REG1

REG1 Voltage Accuracy FB1 = GND, 3.6V ≤ VPV1 ≤ 5.5V, load = 0 to 1300mA 3.25 3.3 3.35 V

FB1 Voltage Accuracy
FB1 used with external resistors, 3.6V ≤ VPV1 ≤ 5.5V,
load = 0 to 1300mA

1.231 1.25 1.269 V

FB1 Input Current FB1 used with external resistors 100 nA

Error-Amplifier Transconductance Referred to FB 87 μS

Load = 800mA 180 280
Dropout Voltage (Note 1)

Load = 1300mA 293 450
mV
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PARAMETER CONDITIONS MIN TYP MAX UNITS

ILX1 = -180mA 0.18 0.3
p-Channel On-Resistance

ILX1 = -180mA, VPV1 = 2.6V 0.21 0.35
Ω

ILX1 = 180mA 0.13 0.225
n-Channel On-Resistance

ILX1 = 180mA, VPV1 = 2.6V 0.15 0.25
Ω

Current-Sense Transresistance 0.5 V/A

p-Channel Current-Limit Threshold -1.55 -1.80 -2.10 A

PWM Skip-Mode Transition Load
Current

Decreasing load current (Note 2) 30 mA

OUT1 Maximum Output Current 2.6V ≤ VPV1 ≤ 5.5V (Note 3) 1.3 A

LX1 Leakage Current VPV1 = 5.5V, LX1 = GND or PV1, VON1 = 0V -20 +0.1 +20 μA

SYNCHRONOUS-BUCK PWM REG2

FB2 = GND, 3.6V ≤ VPV2 ≤ 5.5V, load = 0 to 900mA 2.463 2.5 2.537

MAX1586A, MAX1587A, FB2 = IN, 3.6V ≤ VPV2 ≤ 5.5V,
load = 0 to 900mA

1.773 1.8 1.827
REG2 Voltage Accuracy

MAX1586B, FB2 = IN, 3.6V ≤ VPV2 ≤ 5.5V,
load = 0 to 900mA

3.25 3.3 3.35

V

FB2 Voltage Accuracy
FB2 used with external resistors, 3.6V ≤ VPV2 ≤ 5.5V,
load = 0 to 900mA

1.231 1.25 1.269 V

FB2 Input Current FB2 used with external resistors, VFB2 = 1.25V 100 nA

Error-Amplifier Transconductance Referred to FB 87 μS

Dropout Voltage Load = 900mA (Note 1) 243 380 mV

ILX2 = -180mA 0.225 0.375
p-Channel On-Resistance

ILX2 = -180mA, VPV2 = 2.6V 0.26 0.425
Ω

ILX2 = 180mA 0.15 0.25
n-Channel On-Resistance

ILX2 = 180mA, VPV2 = 2.6V 0.17 0.275
Ω

Current-Sense Transresistance 0.7 V/A

p-Channel Current-Limit Threshold -1.1 -1.275 -1.50 A

PWM Skip-Mode Transition Load
Current

Decreasing load current (Note 2) 30 mA

OUT2 Maximum Output Current 2.6V ≤ VPV2 ≤ 5.5V (Note 3) 0.9 A

LX2 Leakage Current VPV2 = 5.5V, LX2 = GND or PV2, VON2 = 0V -10 +0.1 +10 μA

SYNCHRONOUS-BUCK PWM REG3

MAX1586A, MAX1586B, MAX1587A,
load = 0 to 500mA

-1.5 +1.5

REG3 Output Voltage Accuracy
REG3 from 0.7V to
1.475V, 2.6V ≤
VPV3 ≤ 5.5V MAX1586C, MAX1587C,

load = 0 to 900mA
-1.5 +1.5

%

Error-Amplifier Transconductance 68 μS

ELECTRICAL CHARACTERISTICS (continued)
(VIN = 3.6V, VBKBT = 3.0V, VLBI = 1.1V, VDBI = 1.35V, circuit of Figure 5, TA = 0°C to +85°C, unless otherwise noted. Typical values
are at TA = +25°C.)
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PARAMETER CONDITIONS MIN TYP MAX UNITS

ILX3 = -180mA 0.225 0.375
p-Channel On-Resistance

ILX2 = -180mA, VPV3 = 2.6V 0.26 0.425
Ω

ILX3 = 180mA 0.15 0.25
n-Channel On-Resistance

ILX3 = 180mA, VPV3 = 2.6V 0.17 0.275
Ω

MAX1586A, MAX1586B, MAX1587A 1.1
Current-Sense Transresistance

MAX1586C, MAX1587C 0.55
V/A

MAX1586A, MAX1586B, MAX1587A -0.60 -0.7 -0.85
p-Channel Current-Limit Threshold

MAX1586C, MAX1587C -1.125 -1.35 -1.700
A

PWM Skip-Mode Transition Load
Current

Decreasing load current (Note 2) 30 mA

MAX1586A, MAX1586B, MAX1587A 0.5
OUT3 Maximum Output Current

2.6V ≤ VPV3 ≤ 5.5V
(Note 3) MAX 1586C, MAX1587C 0.9

A

LX3 Leakage Current VPV3 = 5.5V, LX3 = GND or PV2, VON3 = 0V -10 +0.1 +10 μA

LDOS V4, V5, V6, V1 SLEEP, V2 SLEEP, AND V7 OUTPUT

V4, V5, V6, V1 SLEEP, V2 SLEEP
Output Current

35 mA

V7 Output Current 30 mA

REG4 Output Voltage Load = 0.1mA to 35mA 1.261 1.3 1.339 V

REG4 Noise With 1μF COUT and 0.01μF CBYP 15 μVRMS

REG5 Output Voltage Load = 0.1mA to 35mA 1.067 1.1 1.133 V

IN45, IN6 Input Voltage Range 2.4 5.5 V

0V  setti ng  ( ei ther  ON 6 l ow  or  ser i al  p r og r am m ed ) 0

1.8V setting, load = 0.1mA to 35mA 1.746 1.8 1.854

2.5V setting, load = 0.1mA to 35mA 2.425 2.5 2.575
REG6 Output Voltage (POR Default
to 0V, Set by Serial Input)

