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/High-Efficiency, Low-IqQ, PMICs with Dynamic
Voltage Management for Mobile Applications

General Description

The MAX8660/MAX8661 power management ICs
(PMICs) power applications processors (APs) in smart
cellular phones, PDAs, Internet appliances, and other
portable devices.

Four step-down DC-DC outputs, three linear regulators,
and an 8th always-on LDO are integrated with power-
management functions. Two dynamically controlled DC-
DC outputs power the processor core and internal mem-
ory. Two other DC-DC converters power /O, memory,
and other peripherals. Additional functions include on/off
control for outputs, low-battery detection, reset output,
and a 2-wire 1°C serial interface. The MAX8661 functions
the same as the MAX8660, except it lacks the REG1
step-down regulator and the REG7 linear regulator.

All step-down DC-to-DC outputs use fast 2MHz PWM
switching and tiny external components. They automati-
cally switch from PWM to high-efficiency, light-load
operation to reduce operating current and extend bat-
tery life. In addition, a forced-PWM option allows low-
noise operation at all loads. Overvoltage lockout pro-
tects the device against inputs up to 7.5V.

Applications
PDAs, Palmtops, and Wireless Handhelds

Smart Cell Phones Personal Media Players
Portable GPS Navigation Digital Cameras

Pin Configuration

Features

4 Optimized for Marvell’s PXA300 and Armada 100
Family of Processors

¢ Protected to 7.5V—Shutdown Above 6.3V

4 Four Synchronous Step-Down Converters
REG1, REG2, REG3, REG4

4 Four LDO Regulators
REGS5, REG6, REG7, REG8

4 2MHz Switching Allows Small Components
Low, 20uA Deep-Sleep Current
4 Low-Battery Monitor and Reset Output

<*

Ordering Information

PART PIN-PACKAGE OPTIONS

V1:3.3V, 3.0V, 2.85V
V2:3.3V, 25V, 1.8V
V3: 1.4V (default)
V4: 1.4V (default)

MAX8660ETL + 40 Thin QFN

V1:3.3V, 3.0V, 2.85V
V2:3.3V, 25V, 1.8V

MAXBGEOETL/V+ V3: 1.4V (default)

40 Thin QFN

V4: 1.4V (default)
Note: All devices are specified over the -40°C to 85°C operating
temperature range.
+Denotes lead(Pb)-free/RoHS-compliant package.
/V denotes an automotive qualified part.

Ordering Information continued at end of data sheet.

Simplified Functional Diagram
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For pricing, delivery, and ordering information, please contact Maxim Direct 1

at 1-888-629-4642, or visit Maxim’s website at www.maxim-ic.com.
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ABSOLUTE MAXIMUM RATINGS

IN, IN5, IN6, IN67, EN2, EN34, EN5, LBO, RSO, MR, SETH,
SET2, V1, V2, V3, V4, SCL, SDA,

SRAD to AGND......coviiiiiiiiicce -0.3Vto +7.5V
LBF, LBR, EN1, RAMP to AGND ................. -0.3Vto (VIN + 0.3V)
VB0 AGND ..., -0.3V to (Ving + 0.3V)
V510 AGND ..., -0.3V to (ViNs + 0.3V)
V6, V710 AGND.......ooooiiiiiiiie -0.3V to (ViNe7 + 0.3V)
PV1 to PG1 -0.3Vto +7.5V
PV2 to PG2 ...-0.3Vto +7.5V
PV3 to PG3 -0.3V to +7.5V
PVA1OPGA ..o -0.3Vto +7.5V
PV, PV1, PV2, PV3, PV4, IN8 to IN -0.3V to +0.3V
LX1 Continuous RMS Current (Note 1) ..., 2.3A

X2 Continuous RMS Current (Note 1) .........ccooeiiiiiiiiiin 2.0A
X3 Continuous RMS Current (Note 1) .......c.ccooviiiiiiiiii. 2.6A
X4 Continuous RMS Current (Note 1) .........ccoovviiiiiiiiiin. 1.0A
PG1, PG2, PGS, PG4, EP to AGND.......... -0.6V to +0.6V
GND to AGND ..o -0.3V to +0.3V

All REGx Output Short-Circuit Duration...................... Continuous
Continuous Power Dissipation (Ta = +70°C)
40-Pin Thin QFN (derate 35.7mW/°C above +70°C).....2857TmW

Operating Temperature Range ...........cccc.ccoeven. -40°C to +85°C
Junction Temperature ...........coovveiiiiiiii +150°C
Storage Temperature Range .............ccoeeeeeen. -65°C to +150°C
Lead Temperature (soldering, 10S) ........cooceevviiieiiiieenn. +300°C
Soldering Temperature (reflow) ........cccccooviiiiiiiiiiicnn, +260°C

Note 1: LX_ has internal clamp diodes to PG_ and PV_. Applications that forward bias these diodes must take care not to exceed

the IC’s package power-dissipation limits.

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.

