
For pricing, delivery, and ordering information, please contact Maxim Direct at 1-888-629-4642,
or visit Maxim's website at www.maxim-ic.com.

General Description
The MAX8610–MAX8613/MAX8611V are highly efficient
complete power-supply solutions for digital still cam-
eras (DSCs) and digital video cameras (DVCs). Seven
internal-MOSFET DC-DC converters provide up to 95%
efficiency and generate all critical power supplies in
DSC systems. They also feature True Shutdown™, as
well as internal compensation to minimize external
component count. One additional converter operates
with an external MOSFET for optimum design flexibility.
In all, eight converter channels include:

• Synchronous-rectified step-up with True Shutdown.

• Two synchronous-rectified step-down (MAX8611/
MAX8613/MAX8611V) or step-up (MAX8610/
MAX8612) converters power DSC system, I/O, and
AFE blocks.

• Low-VOUT (down to 1V), synchronous-rectified
step-down to power a DSP core.

• High-output-voltage step-up for CCD bias.

• Transformerless inverter for negative CCD bias.

• High-output-voltage step-up for white LEDs, OLED
display, or other output.

• Auxil iary DC-DC boost (MAX8611/MAX8610/
MAX8611V) or inverting (MAX8612/MAX8613)
controller.

The MAX8611/MAX8613/MAX8611V operate in 1-cell
lithium-ion (Li+) and dual-battery (Li+ and 2 AA) designs.
The MAX8610/MAX8612 operate in 2 AA designs.

Applications

Features
♦ 95% Efficient Synchronous-Rectified DC-DCs
♦ 90% Efficient Boost-Buck Operation
♦ 85% Efficient DC-DCs for CCD, LCD, WLED,

and/or OLED
♦ Auxiliary Power for Motors

(MAX8610/MAX8611/MAX8611V)
♦ Internal Compensation
♦ True Shutdown Step-Up Converters
♦ Overload Protection
♦ Soft-Start for Controlled Startup Current
♦ Low-Dropout (100% Duty Cycle) Step-Downs
♦ Regulated Current for Up to 6 White LEDS
♦ Open-LED Overvoltage Protection
♦ Transformerless Inverting Converter for CCD
♦ Adjustable 1MHz to 2MHz Switching Frequency
♦ 3% Frequency Accuracy

♦ 1µA Shutdown Supply Current

♦ CCD Voltage Sequencing
♦ Voltage Tracking for Core and Logic

(MAX8611/MAX8613/MAX8611V)
♦ Compact 48-Pin, 6mm x 6mm Thin QFN Package
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Ordering Information

19-3617; Rev 6; 7/07

EVALUATION KIT

AVAILABLE

PART TEMP RANGE
PIN-
PACKAGE

PKG
CODE

MAX8610ETM+ -40°C to +85°C
48 TQFN-EP*
6mm x 6mm

T4866-1

MAX8611ETM+ -40°C to +85°C
48 TQFN-EP*
6mm x 6mm

T4866-1

MAX8611VETM+ -40oC to +85°C
48 TQFN-EP*
6mm x 6mm

T4866-1

MAX8612ETM+ -40°C to +85°C
48 TQFN-EP*
6mm x 6mm

T4866-1

MAX8613ETM+ -40oC to +85°C
48 TQFN-EP*
6mm x 6mm

T4866-1

True Shutdown is a trademark of Maxim Integrated Products, Inc.

Selector Guide and Pin Configuration appear at end of data
sheet.

*EP = Exposed paddle.
+Denotes lead-free package.

CCDBST

STEP-DOWN

AUX

LEDBST

VSU 5V

VCORE 1.4V

MOTOR 5V

CCD -7.5V

UP TO 6 WHITE LEDs

INPUT
1.5V TO 5.5V

ONSU

ONSD

ONM

ONBST

ONAUX

STEP-UP DC-DC

VMAIN 3.3V

VAFE 3.4V

BATT

CCD +15V

CCDINV

ONLED
SEQCCD

ONAFE

REXT

MAIN DC-DC

AFE DC-DC

MAX8611

ONINV

Typical Operating Circuit

DSCs and DVCs PDAs and MP3 Players
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ABSOLUTE MAXIMUM RATINGS

ELECTRICAL CHARACTERISTICS
(BATT = PVINV = PVLED = PVBST = PVSD = PVM = PVAFE = 3.6V, PVSU = SU = 5V, GND = PGSU = PGM = PGAFE = PGSD =
PG1 = PG2 = 0V, CREF = 0.22µF, RREXT = 100kΩ to GND, 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.

ON__, FB__, PV__, SU, SEQCCD, SWBST, SWLED,
REXT, REF, BATT, GD to GND..............................-0.3V to +6V

LXAFE, LXM, LXSD (Note 1) .......................................Current 1A
LXSU (Note 1) ..........................................................Current 2.5A
PG__ to GND.........................................................-0.3V to +0.3V
LXINV ........................................(PVINV - 16V) to (PVINV + 0.3V)
DRVAUX to GND.....................................-0.3V to (PVINV + 0.3V)
LXBST, LXLED to GND...........................................-0.3V to +27V

CCAUX to GND.....................-0.3V to max (BATT, PVSU) + 0.3V
Continuous Power Dissipation (TA = +70°C)

48-Pin TQFN 6mm x 6mm ........2105mW (single-layer board)
48-Pin TQFN 6mm x 6mm............2963mW (multilayer board)

Operating Temperature Range ...........................-40°C to +85°C
Junction Temperature .....................................................+150°C
Storage Temperature Range .............................-65°C to +165°C
Lead Temperature (soldering, 10s) .................................+300°C

PARAMETER CONDITIONS MIN TYP MAX UNITS

GENERAL

Input Voltage Range (Note 1) 0.9 5.5 V

Minimum SU Startup Voltage 1.2 1.5 V

SU Step-Up Startup Frequency 2 MHz

TA = +25°C 0.1 10
Shutdown Supply Current

TA = +85°C 0.1
µA

Supply Current with SU Step-Up
Enabled

ONSU = 3.6V, IBATT + ISU (does not include switching
losses)

510 700 µA

Supply Current with SU Step-Up
and SD Step-Down Enabled

ONSU = ONSD = 3.6V, IBATT + ISU (does not include
switching losses)

550 775 µA

Supply Current with SU Step-Up
and MAIN Enabled

ONSU = ONM = 3.6V, IBATT + ISU (does not include
switching losses)

550 775 µA

Supply Current with SU Step-Up
and AFE Enabled

ONSU = ONAFE = 3.6V, IBATT + ISU (does not include
switching losses)

550 775 µA

Supply Current with SU Step-Up
and LED Enabled

ONSU = ONLED = 3.6V, IBATT + ISU (does not include
switching losses)

600 875 µA

Supply Current with SU Step-Up
and CCD BST Enabled

ONSU = ONBST = 3.6V, SEQCCD = GND, IBATT + ISU
(does not include switching losses)

560 875 µA

Supply Current with SU Step-Up
and CCD INV Enabled

ONSU = ONINV = 3.6V, SEQCCD = GND, IBATT + ISU
(does not include switching losses)

560 775 µA

Supply Current with SU Step-Up
and AUX Enabled

ONSU = ONAUX = 3.6V, IBATT + ISU (does not include
switching losses)

615 875 µA

REFERENCE (REF)

Reference Output Voltage IREF = 20µA 1.24 1.25 1.26 V

Reference Load Regulation 10µA < IREF < 100µA 3 10 mV

Reference Line Regulation 3.3V < PVSU = SU < 5.5V 0 5 mV

Note 1: For step-up converters (SU and MAIN/AFE (MAX8610/MAX8612)), LX__ has internal clamp diodes to the IC internal power
node, VPWR (where VPWR is the higher of BATT or PVSU), and PG__.  For step-down converters (MAIN/AFE (MAX8611/
MAX8613/MAX8611V) and SD)), LX__ has internal clamp diodes to PV__ and PG__.  Applications that forward bias these
diodes should take care not to exceed the devices’ power dissipation limits.
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PARAMETER CONDITIONS MIN TYP MAX UNITS

OSCILLATOR (OSC)

TA = +25°C 1.94 2 2.06SU Step-Up/MAIN/AFE/SD Step-
Down Switching Frequency

REXT = 100kΩ
1.95 2 2.08

MHz

SU Step-Up/MAIN/AFE
Maximum Duty Cycle

REXT = 100kΩ 85 %

TA = +25°C 0.97 1 1.03
CCD/LED Switching Frequency REXT = 100kΩ

0.96 1 1.04
MHz

CCD/LED Maximum Duty Cycle REXT = 100kΩ 92.5 %

TA = +25°C 0.485 0.5 0.515
AUX Switching Frequency REXT = 100kΩ

0.48 0.5 0.52
MHz

AUX Maximum Duty Cycle REXT = 100kΩ 86 87.5 89 %

SU STEP-UP DC-DC CONVERTER

Step-Up Voltage Adjust Range 3.3 5.0 V

FBSU Regulation Voltage No load 0.995 1.01 1.025 V

FBSU Load Regulation -7.5 mV/A

FBSU Line Regulation -10 mV/D

FBSU = 1.01V, TA = +25°C -50 -5 +50
FBSU Input Leakage Current

FBSU = 1.01V, TA = +85°C -5
nA

MAX8610–MAX8613 50
Idle-Mode™ Trip Level (Note 2)

MAX8611V 125
mA

LXSU = 0V, 3.6V, TA = +25°C -5 +0.1 +5
LXSU Leakage Current

LXSU = 0V, 3.6V, TA = +85°C 0.1
µA

n-Channel On-Resistance 0.1 0.175 Ω
p-Channel On-Resistance 0.14 0.25 Ω
n-Channel Current Limit 2.25 2.5 2.75 A

p-Channel Turn-Off Current 10 mA

Soft-Start Interval Load dependent 15,000
OSC

cycles

Overload Protection Fault Delay 200,000
OSC

cycles

MAIN/AFE STEP-UP DC-DC CONVERTER (MAX8610/MAX8612)

Step-Up Voltage Adjust Range 2.5 SU V
FB_ Regulation Voltage No load 0.995 1.01 1.025 V
FB_ Load Regulation -7.5 mV/A
FB_ Line Regulation -10 mV/D

FB_ = 1.01V, TA = +25°C -50 -5 +50
FB_ Input Leakage Current

FB_ = 1.01V, TA = +85°C -5
nA

Idle-Mode Trip Level (Note 2) 50 mA

ELECTRICAL CHARACTERISTICS (continued)
(BATT = PVINV = PVLED = PVBST = PVSD = PVM = PVAFE = 3.6V, PVSU = SU = 5V, GND = PGSU = PGM = PGAFE = PGSD =
PG1 = PG2 = 0V, CREF = 0.22µF, RREXT = 100kΩ to GND, TA = 0°C to +85°C, unless otherwise noted. Typical values are at 
TA = +25°C.)

Idle Mode is a trademark of Maxim Integrated Products, Inc.
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ELECTRICAL CHARACTERISTICS (continued)
(BATT = PVINV = PVLED = PVBST = PVSD = PVM = PVAFE = 3.6V, PVSU = SU = 5V, GND = PGSU = PGM = PGAFE = PGSD =
PG1 = PG2 = 0V, CREF = 0.22µF, RREXT = 100kΩ to GND, TA = 0°C to +85°C, unless otherwise noted. Typical values are at 
TA = +25°C.)

