
♦

♦

♦

♦

♦

♦

♦

♦

♦

♦
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________________________________________________________________ Maxim Integrated Products 1

PART
ACCURACY

(%)
ENOUT POWER-UP
DEFAULT STATE

MAX8688ALETG+ 0.2 Low

MAX8688AHETG+ 0.2 High

MAX8688BLETG+ 0.4 Low

MAX8688BHETG+ 0.4 High

19-3201; Rev 1; 12/09

+
*

PART TEMP RANGE PIN-PACKAGE

MAX8688ALETG+ -40°C to +85°C 24 TQFN-EP*

MAX8688AHETG+ -40°C to +85°C 24 TQFN-EP*

MAX8688BLETG+ -40°C to +85°C 24 TQFN-EP*

MAX8688BHETG+ -40°C to +85°C 24 TQFN-EP*

http://china.maxim-ic.com
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ABSOLUTE MAXIMUM RATINGS

ELECTRICAL CHARACTERISTICS
(VAVDD = VDVDD = 3.3V, TA = TJ = -40°C to +85°C, VRS+ - VRS- = 2V, VRS- = VAGND, unless otherwise stated.) (Note 3)

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.

AVDD, DVDD to AGND .........................................-0.3V to +4.5V
DGND to AGND..................................................................±0.3V
RS+, RS-, ISN+, ISN- to AGND ................................-0.3V to +6V
RS_C, ISN_C, A1/SCLE, A2/SDAE,

A3/ONOFF to AGND ............................-0.3V to (VAVDD + 0.3V)
DACOUT to AGND..................................-0.3V to (VAVDD + 0.3V)
REFO to AGND......................................................-0.3V to +4.5V
Continuous Power Dissipation (TA = +70°C)

24-Pin TQFN (derate 27.8mW/°C above +70°C)...........2222mW*

θJA (Note 1) ...................................................................36°C/W
θJC (Note 1)..................................................................2.7°C/W

SCL, SDA, CLKIO, RST to DGND .........................-0.3V to +4.5V
ENOUT, FLT to DGND..............................................-0.3V to +6V
Thermal Resistance from Junction to Exposed Pad ......2.7°C/W
Operating Temperature .......................................-40°C to +85°C
Junction Temperature ......................................................+150°C
Storage Temperature.........................................-65°C to +150°C
Lead Temperature (soldering, 10s) .................................+300°C
Soldering Temperature (reflow) (Note 2) .........................+260°C

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS

GENERAL

AVDD/DVDD Operating Range 3.0 3.6 V

AVDD and DVDD Operating
Supply Current

VRS+ = VRS- = VISN+ = VISN- = VAGND 6.7 8.5 mA

Rising 2.70 2.8 2.95 V
AVDD UVLO

Hysteresis 100 mV

OUTPUT-VOLTAGE SENSING

MAX8688A, TA = 0°C to +85°C,
VRS+ = 1V, VRS- = 0V

-0.2 +0.2

MAX8688A, TA = -40°C to +85°C,
VRS+ = 1V, VRS- = 0V

-0.3 +0.3

MAX8688B, TA = 0°C to +85°C,
VRS+ = 1V, VRS- = 0V

-0.4 +0.4

Voltage Regulation Accuracy (2V
Range, Table 8) (Note 4)

MAX8688B, TA = -40°C to +85°C,
VRS+ = 1V, VRS- = 0V

-0.5 +0.5

%

MAX8688A, TA = 0°C to +85°C,
VRS+ = 2.5V, VRS- = 0V

-0.3 +0.3

MAX8688A, TA = -40°C to +85°C,
VRS+ = 2.5V, VRS- = 0V

-0.4 +0.4

MAX8688B, TA = 0°C to +85°C,
VRS+ = 2.5V, VRS- = 0V

-0.4 +0.4

Voltage Regulation Accuracy (5.5V
range, Table 8) (Note 4)

MAX8688B, TA = -40°C to +85°C,
VRS+ = 2.5V, VRS- = 0V

-0.5 +0.5

%

RS+, RS- Differential Mode Range 0 5.5 V

Note 1: Package thermal resistances were obtained using the method described in JEDEC specification JESD51-7, using a four-
layer board. For detailed information on package thermal considerations, refer to china.maxim-ic.com/thermal-tutorial.