MAX1586

3.0V setting, load = 0.1mA to 35mA 2.91 3.0 3.09

V

V1 on and in regulation VV1
V7 Output Voltage

V1 off VBKBT
V

V1 and V2 SLEEP Output Voltage
Accuracy

Set to same output voltage as REG1 and REG2 -3.0 +3.0 %

V1 and V2 SLEEP Dropout Voltage LOAD = 20mA 75 150 mV

V6 Dropout Voltage M AX 1586 3V  m od e, l oad  =  30m A, 2.5V  m od e, l oad  =  30m A 110 200 mV

V7 Switch Voltage Drop LOAD = 20mA, VBKBT = VV1 = 3.0V 100 200 mV

V4, V5, V6 Output Current Limit   40  90   mA

BKBT Leakage    1  μA

OSCILLATOR

PWM Switching Frequency 0.93 1 1.07 MHz

SUPERVISORY/MANAGEMENT FUNCTIONS

Rising 92 94.75 97
POK Trip Threshold (Note 4)

Falling 88.5 90.5 92.5
%

ELECTRICAL CHARACTERISTICS (continued)
(VIN = 3.6V, VBKBT = 3.0V, VLBI = 1.1V, VDBI = 1.35V, circuit of Figure 5, TA = 0°C to +85°C, unless otherwise noted. Typical values
are at TA = +25°C.)
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PARAMETER CONDITIONS MIN TYP MAX UNITS

LBI = IN (for preset) 3.51 3.6 3.69
LBI Threshold (Falling)

MAX1586 hysteresis is
5% (typ) With resistors at LBI 0.98 1.00 1.02

V

DBI = IN (for preset) 3.024 3.15 3.276
DBI Threshold (Falling)

MAX1586 hysteresis is
5% (typ) With resistors at LBI 1.208 1.232 1.256

V

RSO Threshold (Falling) Voltage on REG7, hysteresis is 5% (typ) 2.25 2.41 2.56 V

RSO Deassert Delay 61 65.5 70 ms

LBI Input Bias Current MAX1586 -50 -5 nA

DBI Input Bias Current MAX1586 15 50 nA

Thermal-Shutdown Temperature TJ rising +160 °C

Thermal-Shutdown Hysteresis 15 °C

LOGIC INPUTS AND OUTPUTS

LBO, DBO, POK, RSO, SDA Output
Low Level

2.6V ≤ V7 ≤ 5.5V, sinking 1mA 0.4 V

LBO, DBO, POK, RSO Output Low
Level

V7 = 1V, sinking 100μA 0.4 V

LBO, DBO, POK, RSO Output-High
Leakage Current

Pin = 5.5V 0.2 μA

ON_, SCL, SDA, SLP, PWM3, MR,
SRAD Input High Level

2.6V ≤ VIN ≤ 5.5V 1.6 V

ON_, SCL, SDA, SLP, PWM3, MR,
SRAD Input Low Level

2.6V ≤ VIN ≤ 5.5V 0.4 V

ON_, SCL, SDA, SLP, PWM3, MR,
SRAD Input Leakage Current

Pin = GND, 5.5V -1 +1 μA

SERIAL INTERFACE

Clock Frequency 400 kHz

Bus-Free Time Between START and
STOP

1.3 μs

H ol d  Ti m e Rep eated  S TART C ond i ti on 0.6 μs

CLK Low Period 1.3 μs

CLK High Period 0.6 μs

S etup  Ti m e Rep eated  S TART C ond i ti on 0.6 μs

DATA Hold Time 0 μs

DATA Setup Time 100 ns

Maximum Pulse Width of Spikes that
Must be Suppressed by the Input
Filter of Both DATA and CLK Signals

50 ns

Setup Time for STOP Condition 0.6 μs

ELECTRICAL CHARACTERISTICS (continued)
(VIN = 3.6V, VBKBT = 3.0V, VLBI = 1.1V, VDBI = 1.35V, circuit of Figure 5, TA = 0°C to +85°C, unless otherwise noted. Typical values
are at TA = +25°C.)
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PARAMETER CONDITIONS MIN MAX UNITS

PV1, PV2, PV3, SLPIN, IN Input
Voltage Range

PV1, PV2, PV3, IN, and SLPIN must connect together
externally

2.6 5.5 V

IN45, IN6 Input Voltage Range 2.4 5.5 V

VIN rising 2.25 2.55IN Undervoltage-Lockout (UVLO)
Threshold VIN falling 2.200 2.525

V

SYNCHRONOUS-BUCK PWM REG1

FB1 = GND, 3.6V ≤ VPV1 ≤ 5.5V, load = 0 to 1300mA 3.25 3.35
REG1 Voltage Accuracy