PARAMETER CONDITIONS MIN TYP MAX UNITS

LX_ = 0V, 3.6V, TA = +25°C -5 +0.1 +5
LX_ Leakage Current

LX_ = 0V, 3.6V, TA = +85°C 0.1
µA

n-Channel On-Resistance 0.1 0.175 Ω
p-Channel On-Resistance 0.14 0.25 Ω
n-Channel Current Limit 2.25 2.5 2.75 A
p-Channel Turn-Off Current 10 mA

Soft-Start Interval 15,000
OSC

cycles

Overload Protection Fault Delay 200,000
OSC

cycles

MAIN/AFE STEP-DOWN DC-DC CONVERTER (MAX8611/MAX8613/MAX8611V)
Step-Down Voltage Adjust Range 1 SU V
FB_ Regulation Voltage No load 0.995 1.01 1.025 V
FB_ Load Regulation -20 mV/A
FB_ Line Regulation -10 mV/D

FB_ = 1.01V, TA = +25°C -50 -5 +50
FB_ Input Leakage Current

FB_ = 1.01V, TA = +85°C -5
nA

MAX8611/MAX8613 50
Idle-Mode Trip Level (Note 2)

MAX8611V 125
mA

LX_ = 0V, 3.6V, TA = +25°C -5 +0.1 +5
LX_ Leakage Current

LX_ = 0V, 3.6V, TA = +85°C 0.1
µA

n-Channel On-Resistance 0.1 0.175 Ω
p-Channel On-Resistance 0.14 0.25 Ω
p-Channel Current Limit 0.9 1 1.1 A
n-Channel Turn-Off Current 10 mA

Soft-Start Interval 15,000
OSC

cycles

Overload Protection Fault Delay 200,000
OSC

cycles

SD STEP-DOWN DC-DC CONVERTER

SD Step-Down Voltage Adjust
Range

1 SU V

FBSD Regulation Voltage No load 0.995 1.01 1.025 V

FBSD Load Regulation -20 mV/A

FBSD Line Regulation -10 mV/D

FBSD = 1.01V, TA = +25°C -50 -5 +50
FBSD Input Leakage Current

FBSD = 1.01V, TA = +85°C -5
nA

MAX8610–MAX8613 50
Idle-Mode Trip Level (Note 2)

MAX8611V 125
mA
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ELECTRICAL CHARACTERISTICS (continued)
(BATT = PVINV = PVLED = PVBST = PVSD = PVM = PVAFE = 3.6V, PVSU = SU = 5V, GND = PGSU = PGM = PGAFE = PGSD =
PG1 = PG2 = 0V, CREF = 0.22µF, RREXT = 100kΩ to GND, TA = 0°C to +85°C, unless otherwise noted. Typical values are at 
TA = +25°C.)

PARAMETER CONDITIONS MIN TYP MAX UNITS

LXSD = 0V, 3.6V, TA = +25°C -5 +0.1 +5
LXSD Leakage Current

LXSD = 0V, 3.6V, TA = +85°C +0.1
µA

n-Channel On-Resistance 0.1 0.175 Ω
p-Channel On-Resistance 0.14 0.25 Ω
p-Channel Current Limit 0.9 1.0 1.1 A

n-Channel Turn-Off Current 10 mA

Soft-Start Interval 5000
OSC

cycles

Overload Protection Fault Delay 200,000
OSC

cycles

CCD BST DC-DC CONVERTER
BST Voltage Adjust Range BATT 27 V
FBBST Regulation Voltage No load 0.995 1.01 1.025 V
FBBST Load Regulation -15 mV/A
FBBST Line Regulation -20 mV/D

FBBST = 1.01V, TA = +25°C -50 -5 +50
FBBST Input Leakage Current

FBBST = 1.01V, TA = +85°C -5
nA

SWBST = 0V, PVBST = 3.6V, TA = +25°C -5 +0.1 +5
SWBST Leakage Current

SWBST = 0V, PVBST = 3.6V, TA = +85°C 0.1
µA

LXBST = 26V, TA = +25°C -5 +0.1 +5
LXBST Leakage Current

LXBST = 26V, TA = +85°C 0.1
µA

Load Switch On-Resistance 0.09 0.15 Ω
DMOS On-Resistance 0.4 Ω
SWBST Current Limit 0.7 0.8 0.9 A
SWBST Short-Circuit Current Limit 0.95 1.05 1.15 A

Soft-Start Interval 15,000
OSC

cycles

Overload Protection Fault Delay 200,000
OSC

cycles

GD = 3.6V, TA = +25°C 0.1 5
GD Leakage Current

GD = 3.6V, TA = +85°C 0.1
µA

CCD INV DC-DC CONVERTER

INV Voltage Adjust Range
PVINV
- 16

0 V

FBINV Regulation Voltage No load +10 0 -10 mV
FBINV Load Regulation 23 mV/A

FBINV Line Regulation (Note 3) 20
mV /

(D - 0.5)
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ELECTRICAL CHARACTERISTICS (continued)
(BATT = PVINV = PVLED = PVBST = PVSD = PVM = PVAFE = 3.6V, PVSU = SU = 5V, GND = PGSU = PGM = PGAFE = PGSD =
PG1 = PG2 = 0V, CREF = 0.22µF, RREXT = 100kΩ to GND, TA = 0°C to +85°C, unless otherwise noted. Typical values are at 
TA = +25°C.)

PARAMETER CONDITIONS MIN TYP MAX UNITS

FBINV = 0V, TA = +25°C -50 -5 +50
FBINV Input Leakage Current

FBINV = 0V, TA =+85°C -5
nA

LXINV = -12V, PVINV = 3.6V, TA = +25°C -5 +0.1 +5
LXINV Leakage Current

LXINV = -12V, PVINV = 3.6V, TA = +85°C 0.1
µA

HVPMOS On-Resistance 0.575 1.0 Ω
HVPMOS Current Limit 0.65 0.75 0.85 A

Soft-Start Interval 15,000
OSC

cycles

Overload Protection Fault Delay 200,000
OSC

cycles

LED BST DC-DC CONVERTER

LED Voltage Adjust Range BATT 27 V

FBHLED Regulation Voltage No load, FBLED = 0V 1.00 1.015 1.03 V

FBHLED Load Regulation -15 mV/A

FBHLED Line Regulation -20 mV/D

FBHLED = 1.01V, TA = +25°C -50 -5 +50
FBHLED Input Leakage Current

FBHLED = 1.01V, TA = +85°C -5
nA

220 235 255
FBLLED Regulation Voltage No load, FBHLED = 0V

TA = +25°C 225 235 245
mV

FBLLED Load Regulation -15 mV/A

FBLLED Line Regulation -20 mV/D

FBLLED = 0.225V, TA = +25°C -50 -5 +50
FBLLED Input Leakage Current

FBLLED = 0.225V, TA = +85°C -5
nA

SWLED = 0V, PVLED = 3.6V, TA = +25°C -5 +0.1 +5
SWLED Leakage Current

SWLED = 0V, PVLED = 3.6V, TA = +85°C 0.1
µA

LXLED = 26V, TA = +25°C -5 +0.1 +5
LXLED Leakage Current

LXLED = 26V, TA = +85°C 0.1
µA

Load Switch On-Resistance 0.09 0.15 Ω
DMOS On-Resistance 0.4 Ω
SWLED Current Limit 0.7 0.8 0.9 A

SWLED Short-Circuit Current Limit 0.95 1.05 1.15 A

Soft-Start Interval 15,000
OSC

cycles

Overload Protection Fault Delay 200,000
OSC

cycles

AUXILIARY CONTROLLER

FBAUX Regulation Voltage
(MAX8610/MAX8611/MAX8611V)

1.23 1.25 1.26 V
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ELECTRICAL CHARACTERISTICS (continued)
(BATT = PVINV = PVLED = PVBST = PVSD = PVM = PVAFE = 3.6V, PVSU = SU = 5V, GND = PGSU = PGM = PGAFE = PGSD =
PG1 = PG2 = 0V, CREF = 0.22µF, RREXT = 100kΩ to GND, TA = 0°C to +85°C, unless otherwise noted. Typical values are at 
TA = +25°C.)

PARAMETER CONDITIONS MIN TYP MAX UNITS

FBAUX Regulation Voltage
(MAX8612/MAX8613)

-10 0 +10 mV

FBAUX = 1.25V (MAX8610/MAX8611/MAX8611V),
FBAUX = 0V (MAX8612/MAX8613), TA = +25°C

-50 -5 +50

FBAUX Input Leakage Current
FBAUX = 1.25V (MAX8610/MAX8611/MAX8611V),
FBAUX = 0V (MAX8612/MAX8613), TA = +85°C

-5

nA

FBAUX-CCAUX Open-Loop
Voltage Gain

80 dB

FBAUX-CCAUX Unity-Gain
Bandwidth

3 MHz

AUX Voltage Ramp 1.25 V

CCAUX Maximum Output Current Sourcing or sinking 90 µA

DRVAUX On-Resistance Output high or low 5 10 Ω
DRVAUX Drive Current 0.5 A

Soft-Start Interval 15,000
OSC

cycles

Overload Protection Fault Delay 200,000
OSC

cycles

LOGIC INPUTS

ONSU Input Low Level 1.5V < PVSU = SU = BATT < 5.5V 0.5 V

ONSU Input High Level
1.5V < PVSU = SU = BATT < 5.5V, VH is higher of PVSU
and BATT

V H  -  0.2V 
w i th a
m ax of
1.6V 

V

ONM, ONAFE, ONSD, ONBST,
ONINV, ONLED, ONAUX Input
Low Level

3.3V < PVSU = SU = BATT < 5.5V 0.5 V

ONM, ONAFE, ONSD, ONBST,
ONINV, ONLED, ONAUX Input
High Level

3.3V < PVSU = SU = BATT < 5.5V 1.6 V

SEQCCD Input Low Level 3.3V < PVSU = SU = BATT < 5.5V 0.5 V

PVSU = SU = BATT = 3.3V 2.3
SEQCCD Input High Level

PVSU = SU = BATT = 5.5V 3.4
V

TA = +25°C 0.1 1
Input Bias Current

TA = +85°C 0.1
µA

THERMAL LIMIT

Thermal Limit +174 °C
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ELECTRICAL CHARACTERISTICS 
(BATT = PVINV = PVLED = PVBST = PVSD = PVM = PVAFE = 3.6V, PVSU = SU = 5V, GND = PGSU = PGM = PGAFE = PGSD =
PG1 = PG2 = 0V, CREF = 0.22µF, RREXT = 100kΩ to GND, TA = -40°C to +85°C, unless otherwise noted. Specifications to -40°C are
guaranteed by design, not production tested.)

PARAMETER CONDITIONS MIN TYP MAX UNITS

GENERAL

Input Voltage Range (Note 1) 0.9 5.5 V

Minimum SU Startup Voltage 1.5 V

Supply Current with SU Step-Up Enabled
ONSU = 3.6V, IBATT + IVSU (does not
include switching losses)

700 µA

Supply Current with SU Step-Up and SD
Step-Down Enabled

ONSU = ONSD = 3.6V, IBATT + IVSU (does
not include switching losses)

775 µA

Supply Current with SU Step-Up and MAIN
Enabled

ONSU = ONM = 3.6V, IBATT + IVSU (does
not include switching losses)

775 µA

Supply Current with SU Step-Up and AFE
Enabled

ONSU = ONAFE = 3.6V, IBATT + IVSU (does
not include switching losses)

775 µA

Supply Current with SU Step-Up and LED
Enabled

ONSU = ONLED = 3.6V, IBATT + IVSU (does
not include switching losses)

875 µA

Supply Current with SU Step-Up and CCD BST
Enabled

ONSU = ONBST = 3.6V, SEQCCD = GND,
IBATT + IVSU (does not include switching
losses)

875 µA

Supply Current with SU Step-Up and CCD INV
Enabled

ONSU = ONINV = 3.6V, SEQCCD = GND,
IBATT + ISU (does not include switching
losses)

775 µA

Supply Current with SU Step-Up and AUX
Enabled

ONSU = ONAUX = 3.6V, IBATT + ISU (does
not include switching losses)

875 µA

REFERENCE (REF)

Reference Output Voltage IREF = 20µA 1.24 1.26 V

Reference Load Regulation 10µA < IREF < 100µA 10 mV

Reference Line Regulation 3.3V < PVSU = SU < 5.5V 5 mV

OSCILLATOR (OSC)

SU Step-Up/MAIN/AFE/SD Step-Down
Switching Frequency

REXT = 100kΩ 1.92 2.08 MHz

CCD/LED Switching Frequency REXT = 100kΩ 0.96 1.04 MHz

AUX Switching Frequency REXT = 100kΩ 0.475 0.525 MHz

AUX Maximum Duty Cycle REXT = 100kΩ 86 89 %

SU STEP-UP DC-DC CONVERTER

Step-Up Voltage Adjust Range 3.3 5.0 V

FBSU Regulation Voltage No load 0.995 1.025 V

n-Channel On-Resistance 0.175 Ω
p-Channel On-Resistance 0.25 Ω
n-Channel Current Limit 2.25 2.75 A
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ELECTRICAL CHARACTERISTICS (continued)
(BATT = PVINV = PVLED = PVBST = PVSD = PVM = PVAFE = 3.6V, PVSU = SU = 5V, GND = PGSU = PGM = PGAFE = PGSD =
PG1 = PG2 = 0V, CREF = 0.22µF, RREXT = 100kΩ to GND, TA = -40°C to +85°C, unless otherwise noted. Specifications to -40°C are
guaranteed by design, not production tested.)