ELECTRICAL CHARACTERISTICS

(VIN = VINs = ViNe7 = VINg = 3.6V, Figure 3, Ta = -40°C to +85°C, unless otherwise noted. Typical values are at Ta = +25°C.) (Note 2)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
PV1, PV2, PV3, PV4, IN, IN8 PV1, PV2, PV3, PV4, IN, and IN8 must be
VIN 2.6 6.0 Vv
Supply Voltage Range connected together externally
IN Undervoltage-Lockout VIN rising 2250 2400 2.550
VuvLo , \
Threshold VN falling 2200 2350 2525
IN Overvoltage-Lockout VIN rising 6.20 635 6.50
VovLo , %
Threshold VN falling 6.00 6.15 6.30
Only V8 on (deep-sleep
20
power mode)
V1, V2, and V8 on;
V1 and V2 in normal (skip) 50
operating mode
V1, V2, V5, and V8 on
(sleep power mode); 92
V1 and V2 in normal (skip)
No load; operating mode
IN+IPv1+ | SDA = SCL = V8
Input Current IPv2+ Ipv3 + VA1, V2, V3, V4, V5, and V8 on WA
IPv4 -+ IIN5 + (run power mode); 140
IIN67 + lIN8 V1, V2, V3, and V4 in normal
(skip) operating mode
V1,V2,V3, V4, V5, V6, V7,
and V8 (all on); 250
V1, V2, V3, and V4 in normal
(skip) operating mode
Undervoltage lockout, V|N = 2.2V 1.5
Overvoltage lockout, V|N = 6.5V 25
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ELECTRICAL CHARACTERISTICS (continued)

(VIN = VINs = VINe7 = VINg = 3.6V, Figure 3, Ta = -40°C to +85°C, unless otherwise noted. Typical values are at Ta = +25°C.) (Note 2)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
PWM Switching Frequency fsw 1.9 2.0 2.1 MHz
REG1—SYNCHRONOUS STEP-DOWN DC-DC CONVERTER (MAX8660, MAX8660A, MAX8660B only)
SET1 = IN, Vpy1 = 4.2V, load = 600mA 3250 3.300 3.350
Xlg/uorgi?/e(MAX8860/MAX88BOB) v iil”gégﬂeded‘ Y =38k 2955 3000 3045 [ V
SET1 = AGND, Vpy1 = 3.6V, load = 600mA 2.807 2850 2.893
SET1 = IN, Vpy1 = 4.2V, load = 600mA 2463 2500 2538
V1 Votltage Accuracy (MAX8660A) V1 iigl”gggfn?eded’ VPv1 = 3.6V, 1970 2000 2030 | v
SET1 = AGND, Vpy1 = 3.6V, load = 600mA 1.773 1.800 1.827
V1 Load Regulation Load = 0 to 1200mA -1.5 %lA
V1 Line Regulation 0.15 %IV
SET1 Input Leakage Current 0.01 pA
Load = 800mA (Notes 3, 4) 150
V1 Dropout Voltage mV
Load = 1200mA (Notes 3, 4) 200
p-Channel On-Resistance Rp1 0.12 Q
n-Channel On-Resistance RN1 0.15 Q
%Cr):;hnor:zl Current-Limit LM 15 18 55 A
n-Channel Zero-Crossin
Threshold ° 25 mA
n-Channel Negative Current Limit Forced-PWM mode only -975 mA
REG1 Maximum Output Current louT1 2.6V <Vpy1 <6V (Note 5) 1.2 A
V1 Bias Current 5 pA
Vpy1 =6V, LX1 = Ta = +25°C -2 +0.03 +2
LX1 Leakage Current PG1 or PV1, pA
VEN1 = OV Ta = +85°C +0.2
Soft-Start Ramp Rate To V1 = 3.3V (total ramp time is 450us for 5 7 9 mV/us
(MAX8660/MAX8860B) all V1 output voltages)
a0 e T A
V5 to V1 Enable Time tymMHVSH1 | Figure 6 350 us
Internal Off-Discharge Resistance 650 Q
Minimum Duty Cycle ;firsfnd(;z\évi'\s" (;T,Zde only, min duty cycle in 16.7 %
Maximum Duty Cycle 100 %
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ELECTRICAL CHARACTERISTICS (continued)

(VIN = VINs = VINe7 = VINg = 3.6V, Figure 3, Ta = -40°C to +85°C, unless otherwise noted. Typical values are at Ta = +25°C.) (Note 2)

PARAMETER | symBoL | CONDITIONS MIN TYP MAX | UNITS
REG2—SYNCHRONOUS STEP-DOWN DC-DC CONVERTER
SET2 = IN, Vpy2 = 4.2V, load = 600mA 3250 3.300 3.350
V2 Voltage SET2 not connected, Vpy2 = 3.6V,
Accurac?/ (MAX8660/MAX8860B) v load = 600mA i 2463 2500 2538 v
SET2 = AGND, Vpy2 = 3.6V, load = 600mA 1.773 1800 1.827
SET2 = IN, Vpy2 = 4.2V, load = 600mA 2463 2500 2538
SET2 not connected, Vpy2 = 3.6V,
V2 Voltage Accuracy (MAX8660A) v o pv2 1970 2000 2.030 v
SET2 = AGND, Vpy2 = 3.6V, load = 600mA 1.773 1.800 1.827
V2 Load Regulation Load = 0 to 900mA -1.7 Y%olA
V2 Line Regulation 0.15 %[V
SET2 Input Leakage Current 0.01 PA
V2 Dropout Voltage Load = 900mA (Notes 3, 4) 225 mV
p-Channel On-Resistance Rp2 0.18 Q
n-Channel On-Resistance Rn2 0.15 Q
p-Channel Current-Limit Threshold ILIM2 1.10 1.30 1.50 A
n-Channel Zero Crossing Threshold 25 mA
n-Channel Negative Current Limit Forced-PWM mode only -800 mA
REG2 Maximum Output Current louT?2 2.6V < Vpy2 <6V (Note 5) 0.9 A
V2 Bias Current 5 pA
Vpy2 =6V, Ta = +25°C -2 +0.03 +2
LX2 Leakage Current LX2 = PG2 or PV2, PA
VEN2 = OV Ta = +85°C 0.2
Soft-Start Ramp Rate -arlcl) \\//22 ;u:bil/é;?tt:g;?p time is 4504s for 2 4 6 mV/us
V5 to V2 Enable Time tvmMHvVSH2 | Figure 6 350 us
Internal Off-Discharge Resistance 650 Q
Minimum Duty Cycle Folrced-PWll\/l mode only; min duty cycle in 167 %
skip mode is 0%
Maximum Duty Cycle 100 %
REG3—SYNCHRONOUS STEP-DOWN DC-DC CONVERTER
MAX8860/MAX8660A/MAX8661 REG3
default output voltage, Vpy3 = 3.6V, 1.379 1.400 1.421
load = 600mA Vv
V3 Output Voltage Accuracy V3 yﬁ;ffg%%ﬁgjs Seégglr;iutput voltage, 1133 1150 1167
REG3 serial programmed from 0.9V to 1.8V, 15 15 %
load = 600mA (Note 6)
V3 Load Regulation Load = 0 to 1600mA -17 mV/A
V3 Line Regulation (Note 7) 0.05 %[V
p-Channel On-Resistance Rp3 0.12 Q
n-Channel On-Resistance RN3 0.08 Q