FB1 = IN, 3.6V ≤ VPV1 ≤ 5.5V, load = 0 to 1300mA 2.955 3.045
V

FB1 Voltage Accuracy
FB1 used with external resistors, 3.6V ≤ VPV1 ≤ 5.5V,
load = 0 to 1300mA

1.231 1.269 V

FB1 Input Current FB1 used with external resistors 100 nA

Load = 800mA (Note 1) 280
Dropout Voltage

Load = 1300mA (Note 1) 450
mV

ILX1 = -180mA 0.3
p-Channel On-Resistance

ILX1 = -180mA, VPV1 = 2.6V 0.35
Ω

ILX1 = 180mA 0.225
n-Channel On-Resistance

ILX1 = 180mA, VPV1 = 2.6V 0.25
Ω

p-Channel Current-Limit Threshold -1.55 -2.10 A

OUT1 Maximum Output Current 2.6V ≤ VPV1 ≤ 5.5V (Note 3) 1.30 A

LX1 Leakage Current VPV1 = 5.5V, LX1 = GND or PV1, VON1 = 0V -10 +10 μA

SYNCHRONOUS-BUCK PWM REG2

FB2 = GND, 3.6V ≤ VPV2 ≤ 5.5V, load = 0 to 900mA 2.463 2.537

MAX1586A, MAX1587A, FB2 = IN, 3.6V ≤ VPV2 ≤ 5.5V,
load = 0 to 900mA

1.773 1.827
REG2 Voltage Accuracy

MAX1586B, FB2 = IN, 3.6V ≤ VPV2 ≤ 5.5V,
load = 0 to 900mA

3.25 3.35

V

FB2 Voltage Accuracy
FB2 used with external resistors, 3.6V ≤ VPV2 ≤ 5.5V,
load = 0 to 900mA

1.231 1.269 V

FB2 Input Current FB2 used with external resistors, VFB2 = 1.25V 100 nA

Dropout Voltage Load = 900mA (Note 1) 380 mV

ILX2 = -180mA 0.375
p-Channel On-Resistance

ILX2 = -180mA, VPV2 = 2.6V 0.425
Ω

ILX2 = -180mA 0.25
n-Channel On-Resistance

ILX2 = -180mA, VPV2 = 2.6V 0.275
Ω

p-Channel Current-Limit Threshold -1.1 -1.50 A

OUT2 Maximum Output Current 2.6V ≤ VPV2 ≤ 5.5V (Note 3) 0.9 A

LX2 Leakage Current VPV2 = 5.5V, LX2 = GND or PV2, VON2 = 0V -10 +10 μA

ELECTRICAL CHARACTERISTICS
(VIN = 3.6V, VBKBT = 3.0V, VLBI = 1.1V, VDBI = 1.35V, circuit of Figure 5, TA = -40°C to +85°C, unless otherwise noted.) (Note 5)
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PARAMETER CONDITIONS MIN MAX UNITS

SYNCHRONOUS-BUCK PWM REG3

MAX1586A, MAX1586B, MAX1587A,
load = 0 to 500mA

-1.5 +1.5

REG3 Output Voltage Accuracy
REG3 from 0.7V to
1.475V, 2.6V ≤
VPV3 ≤ 5.5V MAX1586C, MAX1587C,

load = 0 to 900mA
-1.5 +1.5

%

ILX3 = -180mA 0.375
p-Channel On-Resistance

ILX2 = -180mA, VPV3 = 2.6V 0.425
Ω

ILX3 = 180mA 0.25
n-Channel On-Resistance

ILX3 = 180mA, VPV3 = 2.6V 0.275
Ω

MAX1586A, MAX1586B, MAX1587A -0.60 -0.85
p-Channel Current-Limit Threshold

MAX1586C, MAX1587C -1.125 -1.700
A

MAX1586A, MAX1586B, MAX1587A 0.5
OUT3 Maximum Output Current

2.6V ≤ VPV3 ≤ 5.5V
(Note 3) MAX1586C, MAX1587C 0.9

A

LX3 Leakage Current VPV3 = 5.5V, LX3 = GND or PV2, VON3 = 0V -10 +10 μA

LDOs V4, V5, V6, V1 SLEEP, V2 SLEEP, AND V7 OUTPUT

V4, V5, V6, V1 SLEEP, V2 SLEEP
Output Current

35 mA

V7 Output Current 30 mA

REG4 Output Voltage Load = 0.1mA to 35mA 1.254 1.346 V

REG5 Output Voltage Load = 0.1mA to 35mA 1.061 1.139 V

IN45, IN6 Input Voltage Range 2.4 5.5 V

1.8V setting, load = 0.1mA to 35mA 1.737 1.863

2.5V setting, load = 0.1mA to 35mA 2.412 2.588
REG6 Output Voltage (POR Default
to 0V, Set by Serial Input)

MAX1586

3.0V setting, load = 0.1mA to 35mA 2.895 3.105

V

V1 and V2 SLEEP Output Voltage
Accuracy

Set to same output voltage as REG1 and REG2 -3.5 +3.5 %

V1 and V2 SLEEP Dropout Voltage Load = 20mA 150 mV

V6 Dropout Voltage M AX 1586 3V  m od e, l oad  =  30m A; 2.5V  m od e, l oad  =  30m A 200 mV

V7 Switch Voltage Drop Load = 20mA, VBKBT = VV1 = 3.0V 200 mV

V4, V5, V6 Output Current Limit  40    mA

BKBT Leakage    1  μA

OSCILLATOR

PWM Switching Frequency 0.93 1.07 MHz

SUPERVISORY/MANAGEMENT FUNCTIONS

Rising 92 97
POK Trip Threshold (Note 4)