PARAMETER CONDITIONS MIN TYP MAX UNITS

MAIN/AFE STEP-UP DC-DC CONVERTER (MAX8610/MAX8612)

Step-Up Voltage Adjust Range 2.5 SU V

FB_ Regulation Voltage No load 0.995 1.025 V

n-Channel On-Resistance 0.175 Ω
p-Channel On-Resistance 0.25 Ω
n-Channel Current Limit 2.25 2.75 A

MAIN/AFE STEP-DOWN DC-DC CONVERTER (MAX8611/MAX8613/MAX8611V)

Step-Down Voltage Adjust Range 1 SU V

FB_ Regulation Voltage No load 0.995 1.025 V

n-Channel On-Resistance 0.175 Ω
p-Channel On-Resistance 0.25 Ω
p-Channel Current Limit 0.9 1.1 A

SD STEP-DOWN DC-DC CONVERTER

SD Step-Down Voltage Adjust Range 1 SU V

FBSD Regulation Voltage No load 0.995 1.025 V

n-Channel On-Resistance 0.175 Ω
p-Channel On-Resistance 0.25 Ω
p-Channel Current Limit 0.9 1.1 A

CCD BST DC-DC CONVERTER

BST Voltage Adjust Range BATT 27 V

FBBST Regulation Voltage No load 0.995 1.025 V

Load Switch On-Resistance 0.15 Ω
SWBST Current Limit 0.7 0.9 A

SWBST Short-Circuit Current Limit 0.95 1.15 A
CCD INV DC-DC CONVERTER

INV Voltage Adjust Range
PVINV
- 16

0 V

FBINV Regulation Voltage No load +10 -10 mV

HVPMOS On-Resistance 1.0 Ω
HVPMOS Current Limit 0.65 0.85 A
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ELECTRICAL CHARACTERISTICS (continued)
(BATT = PVINV = PVLED = PVBST = PVSD = PVM = PVAFE = 3.6V, PVSU = SU = 5V, GND = PGSU = PGM = PGAFE = PGSD =
PG1 = PG2 = 0V, CREF = 0.22µF, RREXT = 100kΩ to GND, TA = -40°C to +85°C, unless otherwise noted. Specifications to -40°C are
guaranteed by design, not production tested.)

PARAMETER CONDITIONS MIN TYP MAX UNITS

LED BST DC-DC CONVERTER

LED Voltage Adjust Range BATT 27 V

FBHLED Regulation Voltage No load, FBLED = 0V 1.00 1.03 V

FBLLED Regulation Voltage No load, FBHLED = 0V 215 255 mV

Load Switch On-Resistance 0.15 Ω
SWLED Current Limit 0.7 0.9 A

SWLED Short-Circuit Current Limit 0.95 1.15 A

AUXILIARY CONTROLLER

FBAUX Regulation Voltage
(MAX8610/MAX8611/MAX8611V)

1.23 1.26 V

FBAUX Regulation Voltage
(MAX8612/MAX8613)

-10 +10 mV

CCAUX Maximum Output Current Sourcing or sinking 90 µA

DRVAUX On-Resistance Output high or low 10 Ω
LOGIC INPUTS

ONSU Input Low Level 1.5V < PVSU = SU = BATT < 5.5V 0.5 V

ONSU Input High Level
1.5V < PVSU = SU = BATT < 5.5V, VH is
higher of PVSU and BATT

V H  -  0.2V 
w i th a m ax

of 1.6V
V

ONM, ONAFE, ONSD, ONBST, ONINV,
ONLED, ONAUX Input Low Level

3.3V < PVSU = SU = BATT < 5.5V 0.5 V

ONM, ONAFE, ONSD, ONBST, ONINV,
ONLED, ONAUX Input High Level

3.3V < PVSU = SU = BATT < 5.5V 1.6 V

SEQCCD Input Low Level 3.3V < PVSU = SU = BATT < 5.5V 0.5 V

PVSU = SU = BATT = 3.3V 2.3
SEQCCD Input High Level

PVSU = SU = BATT = 5.5V 3.4
V

Note 1: Once the step-up has reached regulation, the battery can decay to 0.9V without loss of regulation.
Note 2: The idle-mode current threshold is the transition point between fixed-frequency PWM operation and idle-mode operation.

The specification is given in terms of output load current for an inductor value of 2µH. For the step-up, the idle-mode transition
varies with input to the output-voltage ratio.

Note 3: Inverter line regulation is mostly a function of the converter duty factor, D, and is typically 20mV(D - 0.5).
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= PG1 = PG2, CREF = 0.22µF, RREXT = 100kΩ to GND. TA = +25°C (Circuit of Figure 2), unless otherwise noted.)
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VSU
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IBATT
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VLXSU
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5V/div

400μs/div

VBATT = 2V, ISU = 100mA

STEP-UP STARTUP WAVEFORMS

Typical Operating Characteristics (continued)
(VBATT = VPVINV = VPVLED = VPVBST = VPVSD = VPVM = VPVAFE = 3.6V, VPVSU = VSU = 5V, GND = PGSU = PGM = PGAFE = PGSD
= PG1 = PG2, CREF = 0.22µF, RREXT = 100kΩ to GND. TA = +25°C (Circuit of Figure 2), unless otherwise noted.)
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Typical Operating Characteristics (continued)
(VBATT = VPVINV = VPVLED = VPVBST = VPVSD = VPVM = VPVAFE = 3.6V, VPVSU = VSU = 5V, GND = PGSU = PGM = PGAFE = PGSD
= PG1 = PG2, CREF = 0.22µF, RREXT = 100kΩ to GND. TA = +25°C (Circuit of Figure 2), unless otherwise noted.)
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MAX8610toc18
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FIGURE 1
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Typical Operating Characteristics (continued)
(VBATT = VPVINV = VPVLED = VPVBST = VPVSD = VPVM = VPVAFE = 3.6V, VPVSU = VSU = 5V, GND = PGSU = PGM = PGAFE = PGSD
= PG1 = PG2, CREF = 0.22µF, RREXT = 100kΩ to GND. TA = +25°C (Circuit of Figure 2), unless otherwise noted.)
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MAX8610toc25
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Typical Operating Characteristics (continued)
(VBATT = VPVINV = VPVLED = VPVBST = VPVSD = VPVM = VPVAFE = 3.6V, VPVSU = VSU = 5V, GND = PGSU = PGM = PGAFE = PGSD
= PG1 = PG2, CREF = 0.22µF, RREXT = 100kΩ to GND. TA = +25°C (Circuit of Figure 2), unless otherwise noted.)
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MAX8610toc38

VLXSU
5V/div

VSU
20mV/div
AC-COUPLED

ILXSU
200mA/div

1μs/div

MAX8611V
STEP-UP (VSU) SWITCHING WAVEFORMS

ISU = 0

SKIP LEVEL

MAX8610toc39

VLXSU
5V/div

VSU
20mV/div
AC-COUPLED

ILXSU
200mA/div

400ns/div

MAX8611 
STEP-UP (VSU) DUAL SKIP SWITCHING WAVEFORMS

ISU = 0

SKIP
LEVEL
LOW

SKIP
 LEVEL
HIGH

MAX8610toc40

VLXAFE
5V/div

VAFE
20mV/div
AC-COUPLED

ILXAFE
200mA/div

2μs/div

MAX8611V
STEP-DOWN (VAFE) SWITCHING WAVEFORMS

IAFE = 110mA, EFFICIENCY = 87.8%

MAX8610toc41

VLXAFE
5V/div

VAFE
20mV/div
AC-COUPLED

ILXAFE
200mA/div

400ns/div

MAX8611
STEP-DOWN (VAFE) SWITCHING WAVEFORMS

IAFE = 110mA, EFFICIENCY = 83.1%

Typical Operating Characteristics (continued)
(VBATT = VPVINV = VPVLED = VPVBST = VPVSD = VPVM = VPVAFE = 3.6V, VPVSU = VSU = 5V, GND = PGSU = PGM = PGAFE = PGSD
= PG1 = PG2, CREF = 0.22µF, RREXT = 100kΩ to GND. TA = +25°C (Circuit of Figure 2), unless otherwise noted.)
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STEP-UP (VSU) SWITCHING WAVEFORMS

ISU = 125mA, EFFICIENCY = 93.4%
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VLXSU
5V/div

VSU
20mV/div
AC-COUPLED

ILXSU
200mA/div

2μs/div

MAX8611
STEP-UP (VSU) SWITCHING WAVEFORMS

ISU = 102mA, EFFICIENCY = 92.3%
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PIN NAME FUNCTION

1 ONINV
On/Off Control for the CCD Inverting Converter. Logic-high = on. The turn-on sequencing is governed by the
SEQCCD pin; however, turn-on is locked out until the SU step-up DC-DC converter output has reached its
final value.

2 FBM Main Converter Feedback Input. The feedback threshold is 1.01V. This pin is high impedance in shutdown.

3 ONM
Main Converter On/Off Control. Logic-high = on; however, turn-on is locked out until the SU step-up DC-DC
converter output has reached its final value.

MAX8610/MAX8612: Main Configured as a Step-Up with PVM as the Power Output. PVM is pulled to ground
in shutdown.4 PVM

MAX8611/MAX8613/MAX8611V: Main Configured as a Step-Down with PVM as the Power Input

5 LXM Main Converter Switching Node. LXM is high impedance in shutdown.

6 PGM Main Power Ground. Connect all PG_ pins to GND with short, wide traces as close to the device as possible.

7 PGAFE AFE Power Ground. Connect all PG_ pins to GND with short, wide traces as close to the device as possible.

8 LXAFE AFE Converter Switching Node. LXAFE is high impedance in shutdown.

MAX8610/MAX8612: AFE Configured as a Step-Up with PVAFE as the Power Output. PVAFE is pulled to
GND in shutdown.9 PVAFE

MAX8611/MAX8613/MAX8611V: AFE Configured as a Step-Down with PVAFE as the Power Input

10 ONAFE
AFE Converter On/Off Control. Logic-high = on; however, turn-on is locked out until the SU step-up DC-DC
converter output has reached its final value.

11 FBAFE AFE Converter Feedback Input. The feedback threshold is 1.01V. This pin is high impedance in shutdown.

12 FBSD S tep - D ow n C onver ter  Feed b ack Inp ut. The feed b ack thr eshol d  i s 1.01V . Thi s p i n i s hi g h i m p ed ance i n shutd ow n.

13 PVSD Step-Down Converter Input. Bypass to GND with a 10µF ceramic capacitor.

14 ONAUX
Auxiliary Controller On/Off Control. Logic-high = on; however, turn-on is locked out until the SU step-up DC-
DC converter output has reached its final value.

15 ONSD
SD Step-Down Converter On/Off Control. Logic-high = on; however, turn-on is locked out until the SU step-up
DC-DC converter output has reached its final value.