6
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ELECTRICAL CHARACTERISTICS (continued)

(VIN = VINs = VINe7 = VINg = 3.6V, Figure 3, Ta = -40°C to +85°C, unless otherwise noted. Typical values are at Ta = +25°C.) (Note 2)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
p-Channel Current-Limit Threshold ILIM3 1.85 2.15 2.45 A
n-Channel Zero-Crossing Threshold 25 mA
n-Channel Negative Current Limit Forced-PWM mode only -0.8 A
REGS3 Maximum Output Current louT3 2.6V < Vpy3z <6V (Note 5) 1.6 A
V3 Bias Current 0.01 pA

Vpy3 = 6V, LX3 = PG3 or Ta = +25°C -2 +0.03 +2
LX3 Leakage Current PV3. Venas = OV Ta< +85°C 004 pA
MAX8660/MAX8660A/MAX8661, RRAMP = 8
Soft-Start Ramp Rate 56kQ to 1.4V mV/us
MAX8660B, RrRamp = 56kQ to 1.15V 6.7
V3 Dynamic-Change Ramp Rate RraMP = 56kQ 10 mV/us
MAX8660/MAX8660A/MAX8661, powering 400
. up to 1.4V, Figure 6, RrRamp = 56kQ
EN34 to V3 Enable Time tPHLVTH3 - - HS
MAX8660B, powering up to 1.15V, Figure 6, 400
RramP = 56kQ
Internal Off-Discharge Resistance 550 Q
Minimum Duty Cycle Folrced-PW.M mode only, min duty cycle in 16.7 %
skip mode is 0%
Maximum Duty Cycle 100 %
REG4—SYNCHRONOUS STEP-DOWN DC-DC CONVERTER
MAX8660/MAX8660A/MAX8661 REG4 default
output voltage, Vpv4 = 3.6V, load = 200mA 1379 1.400 - 1.421 y
V4 Output Voltage Accuracy Va4 \'\/’LAV?E?ESBV’RE% Seggglrtnc;utput voltage, 1133 1.150  1.167
REG4 serial programmed from 0.9V to 1.8V, 15 15 %
load = 200mA (Note 6)
V4 Load Regulation Load = 0 to 400mA -40 mV/A
V4 Line Regulation (Note 7) 0.1 %IV
p-Channel On-Resistance Rpa 0.37 Q
n-Channel On-Resistance RN4 0.3 Q
p-Channel Current-Limit Threshold ILIM4 0.65 0.78 0.90 A
n-Channel Zero-Crossing Threshold 25 mA
n-Channel Negative Current Limit Forced-PWM mode only -975 mA
REG4 Maximum Output Current louT4 2.6V < Vpys <6V (Note 5) 0.4 A
V4 Bias Current 0.01 bA
Vpva = 6V, LX4 = PG4 or Ta =+25°C -2 +0.02 +2
X4 Leakage Current PV4, VENad = OV Ta=+85°C 012 pA
MAX8660/MAX8660A/MAX8661, 8
Soft-Start Ramp Rate RRAMP = 56kQ to 1.4V mV/us
MAX8660B, Rramp = 56kQ to 1.15V 6.7
V4 Dynamic-Change Ramp Rate RrAMP = 56kQ 10 mV/us
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ELECTRICAL CHARACTERISTICS (continued)