Note 2: Hand soldering not recommended.

http://china.maxim-ic.com/thermal-tutorial
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PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS

RS- to AGND Differential Voltage -250 +250 mV

2V range, VRS+ = -0.25V to +2V -10 +15
RS+ Input Bias Current

5.5V range, VRS+ = -0.25V to +5.5V -10 +60
μA

RS- Input Bias Current 2V or 5.5V range, VRS- = -0.25V to +0.25V -10 0 μA

OUTPUT CURRENT SENSE

VISN+ = 1V, VISN+ - VISN- = 20mV,
TA = +25°C to +85°C

-2.6 +2.6

Current-Sense Accuracy (Note 4)
VISN+ = 1V, VISN+ - VISN- = 20mV,
TA = -40°C to +85°C

-7 +7

%

ISN+, ISN- Common-Mode Range 0 5.5 V

ISN+, ISN- Common-Mode
Current-Sense Error

VCM = 0 to 5.5V, VDM = 20mV 0.9 %

ISN+, ISN- Differential Mode
Range

-10 +40 mV

ISN+, ISN- Input Bias Current VISN+, VISN- to VAGND = 0 or 5.5V -20 +40 μA

RS_C, ISN_C

RS_C, ISN_C Output Impedance 0.2 kΩ

TEMPERATURE SENSING

Temperature Sensing Accuracy Exposed pad = -40°C to +100°C ±3 °C

CLKIO

CLKIO Input-Logic Low Voltage 0.8 V

CLKIO Input-Logic High Voltage 2.1 V

CLKIO Input Bias Current VCLKIO = 0 or 3.6V -1 +1 μA

CLKIO Input Clock Duty Cycle fCLKIO = 100kHz to 2500kHz 20 80 %

CLKIO Output Low Voltage CLKIO in output mode, ISINK = 4mA 0.4 V

CLKIO Output High Leakage VCLKIO = VDVDD = VAVDD = 3.6V -1 +1 μA

CLKIO Input/Output Clock Rise
Time

RPULLUP = 560Ω, CLOAD = 20pF 20 ns

CLKIO Input/Output Clock Fall
Time

RPULLUP = 560Ω, CLOAD = 20pF 2 ns

CLKIO Pullup Voltage DVDD V

CLKIO Input Frequency fEXT_CLK 100 2500 kHz

CLKIO Output Frequency
Accuracy

0.95 1.00 1.05 MHz

ENOUT, FLT OPEN-DRAIN LOGIC OUTPUTS

ENOUT, FLT Output Low Voltage ISINK = 4mA 0.4 V

ENOUT, FLT Output High Leakage
VENOUT = V FLT = 5.5V,
VDVDD = VAVDD = 3.6V

-1 +1 μA

ENOUT, FLT Pullup Voltage 5.5 V

ELECTRICAL CHARACTERISTICS (continued)
(VAVDD = VDVDD = 3.3V, TA = TJ = -40°C to +85°C, VRS+ - VRS- = 2V, VRS- = VAGND, unless otherwise stated.) (Note 3)
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ELECTRICAL CHARACTERISTICS (continued)
(VAVDD = VDVDD = 3.3V, TA = TJ = -40°C to +85°C, VRS+ - VRS- = 2V, VRS- = VAGND, unless otherwise stated.) (Note 3)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS

DAC

DAC Resolution 12 bits

DAC Output-Voltage Range No load
REFO -
1 LSB

V

DAC Output-Voltage Slew Rate 0.6 V/μs

DAC Output Resistance 5 Ω

DAC Driving Capability 2 mA

ADC

MAX8688A 12
ADC Resolution

MAX8688B 11
Bits

THREE-STATE ADDRESS PINS (A3/ONOFF, A2/SDAE, A1/SCLE)

Three-State Address Pins Input
Low Voltage

0.3 V

Three-State Address Pins Input
Low Threshold Hysteresis

50 mV

Three-State Address Pins Input
High Voltage

AVDD -
0.4

V

Three-State Address Pins Input
High Threshold Hysteresis

50 mV

Three-State Address Pins Input
Bias Current

  VAVDD = 3.6V, A3/ONOFF = A2/SDAE =
A1/SCLE = AVDD or AGND

-12 +12 μA

THREE-STATE ADDRESS PINS (A2/SDAE (DATA) AND A1/SCLE (CLOCK) WITH EEPROM) (Note 5)