16 LXSD Step-Down Converter Switching Node. LXSD is high impedance in shutdown.

17 PGSD
Step-Down Power Ground. Connect all PG_ pins to GND with short, wide traces as close to the device as
possible.

18 PG1
Power Ground for One CCD Inverting Converter and Auxiliary Controller. Connect all PG_ pins to GND with
short, wide traces as close to the device as possible.

MAX8610/MAX8611/MAX8611V: DRVAUX drives an n-channel FET
in a boost configuration. DRVAUX is driven to GND in shutdown.

19 DRVAUX
AUX Controller Gate-Drive Output.
DRVAUX drives between PVINV and
PG1. MAX8612/MAX8613: DRVAUX drives a p-channel FET in an inverter

configuration. DRVAUX is driven to PVINV in shutdown.

20 PVINV CCD Inverting Converter Input. Bypass to GND with a 1µF ceramic capacitor.

21 LXINV CCD Inverting Converter Switching Node. LXINV is high impedance in shutdown.

22 ONBST
On/Off Control for the CCD Boosting Converter. Logic-high = on. The turn-on sequencing is governed by the
SEQCCD pin; however, turn-on is locked out until the SU step-up DC-DC converter output has reached its
final value.

Pin Description
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PIN NAME FUNCTION

MAX8610/MAX8611/MAX8611V: Auxiliary Boost Controller Feedback Input. The feedback threshold is
1.25V. This pin is high impedance in shutdown in the MAX8610/MAX8611V. This pin is shorted to GND in
shutdown for MAX8611..23 FBAUX

MAX8612/MAX8613: Auxiliary Inverter Controller Feedback Input. The feedback threshold is 0V. This pin is
shorted to GND in shutdown.

24 CCAUX Auxiliary Controller Compensation Node. This pin is pulled to GND in shutdown.

25 FBINV C C D  Inver ti ng  C onver ter  Feed b ack Inp ut. The feed b ack thr eshol d  i s 0V . Thi s p i n i s shor ted  to G N D  i n shutd ow n.

26 FBBST
CCD BST Converter Feedback Input. The feedback threshold is 1.01V. This pin is high impedance in
shutdown.

27 SEQCCD

When SEQCCD is low, the inverter and the boost start simultaneously if ONBST and ONINV are connected
together. If not connected together, ONBST and ONINV have independent control.
When SEQCCD is high, the inverter is held off until the boost completes soft-start and is in regulation, and
then begins its own soft-start.

28 GD
Gate-Drive Input for Internal MOSFET on the CCD BST and LED BST. Connect to BATT for Li+ and connect to
PVSU for 2 AA. This pin is high impedance in shutdown.

29 PVBST CCD BST Converter Input. Bypass to GND with a 1µF ceramic capacitor.

30 SWBST
CCD BST True Shutdown Switch. The CCD BST inductor is connected between SWBST and LXBST. This pin
is high impedance in shutdown.

31 LXBST
CCD BST Open-Drain Switching Inductor Node. The CCD BST inductor is connected between SWBST and
LXBST. This pin is high impedance in shutdown.

32 PG2
Power Ground to the CCDBST and LEDBST Converters. Connect all PG_ pins to GND with short, wide traces
as close to the device as possible.

33 LXLED
LED Open-Drain Switching Inductor Node. The LED inductor is connected between SWLED and LXLED. This
pin is high impedance in shutdown.

34 SWLED
LED True Shutdown Switch. The LED BST inductor is connected between SWLED and LXLED. This pin is
high impedance in shutdown.

35 PVLED LED BST Converter Power Input. Bypass to GND with a 1µF ceramic capacitor.

36 ONLED
LED Converter On/Off Control. Logic-high = on; however, turn-on is locked out until the SU step-up DC-DC
converter output has reached its final value.

37 FBLLED

38 FBHLED

The LED Boost Has Two Feedback Inputs, One for Current (FBLLED) and One for Maximum Voltage
(FBHLED). The FBLLED feedback threshold is 0.24V. The FBHLED threshold is 1.01V. Soft-start is
implemented by sensing the output voltage with the FBHLED pin. The FBHLED input must be connected to
provide a feedback path for soft-start. FBLLED and FBHLED are high impedance in shutdown. Connect
FBLLED to GND if using only the FBHLED feedback.

39 REXT
Connect a 100kΩ resistor from REXT to GND to program the internal OSC to 2MHz. Connect a 200kΩ resistor
from REXT to GND to program the internal OSC to 1MHz. See the Setting the Switching Frequency section.

40 REF
1.25V Reference Output. Bypass REF to GND with a 0.22µF ceramic capacitor. This pin is internally pulled to
GND in shutdown.

41 GND Analog Ground. Connect to all PG_ pins as close to the device as possible.

42 FBSU
Step-Up Converter Feedback Input. The feedback threshold is 1.01V. This pin is high impedance in
shutdown.

43 SU Device Input Power Bootstrapped from PVSU. Connect PVSU and SU together.

44 PVSU Step-Up Converter Output

Pin Description (continued)
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Detailed Description
The MAX8610–MAX8613/MAX8611V can accept inputs
from a variety of sources including 1-cell Li+ batteries,
2-cell alkaline or NiMH batteries, and systems
designed to accept both battery types. All devices
include seven DC-DC converter channels and one con-
troller channel to build a multiple-output DSC power-
supply system:

• Step-up DC-DC synchronous-rectified converter
(_SU pins) with on-chip power FETs and True
Shutdown.

• Main DC-DC synchronous-rectified converter (_M
pins) with on-chip power FETs configured as a True
Shutdown step-up (MAX8610/MAX8612) or step-
down (MAX8611/MAX8613/MAX8611V) DC-DC
converter.

• Analog front-end (AFE) DC-DC synchronous-recti-
fied converter (_AFE pins) with on-chip power FETs
configured as a True Shutdown step-up (MAX8610/
MAX8612) or step-down (MAX8611/MAX8613/
MAX8611V) DC-DC converter.

• Core step-down DC-DC synchronous-rectified con-
verter (_SD pins) with on-chip power FETs.

• CCD step-up DC-DC converter (_BST pins) with on-
chip power FET and an internal switch for True
Shutdown.

• CCD inverting DC-DC converter (_INV pins) with
on-chip power FET.

• WLED step-up DC-DC converter (_LED pins) with
on-chip power FET and an internal switch for True
Shutdown; includes constant current drive for white
LEDs and open LED overvoltage protection. Can
also be used for conventional boost applications.

• AUX DC-DC controller driving an external n-MOS-
FET for boost converters (MAX8610/MAX8611/
MAX8611V) or driving an external p-MOSFET for
inverters (MAX8612/MAX8613).

A typical application circuit for the MAX8610 using 2
AA cell batteries is shown in Figure 1. Figure 2 shows a
typical application circuit for a single-cell Li+ battery
input using the MAX8611. Figure 2 can also operate in
systems designed to be powered from both Li+ and 2
AA cells.

All converters operate in a low-noise PWM mode with
constant frequency and modulated pulse width under
moderate to heavy loading. Efficiency is enhanced at
light loads by switching to an idle mode where the con-
verter switches only as needed to service the load. The
synchronous-rectified converters (SU, MAIN, AFE, and
SD) switch at a frequency set by an external resistor
REXT (see the Setting the Switching Frequency sec-
tion). The CCD and LED converters switch at one-half
the frequency of the synchronous-rectified converters.
The AUX controller switches at one-quarter the set
switching frequency. Table 2 (see the Oscillator sec-
tion) gives the switching frequency for each channel for
oscillator frequencies of 1MHz and 2MHz.

Individual ON_ pins are provided for independent on/off
control. The MAX8610–MAX8613/MAX8611V guarantee
startup with an input voltage as low as 1.5V and remain
operational with input voltages down to 0.9V. The
MAX8610–MAX8613/MAX8611V also include overload
protection and soft-start circuitry. See Figure 3 for the
functional diagram.

PIN NAME FUNCTION

45 BATT Power-Supply Input. Bypass with a 47µF ceramic capacitor.

46 ONSU
Step-Up Converter On/Off Control. Logic-high = on. All other ON_ pins are locked out until the SU step-up
DC-DC converter output has reached its final value. ONSU must be pulled high or toggled low then high after
BATT is present for the SU to start up.

47 LXSU SU Step-Up Converter Switching Node. LXSU is high impedance in shutdown.

48 PGSU
SU Step-Up Power Ground. Connect all PG_ pins to GND with short, wide traces as close to the device as
possible.

— EP

Exposed Metal Pad. This pad is internally connected to ground through a soft connect, meaning there is no
internal metal or bond wire physically connecting the exposed pad to the GND pin. Connecting the exposed
pad to ground does not remove the requirement for a good ground connection to the appropriate pins. For
good thermal dissipation, the exposed pad must be connected to the power ground plane.

Pin Description (continued)
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MAX8610
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Figure 1. MAX8610 (2 AA Input) Typical Application Circuit. The MAIN and AFE outputs operate as step-up converters.
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Figure 2. MAX8611 (Li+ or Combination Li+/2 AA Input) Typical Application Circuit. The MAIN (M) and AFE outputs operate as step-
down converters and are powered from the step-up (SU) for efficient boost-buck operation.
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Figure 3. MAX8611 Functional Diagram

1V

REXT

REF

SU
VPWR

VREFI

GND

ON_

OSC
BLOCK

1V REF
BLOCK

VOLTAGE-MODE
DC-DC

CONTROLLER
(AUX_)

DRVAUX

FBAUX

CCAUX

ONAUX

1 OF 1
(MAX8611/MAX8613/

MAX8611V)
OR

1 OF 3
(MAX8610/MAX8612)

CURRENT-MODE
DC-DC

STEP-UP
CONVERTER(S)

PV_

LX_

BATT

BODY-
DIODE

CONTROL

PG_

CURRENT-MODE
DC-DC INVERTER
WITH EXTERNAL
DIODE FOR CCD

SOFT-START
RAMP GENERATOR

SOFT-START
RAMP GENERATOR

ON_

ONSU

SUOK

1V

REFOK

INTERNAL
POWER-OK

SU OK

DIE OVER
TEMP

NORMAL
MODE STARTUP

OSCILLATOR

VREFI

PVSU

3V

TO VREF

200,000
CLOCK-CYCLE
FAULT TIMER

FAULTALL

FLTIN

CLK

FAULT

FAULT

IREXT

1/4

CURRENT-MODE
DC-DC

STEP-UP
CONVERTERS WITH 

EXTERNAL DIODE FOR 
WHITE LED AND CCD

FAULTDRIVE

STEP-UP SU
SOFT-START DONE

(SUSSD)

PG1

1/2

1/2

GD
TO PV_

TO PG2

SW_

LX_

PVINV

SEQ
LOGIC

FAULT

LXINV

SEQCCD

SOFT-START
RAMP GENERATOR

FB_

TO VREFI

FB_

TO VREFI

1.25V

REFERENCE

1 OF 3
(MAX8611/
MAX8613/

MAX8611V)
OR

1 OF 1 (MAX8610/
MAX8612)

CURRENT-MODE
DC-DC

STEP-DOWN
CONVERTER(S)

FAULT

PV_

LX_

PG_

FLTALL

FLTALL

SUSSD
FLTALL

SUSSD
FLTALL



M
A

X
8

6
1

0
–M

A
X

8
6

1
3

/M
A

X
8

6
1

1
V

8-Channel PMICs for 
Digital Camera Power Supplies

______________________________________________________________________________________ 23

The seven converter channels all use peak current-mode
control and are internally compensated. These conver-
ters utilize a load line architecture to allow the output
capacitor to be the dominant pole by lowering the loop
gain. As a result, the MAX8610–MAX8613/MAX8611V
match the load and line regulation to the voltage droop
seen during transients. This is sometimes called voltage
positioning. This architecture minimizes the voltage over-
shoot when the load is removed, and voltage droop 
during transition from a light load to full load (see the
Load Transient graphs in the Typical Operating
Characteristics). Thus, the voltage delivered to the load
remains within spec more effectively than with regulators
that might have tighter initial DC accuracy. This type of
response is of great importance in digital cameras
where the load may vary significantly in small time
durations. See more details in the Load-Transient
Response section. The AUX controller employs voltage-
mode control and needs external compensation (see
the AUX Compensation section).