Falling 88.5 92.5
%

LBI = IN (for preset) 3.51 3.69
LBI Threshold (Falling)

MAX1586,
hysteresis is 5% (typ) With resistors at LBI 0.98 1.02

V

ELECTRICAL CHARACTERISTICS (continued)
(VIN = 3.6V, VBKBT = 3.0V, VLBI = 1.1V, VDBI = 1.35V, circuit of Figure 5, TA = -40°C to +85°C, unless otherwise noted.) (Note 5)
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PARAMETER CONDITIONS MIN MAX UNITS

DBI = IN (for preset) 2.993 3.307
DBI Threshold (Falling)

MAX1586,
hysteresis is 5% (typ) With resistors at LBI 1.208 1.256

V

RSO Threshold (Falling) Voltage on REG7, hysteresis is 5% (typ) 2.25 2.60 V

RSO Deassert Delay 62 69 ms

LBI Input Bias Current MAX1586 -50 nA

DBI Input Bias Current MAX1586 75 nA

LOGIC INPUTS AND OUTPUTS

LBO, DBO, POK, RSO, SDA Output
Low Level

2.6V  V7  5.5V, sinking 1mA 0.4 V

LBO, DBO, POK, RSO, SDA Output
Low Level

V7 = 1V, sinking 100μA 0.4 V

LBO, DBO, POK, RSO Output-High
Leakage Current

Pin = 5.5V 0.2 μA

ON_, SCL, SDA, SLP, PWM3, MR,
SRAD Input High Level

2.6V  VIN  5.5V 1.6 V

ON_, SCL, SDA, SLP, PWM3, MR,
SRAD Input Low Level

2.6V  VIN  5.5V 0.4 V

ON_, SCL, SDA, SLP, PWM3, MR,
SRAD Input Leakage Current

Pin = GND, 5.5V -1 +1 μA

SERIAL INTERFACE

Clock Frequency 400 kHz

Bus-Free Time Between START and
STOP

1.3 μs

Hold Time Repeated START
Condition

0.6 μs

CLK Low Period 1.3 μs

CLK High Period 0.6 μs

Setup Time Repeated START
Condition

0.6 μs

DATA Hold Time 0 μs

DATA Setup Time 100 ns

Setup Time for STOP Condition 0.6 μs

ELECTRICAL CHARACTERISTICS (continued)
(VIN = 3.6V, VBKBT = 3.0V, VLBI = 1.1V, VDBI = 1.35V, circuit of Figure 5, TA = -40°C to +85°C, unless otherwise noted.) (Note 5)
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Note 1: Dropout voltage is guaranteed by the p-channel switch resistance and assumes a maximum inductor resistance of 45mΩ.
Note 2: The PWM-skip-mode transition has approximately 10mA of hysteresis.
Note 3: The maximum output current is guaranteed by the following equation:

where:

and RN = n-channel synchronous rectifier RDS(ON)
RP = p-channel power switch RDS(ON)
RL = external inductor ESR
IOUT(MAX) = maximum required load current
f = operating frequency minimum
L = external inductor value
ILIM can be substituted for IOUT(MAX) (desired) when solving for D. This assumes that the inductor ripple current is 
small relative to the absolute value.

Note 4: POK only indicates the status of supplies that are enabled (except V7). When a supply is turned off, POK does not trigger
low. When a supply is turned on, POK immediately goes low until that supply reaches regulation. POK is forced low when all
supplies (except V7) are disabled.

Note 5: Specifications to -40°C are guaranteed by design, not production tested.

D
V I R R
V I R R
OUT OUT MAX N L

IN OUT MAX N P
=

+ +

+ −
( )

( )

( )
( )

I
I

x f x L

x f x L

OUT(MAX)

LIM
OUT 1
2

1

ELECTRICAL CHARACTERISTICS (continued)



高效、低IQ、具有动态内核的
电源管理IC (PMIC)，适合于PDA和智能电话
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(Circuit of Figure 6, VIN = 3.6V, TA = +25°C, unless otherwise noted.)
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 (%

)
VIN = 3.6V

VIN = 5.0V

VIN = 4.0V

L3 = 4.7μH
C17 = 44μF

100

40
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20
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50
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90

MAX1586C
MAX1587C

0.1 10 1001 1000

REG3 1.3V OUTPUT WITH FORCED-PWM
EFFICIENCY vs. LOAD CURRENT

M
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15
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A/
86

B/
87

A 
to

c0
4

LOAD CURRENT (mA)

EF
FI

CI
EN

CY
 (%

)

VIN = 3.6V

VIN = 5.0V

VIN = 4.0V

100

40

50

60

70

80

90

REG1 SLEEP LDO 3.3V OUTPUT
EFFICIENCY vs. LOAD CURRENT

M
AX

15
86

A/
86

B/
87

A 
to

c0
5

LOAD CURRENT (mA)

EF
FI

CI
EN

CY
 (%

)

100

40

50
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70

80

90

0.1 1 10

VIN = 3.6V
VIN = 4.0V

VIN = 5.0V

REG2 SLEEP LDO 2.5V OUTPUT
EFFICIENCY vs. LOAD CURRENT

M
AX

15
86

A/
86

B/
87

A 
to

c0
6

LOAD CURRENT (mA)

EF
FI

CI
EN

CY
 (%

)