(VIN = VINs = VINe7 = VINg = 3.6V, Figure 3, Ta = -40°C to +85°C, unless otherwise noted. Typical values are at Ta = +25°C.) (Note 2)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
MAX8660/MAX8660A/MAX8661, powering 400
) up to 1.4V, Figure 6, RRamp = 56kQ
EN34 to V4 Enable Time tPHLVTH4 - - us
MAX8660B, powering up to 1.15V, Figure 6, 400
RrAMP = 56kQ
Internal Off-Discharge Resistance 550 Q
- Forced-PWM mode only, minimum duty o
Minimum Duty Cycle cycle in skip mode is 0% 16.7 %
Maximum Duty Cycle 100 %
REG5 LDO
IN5 Input Voltage Range VIN5 2.35 VIN \
REGS5 default output voltage, 2.35V < VN5 <
1.764 1. 1. \
6V, load = 0 to 200mA 6 800 836
V5 Output Voltage V5 -
REGS5 serial programmed from 1.7V to 2.0V, 2 o o
2.35V < VIN5 £ 6V, load = 0 to 200mA °
V5 Output Current Limit louTs 225 350 500 mA
V5 Output-Voltage Noise 10Hz to 100kHz, loyts = 10mA 160 uVRMS
V5 Power-Supply Rejection ViNs = (VB + 1V), louTs = 10mA, f = 10kHz 40 dB
) Powering up to 1.8V (total ramp time is
V5 Soft-Start Ramp Rate 22505 for all V5 output voltages) 5 7 9 mV/us
EN5 to V5 Enable Time tSEHVMH | Figure 6 290 ys
V5 Dynamic-Change Ramp Rate RraAMP = 56kQ 10 mV/us
Internal Off-Discharge Resistance 2 kQ
REG6, REG7 LDOs
IN67 Input Voltage Range VING7 2.35 VIN V
?PEOGF?Sggifgz\?%z?tb\/og:r?; V6 Setting from 1.8V to 3.3V in 0.1V steps, 3 +3 o
 SOLLY V7 load = 0 to 300mA °
Input)
V6, V7 Dropout Voltage 3V mode, load = 300mA (Note 3) 55 100 mV
V6, V7 Output Current Limit loute VINe7 = 3.6V 750 mA
louT?
) Powering up to 3.3V (total ramp time is
V6, V7 Soft-Start Ramp Rate 450us for all VB/V7 output voltages) 5 7 9 mV/us
Internal Off-Discharge Resistance 350 Q
REG8 ALWAYS-ON LDO
Load = 0 to 15mA 3.168 3.300 3.432
V8 Output Voltage V8 \
Load = 30mA 2.800 3.2 3.432
V8 Dropout Voltage Load = 15mA (Note 3) 180 mV
V8 Output Current Limit louTs V8 = 2.5V 30 70 135 mA
Internal Off-Discharge Resistance 15 kQ
LOW-BATTERY DETECTOR (LBF, LBR, LBO)
Low-Battery Falling Threshold VLBFTH 1.182 1.200 1.218 V
Low-Battery Rising Threshold VLBRTH 1.231 1.250 1.268 \
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ELECTRICAL CHARACTERISTICS (continued)

(VIN = VINs = VINe7 = VINg = 3.6V, Figure 3, Ta = -40°C to +85°C, unless otherwise noted. Typical values are at Ta = +25°C.) (Note 2)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
EESS&I?J[SO Output-High Leakage Vin = 6V, Ta = 425°C 02 UA
S 2.6V < V|N L6V, sinking 3mA 0.2
LBO Output Low Level — \

VIN = 1V, sinking 100pA 0.4
Minimum Vi for LBO Assertion bE\%/CL)Cl)s forced low when the device is in ’ N
LBO Deassert Delay tyBHBFH | Figure 6 0 us
. Ta = +25°C -50 0 +50
LBF and LBR Input Bias Current nA
Ta = +85°C 0.5
RESET (MR, RSO)
RSO Threshold VRsoTH | Voltage on V8, falling, hysteresis is 5% (typ) 2.1 2.2 2.3 \
RSO Deassert Delay tvBHRSTH | Figure 6 20 24 28 ms
(R:ErCr)e(gtutput-H@h Leakage VN = 6V, Ta = 425°C 0.2 UA
I 2.6V < V|N L6V, sinking 3mA 0.2
RSO Output Low Level — V
VIN = 1V, sinking 100pA 0.4
Minimum Vi for RSO Assertion E\S/EOIS forced low when the device is in ’ v
MR Input High Level 2.6V <VINSBY 1.4 v
MR Input Low Level 2.6V<VINSBY 0.4 %
MR Input Leakage Current VIN =6V, Ta = +25°C -0.2 +0.2 pA
MR Minimum Pulse Width tMR 1 us
THERMAL-OVERLOAD PROTECTION
Thermal-Shutdown Temperature Ty rising +160 °C
Thermal-Shutdown Hysteresis 15 °C
ENABLE INPUTS (EN1, EN2, EN34, EN5)
EN_ Input High Level 2.6V<VNSBY 1.4 \
EN_ Input Low Level 26V<ViNSBY 0.4 v
EN_ Input Leakage Current VIN =6V, Ta = +25°C -0.2 +0.2 bA
I2C LOGIC (SDA, SCL, SRAD)
SCL, SDA Input High Voltage 1.4 \
SCL, SDA Input Low Voltage 0.4 Vv
SCL, SDA Input Hysteresis 0.1 \
SCL, SDA Input Current Ta = +25°C, IN = AGND, V|N = 6V -10 +10 bA
SDA Output Low Voltage 2.6V < V|N £ 6V, sinking 3mA 0.2 \
SRAD Input High Level 26V<VINSBY 1.4 V
SRAD Input Low Level 2.6V<ViNSBY 0.4 \
SRAD Input Leakage Current VIN =6V, Ta = +25°C -0.2 +0.2 pA
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High-Efficiency, Low-lQ, PMICs with Dynamic
Voltage Management for Mobile Applications

ELECTRICAL CHARACTERISTICS (continued)

(VIN = VIN5 = VING7 = VINg = 3.6V, Figure 3, Ta = -40°C to +85°C, unless otherwise noted. Typical values are at Ta = +25°C.) (Note 2)

MAX8660/MAX8660A/MAX8660B/MAX8661

PARAMETER | symBoL | CONDITIONS MIN TYP MAX | UNITS
I2C TIMING
Clock Frequency fscL 400 kHz
Hold Time (Repeated) START .
Condition tHD:STA | Figure 8 0.6 us
CLK Low Period tLow 1.3 us
CLK High Period tHIGH 0.6 us
Set-Up Time for a Repeated .
START Condition tsussTa | Figure 8 0.6 KS
DATA Hold Time tHD:DAT | Figure 9 0 s
DATA Set-Up Time tsu:paT | Figure 9 100 ns
Set-Up Time for STOP Condition tsu:sto | Figure 8 0.6 us
Bus-Free Time Between STOP i 13 R
and START BUF ' H
Maximum Pulse Width of Spikes
that Must Be Suppressed by the 50 ns
Input Filter of Both DATA and
CLK Signals

Note 2: Limits are 100% production tested at Ta = +25°C. Limits over the operating temperature range are guaranteed through cor-
relation using statistical quality control (SQC) methods.