 A2/SDAE, A1/SCLE Output Low
Voltage

  Output sink current = 100μA (Note 6)    0.3 x
AVDD

 V

 A2/SDAE, A1/SCLE Output High
Voltage

  Output source current = 100μA (Note 7)
 0.7 x
AVDD

   V

 THREE-STATE ADDRESS PIN (A3/ONOFF AS POL ON/OFF CONTROL)     
 Minimum A3/ONOFF Control Pulse
Low Time

 tA3_LOW    250   μs

 Minimum A3/ONOFF Control Pulse
High Time

 tA3_HIGH    750   μs

 SCL, SDA SMBus™ SIGNALS       
Maximum SMBus Speed 100 kHz

SCL, SDA Input Low Voltage VSMB_IL VDVDD = 3.0V to 3.6V 0.8 V

SCL, SDA Input High Voltage VSMB_IH VDVDD = 3.0V to 3.6V 2.1 DVDD V

SCL, SDA Output Low Voltage VSMB_OL VDVDD = 3.0V to 3.6V at ISINK = 4mA 0.4 V

SCL, SDA Input Leakage Per
Device Pin

ISMB_ILEAK VDVDD = 3.6V, VSCL = VSDA = 0 or 3.6V -1 +1 μA
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(VAVDD = VDVDD = 3.3V, TA = +25°C, unless otherwise noted.)

REFIN MODE SOFT-START
WITH TRACKING

MAX8688 toc01 

2ms/div

VOUT_4 = 1.8V
VOUT_3 = 1.5V
VOUT_2 = 1.2V
VOUT_1 = 1.0V

0.5V/div

REFIN MODE SOFT-STOP
WITH TRACKING

MAX8688 toc02

2ms/div

VOUT_4 = 1.8V
VOUT_3 = 1.5V
VOUT_2 = 1.2V
VOUT_1 = 1.0V

0.5V/div

ELECTRICAL CHARACTERISTICS (continued)
(VAVDD = VDVDD = 3.3V, TA = TJ = -40°C to +85°C, VRS+ - VRS- = 2V, VRS- = VAGND, unless otherwise stated.) (Note 3)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS

RST INPUT

RST Input Low Voltage VRST_IL VDVDD = 3.0V to 3.6V 0.8 V

RST Input High Voltage VRST_IH VDVDD = 3.0V to 3.6V 2.1 V

RST Input Bias Current RST = DVDD or DGND 10 μA

Minimum SMBus Interface Reset
Pulse Width

tSMB_RST 1 455 μs

SMBus Interface Recovery Time
After Interface Reset

tSMB_WAIT 15 μs

Minimum Reset Pulse Width tRST 565 μs

Recovery Time After Device Reset tRST_WAIT 15 μs

OTHER TIMING PARAMETERS

PMBus Command Response Time tPMB_RSP 300 μs

Overvoltage fault 5
Fault Response Time tFAULT_RSP

Overcurrent fault 5
ms

Note 3: Production tested at TA = +25°C and TA = +85°C. Specifications from TA = -40°C to +25°C are guaranteed by design,
unless otherwise noted.

Note 4: Production tested at TA = +85°C only. All other temperatures are guaranteed by design.
Note 5: When an EEPROM is connected to A2/SDAE and A1/SCLE, these pins cannot be hardwired to ground or supply. They must

be connected through 33kΩ ±5% resistors.
Note 6: Equivalent of having 33kΩ pulldown resistor to DGND.
Note 7: Equivalent of having 33kΩ pullup resistor to DVDD.
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(VAVDD = VDVDD = 3.3V, TA = +25°C, unless otherwise noted.)

REFIN MODE SOFT-START
WITH SEQUENCING

MAX8688 toc03

2ms/div

VOUT_4 = 1.8V
VOUT_3 = 1.5V
VOUT_2 = 1.2V
VOUT_1 = 1.0V

0.5V/div

REFIN MODE SOFT-STOP
WITH SEQUENCING

MAX8688 toc04

2ms/div

VOUT_4 = 1.8V
VOUT_3 = 1.5V
VOUT_2 = 1.2V
VOUT_1 = 1.0V

0.5V/div

REFIN MODE IMMEDIATE OFF
WITH SEQUENCING

MAX8688 toc05

2ms/div

VOUT_4 = 1.8V
VOUT_3 = 1.5V
VOUT_2 = 1.2V
VOUT_1 = 1.0V

0.5V/div

REFIN MODE
SOFT-START FROM A3 WITH SEQUENCING

MAX8688 toc06

2ms/div

A3/ONOFF
2V/div

VOUT_1,
VOUT_2 = 1.2V
500mV/div

REFIN MODE
SOFT-STOP FROM A3 WITH SEQUENCING

MAX8688 toc07

2ms/div

A3/ONOFF
2V/div

VOUT_1,
VOUT_2 = 1.2V
500mV/div
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(VAVDD = VDVDD = 3.3V, TA = +25°C, unless otherwise noted.)