90
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70

80

0.1 1 10

VIN = 3.6V VIN = 4.0V

VIN = 5.0V

0

20

140

100

180

220

0 21 3 4 5

QUIESCENT CURRENT
vs. INPUT VOLTAGE

M
AX

15
86

A/
86

B/
87

A 
to

c0
7

INPUT VOLTAGE (V)

IN
PU

T 
CU

RR
EN

T 
(μ

A)

BKBT BIASED AT 3.6V

V1, V2, AND V3 ON

V1 AND V2 ON

V1 ON

V1 AND V2 SLEEP
V1 SLEEP

ALL BUT V7 OFF

200

160

40

60

80

120
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(Circuit of Figure 6, VIN = 3.6V, TA = +25°C, unless otherwise noted.)
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CHANGE IN OUTPUT VOLTAGE
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 IN
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UT
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REG1 3.3V OUTPUT

REG3 1.3V OUTPUT
REG2 2.5V OUTPUT
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SWITCHING FREQUENCY 
vs. INPUT VOLTAGE

M
AX
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to
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0

INPUT VOLTAGE (V)

SW
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)

TA = -40°C

TA = +85°C
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1.225

1.265

1.260
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1.245

1.240

1.235

1.230
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REFERENCE VOLTAGE 
vs. TEMPERATURE
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A/
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B/
87
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to

c1
1

TEMPERATURE (°C)
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FE

RE
NC

E 
VO

LT
AG

E 
 (V

)

REG1 SWITCHING WAVEFORMS
WITH 800mA LOAD

MAX1586A/86B/87A toc12

400ns/div

0

0

500mA/div

10mv/div
AC-COUPLED

2V/div

VLX1

IL1

V1

REG1 SWITCHING WAVEFORMS
WITH 10mA LOAD

MAX1586A/86B/87A toc13

20μs/div

0

0

500mA/div

50mv/div
AC-COUPLED

2V/div
VLX1

V1

IL1
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(Circuit of Figure 6, VIN = 3.6V, TA = +25°C, unless otherwise noted.)

REG3 SWITCHING WAVEFORMS
WITH 250mA LOAD

MAX1586A/86B/87A toc14

400ns/div

0

0

500mA/div

10mv/div
AC-COUPLED

2V/div

V3

IL3

VLX3

REG3 PULSE-SKIP SWITCHING
WAVEFORMS WITH 10mA LOAD

MAX1586A/86B/87A toc15

10μs/div

0

0

500mA/div

10mv/div
AC-COUPLED

2V/div
VLX3

V3

IL3

REG3 FORCED-PWM SWITCHING
WAVEFORMS WITH 10mA LOAD

MAX1586A/86B/87A toc16

400ns/div

0mA

0V

500mA/div

10mv/div
AC-COUPLED

2V/div

VLX3

V3

IL3

V7 AND RSO 
STARTUP WAVEFORMS

MAX1586A/86B/87A toc17

10ms/div

0V

2V/div

0V

2V/div

0V

2V/div

RSO

VIN

V7

SYS_EN STARTUP WAVEFORMS
MAX1586A/86B/87A toc18

2ms/div

2V/div

2V/div

2V/div

2V/div

V2

V1

VEN1
AND
VEN2

VPOK

PWR_EN STARTUP WAVEFORMS
MAX1586A/86B/87A toc19

1ms/div

2V/div

2V/div

2V/div

2V/div

2V/div

V5

V4

V3

VEN3
AND

VEN45

VPOK
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(Circuit of Figure 6, VIN = 3.6V, TA = +25°C, unless otherwise noted.)

REG1 LOAD-TRANSIENT RESPONSE
MAX1586A/86B/87A toc20

200μs/div

0A

V1
100mV/div
AC-COUPLED

ILOAD1
200mA/div

REG2 LOAD-TRANSIENT RESPONSE
MAX1586A/86B/87A toc21

200μs/div

0A

V2
100mV/div
AC-COUPLED

ILOAD2
200mA/div

REG3 LOAD-TRANSIENT RESPONSE
MAX1586A/86B/87A toc22

200μs/div

0A

V3
100mV/div
AC-COUPLED

ILOAD3
200mA/div

REG3 LOAD-TRANSIENT RESPONSE
MAX1586A/86B/87A toc22B

100μs/div

850mA

50mA

V3
100mV/div

ILOAD3
500mA/div

MAX1586C
MAX1587C

REG3 OUTPUT VOLTAGE CHANGING FROM
1.3V TO 1.0V WITH DIFFERENT VALUES OF CRAMP 

MAX1586A/86B/87A toc23

200μs/div

CRAMP = 2200pF

CRAMP = 1500pF

CRAMP = 1000pF

CRAMP = 330pF

REG6 USIM TRANSITIONS 
MAX1586A/86B/87A toc24

10μs/div

0

500mV/divV6
2.5V TO 3.0V

V6
1.8V TO 2.5V

V6
0 TO 1.8V



MAX
1586

MAX
1587

1 — LBI

2 40 CC1

3 1 FB1

4 2 BKBT

5 3 V7

6 4 V1

7 5 SLPIN

8 6 V2

9 7 FB2

10 8 CC2

11 9  POK

12 10 SCL

13 11 SDA

14 12 PWM3

15 — LBO

14 ______________________________________________________________________________________