Note 3: The dropout voltage is defined as V|N - VouT when Vout is 100mV below the nominal value of VouT.

Note 4: Dropout voltage (Vpo) is a function of the p-channel switch resistance (Rp) and the inductor resistance (RL).
The given values assume R = 50mQ for the REG1 inductor and 67mQ for the REG2 inductor:

Vbo = ILoaD (Rp + RL)

Note 5: The maximum output current is guaranteed by correlation to the p-channel current-limit threshold, p-channel on-resistance,
n-channel on-resistance, oscillator frequency, input voltage range, and output voltage range. The maximum output current
in the Electrical Characteristics table is the worst-case output current for the components shown in Figure 3 over then entire
specified range of input and output voltage. More output current may be available when alternate components and voltage
ranges are used. See the Step-Down Converter Output Current section for more information.

Note 6: Tested at 1.4V default output voltage for the MAX8660, MAX8660A, and MAX8661. Tested at 1.15V default output voltage
for the MAX8660B.

Note 7: All output voltages are possible in normal mode. In forced-PWM mode, the minimum output voltage is limited by 0.167 x
VIN. For example, with V|N = 5.688V, the minimum output is 0.95V.
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High-Efficiency, Low-Iq, PMICs with Dynamic
Voltage Management for Mobile Applications

Typical Operating Characteristics

(Circuit of Figure 3, VIN = 3.6V, Ta = +25°C, unless otherwise noted.)

QUIESCENT CURRENT SWITCHING FREQUENCY
vs. INPUT VOLTAGE vs. INPUT VOLTAGE
100 ‘ i i 5 25 g
% | SDA=SDL=V8—| 24 g
REG1-REG7 DISABLED _|€ _ E
- ® REGS IS ALWAYS ON |2 g 23
ES =
2 70 s 22
= S
& 60 § 2.1
3 50 g 20 =
=
=] 40 < 19
hrke] I
g 30 § 18
20 e & 17
10 16
0 15
25 30 35 40 45 50 55 60 25 30 35 40 45 50 55 60
INPUT VOLTAGE (V) INPUT VOLTAGE (V)
SWITCHING FREQUENCY
vs. TEMPERATURE EN1/EN2/EN5 ENABLE RESPONSE
23 . MAX8660 tocO:
N S
g EN1/EN2/ENS _....J .......... Lot SVrdiv
.22 ] S o
= :
=
= 21 1V/di
% v /div
izj ’0 1V/div
2 V5 )
z 18 1V/div
=
18 N e
V‘] RS L S
. e L
40 15 10 35 60 85 100us/div
TEMPERATURE (°C)
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MAX8660 toc05
.............. p—r m—————————)
eN3a b 2urdiv
1 s00mvdiv
V3
{ 500mV/div
V4 : : P Ll ]
- RRAMP = 56kQ

100ps/div
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MAX8660/MAX8660A/MAX8660B/MAX8661

High-Efficiency, Low-Iq, PMICs with Dynamic
Voltage Management for Mobile Applications

(Circuit of Figure 3, VIN = 3.6V, Ta = +25°C, unless otherwise noted.)

EFFICIENCY (%)
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Typical Operating Characteristics (continued)
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High-Efficiency, Low-Iq, PMICs with Dynamic
Voltage Management for Mobile Applications

Typical Operating Characteristics (continued)
(Circuit of Figure 3, VIN = 3.6V, Ta = +25°C, unless otherwise noted.)

EFFICIENCY (%)

OUTPUT VOLTAGE (V)

REG2 OUTPUT VOLTAGE
REG2 EFFICIENCY vs. LOAD CURRENT vs. INPUT VOLTAGE REG2 LINE TRANSIENT
9% LU LA g 195 § - . ﬁ . - _MA{(M7
I FORCED-PWM 2 = 5.0V
[ —— NORMALTTTTII L1k |2 1.90 g —— .
8 e ""lmf \° 10mA LOAD Y BT } : o Vi
e i = / - A
80 /Y =18 y
(&)
» A e S
S 180
-l 1 =
70 — VN = 3.6V i § f L . ; . S
65 : 517 800mA LOAD ‘ : LAl
60 1l Vo "Vw : v 100mV/div
T
L2=2.0uH 1 1.70 ;
% (TOKO DE28 12T 450mA LOAD,
Lo il Ye= 18y V2= 18V
50 L Ll Lol 165 N N N N
001 01 1 10 100 1000 25 30 35 40 45 50 55 60 40us/div
LOAD CURRENT (mA) INPUT VOLTAGE (V)
REG2 LOAD REGULATION REG2 OUTPUT VOLTAGE vs. TEMPERATURE REG2 DROPOUT VOLTAGE vs. LOAD CURRENT
1.85 ‘ o 1.90 i @ 300 ‘ 5
Viy =36V 5 & THE NOMINAL ESR OF TOKO'S 2.0uH §
g 188 [~800mA LOAD g DE2812C INDUCTOR IS 67m<2. THE NOMINAL ~ |§
183 N ] 186 z 250 Jo-CHANNEL RESISTANCE OF THEREG21S  —12
| \\ ' = 180m<2. THE SLOPE OF THIS LINE SHOWS
- -1.7%/A =184 E g0 [THAT THE TOTAL REG2 DROPOUT
181 ' B e e RESISTANCE OF AN AVERAGE
' I = = PART, BOARD, INDUCTOR
\\ S 180 S 150 [COMBINATION IS 255mQ2.
179 > 178 E]
5 5 100
3176 2
[==)
177 174 50
----- FORCED-PWM -
—— NORWAL | :
175 ! 170 0
0 200 400 600 800 40 1510 35 60 85 0 200 400 600 800 1000
LOAD CURRENT (mA) TEMPERATURE (°C) LOAD CURRENT (mA)
REG2 LOAD TRANSIENT REG2 HEAVY-LOAD SWITCHING WAVEFORMS REG2 LIGHT-LOAD SWITCHING WAVEFORMS
MAX8660 toc2 MAXB660 toc22 IMAXSBGG t0c23
Y | v,
100mVy/div L 2V/div
amv/div v f 20mV/div
200mA/div oo oo )
- 12 N e NI o N N b BTV IL2 200mA/div
0A 0A
' 800mA LOAD S
20us/div 400ns/div 2us/div
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MAX8660/MAX8660A/MAX8660B/MAX8661