REFIN MODE
MARGINING 200mV HIGH AT 1mV/μs

MAX8688 toc08

200μs/div

1.2V

0.6V

0.85V

VOUT
200mV/div

VDACOUT
200mV/div

VRS_C
500mV/div

REFIN MODE
MARGINING 200mV LOW AT 1mV/μs

MAX8688 toc09

200μs/div

0.8V

0.4V

1.25V

VOUT
200mV/div

VDACOUT
200mV/div

VRS_C
500mV/div

FB MODE
MARGINING HIGH FROM 1.0V TO 1.2V

MAX8688 toc10

40ms/div

1.2V

0.6V

0.85V

VOUT
200mV/div

VDACOUT
500mV/div

VRS_C
500mV/div

FB MODE
MARGINING LOW FROM 1.0V TO 0.8V

MAX8688 toc11

40ms/div

0.8V

1V

1.25V

VOUT
200mV/div

VDACOUT
500mV/div

VRS_C
500mV/div
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1, 3 DVDD

2 DGND

4 CLKIO

5 RST

6 SDA

7 SCL

8, 9 N.C.

10 ENOUT

11 FLT

12 A3/ONOFF

13 A2/SDAE

14 A1/SCLE

15 DACOUT

16 AGND

17 AVDD

18 REFO

19 RS_C

20 RS-

21 RS+

22 ISN-

23 ISN+

24 ISN_C

— EP

μ

RST

μ

μ
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DVDD

DGND

AVDD

AGND

0.1μF

1μF

200Ω

RS-

RS+

RS_C

200Ω

ISN-

ISN+

ISN_C

REFO

DACOUT
S1

POWER MONITOR

SMBus
CONTROLLER

INTERNAL REFERENCE

TEMP SENSOR

ADC

MAX8688

A1/SCLE
A2/SDAE
A3/ONOFF

SCL
SDA
RST

0.1μF

3.3V

PMBus COMMAND AND
STATUS REGISTERS

DAC

MAXQ® μC ENOUT
FLT

CLKIO



10 ______________________________________________________________________________________

Ω

±

SCL
SDASYSTEM

CONTROLLER IRQ
RST

SCL
SDA
FLT
RST

A3/ONOFF A2/SDAE A1/SCLE

A3/ONOFF A2/SDAE A1/SCLE

A3/ONOFF A2/SDAE A1/SCLE

A3/ONOFF A2/SDAE A1/SCLE

MAX8688

VO+
VO-
IO+ POL 1IO-
FB
EN

RS+
RS-
ISN+
ISN-
DACOUT
ENOUT

SCL
SDA
FLT
RST

MAX8688

VO+
VO-
IO+ POL 2IO-
FB
EN

RS+
RS-
ISN+
ISN-
DACOUT
ENOUT

SCL
SDA
FLT
RST

MAX8688

VO+
VO-
IO+ POL 3IO-
FB
EN

RS+
RS-
ISN+
ISN-
DACOUT
ENOUT

SCL
SDA
FLT
RST

MAX8688

VO+
VO-
IO+ POL NIO-
FB
EN

RS+
RS-
ISN+
ISN-
DACOUT
ENOUT
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I I
C

LIMIT LOAD

OUT
 

( )≤ −

DVDD

DGND

AVDD

AGND
0.1μF

1μF

200Ω

RS-

RS+

RS_C

200Ω

ISN-

ISN+

ISN_C

REFO

DACOUT
REFIN

VO+ VO-

S1

POWER MONITOR

SMBus
CONTROLLER

INTERNAL REFERENCE

TEMP SENSOR

ADC

VIN+

RSENSE

LOAD

VIN-

MAX8688

A1/SCLE
A2/SDAE
A3/ONOFF

SCL
SDA
RST

0.1μF

3.3V

POL

EN

PMBus COMMAND AND
STATUS REGISTERS DAC

MAXQ μC
ENOUT

FLT
CLKIO

CLKOUT
IRQ

SYSTEM
CONTROLLER

—



12 ______________________________________________________________________________________