LBO
LBO

–

–



MAX
1586

MAX
1587

16 13 PV2

17 14 LX2

18 15 PG2

19 16 IN

20 17 RAMP

21 18 GND

22 19 REF

23 20 BYP

24 — DBO

25 21 ON2

26 — ON4

27 23 V4

28 24 IN45

29 25 V5

30 — ON5

31 26 PG3

32 27 LX3

33 28 PV3

34 34 ON3

______________________________________________________________________________________ 15

μ

Ω

μ

μ

DBO DBO
DBO

μ



MAX
1586

MAX
1587

35 29 SRAD

36 30 RSO

37 31 MR

38 32 CC3

39 33 FB3

40 — ON6

41 — V6

42 — IN6

43 36 PG1

44 37 LX1

45 38 PV1

46 35 ON1

47 39 SLP

48 — DBI

— 22 ON45

EP EP EP

16 ______________________________________________________________________________________

RSO

RSO

μ

SLP SLP
SLP
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MAIN
BATT

PV1

BATT

STEP-DOWN
PWM
REG1

SLEEP
LDO

LX1

PG1

V1

FB1

V2

FB2

PV2

ON

SLPININ

ON
STEP-DOWN

PWM
REG2

SLEEP
LDO

LX2

PG2

FB3

ON3
IN45

V4

BYP

ON4
ON5

V6

ON6

IN6

V5

PV3 TO BATT

TO V2

TO V2

TO BATT

PWM

LDO
REG

4

LDO
REG

5

STEP-DOWN
PWM
REG3 LX3

PG3

LDO
REG

6

V2, VCC_MEM
2.5V WITH FB2 = GND,
1.8V WITH FB2 = IN (MAX1586A, MAX1587A)
3.3V WITH FB2 = IN (MAX1586B) 
OR ADJ WITH RESISTORS

V1, VCC_IO
3.3V WITH FB1 = GND,
OR ADJ WITH RESISTORS

VCC_USIM
0V, 1.8V, 3.0V (DEF = 0V)

V4, VCC_PLL
1.3V, 35mA

V5, VCC_SRAM
1.1V, 35mA

V3, VCC_CORE
0.7V TO 1.475V
500mA (MAX1586A, MAX1586B, MAX1587A)
900mA (MAX1586C, MAX1587C)

FROM CPU
PWR_EN 

FROM CPU
SYS_EN

ON1

RUN
SLEEP

ON2

DBI (3.15V OR ADJ) 

LBO

REF
1.25V

REF

UVLO
AND
BATT
MONLBI (3.6V OR ADJ) 

BKBT

DBO

SLP

TO V1

REG1 OK

POK

SCL SDA
GND

I2C
SERIAL

CC1

V7, VCC_BATT
(1ST SUPPLY, ALWAYS ON)

FROM CPU
SYS_EN

V7

V1–V6
POWER-

OK

CC2
CC3

TO CPU
nRESET

TO CPU
nVCC_FAULT

RSO

MR
RESET INPUT

Li+
BACKUP
BATTERY

OPEN-DRAIN LOW-BATT OUT

OPEN-DRAIN DEAD-BATT OUT
TO nBATT_FAULT

V3
DAC

RAMP

SRAD

PWM3FORCE REG3
TO PWM

V7
RESET
2.425V

65ms

ADJ ON

MAX1586

100kΩ
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SLP SLP
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—

OPERATING
POWER MODE

DESCRIPTION
TYPICAL MAX1586/MAX1587

NO-LOAD OPERATING CURRENT

RUN All supplies on and running

IDLE All supplies on and running, peripherals on

SENSE All supplies on, minimal loading, peripherals monitored

STANDBY All supplies on, minimal loading, peripherals not monitored

200μA MAX1587,
225μA MAX1586

SLEEP P W R_E N  contr ol l ed  vol tag es ( V 3, V 4, V 5)  ar e off. V 1 and  V 2 on.
60μA if V1 and V2 SLEEP LDOs on;
130μA if V1, V2 step-down DC-DCs enabled

DEEP SLEEP All supplies off except V7. V7 biased from backup battery.
5μA MAX1587 if VIN > DBI threshold;
32μA MAX1586 if VIN > DBI threshold;
4μA if VIN < DBI threshold
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MR RSO

RSO

MR

RSO
RSO

RSO MR
MR

RSO RSO –
RSO

MR MR RSO
MR

—

DBO
LBO

DBO

Ω

2 3 1R R
V
V

V
V

DBITH

LBITH

LB

DB
= × −

⎛

⎝
⎜

⎞

⎠
⎟

1 3 1R R
V

V
V

V
LB

LBITH

DBITH

DB
= −

⎛

⎝
⎜

⎞

⎠
⎟

MAX1586

MAIN BATTERY

R1
438kΩ

R2
62kΩ

R3
200kΩ

IN

DBI (1.232V THRESHOLD)

LBI (1.00V THRESHOLD)

IN

100kΩ

0.22μF

MAX1586
MAX1587

MR

MR RSO
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Ω

DBO DBO

LBO

–

–

–

R R
V

V
LB

LBITH
6 7 1= × −

⎛

⎝
⎜

⎞

⎠
⎟

R R
V

V
DB

DBITH
4 5 1= × −

⎛

⎝
⎜

⎞

⎠
⎟

MAX1586

MAIN BATTERY

R6
500kΩ

R7
200kΩ

IN

DBI (1.232V THRESHOLD)