SU Step-Up DC-DC Converter
The SU step-up DC-DC switching converter typically
generates a 5V output voltage from a 1.5V to 4.2V bat-
tery input voltage, but any voltage from 3.3V to 5V can
be set. The SU output voltage must be greater than or
equal to the voltage output of the MAIN, AFE, and SD
converters. An internal nFET switch and internal syn-
chronous rectifier allow conversion efficiencies as high
as 95%. Under moderate to heavy loading, the convert-
er operates in a low-noise PWM mode with constant fre-
quency and modulated pulse width. Switching
harmonics generated by fixed-frequency operation are
consistent and easily filtered.

The SU step-up is a current-mode converter. The diffe-
rence between the feedback voltage and a 1V refe-
rence signal generates an error signal that programs
the peak inductor current to regulate the output voltage.
The peak inductor current limit is typically 2.5A. Inductor
current is sensed across the internal switch and
summed with an internal slope-compensation signal.

At light loads (less than 50mA (MAX8610–MAX8613)/
125mA (MAX8611V) when boosting to 5V from a 3.6V
input), efficiency is enhanced by an idle mode in which
switching occurs only as needed to service the load.
This idle-mode threshold is determined by comparing
the current-sense signal to an internal reference (Figure
3). In idle mode, the synchronous rectifier shuts off
once its current falls to 10mA, preventing negative
inductor current.

In idle mode, the peak inductor current is fixed and the
repetition rate is varied as required to keep the output
voltage within the specified limits. In the MAX8610–

MAX8613, there are two skip levels for this peak inductor
current in idle mode. For loads less than 50mA (at VIN =
3.6V and VSU = 5V), a larger skip pulse (400mA) is used
to increase the time between pulses and enhance effi-
ciency (see the MAX8611 Step-Up (VSU) Dual Skip
Switching Waveforms in the Typical Operating
Characteristics). For loads greater than 100mA, a small-
er skip pulse (200mA) is used to ensure that a pulse is
given for every clock cycle (constant frequency opera-
tion) (see the MAX8611 Step-Up (VSU) Dual Skip
Switching Waveforms in the Typical Operating
Characteristics). In the MAX8611V, only a single skip
level (300mA) is used when the converter is in the idle-
mode operation (see the MAX8611V Step-Up (VSU)
Switching Waveforms in the Typical Operating
Characteristics). A single skip level results in higher effi-
ciency for loads between 100mA and 125mA.

The step-up output, PVSU, can start up into a load (see
the Typical Operating Characteristics). The soft-start
duration is proportional to the size of the output cap and
load resistor with a maximum of 7.5ms. Under normal
operation PVSU provides power to the device. After PVSU
reaches regulation, the input voltage can drop as low as
0.9V without affecting circuit operation (although available
output power from the boost is reduced at very low
inputs). All other outputs are locked out until the SU step-
up reaches its regulation voltage. The step-up features
True Shutdown, which eliminates the “sneak” body-diode
path from input to output and allows the boost output to
fall to GND in shutdown.

MAIN and AFE Step-Up DC-DC Converter
(M and AFE, MAX8610/MAX8612)

MAIN and AFE are configured as step-up converters in
the MAX8610 and MAX8612. MAIN and AFE typically
generate 3.3V for system I/O and 3.4V for the CCD ana-
log front end, respectively. However, any voltage from
BATT to VSU can be set.

An internal nFET switch and internal synchronous recti-
fier allow conversion efficiencies as high as 93%.
Under moderate to heavy loading, the converter oper-
ates in a low-noise PWM mode with constant frequency
and modulated pulse width. Switching harmonics gen-
erated by fixed-frequency operation are consistent and
easily filtered.

At light loads (less than 50mA when boosting to 5V
from a 1.8V input), efficiency is enhanced by an idle
mode in which switching occurs only as needed to ser-
vice the load. The idle-mode current threshold is deter-
mined by comparing the current-sense signal to an
internal reference (Figure 3). In idle mode, the synchro-
nous rectifier shuts off once its current falls to 10mA,
preventing negative inductor current.
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The MAIN and AFE converters have True Shutdown.
The output of the MAIN and AFE converters are pulled
to GND in shutdown.

MAIN and AFE Step-Down DC-DC Converter
(M and AFE, MAX8611/MAX8613/MAX8611V)
MAIN and AFE are configured as step-downs in the
MAX8611/MAX8613/MAX8611V. MAIN and AFE derive
power from PVM and PVAFE, respectively. These pins
can be connected directly to BATT as long as the output
is less than the battery voltage, or can be connected to
the step-up output for efficient boost-buck operation.
MAIN and AFE typically generate 3.3V for the system I/O
and 3.4V for CCD sensor, respectively. However, any
voltage from 1V to 5V that is less than or equal to the out-
put of the step-up converter VSU can be set.

An internal-MOSFET switch and synchronous rectifier
allow conversion efficiencies as high as 90% (boost-buck
operation). Under moderate to heavy loading, the con-
verter operates in a low-noise PWM mode with constant
frequency and modulated pulse width. Switching har-
monics generated by fixed-frequency operation are con-
sistent and easily filtered. At light loads (typically less
than 50mA (MAX8611/MAX8613)/125mA (MAX8611V)),
efficiency is enhanced by an idle mode in which switch-
ing occurs only as needed to service the load.

In idle mode, the peak inductor current is fixed and the
repetition rate is varied as required to keep the output
voltage within the specified limits. In the MAX8610–
MAX8613, there are two skip levels for this peak inductor
current in idle mode. For loads less than 50mA (at VIN =
3.6V and VSU = 5V), a larger skip pulse (400mA) is used
to increase the time between pulses and enhance effi-
ciency (see the MAX8611 Step-Up (VSU) Dual Skip
Switching Waveforms in the Typical Operating
Characteristics). For loads greater than 100mA, a smaller
skip pulse (200mA) is used to ensure that a pulse is
given for every clock cycle (constant-frequency opera-
tion) (see the MAX8611 Step-Up (VSU) Dual Skip
Switching Waveforms in the Typical Operating
Characteristics). In the MAX8611V, only a single skip
level (300mA) is used when the converter is in the idle-
mode operation (see the MAX8611V Step-Up (VSU)
Switching Waveforms in the Typical Operating
Characteristics). A single skip level results in higher effi-
ciency for loads between 100mA and 125mA. 

Li+ to 3.3V Boost-Buck Operation
When generating 3.3V or a similar voltage from a Li+
cell, boost-buck operation may be needed so that a reg-
ulated output can be maintained for input voltages
above and below 3.3V. In that case, it may be best to
use the MAIN and AFE converters as step-downs (with

the MAX8611/MAX8613/MAX8611V) and to connect the
inputs, PVM and PVAFE, to the step-up output (PVSU in
Figure 2). The compound efficiency with this connection
is typically up to 90%. This connection is also suitable for
designs that must operate from both 1-cell Li+ and 2 AA
cells. Note that the step-up output supplies both the
step-up load and the input current of the MAIN and AFE
step-downs so the MAIN and AFE input current reduces
the available step-up output current for other loads.

2 AA Operation
In designs that operate only from 2 AA cells, the MAIN
and AFE DC-DC converters operate as step-ups in the
MAX8610/MAX8612. This connection is shown in Figure 1.

Step-Down DC-DC Converter (SD)
The SD step-down DC-DC converter is optimized to
generate low output voltages (down to 1V) at high effi-
ciency, typically to power a DSP core. The SD step-
down is powered from PVSD. PVSD can be connected
directly to the battery if there is sufficient headroom;
otherwise, it can be powered from the output of another
converter. The SD step-down can also operate from the
SU step-up (or another boost in the MAX8610/
MAX8612) for boost-buck operation.

Under moderate to heavy loading, the SD converter oper-
ates in a low-noise PWM mode with constant frequency
and modulated pulse width. Efficiency is enhanced under
light (50mA typ) loading by assuming an idle mode dur-
ing which the step-down switches only as needed to ser-
vice the load.

In idle mode, the peak inductor current is fixed and the
repetition rate is varied as required to keep the output
voltage within the specified limits. In the MAX8610–
MAX8613 there are two skip levels for this peak inductor
current in idle mode. For loads less than 50mA (at VIN =
3.6V and VSU = 5V), a larger skip pulse (400mA) is used
to increase the time between pulses and to enhance effi-
ciency. For loads greater than 100mA, a smaller skip
pulse (200mA) is used to ensure that a pulse is given for
every clock cycle (constant frequency operation). In the
MAX8611V, only a single skip level (300mA) is used when
the converter is in the idle-mode operation. A single skip
level results in higher efficiency for loads between 100mA
and 125mA. 

The soft-start time for SD is shorter relative to M and AFE
in order to maintain tracking during power-up. SD typical-
ly has a lower output voltage, so if SD is set to 1.2V and M
or AFE (MAX8611/MAX8613/MAX8611V) is set to 3.3V,
the two outputs track up to the point where both reach
1.2V, if the two converters are enabled at the same time.
The SD step-down DC-DC converter is inactive until the
SU step-up DC-DC converter is in regulation.
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LED and CCD, BST, and INV Converters
The MAX8610–MAX8613/MAX8611V include a boost
and inverting DC-DC converter to supply both positive
and negative CCD (and/or LCD) bias and WLED sup-
ply. All converters use a fixed-frequency, PWM current-
mode control scheme. The heart of the current-mode
PWM controllers is a comparator that compares the
feedback error signal against the sum of the amplified
current-sense signal and a slope-compensation ramp.
At the beginning of each clock cycle, the internal power
switch turns on until the PWM comparator trips. During
this time the current in the inductor ramps up, storing
energy in the inductor’s magnetic field. When the
power switch turns off, the inductor releases the stored
energy while the current ramps down, providing current
to the output. These converters operate at one-half the
frequency of the SU, M, AFE, and SD converters.

LED and CCD Boost Converter (BST)
The CCD boost converter generates a positive output
voltage up to 27V. An internal power switch, internal
True Shutdown switch, and external catch diode allow
conversion efficiencies as high as 90%.

The internal True Shutdown switch disconnects the bat-
tery from the load by opening the battery connection to
the inductor. The True Shutdown switch stays on at all
times during normal operation. The boost converter
also features soft-start to limit inrush current and mini-
mize battery loading at startup. This is accomplished
by ramping the reference voltage at the input of the
error amplifier. The boost reference is ramped from 0 to
1V (where 1V is the desired feedback voltage). During
startup, the boost-converter load switch turns on before
the boost-converter reference voltage is ramped up.
This effectively limits startup inrush current to below
500mA and provides short-circuit protection (SCP).

CCD Inverter (INV)
The inverter generates output voltages down to -10V. An
internal power switch and external catch diode allow
conversion efficiencies as high as 90%. The inverter
soft-starts by ramping the reference input of the error
amplifier from 1.25V to 0V (where 0V is the inverter’s
normal operating feedback point).

Power-On Sequencing (SEQ)
The CCD boost and inverter have pin-selectable
power-on sequencing as set by the SEQCCD pin (see
Table 1 and the Typical Operating Characteristics).
This covers all typical sequencing options required by
CCD imagers. The SEQCCD should be connected to
VSU for a high level and to GND for a low level. See the
Typical Operating Characteristics for the SEQCCD
threshold as a function of the SU converter output volt-
age VSU.

When SEQCCD = 0 and both ONBST and ONINV are
pulled high together, both outputs reach regulation at
approximately the same time. The inverter is held off
while the boost load switch slowly turns ON to pull
SWBST to VBATT. The positive output rises to a diode
drop below VBATT. Once the boost output reaches this
voltage, the boost and the inverter then ramp their
respective references over a period of 7.5ms. This
brings the two outputs into regulation at approximately
the same time.