High-Efficiency, Low-Iq, PMICs with Dynamic
Voltage Management for Mobile Applications

Typical Operating Characteristics (continued)
(Circuit of Figure 3, VIN = 3.6V, Ta = +25°C, unless otherwise noted.)

REG3 REG3 OUTPUT VOLTAGE
EFFICIENCY vs. LOAD CURRENT vs. INPUT VOLTAGE REG3 LINE TRANSIENT .
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High-Efficiency, Low-Iq, PMICs with Dynamic
Voltage Management for Mobile Applications

Typical Operating Characteristics (continued)
(Circuit of Figure 3, VIN = 3.6V, Ta = +25°C, unless otherwise noted.)

EFFICIENCY (%)

OUTPUT VOLTAGE (V)

REG4 REG4 OUTPUT VOLTAGE
EFFICIENCY vs. LOAD CURRENT vs. INPUT VOLTAGE REG4 LINE TRANSIENT
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MAX8660/MAX8660A/MAX8660B/MAX8661

High-Efficiency, Low-Iq, PMICs with Dynamic
Voltage Management for Mobile Applications

REGS5 OUTPUT VOLTAGE vs. INPUT VOLTAGE

Typical Operating Characteristics (continued)
(Circuit of Figure 3, VIN = 3.6V, Ta = +25°C, unless otherwise noted.)

REG5 OUTPUT VOLTAGE vs. LOAD CURRENT
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High-Efficiency, Low-Iq, PMICs with Dynamic
Voltage Management for Mobile Applications

(Circuit of Figure 3, VIN = 3.6V, Ta = +25°C, unless otherwise noted.)
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Typical Operating Characteristics (continued)
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High-Efficiency, Low-Iq, PMICs with Dynamic
Voltage Management for Mobile Applications

Typical Operating Characteristics (continued)
(Circuit of Figure 3, VIN = 3.6V, Ta = +25°C, unless otherwise noted.)

REG8 OUTPUT VOLTAGE vs. INPUT VOLTAGE REGS LOAD REGULATION
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High-Efficiency, Low-Iq, PMICs with Dynamic
Voltage Management for Mobile Applications

Pin Description

PIN

NAME FUNCTION
MAX8660 | MAX8661

REG5 Power Input. Connect IN5 to IN to ensure V5 rises first to meet the Marvell PXA3xx
processor's sequencing requirements. If adherence to this sequencing specification is not

! ! INS required, connect IN5 to V1, V2, or another supply between 2.35V and V|N. See the Linear
Regulators (REG5-REG8) section for more information.
REGS5 Linear-Regulator Output. V5 defaults to 1.8V and is adjustable from 1.7V to 2.0V through
. 5 V5 the serial interface. The input to the V5 regulator is IN5. Use V5 to power VCC_MVT, VCC_BG,
VCC_OSC13M, and VCC_PLL on Marvell PXA3xx processors. V5 is internally pulled to AGND
through 2kQ when REG5 is shut down.
REG4 Power Input. Connect a 4.7uF ceramic capacitor from PV4 to PG4. All PV pins and IN must
3 3 PV4
be connected together externally.
4 4 Lx4 REG4 Switching Node. Connect LX4 to the REG4 inductor. LX4 is high impedance when REG4 is
shut down.
5 5 PG4 REG4 Power Ground. Connect PG 1, PG2, PG3, PG4, and AGND together. Refer to the MAX8660 EV

kit data sheet for more information.

REG2 Voltage Select Input. SET2 is a tri-level logic input. Connect SET2 to select the V2 output
6 6 SET2 |voltage as detailed in Table 4. The REG2 output voltage selected by SET2 is latched at the end of
the REG2 soft-start period. Changes to SET2 after the startup period have no effect.

REG®6 Linear-Regulator Output. REG6 is activated and programmed through the serial interface to
output from 1.8V to 3.3V in 0.1V steps. REGE is off by default. V6 is internally pulled to AGND

/ / Ve through 350Q when REG®6 is shut down. V6 optionally powers VCC_CARD1 on Marvell PXA3xx
Processors.
REG6 and REG7 Power Input. IN67 is typically connected to IN. IN67 can also be connected to
8 — IN67
any supply between 2.35V to V|N.
. 8 ING REG6 Power Input. IN6 is typically connected to IN. IN6 can also be connected to any supply
between 2.35V to V|N.
REG?7 Linear-Regulator Output. REG7 is activated and programmed through the serial interface to
9 . V7 output from 1.8V to 3.3V in 0.1V steps. REG7 is off by default. V7 is internally pulled to AGND
through 350Q when REG?7 is shut down. V7 optionally powers VCC_CARDZ2 on Marvell PXA3xx
Processors.
— 9 N.C. | No Internal Connection

REG2 Voltage Sense Input. Connect V2 directly to the REG2 output voltage. The output voltage of
10 10 V2 REG2 is selected by SET2. V2 is internally pulled to AGND through 650Q when REG2 is shut
down. V2 powers VCC_MEM on Marvell PXA3xx processors.