LBI (1.00V THRESHOLD)R5
200kΩ

R4
334kΩ
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D7 D6
D5

0 = PROG V3
1 = PROG V6

D4 D3 D2 D1 D0
OUTPUT

(V)
DESCRIPTION

0 0 0 0 0 0 0.700

0 0 0 0 0 1 0.725

0 0 0 0 1 0 0.750

0 0 0 0 1 1 0.775

0 0 0 1 0 0 0.800

0 0 0 1 0 1 0.825

0 0 0 1 1 0 0.850

0 0 0 1 1 1 0.875

0 0 1 0 0 0 0.900

0 0 1 0 0 1 0.925

0 0 1 0 1 0 0.950

0 0 1 0 1 1 0.975

0 0 1 1 0 0 1.000

0 0 1 1 0 1 1.025

0 0 1 1 1 0 1.050

0 0 1 1 1 1 1.075

0 1 0 0 0 0 1.100

0 1 0 0 0 1 1.125

0 1 0 0 1 0 1.150

0 1 0 0 1 1 1.175

0 1 0 1 0 0 1.200

0 1 0 1 0 1 1.225

0 1 0 1 1 0 1.250

0 1 0 1 1 1 1.275

0 1 1 0 0 0 1.300

0 1 1 0 0 1 1.325

0 1 1 0 1 0 1.350

0 1 1 0 1 1 1.375

0 1 1 1 0 0 1.400

0 1 1 1 0 1 1.425

0 1 1 1 1 0 1.450

0 1 1 1 1 1 1.475

V3, CORE
VOLTAGES

1 X X X 0 0 0

1 X X X 0 1 1.8

1 X X X 1 0 2.5

X X

1 X X X 1 1 3.0

V6, USIM
VOLTAGES
[MAX1586

ONLY]
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SCL

A B C D E F G H I J K

SDA

tSU:STA tHD:STA

tLOW tHIGH

tSU:DAT tHD:DAT tSU:STO tBUF

A = START CONDITION
B = MSB OF ADDRESS CLOCKED INTO SLAVE
C = LSB OF ADDRESS CLOCKED INTO SLAVE
D = R/W BIT CLOCKED INTO SLAVE
E = SLAVE PULLS SMB DATA LINE LOW 

L M

F = ACKNOWLEDGE BIT CLOCKED INTO MASTER
G = MSB OF DATA CLOCKED INTO SLAVE (OP/SUS BIT) 
H = LSB OF DATA CLOCKED INTO SLAVE
I = SLAVE PULLS SMB DATA LINE LOW

J = ACKNOWLEDGE CLOCKED INTO MASTER
K = ACKNOWLEDGE CLOCK PULSE
L = STOP CONDITION, DATA EXECUTED BY SLAVE
M = NEW START CONDITION 

表 3. 串行地址

SRAD A7 A6 A5 A4 A3 A2 A1
A0

RD/W

0 0 0 1 0 1 0 0 0

1 0 0 1 0 1 0 1 0
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W W
W

W

–

Vo(t) = Vo(0) + dV(1 – exp(-t/(100kΩ CRAMP)))

μ μ

Ω

RH = RL [(VOUT/1.25) – 1]

LIDEAL = [2(VIN) x D(1 - D)]/(IOUT(MAX) x fOSC)

D = VOUT/VIN
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VRIPPLE = IL(PEAK) [1/(2π x fOSC x COUT)]

VRIPPLE(ESR) = IL(PEAK) x ESR

Ω
μ

CC = (VFB/VOUT) x (RLOAD/RCS) x (gmEA/(2π x fC))

= (1.25/2.5) x (3.125/0.75) x (87 x 10-6/(6.28
x 100,000)) = 289pF

μ μ

RC = RCS x IIND(PK)/IEAO

IIND(PK) = 1.25 x IOUT

RC = RCS x IIND(PK)/IEAO = (0.75V/A) x
(1.25 x 0.8A)/3.26μA = 230kΩ

Ω

μ μ

COUT x RLOAD = RC x CC

RLOAD = VOUT x ILOAD = 2.5V/0.8A =
3.125Ω

COUT = RC x CC/RLOAD = 240kΩ x 330pF/
3.125Ω = 25μF

PARAMETER REG1 REG2 REG3

Error-Amplifier
Transconductance, gmEA

87μS 87μS 68μS

Current-Sense Amp
Transresistance, RCS

0.5V/A 0.75V/A 1.25V/A

COMPONENT OR
PARAMETER

REG1 REG2 REG3

VOUT 3.3V 2.5V 1.3V

Output Current 1300mA 900mA 500mA

Inductor 3.3μH 6.8μH 10μH

Load-Step Droop 3% 3% 3%

Loop Crossover Freq (fC) 100kHz 100kHz 100kHz

CC 330pF 270pF 330pF

RC 240kΩ 240kΩ 240kΩ
COUT 22μF 22μF 22μF
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MAIN
BATT