When SEQCCD = 1 and both ONBST and ONINV are
pulled high together, the boost output powers on first.
The inverter is held off until the boost completes its
entire soft-start cycle and the positive output is in regu-
lation. Then the inverter starts its soft-start cycle and
achieves regulation in approximately 7.5ms.

When SEQCCD = 0 if ONBST and ONINV are not con-
nected together, then there is no internal power-up
sequencing and the two converters can be indepen-
dently controlled with the respective ON pins.

ONINV ONBST SEQCCD BST O/P INV O/P

H H L On On

H L L Off On

L H L On Off

L L L Off Off

X L H Off Off

L H H On Off

H H H On
 On (turns on after BST

is in regulation)

Table 1. Truth Table for SEQCCD, ONBST, and ONINV
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AUX Controller
One auxiliary DC-DC controller is provided for an addi-
tional boost or inverter channel. On the MAX8610/
MAX8611/MAX8611V, the AUX controller drives an
external n-channel MOSFET in a boost configuration. On
the MAX8612/MAX8613, the AUX controller drives an
external p-channel MOSFET in an inverter configuration.
Since the controller does not include internal power
MOSFETs, output power and efficiency is determined
largely by external components.

The AUX controller regulates output voltage by modu-
lating the pulse width of DRVAUX based on the feed-
back input at FBAUX. The controller is voltage mode
and requires external compensation at CCAUX. AUX
operates at 1/4 the frequency of the SU, MAIN, AFE,
and SD converters.

Figures 4 and 5 show functional diagrams of AUX boost
and inverter controllers. A sawtooth oscillator signal at
OSC governs timing. At the start of each cycle, during
normal operation DRVAUX goes high on the MAX8610/
MAX8611/MAX8611V, turning on the external nFET switch
(DRVAUX goes low on the MAX8612/MAX8613 to turn on
a pFET switch for the inverter). The switch then turns off
when the internally level-shifted sawtooth crosses CCAUX
or when the maximum duty cycle is exceeded. The
switch remains off until the start of the next cycle.

Maximum Duty Cycle
The AUX PWM controllers have a guaranteed maximum
duty cycle of 86% and typically can reach 87.5%. In
designs that require continuous inductor current (where
the inductor does not discharge to zero at the end of

each switching cycle), the maximum duty cycle limits
the boost ratio so that:

DBST = 1 - (VIN / VOUT) < 86%

or, for inverters, it limits the ratio so that:

DINV = |VOUT| / (|VOUT| +VIN) < 86%

Note that with discontinuous inductor current, no such
limit exists for the input/output ratio since the inductor
has time to fully discharge before the next cycle
begins.

Soft-Start
All DC-DC converter channels feature soft-start to limit
inrush current and prevent excessive battery loading at
startup by ramping the output voltage of each channel
up to the regulation voltage. This is accomplished by
ramping the internal reference inputs to each channel
error amplifier when a channel is enabled.

The soft-start ramps for most channels take 15,000
OSC cycles (or 15ms for a 1MHz oscillator). One
exception is the SD step-down converter, where the
soft-start ramp takes 5000 OSC cycles. The soft-start
time for SD is less relative to other channels in order to
match power-up tracking since SD typically has a lower
output voltage. Note, however, that no channels start
until the SU step-up reaches regulation.

Fault Protection
The MAX8610–MAX8613/MAX8611V have robust fault
and overload protection. After power-up, the device is
set to detect an out-of-regulation state that could be
caused by an overload or short. If any DC-DC converter
channel remains faulted for 200,000 clock cycles

Q
DRVAUXLEVEL SHIFT

SOFT-START

FAULT
PROTECTION

ENABLE

CLK

FBAUX

CCAUX

1.25V
REF

OSC/4

1.25V

R

S

MAX8610/MAX8611/MAX8611V
AUX BOOST CONTROLLER

Figure 4. AUX Boost-Controller Block Diagram

Q
DRVAUXLEVEL SHIFT

SOFT-START

FAULT
PROTECTION

ENABLE

CLK

FBAUX

CCAUX

1.25V
REF

OSC/4

0V

R

S

MAX8612/MAX8613
AUX INVERTING CONTROLLER

Figure 5. AUX Inverter-Controller Block Diagram
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(200ms at 1MHz OSC), then all outputs latch off until
the step-up DC-DC converter is reinitialized by the
ONSU pin.

Once the step-up output is in regulation, if the SU hits
current limit for 200,000 consecutive clock cycles, the
device enters a fault condition. If the step-up output
(PVSU) is dragged 10% below its regulation voltage or
is shorted, the device enters a fault state immediately.
The step-up then shuts down all channels. All outputs
stay latched off until the step-up DC-DC converter is
reinitialized by the ONSU pin.

If the short at SU exists prior to ONSU being pulled high,
then the SU DC-DC converter continuously cycles through
soft-start once ONSU is pulled high since VSU never goes
above its 3V UVLO threshold. The part continues to draw
approximately 1A of input current in this condition. The
user is recommended to monitor such a condition and
pull ONSU low to prevent thermal runaway.

In systems where a submicroprocessor (sub-µP) is used,
the output of the MAIN converter is diode-ORed with the
backup power supply to supply power to the sub-µP.
The sub-µP also controls the power-on signal going to
ONSU to turn on the MAX8610–MAX8613/MAX8611V.
Under these circumstances, the sub-µP can be used to
monitor the 3.3V MAIN supply and pull ONSU low if a
startup into a short-circuit prevents the 3.3V MAIN supply
from turning on within a specified time (1s, for example).

In the CCDBST and LEDBST converters an overload/
short condition stops converter switching immediately.
The True Shutdown switch limits the inductor current to
1A maximum for 200,000 clock cycles. If the overload/
short-circuit condition persists beyond this time, then the
device enters a fault condition. All channels are shut
down and stay latched off until the step-up DC-DC con-
verter is reinitialized by the ONSU pin. If the overload/
short-circuit condition is removed within the 200,000
clock cycles, soft-start is reinitiated.

For all other channels an overload/short-circuit condition
for over 200,000 clock cycles on the output are detected
as a fault. Once in fault, all channels are shut down and
stay latched off until the step-up DC-DC converter is
reinitialized by the ONSU pin.

Reference
The MAX8610–MAX8613/MAX8611V have a precise
1.250V reference at REF. Bypass REF to GND with a
0.22µF ceramic capacitor. REF can source up to 100µA
for external loads. REF is enabled whenever ONSU is
high and PVSU is above 3V. During shutdown REF is
internally pulled to GND.

Oscillator
The operating frequency is set by a resistor connected
from REXT to GND. The range of usable settings is from
1MHz to 2MHz. Note that although all converter channels
are synchronized, they do not operate at the same
frequency. The SU, MAIN, AFE, and SD converters all
switch at the set oscillator frequency. The CCDBST and
INV converters, as well as the LEDBST, switch at one-half
the oscillator frequency, and the AUX controller switches
at one-quarter the oscillator frequency. The CCDBST,
INV, and AUX converters switch at reduced rates to opti-
mize efficiency for those channels. Table 2 details each
converter’s operating frequency for 1MHz and 2MHz
oscillators. See also Setting the Switching Frequency in
the Design Procedure section.

Shutdown
The SU step-up converter is activated with a high input
signal at ONSU. All other converters are individually acti-
vated with logic-high levels on their respective ON_
inputs. For automatic startup of any channel, connect its
ON_ pin to PVSU or a logic level greater than 1.6V.
Connecting all ON_ to GND or logic 0 places the
MAX8610–MAX8613/MAX8611V in shutdown mode and
reduces supply current to 0.1µA. In shutdown, the control
circuitry, internal switching MOSFETs, and synchronous
rectifiers turn off and LX_ becomes high impedance.

All converter channels (except AUX) provide True
Shutdown so that no current flows from the battery to
the load during shutdown. Unlike conventional boost
converters, no external switch circuitry is needed to
block battery drain in shutdown.

SEQCCD does not have a logic-level threshold. SEQC-
CD should be connected to VSU for a high level and to
GND for a low level. See the Typical Operating
Characteristics for the SEQCCD threshold as a function
of the SU converter output voltage VSU.

REXT
(kΩ)

SU
(MHz)

MAIN
(MHz)

AFE
(MHz)

SD
(MHz)

CCDBST
(MHz)

CCDINV
(MHz)

LEDBST
(MHz)

AUX
(MHz)

100 2 2 2 2 1 1 1 0.5

200 1 1 1 1 0.5 0.5 0.5 0.25

Table 2. Switching Frequency for Each Converter Channel
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Design Procedure
Setting the Switching Frequency

Choose a switching frequency to optimize external
component size or circuit efficiency for the particular
application. Typically, switching frequencies between
1MHz and 2MHz offer a good balance between com-
ponent size and circuit efficiency—higher frequencies
generally allow smaller components, while lower 
frequencies give better conversion efficiency. The
switching frequency is set with an external timing resis-
tor connected from REXT to GND. The REXT value for a
particular oscillator frequency is:

REXT (kΩ) = (200)/fOSC(MHz)

Setting Output Voltages
All MAX8610–MAX8613/MAX8611V output voltages are
resistor set. The FB_ threshold is 1V for all channels
except for FBLLED (0.24V), FBINV (0V), and FBAUX
(1.25V) for the AUX boost on the MAX8610/MAX8611/
MAX8611V, and (0V) for the AUX inverter on the
MAX8612/MAX8613. When setting the output voltage for
any boost or step-down channel, connect a resistive volt-
age-divider from the channel output to the corresponding
FB_ input and then to GND. The FB_ input bias current is
less than 50nA, so choose the bottom-side (RBOTTOM
from FB_ to GND) resistor to be 100kΩ or less. Then cal-
culate the top-side (RTOP from output to FB_) resistor:

RTOP = RBOTTOM[(VOUT / VFB_) - 1]

where VFB is the feedback regulation voltage of the
particular DC-DC converter channel (1V for FBSU,
FBM, FBAFE, FBSD, FBBST, and FBHLED, or 1.25V for
the MAX8610/MAX8611/MAX8611V FBAUX).

Setting Inverter Output Voltages
All devices feature a CCD inverter. The CCD inverter
feedback input is at FBINV and has a threshold of 0V.
To set the negative output voltage, connect a resistive
voltage-divider from the negative output (VCCDINV) to
the FBINV input, and then to REF. The FBINV input bias
current is less than 50nA, so choose the FBINV-to-REF
resistor, RREF (R8 in Figures 1 and 2), to be 100kΩ or
less. Then calculate the output-to-FBINV resistor, RINV
(R7 in Figures 1 and 2), as follows:

RINV = RREF(|VCCDINV| / 1.25)

A second inverter is available by using the AUX con-
troller on the MAX8612/MAX8613. The formula for cal-
culating feedback resistors for the inverting AUX
controller is the same as above.

Setting LED Current and Voltage
When using the LED boost as a current source to drive
white (or other) LEDs, connect an LED current-sense

resistor from FBLLED to GND. Select the LED current-
setting resistor (R17 in Figures 1 and 2) using the fol-
lowing formula:

R17 = 0.24V / ILED

where ILED is the regulated current in the series LED
string. The LED boost also allows a voltage limit to be
set with FBHLED so that if the LED string becomes open
circuit, the output voltage is still regulated. The limit volt-
age should be selected to be 1V higher than the maxi-
mum-expected LED forward voltage (VMAXLED), but no
higher than 27V. Choose the bottom-side (R16 from
FBHLED to GND in Figures 1 and 2) resistor to be
100kΩ or less. Then calculate the top-side (R15 from
VLED to FBHLED in Figures 1 and 2) resistor:

R15 = R16 [VMAXLED]

Note that the VLED output VBOOST can instead be used
as a high-voltage boost for any function, by using only
R15 and R16 to set voltage and by omitting R17 and
grounding FBLLED. In that case:

R15 = R16 [VBOOST -1]

Filter Capacitor Selection
The input capacitor in a DC-DC converter reduces cur-
rent peaks drawn from the battery or other input power
source and reduces switching noise in the controller.
The impedance of the input capacitor at the switching
frequency should be less than that of the input source
so high-frequency switching currents do not pass
through the input source.