R R
V

VFB
DAC

O
= ×1

Δ

Δ

tPMB_RSP tPMB_RSP

tON_DELAY

CLOSE S1

tOFF_DELAY

tOFF_FALLtON_RISE

TURN-ON TURN-OFF

DAC
OUTPUT

ENOUT

POL
VOUT

POL
OPERATION
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Δ
Δ

Δ

± Ω

Ω

t
R
R

V
MFR VOUT CORRECTION RATEFB

FB OUT= ×
1

Δ

_ _ _

Δ
Δ

Ω
Ω

V R
V
R

k
V V

k
VO

DAC

FB
= × = × =

−
1 10

2 0 0 6
57

0 245
( . . )

.

R k
V V

V
kFB = ×

−
=10

0 6 0 03
0 1

57Ω Ω
( . . )

.

DVDD

DGND

AVDD

AGND
0.1μF

1μF

200Ω

RS-

RS+

RS_C

200Ω

ISN-

ISN+

ISN_C

REFO

DACOUT
FB

VO+ VO-

S1

POWER MONITOR

SMBus
CONTROLLER

INTERNAL REFERENCE

TEMP SENSOR

ADC

VIN+

RSENSE

LOAD

VIN-

MAX8688

A1/SCLE
A2/SDAE
A3/ONOFF

SCL
SDA
RST

0.1μF

3.3V

POL

EN

PMBus COMMAND AND
STATUS REGISTERS DAC

MAXQ μC
ENOUT

FLT
CLKIO

CLKOUT
IRQ

SYSTEM
CONTROLLER

R1

R2
RFB

—
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Ω

FLT

tPMB_RSP tPMB_RSP

tON_DELAY

CLOSE S1 OPEN S1

tOFF_DELAY

tOFF_FALL

tPOL_FALL

tON_RISE

tPOL_RISE

TURN-ON

HIGH-
IMPEDANCE

HIGH-
IMPEDANCE

TURN-OFF

DAC
OUTPUT

ENOUT

POL
VOUT

IN FB MODE, tPOL_RISE AND tPOL_FALL ARE NOT CONTROLLED BY THE MAX8688 AND ARE DEPENDENT ON POL IMPLEMENTATION.

POL
OPERATION
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VIN

LO

ISN+ ISN- V0-

RS-

RS+V0+

RS

RBIAS

CS

Q1 C1

Q2
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OFFSET (BYTES) VALUES (Note 8) PMBus COMMAND NOTES
0 MFR_TEMPERATURE_PEAK D6h Note 9
2 MFR_VOUT_PEAK D4h Note 10
4 MFR_IOUT_PEAK D5h Note 11
6 MFR_STATUS_WORD (set to 0) D8h —

8–13 Reserved (set to 0) — —
14 VOUT_COMMAND 21h Note 10
16 VOUT_SCALE_LOOP 29h —
18 TON_RISE 61h —
10 TON_DELAY 60h —

22
MFR_TICK_RELOAD
This value equals to 0FE84h when using the internal clock,
else computed as 65535 – MFR_MODE[15:8]

D1h —

24 VOUT_MARGIN_HIGH 25h Note 10
26 VOUT_MARGIN_LOW 26h Note 10
28 MFR_VOUT_CORRECTION_RATE D2h —
30 MFR_SAMPLE_RATE D3h —
32 VOUT_OV_FAULT_LIMIT 40h Note 10
34 VOUT_OV_WARN_LIMIT 42h Note 10
36 VOUT_UV_FAULT_LIMIT 44h Note 10
38 VOUT_UV_WARN_LIMIT 43h Note 10
40 IOUT_OC_FAULT_LIMIT 46h Note 11
42 IOUT_OC_WARN_LIMIT 4Ah Note 11
44 OT_FAULT_LIMIT 4Fh Note 9

46–53 Reserved (set to 0) — —

54
MFR_MODE
Must match MFR_TICK_RELOAD setting

D1h —

56 MFR_FAULT_RETRY DAh —
58 MFR_FAULT_RESPONSE D9h —

60–63 Reserved (set to 1) — —
64–71 Reserved (set to 0) — —

72 OT_WARN_LIMIT 51h Note 9
74 IOUT_SCALE 38h —
76 TOFF_DELAY 64h —
78 VOUT_TRANSITION_RATE 27h —
80 Reserved (set to 0) — —
82 MFR_FILTER_MODE D7h —