PV1

BATT

TO
BATT STEP-DOWN

PWM
REG1

SLEEP
LDO

LX1

C12
4.7μF

C11
10μF

C19
0.1μF

C25
1μF

C24
1μF

C28
330pF

C27
270pF

C26
330pF

R20
1MΩ

R21
240kΩ

R18
1MΩ

R22
240kΩ R23

240kΩ

R19
1MΩ C15

22μF

C16
22μF

C17
22μF

C13
4.7μF

C14
4.7μF

C20
0.01μF

C23
1μF

C22
1μF

C21
1μF

L1
3.3μH

L2
6.8μH

L3
10μH

PG1

V1

FB1

V2

FB2

PV2

ON

SLPININ

ON
STEP-DOWN

PWM
REG2

SLEEP
LDO

LX2

PG2

FB3

ON3
IN45

V4

BYP

ON4
ON5

IN6

ON6

V5

V6

PV3 TO BATT

TO V2

TO V2

TO BATT

PWM

LDO
REG

4

LDO
REG

5

STEP-DOWN
PWM
REG3 LX3

PG3

LDO
REG

6

V1
VCC_IO
3.3V
1300mA

V2
VCC_MEM
2.5V
900mA

V6
VCC_USIM
0V, 1.8V, 3.0V (DEF = 0V)
35mA

V4, VCC_PLL
1.3V, 35mA

V5
VCC_SRAM
1.1V, 35mA

V3
VCC_CORE
0.7V TO 1.475V
500mA (MAX1586A, MAX1586B, MAX1587A)
900mA (MAX1586C, MAX1587C)

FROM CPU
PWR_EN 

FROM CPU
SYS_EN

ON1

RUN
SLEEP

ON2

DBI (3.2V OR ADJ) 

LBO

REF
1.25V

REF

UVLO
AND
BATT
MONLBI (3.6V OR ADJ) 

BKBT

DBO

SLP

TO V1

TO V1

TO V1

REG1 OK

POK

ADJ ON

SCL SDA
GND

I2C
SERIAL

CC1

V7, VCC_BATT
(ALWAYS ON)

FROM CPU
SYS_EN

V7

V1–V6
POWER-

OK

CC2
CC3

TO CPU
nRESET

TO CPU
nVCC-FAULT

RSO

MR
RESET INPUT

Li+
BACKUP
BATTERY

LOW-BATT
 WARNING

TO CPU
nBATT_FAULT

V3
DAC

RAMP
C18

1500pF

SRAD

PWM3

V7
RESET
2.3V

65ms

MAX1586

100kΩ
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μ

RC = COUT x RLOAD/CC = 208kΩ

ZESR = 1/(2π x COUT x RESR)

CP = COUT x RESR/RC

V3 = V3PROG + R24[(V3PROG/R25) + 

(V3PROG/185.5kΩ)]

Ω

DBO RSO

PV3

STEP-DOWN
PWM
REG3

**OTHER R24 VALUES:
R24 = 5.5kΩ, V3: 0.759V TO 1.60V 
R24 = 7.7kΩ, V3: 0.783V TO 1.65V 

LX3

PG3

FB3

185.5kΩ

V3 
VCC_CORE
1.55V MAX

TO BATT

R25
100kΩ

R24**
3.3kΩ

MAX1586
MAX1587
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μ

MAX1586
MAX1587

MAIN
POWER

D1
1N4148

IN

BKBT

V7

4.7μF

1μF

MAX1586
MAX1587

MAIN
POWER

1-CELL
Li+ RECHARGEABLE

BACKUP BATTERY

IN

BKBT

1kΩ

V7

V1

4.7μF

1μF

4.7μF

MAX1586
MAX1587

MAX1724
EZK30

MAIN
POWER

1N4148

MURATA
LQH32C 10μH

1-CELL
NiMH

RECHARGEABLE
BACKUP BATTERY

10kΩ

IN

BKBT

GND

BATT LX

SHDN

OUT V7

4.7μF

4.7μF

1μF10μF

3.0V
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TOP VIEW

RSO
SRAD

LX3
PG3

V4

ON45
ON2

V5
IN45

PV3V7
V1

SLPIN
V2

FB2
CC2
POK

SCL

BKBT
FB1 1

2

3

4

5

6

7

8

9

10

11 12 13 14 15 16 17 18 19 20 13 14 15 16 17 18 19 20 21 22 23 24

48 47 46 45 44 43 42 41 40 39 38 3740 39 38 37 36 35 34 33 32 31

30

29

28

27

26

25

24

23

22

21

PG
2 IN

RA
M

P

RE
F

BY
P

LX
2

PV
2

PW
M

3
SD

A

SL
P

PV
1

LX
1

PG
1

ON
1

ON
3

FB
3

CC
3

M
R

CC
1

THIN QFN
6mm × 6mm

MAX1587AETL
MAX1587CETL

GN
D

RSO
SRAD

LX3
PG3

V4

ON4
ON2

ON5

ON3

V5
IN45

PV3
V7
V1

SLPIN
V2

FB2
CC2

CC1

POK
SCL

BKBT
FB1

LB1

PG
2 IN

RA
M

P

RE
F

BY
P

LX
2

PV
2

LB
O

PW
M

3
SD

A

SL
P

PV
1

LX
1

PG
1

IN
6

V6 ON
6

ON
1

FB
3

CC
3

M
R

DB
I

THIN QFN
7mm × 7mm

MAX1586AETM
MAX1586BETM
MAX1586CETM

GN
D

DB
O

1

2

3

4

5

6

7

8

9

10

11

12

36

35

34

33

32

31

30

29

28

27

26

25

PART REG2 PRESET VOLTAGE
(ALSO ADJUSTABLE)

REG3 (VCC_CORE)
OUTPUT CURRENT OTHER FUNCTIONS

MAX1586A 1.8V, 2.5V 0.5A

MAX1586B 3.3V, 2.5V 0.5A

MAX1586C 1.8V, 2.5V 0.9A

VCC_USIM (V6) linear regulator,
LBO and DBO battery monitors

MAX1587A 1.8V, 2.5V 0.5A

MAX1587C 1.8V, 2.5V 0.9A
—
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