11 11 SCL | Serial-Clock Input. See the I2C Interface section.

12 12 SDA | Serial-Data Input. See the /2C Interface section.
Low-Battery Output. LBO is an open-drain output that pulls low when LBF is below its threshold.

13 13 LBO |LBO typically connects to the nBATT_FAULT input of the applications processor to indicate that
the battery has been removed or discharged.

14 14 Py REG2 Power Input. Connect a 4.7uF ceramic capacitor from PV2 to PG2. All PV pins and IN must
be connected together externally.

15 15 LX2 REG2 Switching Node. Connect LX2 to the REG2 inductor. LX2 is high impedance when REG2 is

shut down.
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Pin Description (continued)

PIN

MAX8660

MAX8661

NAME

FUNCTION

16

PG2

REG2 Power Ground. Connect PG1, PG2, PG3, PG4, and AGND together. Refer to the MAX8660 EV
kit data sheet for more information.

17

IN8

REGS8 Input Power Connection. IN8 must be connected to IN.

18

Main Battery Input. This input provides power to the IC. Connect a 0.47uF ceramic capacitor from
IN to AGND.

19

AGND

Analog Ground. Connect PG1, PG2, PG3, PG4, and AGND together. Refer to the MAX8660 EV kit
data sheet for more information.

20

20

V8

REGS8 Always-On 3.3V LDO Output. REGS8 is the first regulator that powers up in the
MAX8660/MAX8661. REGS is supplied from IN and supplies up to 30mA. V8 is internally pulled to
AGND through 1.5kQ during IN undervoltage or overvoltage lockout. Connect V8 to VCC_BBATT
on Marvell PXA3xx processors.

21

21

LBF

Low-Battery Detect Falling Input. The LBF threshold is 1.20V. Connect LBF to LBR for 50mV
hysteresis. Use a three-resistor voltage-divider for larger hysteresis. LBF sets the falling voltage at
which LBO goes low. See the Low-Battery Detector (LBO, LBF, LBR) section for more information.

22

22

LBR

Low-Battery Detect Rising Input. The LBR threshold is 1.25V. Connect LBF to LBR for 50mV
hysteresis. Use a three-resistor voltage-divider for larger hysteresis. LBR sets the rising voltage at
which LBO goes high. See the Low-Battery Detector (LBO, LBF, LBR) section for more
information.

23

23

Manual Reset Input. A low MR input causes RSO to go low and resets all serial programmed
registers to their default values. See the Reset Output (RSO) and MR Input section for more
information.

24

24

RAMP

Ramp-Rate Input. Connect a resistor from RAMP to AGND to set the regulator ramp rates. See the
Ramp-Rate Control (RAMP) section for more information.

25

25

ENS

REG5 Enable Input. Drive EN5 high to turn on REG5. EN5 has hysteresis so an RC can be used to
implement manual sequencing with respect to other inputs. EN5 is typically driven by the SYS_EN
output of an Marvell PXA3xx processor.

26

26

PG3

REG3 Power Ground. Connect PG 1, PG2, PG3, PG4, and AGND together. Refer to the MAX8660 EV
kit data sheet for more information.

27

27

LX3

REG3 Switching Node. Connect LX3 to the REGS inductor. LX3 is high impedance when REGS is
shut down.

28

28

PV3

REG3 Power Input. Connect a 4.7uF ceramic capacitor from PV3 to PG3. All PV pins and IN must
be connected together externally.

29

29

Open-Drain Reset Output. RSO typically connects to the nRESET input on an applications
processor. An output low from the MAX8660/MAX8661 RSO resets all serial programmed
registers to their default values and causes the processor to enter its reset state. See the Reset
Output (RSO) and MR Input section for more information.

30

30

V3

REGS3 Voltage Sense Input. Connect V3 directly to the REG3 output voltage. The output voltage is
adjustable from 0.725V to 1.8V through the serial interface. V3 is internally pulled to AGND through
550Q when REG3 is shut down. V3 connects to VCC_APPS on Marvell PXA3xx processors.

31

31

EN34

REG3 and REG4 Active-High Hardware Enable Input. Drive EN34 high to enable both REG3 and
REG4. Drive EN34 low to allow the serial interface to enable REG3 and REG4 independently.
EN34 has hysteresis so an RC can be used to implement manual sequencing with respect to
other inputs. EN34 is typically driven by the PWR_EN output of an Marvell PXA3xx processor. See
the REG3/REG4 Enable (EN34, EN3, EN4) section for more information.
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Pin Description (continued)

PIN
NAME FUNCTION
MAX8660 | MAX8661
REG2 Enable Input. Drive EN2 high to turn on REG2. EN2 has hysteresis so that an RC can be

32 32 EN2 | used to implement manual sequencing with respect to other inputs. EN2 is typically driven by the
SYS_EN output of an Marvell PXA3xx processor.

Serial-Address Input. Connect SRAD to AGND for a 7-bit slave address of 0110 100 (0x68).

33 33 SRAD Connect SRAD to IN to change the address to 0110 101 (Ox6A). The eighth slave address bit is
always zero since the MAX8660/MAX8661 are write-only. See the Slave Address section for more
information.

34 . PG 1 REG1 Power Ground. Connect PG 1, PG2, PG3, PG4, and AGND together. Refer to the MAX8660 EV
kit data sheet for more information.

— 34 GND [ Ground. Connect all GND pins to EP.

35 o L1 REG1 Switching Node. Connect LX1 to the REG1 inductor. LX1 is high impedance when REG1 is
shutdown.

— 35 N.C. [ No Internal Connection

36 . PV1 REG1 Power Input. Connect a 4.7uF ceramic capacitor from PV1 to PG1. All PV pins and IN must
be connected together externally.