The DC-DC converter output filter capacitors keep out-
put ripple small and ensure control-loop stability. The
output capacitor must also have low impedance at the
switching frequency. Ceramic, polymer, and low-ESR
tantalum capacitors are suitable, with ceramic exhibit-
ing the lowest ESR and high-frequency impedance.
Output ripple with a ceramic output capacitor is
approximately as follows:

VRIPPLE = IL(PEAK) [1 / (2π fOSC COUT)]

If the capacitor has significant ESR, the output ripple
component due to capacitor ESR is as follows:

VRIPPLE(ESR) = IL(PEAK) ESR

Step-Up Component Selection
This section describes component selection for the SU
step-up, as well as for the MAIN and AFE step-up that
are found on the MAX8610 and MAX8612. The external
components required for the step-up are an inductor
and input and output filter capacitors. The inductor is
typically selected to operate with continuous current for
best efficiency. An exception might be if the step-up
ratio, (VOUT / VIN), is greater than 1 / (1 - DMAX), where
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DMAX is the maximum PWM duty factor stated in the
Electrical Characteristics table.

In most step-up designs, a reasonable inductor value
(LIDEAL) can be derived from the following equation,
which sets continuous peak-to-peak inductor current at
1/3 the DC inductor current:

LIDEAL = [3.5VIN(MIN) D (1 - D)] / (IOUT fOSC)

where D is the duty factor given by:

D = 1 - (VIN / VOUT)

Given LIDEAL, the consistent peak-to-peak inductor cur-
rent is IOUT / [3(1 - D)]. The peak inductor current,
IL(PEAK) = 1.25 IOUT / (1 - D). Inductance values small-
er than LIDEAL can be used to reduce inductor size;
however, if much smaller values are used, inductor rip-
ple current rises and a larger output capacitance may
be required to suppress output ripple.

Step-Down Component Selection
This section describes component selection for the SD
step-down converter and for the MAIN and AFE step-
downs that are found on the MAX8611/MAX8613/
MAX8611V. The external components required for the
step-down are an inductor and input and output filter
capacitors. The step-down converters provide best effi-
ciency with continuous inductor current. A reasonable
inductor value (LIDEAL) can be derived from the following
equation:

LIDEAL = [3(VIN) x DSD(1 - DSD)] / (IOUT fOSC)

This sets the peak-to-peak inductor current at 1/3 the
DC inductor current. DSD is the step-down switch duty
cycle: DSD = VOUT / VIN.

Given LIDEAL, the peak-to-peak inductor current is 
IOUT / 3. The absolute-peak inductor current is 1.25
IOUT. Inductance values smaller than LIDEAL can be
used to reduce inductor size; however, if much smaller
values are used, inductor ripple current for a given load
rises, and a larger output capacitance may be required
to suppress output ripple. Larger values than LIDEAL
can be used to obtain higher output current, but typi-
cally with larger inductor size.

LED and CCD Component Selection
CCD/LED Inductor Selection

The LED boost, CCD boost, and CCD inverter’s high
switching frequency (fOSC / 2) allows for the use of
small inductors. The 10µH inductors (L5, L6, and L7)
shown in the typical operating circuits are recommend-
ed for most applications. Smaller inductances require
less board space, but may cause greater peak current
due to current-sense comparator propagation delay.

Use inductors with a ferrite core or equivalent. Powder
iron cores are not recommended for use with high
switching frequencies. The inductor’s incremental satu-
ration rating must meet or exceed the LXBST, LXINV,
and LXLED current limits. For highest efficiency, use
inductors with a low DC resistance (under 100mΩ).
Table 3 is the LED and CCD inductor selection guide.

OUTPUT VOLTAGES
AND LOAD CURRENT

INDUCTOR L (µH) DCR (mΩ) ISAT (A) SIZE (mm)

TOKO
DP418C
S1024AS-4R3M

4.3 47 1.2 4 x 4 x 1.7

Sumida
CDRH2D14-4R7

4.7 170 1 3.2 x 3.2 x 1.55
15V, 50mA;

-7.5V, 100mA

TOKO
DP418C
S1024AS-100M

10 100 0.8 4 x 4 x 1.7

TOKO
DP418C
S1024AS-4R3M

4.3 47 1.2 4 x 4 x1.7

Sumida
CDRH2D14-4R7

4.7 170 1 3.2 x 3.2 x 1.55
15V, 20mA;
-7.5V, 40mA

TOKO
DP3015C
S1068AS-4R7M

4.7 155 0.9 3 x 3 x 1.5

Table 3. LED and CCD Inductor Selection Guide
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CCD/LED Diode Selection
High switching frequency (fOSC / 2) demands a high-
speed rectifier. Schottky diodes, such as the CMHSH5-2L
or MBR0530L, are recommended. Make sure that the
diode’s peak current rating exceeds the selected current
limit, and that its breakdown voltage exceeds the output
voltage. Schottky diodes are preferred due to their low
forward voltage. However, ultra-high-speed silicon recti-
fiers are also acceptable.

CCD/LED Output Filter Capacitors
For most applications, 10µF ceramic output filter capaci-
tors are suitable for the CCD outputs. Lower values may
be acceptable to save space at low output currents or if
higher ripple can be tolerated. The minimum capacitor
values required for stability are calculated as follows:

For CCD and LED boost output stability, the filter
capacitor, CBST, should satisfy:

CBST > (10 L IBST ) / ( RCS (1 - DBST) VBST2 )

where IBST is the output current, VBST is the output volt-
age, RCS = 0.015, and DBST is the boost switch duty
cycle: DBST = 1 - (VBATT / VBST).

For CCD inverter stability, the filter capacitor, CINV,
should satisfy the following:

where IINV is the output current, VINV is the output volt-
age, RCS = 0.015, and DINV is the inverter switch duty
cycle: DINV = |VINV| / (|VINV| +VPVINV).

Table 3 lists representative inductors for the LED and
CCD outputs.

AUX Controller Component Selection
External MOSFET

The AUX controller drives an external logic-level MOSFET.
Significant MOSFET selection parameters are as follows:

• On-resistance (RDS(ON))

• Maximum drain-to-source voltage (VDS(MAX))

• Total gate charge (QG)

• Reverse transfer capacitance (CRSS)

On the MAX8610/MAX8611/MAX8611V the AUX driver,
DRVAUX, is designed for n-channel MOSFETs. On the
MAX8612/MAX8613, AUX is a DC-DC inverting controller,
so DRVAUX is designed to drive a p-channel MOSFET. In
all devices, DRVAUX swings between PVINV and PG1.
Use a MOSFET with on-resistance specified with a gate
drive at or below the PVINV voltage.

The MOSFET gate charge, QG, includes all capaci-
tance associated with charging the gate and helps to

predict MOSFET transition time between on and off
states. MOSFET power dissipation is a combination of
on-resistance and transition losses. The on-resistance
loss is as follows:

PRDSON = D IL2 RDS(ON)

where D is the duty cycle, IL is the average inductor
current, and RDS(ON) is MOSFET on-resistance. The
transition loss is approximately as follows:

PTRANS = (VOUT IL fOSC tT) / 3

where VOUT is the output voltage, IL is the average
inductor current, fOSC is the switching frequency, and
tT is the transition time. The transition time is approxi-
mately QG / IG, where QG is the total gate charge, and
IG is the gate-drive current (0.5A typ). The total power
dissipation in the MOSFET is as follows:

PMOSFET = PRDSON + PTRANS

Diode
For most AUX applications, a Schottky diode rectifies the
output voltage. The Schottky low forward voltage and fast
recovery time provide the best performance in most
applications. Silicon signal diodes (such as 1N4148) are
sometimes adequate in low-current (<10mA), high-volt-
age (>10V) output circuits where the output voltage is
large compared to the diode forward voltage.

AUX Compensation
The auxiliary controller employs voltage-mode control
to regulate the output voltage. Optimum compensation
depends on whether the design uses continuous or dis-
continuous inductor current. Note that in the following
discussions, fAUX, the auxiliary controller switching fre-
quency, is 1/4 of the oscillator frequency set by REXT.

MAX8610/MAX8611/MAX8611V AUX Step-Up, 
Discontinuous Inductor Current

When the inductor current falls to zero on each switch-
ing cycle, it is described as discontinuous. The induc-
tor is not utilized as efficiently as with continuous
current, but in light-load applications this often has little
negative impact since the coil losses may already be
low compared to other losses. A benefit of discontinu-
ous inductor current is more flexible loop compensation
and no maximum duty-cycle restriction on boost ratio.
To ensure discontinuous operation, the inductor must
have a sufficiently low inductance to fully discharge on
each cycle. This occurs when:

L < [VIN2 (VOUT - VIN) / VOUT3] [RLOAD / (2fAUX)]

A discontinuous current boost has a single pole at the
following frequency:

fP = (2VOUT - VIN) / (2π RLOAD COUT VOUT)

C
LV I

R I D V V VINV
REF INV

CS INV REF INV INV
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A type 2 compensation is recommended as shown in
Figure 6.

The crossover frequency for the boost loop is given by:

C1 = [1 / (2π x fC x R1)] [VFB / VRAMP] [RLOAD VOUT /
(2LfAUX (VOUT - VIN))]1/2 [2VIN / (2VOUT – VIN)]

where VRAMP is the internal slope-compensation volt-
age ramp of 1.25V.

The frequency of the pole and zero are defined by the
equations below. R2 and C1 introduce a zero at a fre-
quency given by:

fZ = 1 / (2π R2 C1)

While a pole is introduced at the frequency:

fP2 = 1 / (2π R2 C2)

The following is a typical procedure for selecting the
compensation components for a discontinuous-con-
duction mode boost.

• Choose the compensation so the unity-gain
crossover, fC, occurs at fAUX / 10 or lower.

• Set the resistor-divider formed by R1 and RBIAS to
set the desired output regulation voltage as speci-
fied in the Setting Output Voltages section. R1 =
RBIAS (VOUT / 1.25 - 1) where RBIAS is chosen to be
100kΩ or lower. Note that RBIAS only sets the DC
operating point of the loop and has no effect on the
AC characteristics.

• Set the zero fZ formed by R2 and C1 at approxi-
mately the boost pole fP.

• Set the pole fP2 formed by R2 and C2 approximate-
ly equal to the ESR zero of the output capacitor or
in case of ceramic capacitors, a decade below the
crossover frequency fC.

MAX8610/MAX8611/MAX8611V AUX Step-Up, 
Continuous Inductor Current

Continuous inductor current can sometimes improve
boost efficiency by lowering the ratio between peak
inductor current and output current. It does this at the
expense of a larger inductance value that requires larger
size for a given current rating. With continuous-inductor-
current boost operation, there is a right-half-plane zero,
ZRHP, at:

ZRHP = (1 - D)2 RLOAD / (2π L)

where D is the switch duty factor and (1 - D) = VIN /
VOUT (in a boost converter).

There is a complex pole pair at:

f0 = VIN / [2π VOUT (L COUT)1/2]

A type 3 error-amplifier compensation network can be
used to optimize the loop response for the continuous
conduction mode. The type 3 amplifier circuit is shown
in Figure 7.

The frequency of the poles and zeros introduced by
this compensation network are defined by the following
equations.

The zeros are:

fZ1 = 1 / (2π R2 C1)

fZ2 = 1 / (2π R1 C3) (assuming R1>>R3)

The poles are:

fP1 = 1 / (2π R3 C3)

fP2 = 1 / (2π R2 C2) (assuming C1>>C2)

Also, the unity-gain frequency or crossover frequency is:

fC = 1 / (2π R1 C1)

Figure 7. Type 3 Error-Amplifier Circuit

RBIAS REF

R1

R2

C2

C1

C3 R3

VOUT
CCAUX

Figure 6. Type 2 Compensation Circuit

RBIAS REF

R1

R2

C2

C1
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CCAUX
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With voltage-mode control the goal of the loop design
is to set the crossover frequency above the complex
pole pair frequency but below the RHP zero. This is
accomplished by placing the two zeros below the com-
plex pole pair as this provides a phase boost. The two
poles are then placed a decade above the crossover
frequency.The following is a typical procedure for
selecting the compensation components for a continu-
ous-conduction-mode boost:

1) Choose the compensation so the unity-gain
crossover, fC, occurs approximately a decade
above the complex pole pair but at least before 1/6
the RHP zero frequency and 1/10 the switching fre-
quency fAUX.

2) Set the resistor-divider formed by R1 and RBIAS to
set the desired output regulation voltage as speci-
fied in the Setting Output Voltages section:

R1 = RBIAS (VOUT / 1.25 - 1)
where RBIAS is chosen to be 100kΩ or lower.
Note that RBIAS only sets the DC operating point of
the loop and has no effect on the AC characteristics.

3) Compute C1 knowing the crossover frequency fC
and R1.

4) Set the zero fZ2 formed by R1 and C3 approximate-
ly halfway between the complex pole pair and the
crossover frequency fC to compensate for the
phase loss.

5) Set the other zero fZ1 formed by R2 and C1 approxi-
mately one-half decade above the complex pole pair.

6) If the zero due to the output capacitance and ESR
(ZCOUT = 1 / (2π COUT RESR)) is within a decade of
the crossover frequency, then set the pole formed by
R3 and C3 to cancel the ESR zero. If ZCOUT is much
higher than fC (as is typical with ceramic output
capacitors) and continuous conduction is required,
then set the pole formed by R3 and C3 more than a
decade higher than the crossover frequency.

7) Set the second pole formed by R2 and C2 (fP2)
more than one-half a decade above the crossover
frequency.

MAX8612/MAX8613 AUX Inverter,
Discontinuous Inductor Current

If the output power is very low (≤250mW), discontinu-
ous current is preferred for simple loop compensation
and freedom from duty-cycle restrictions on the inverter
input-output ratio. To ensure discontinuous operation,
the inductor must have a sufficiently low inductance to
fully discharge on each cycle. This occurs when:

L < [VIN / (|VOUT| + VIN)]2 RLOAD / (2fAUX) A disconti-
nuous-current inverter has a single pole at:

fP = 2 / (2π RLOAD COUT)

A type 2 compensation is recommended as shown in
Figure 6 except that the RBIAS resistor is connected to
REF for the inverter and the reference voltage at the
error amplifier is 0V.

The crossover frequency for the inverter loop is given by:

C1 = [1 / (2π x fC xR1)] [VIN / VRAMP] [RLOAD / 
(2 L fAUX)]1/2 [VREF / (|VOUT| + VREF)]

where VRAMP is the internal slope-compensation volt-
age ramp of 1.25V.

The frequency of the pole and zero are defined by the
equations below. R2 and C1 introduce a zero at a fre-
quency given by:

fZ = 1 / (2π R2 C1)

While a pole is introduced at the frequency:

fP2 = 1 / (2π R2 C2)

The following is a typical procedure for selecting the
compensation components for a discontinuous-con-
duction-mode inverter:

1) Choose the compensation so the unity-gain
crossover, fC, occurs at fAUX / 10 or lower.

2) Set the resistor-divider formed by R1 and RBIAS to
set the desired output regulation voltage as speci-
f ied in the Setting Output Voltages section.

R1 = RBIAS (|VOUT| / 1.25) where RBIAS is chosen to
be 100kΩ or lower.

Note that RBIAS only sets the DC operating point of
the loop and has no effect on the AC characteristics.

3) Set the zero fZ formed by R2 and C1 to cancel the
inverter pole at frequency fP.

4) Set the pole formed by R2 and C2 to cancel the
ESR zero of the output capacitor or a decade below
the crossover frequency if using ceramic output
capacitors

MAX8612/MAX8613 AUX Inverter, 
Continuous Inductor Current

Continuous inductor current may be more suitable for
larger load currents (50mA or more). It improves effi-
ciency by lowering the ratio between peak inductor cur-
rent and output current. It does this at the expense of a
larger inductance value that requires larger size for a
given current rating. With continuous-inductor-current
inverter operation, there is a right-half-plane zero,
ZRHP, at:
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ZRHP = [(1 - D)2 / D] x RLOAD / (2π L)

where D = |VOUT| / (|VOUT| + VIN) (in an inverter).

There is a complex pole pair at:

f0 = (1 - D) / (2π (LC)1/2)

If the zero due to the output-capacitor capacitance and
ESR is less than 1/10 the right-half-plane zero:

ZCOUT = 1 / (2π COUT RESR) < ZRHP / 10

A type 3 compensation is recommended as shown in
Figure 7 except that the RBIAS resistor is connected to
REF for the inverter and the reference voltage at the
error amplifier is 0V. The frequency of the poles and
zeros introduced by type 3 compensation network
(Figure 7) are defined by the following equations.

The zeros are:

fZ1 = 1 / (2π R2 C1)

fZ2 = 1 / (2π R1 C3) (assuming R1>>R3)

The poles are:

fP1 = 1 / (2π R3 C3)

fP2 = 1/(2π R2 C2) (assuming C1>>C2)

Also, the unity-gain frequency or crossover frequency is:

fC = 1 / (2π R1 C1) [1 / D(1 - D)]

With voltage-mode control the goal of the loop design
is to set the crossover frequency above the complex
pole pair frequency but below the RHP zero. This is
accomplished by placing the two zeros below the com-
plex pole pair as this provides a phase boost. The two
poles are then placed a decade above the crossover
frequency.

The following is a typical procedure for selecting the com-
pensation components for a continuous-conduction-
mode inverter:

1) Choose the compensation so the unity-gain
crossover, fC, occurs approximately a decade
above the complex pole pair but at least before 1/6
the RHP zero frequency and 1/10 the switching fre-
quency fAUX.

2) Set the resistor-divider formed by R1 and RBIAS to
set the desired output regulation voltage as speci-
fied in the Setting Output Voltages section:

R1 = RBIAS (|VOUT| / 1.25)

where RBIAS is chosen to be 100kΩ or lower.

Note that RBIAS only sets the DC operating point of
the loop and has no effect on the AC characteristics.

3) Compute C1 knowing the crossover frequency fC
and R1.

4) Set the zero fZ2 formed by R1 and C3 approximately
halfway between the complex pole pair and the
crossover frequency fC to compensate for the phase
loss.

5) Set the other zero fZ1 formed by R2 and C1 approxi-
mately one-half decade above the complex pole pair.

6) If the zero due to the output capacitance and ESR
(ZCOUT = 1 / (2π COUT RESR)) is within a decade of
the crossover frequency, then set the pole formed by
R3 and C3 to cancel the ESR zero. If ZCOUT is much
higher than fC (as is typical with ceramic output
capacitors) and continuous conduction is required,
then set the pole formed by R3 and C3 more than a
decade higher than the crossover frequency.

7) Set the second pole formed by R2 and C2 (fP2)
more than one-half a decade above the crossover
frequency.
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Applications Information
Typical Operating Circuits

Figures 1 and 2 show connections for Li+ and 2 AA
battery arrangements. Figures 8 and 9 show various
connections for the AUX controller.

Figure 1. 2 AA Cell Operation
Figure 1 is optimized for 2-cell AA inputs (1.5V to 3.6V).
The SU step-up boost converter generates 5V from the
battery. Likewise, the 3.4V analog front-end (AFE) sup-
ply and 3.3V MAIN logic supplies operate as boost
converters (MAX8610/MAX8612) from the battery input.
The 1.5V supply for the DSP core is stepped down from
the battery. The -7.5V for CCD is powered by VSU, the
SU converter output. The remaining supplies, +14V for
the CCD, 20mA bias for the white LED backlight, and
the supply generated by the AUX boost controller, are
all derived directly from the battery.

Figure 2. Li+ Cell or Dual-Battery Operation
In the connection in Figure 2, the input voltage range is
3V to 5V, covering the operating range of a Li+ battery
and AC adapter. Figure 2 will also operate in dual-bat-
tery systems that operate from both Li+ and 2 AA cells.
The SU step-up supplies 5V. Since boost-buck operation
is often needed for the 3.3V MAIN and 3.4V AFE outputs,
they are operated as step-down converters (in the
MAX8611/MAX8613/MAX8611V) from the SU step-up
output (PVSU). By cascading a high-efficiency step-up
and step-down converter, boost-buck efficiency reaches
90% while still providing a regulated output over a wide
input voltage range. The SD step-down 1.5V (DSP core)
output is powered directly from the battery.

AUX Controller Applications
The MAX8610/MAX8611/MAX8611V AUX boost con-
troller can be used for a wide variety of step-up applica-
tions. These include generating an additional 5V supply
or some other voltage for motor or actuator drive or for
generating an additional high-voltage supply. Figure 8
shows an example of an AUX boost application.

On the MAX8612/MAX8613, AUX is set up to drive an
external p-channel MOSFET in an inverting configura-
tion. DRVAUX drives low to turn on the MOSFET, and
FBAUX has a 0V threshold. This is useful for generating
a 2nd negative voltage, particularly if more output cur-
rent is required from the negative supply than can be
supplied by the CCD inverter or for the OLED power
supply. Figure 9 shows an example circuit.

Designing a PC Board
Good PC board layout is important to achieve optimal
performance from the MAX8610–MAX8613/MAX8611V.
Poor design can cause excessive conducted and/or
radiated noise. Conductors carrying discontinuous cur-
rents and any high-current path should be made as
short and wide as possible. A separate low-noise
ground plane containing the reference and signal
grounds should connect to the power-ground plane at
only one point to minimize the effects of power-ground
currents. Typically, the ground planes are best con-
nected right at the device. Keep the voltage-feedback
network very close to the device, preferably within 0.2in
(5mm) of the FB_ pin. Nodes with high dV/dt (switching
nodes) should be kept as small as possible and should
be routed away from high-impedance nodes such as
FB_. Refer to the MAX8610–MAX8613/MAX8611V EV kit
data sheet for a full PC board example.

MAX8612/MAX8613
(PARTIAL)

-8V
100mA

FBAUX

REF

DRVAUX

PVINV

AUX_
PWM

TO VBATT/VSU

22μF
640kΩ

100kΩ  

4.7μH

4.7μF

Figure 9. Typical Application for the AUX Inverting Controller
on the MAX8612/MAX8613

MAX8610/MAX8611/
MAX8611V

(PARTIAL)

+15V
100mA

FBAUX

DRVAUX

PVINV

AUX_
PWM

TO VBATT

22μF

4.7μF

4.7μH

1.1MΩ

100kΩ
 

Figure 8. Typical Application for the AUX Boost Controller on
the MAX8610/MAX8611/MAX8611V



M
A

X
8

6
1

0
–M

A
X

8
6

1
3

/M
A

X
8

6
1

1
V

8-Channel PMICs for 
Digital Camera Power Supplies

______________________________________________________________________________________ 35

MAX8610–MAX8613/MAX8611V
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THIN QFN

Pin Configuration

PART
MAIN AND AFE

DC-DC FUNCTION
AUX DC-DC
FUNCTION

SKIP
LEVELS

MAX8610ETM Boost Boost Dual

MAX8611ETM Buck Boost Dual

MAX8612ETM Boost Inverter Dual

MAX8613ETM Buck Inverter Dual

MAX8613VETM Buck Boost Single

Selector Guide

Chip Information
TRANSISTOR COUNT: 28,001

PROCESS: BiCMOS
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Package Information
(The package drawing(s) in this data sheet may not reflect the most current specifications. For the latest package outline information,
go to www.maxim-ic.com/packages.)
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