— 36 PV Power Input. All PV pins and IN must be connected together externally.

REG1 Enable Input. Drive EN1 high to turn on REG1. EN1 has hysteresis so that an RC can be

37 — EN1 used to implement manual sequencing with respect to other inputs. EN1 is typically driven by the
SYS_EN output of an applications processor.

— 37 GND [ Ground. Connect all GND pins to EP.

REG1 Voltage Sense Input. Connect V1 directly to the REG1 output voltage. The output voltage of

38 — V1 REG1 is selected by SET1. Connect V1 to VCC_I/Ox of the applications processor. V1 is internally
pulled to AGND through 650Q when REG1 is shut down.

— 38 GND [ Ground. Connect all GND pins to EP.

REG1 Voltage Select Input. SET1 is a tri-level logic input. Connect SET1 to select the V1 output

39 — SET1 [voltage as detailed in Table 3. The REG1 output voltage selected by SET1 is latched at the end of
the REG1 soft-start period. Changes to SET1 after the startup period have no effect.

— 39 GND | Ground. Connect all GND pins to EP.

REG4 Feedback Sense Input. Connect V4 directly to the REG4 output voltage. The REG4 output

40 40 V4 voltage is adjustable from 0.725V to 1.8V with the serial interface. V4 is internally pulled to AGND
through 550Q when REG4 is shut down. V4 powers VCC_SRAM on the applications processor.
Exposed Pad. Connect the exposed pad to ground. Connecting the exposed pad to ground does

o o Ep not remove the requirement for proper ground connections to PG1, PG2, PG3, PG4, and AGND.
The exposed pad is attached with epoxy to the substrate of the die, making it an excellent path to
remove heat from the IC.
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Figure 1. Example MAX8660 Connection to Marvell PXA3xx Processor. This is one example only. Other connections are also supported.
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Figure 2. Functional Diagram
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Figure 3. Typical Applications Circuit
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Detailed Description

The MAX8660/MAX8661 PMICs are optimized for
devices using the applications processors, including
smart cellular phones, PDAs, Internet appliances, and
other portable devices requiring substantial computing
and multimedia capability and low power consumption.
The MAX8660/MAX8661 comply with the specifications
for Marvell's PXA300 family (PXA3xx) and Marvell’s
Armada 100 family (PXA16x) of processors.

As shown in Figure 2, the MAX8660 integrates eight
high-performance, low-operating-current power sup-
plies. REG1-REG4 are step-down DC-DC converters,
and REG5-REGS are linear regulators. Other functions
include low-battery detection (LBO), a reset output
(RSQO), a manual reset input (MR), and a 2-wire 12C seri-
al interface. The MAX8661 functions the same as the
MAX8660, but does not have the REG1 step-down reg-
ulator and the REG7 linear regulator.

The operating input voltage range is from 2.6V to 6.0V,
allowing use with a 1-cell Li+ battery, 3-cell NiMH, or a
5V input. Input protection is provided with undervoltage
and overvoltage lockouts. Overvoltage lockout protects
the device against inputs up to 7.5V.

Maxim vs. Marvell PXA3xx Terminology
The MAX8660/MAX8661 are compatible with Marvell‘'s
PXA3xx processor. Figure 1 shows one of many possi-
ble connections between the PXA3xx processor and
the MAX8660/MAX8661. To facilitate system develop-
ment with PXA3xx processors, this document uses both
Maxim and Marvell terminology. Marvell terminology
appears in parentheses and italics. For example, this
document refers to “V8 (VCC_BBATT)” because the
MAX8660 V8 output powers the Marvell VCC_BBATT
power domain. Tables 1 and 2 outline Maxim and
Marvell terminology.

Table 1. Maxim and Marvell PXA3xx Power Domain Terminology

POWER DOMAIN COMPATIBLE MAXIM
POWER DOMAIN ACCEPTABLE VOLTAGE POWER DOMAIN DESCRIPTION
Kgg—;g; 1.8V £10% or e Peripheral I/O supply for UARTSs, standard I2C,
VCC_IO4 3.0V £10% or V1orV2 power |12C, audio interface, SSPs, PWMs, etc.
\/cc:/oe 3.3V £10% (VCC_IO1,VCC_IO3, VCC_IO4, VCC_I06)
VCC_LCD e LCD interface logic (VCC_LCD)
VCC_MSL 1.8V £10% or V1 or V2 o Fast serial interface (VCC_MSL)
VCC_CI 3.0V £10% e Camera flash interface (VCC_CI)
VCC_DF o Data flash interface (VCC_DF)
VCC_MEM 1.8V £100mV V2 e |/O supply for high-speed memory
VCC_APPS 0.95Vto 1.41V £5% V3 e Main processor core
VCC_SRAM 1.08V1o 1.41V V4 e Internal SRAM memory
+100mV
VCC_MVT ¢ Internal logic and I/O blocks (VCC_MVT)
VCC_BG 1.8V V5 e Bandgap reference (VCC_BG)
VCC_0OSC13M +100mV ¢ 13MHz oscillator (VCC_OSC13M)
VCC_PLL ® Phase-locked loop (PLL) and oscillator (VCC_PLL)
1.8V £10% or
VCC_CARD1 3.0V £10% or V6 e Removable storage and USIM card supply
3.3V £10%
1.8V £10% or
VCC_CARD2 3.0V £10% or V7 e Removable storage and USIM card supply
3.3V £10%
VCC_BBATT 3.0V =1V V8 e Regulated battery voltage
VCC_USB 3.3V +300mV _ Viorve « Universal serial bus (VCC_USB)
(if programmed to 3.3V)
VCC_TSI 3.3V £300mV Viorve e Touch-screen interface (VCC_TSI)
- - (if programmed to 3.3V) -
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