84
MFR_SET_ADDRESS
Low byte: SMBus slave address, high byte: reserved

DBh —

86 TOFF_FALL 65h —
88 MFR_IOUT_TEMP_COEFF DCh —
90 Reserved (set to 0) — —

92–125 Reserved (set to 0) — —
126 SIGNATURE (set to 4453h) N/A —
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RST

DGND

DVDD

AGND

AVDD
0.1μF

1μF

RS-
RS+

RS_C

ISN-

ISN+
ISN_C

REFO

DACOUT REFIN

VO+ VO-

VIN+

RSENSE

LOAD

VIN-

MAX8688

A1/SCLE
A2/SDAE

0.1μF

3.3V

POL

ENENOUT

CLKOUT
IRQ

A3/ONOFF
SCL
SDA
RST
FLT
CLKIO

SYSTEM
CONTROLLER

SDA
SCL

GND
A3
A2
A1
VCC

EEPROM
33kΩ33kΩ
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RST RST
RST

RST

RESET

N

N

N

Y

Y

Y

INITIALIZE INTERNAL
REGISTERS

VALID EEPROM?

INTERNAL
REFERENCE

STABLE?

SET ADDRESS
ACCORDING TO

A3:A1

RESTORE
CONFIGURATION
FROM EEPROM

ENABLE PMBus
COMMUNICATION

ASSERT
FLT

EXECUTE PMBus
COMMAND

PMBus
COMMAND?

ENOUT DEFAULT
STARTUP STATE

ENOUT POLARITY
SELECT

ENOUT ACTIVE
STATE

0 (Low) 0 Active High

0 (Low) 1 Active Low

1 (High) 0 Active Low

1 (High) 1 Active High
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RESET

Y

Y

Y

N

N

N

VALID EEPROM?

MFR_SET_ADDR?

SET SLAVE ADDRESS
ACCORDING TO

A3:A1

RESTORE SLAVE
ADDRESS FROM

EEPROM

SAVE TO
EEPROM?

SLAVE ADDRESS
UNCHANGED.

STORE NEW ADDRESS
TEMPORARILY.

SAVE NEW ADDRESS
TO EEPROM

*
**

A3/ONOFF A2/SDAE A1/SCLE ADDRESS
L L L 00h*
L L Z 01h**
L Z L 02h
L Z Z 03h
Z L L 04h
Z L Z 05h
Z Z L 06h
Z Z Z 07h
L L H 09h
L Z H 0Bh
Z L H 0Dh
Z Z H 0Fh
L H L 12h
L H Z 13h
Z H L 16h
Z H Z 17h
L H H 1Bh
Z H H 1Fh
H L L 24h
H L Z 25h
H Z L 26h
H Z Z 27h
H L H 2Dh
H Z H 2Fh
H H L 36h
H H Z 37h
H H H 3Fh
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A3/ONOFF
A2/SDAE
A1/SCLE

MAX8688_EN

HIZ_EN REFO

HIZ_EN PLACES U1, U2, AND U3 OUTPUTS IN HIGH-IMPEDANCE STATE WHEN ASSERTED.

U1, U2, AND U3 ARE NOT NECESSARY IF AN EEPROM IS ATTACHED TO A1/SCLE AND A2/SDAE.
A1/SCLE, A2/SDAE ARE EITHER PULLED UP OR PULLED DOWN WITH 33kΩ WHEN CONNECTED
TO AN EEPROM.

33kΩ

U1
1μF

A3/ONOFF
A2/SDAE
A1/SCLE

U2

A3/ONOFF
A2/SDAE
A1/SCLE

U3

3.3V

HIZ_EN

MAX8688_EN

REFO

tRST_WAIT

A3/ONOFF
tA3_LOW

AVDD
MAX8688_UVLO

REFO
1μF

REFO
1μF

33kΩ

MAX8688

MAX8688

MAX8688



______________________________________________________________________________________ 21

ADDR

SLAVE ADDRESS COMMAND BYTE:
SELECTS WHICH
COMMAND PARAMETER
TO WRITE TO

DATA BYTE: DATA FOR THE COMMAND
SET BY THE COMMAND BYTE

WRITE BYTE FORMAT

S W PA A A

7 BITS

COMMAND

8 BITS

DATA

8 BITS

ADDR

SLAVE ADDRESS COMMAND BYTE:
SELECTS WHICH
COMMAND PARAMETER
TO READ FROM

DATA BYTE: DATA FOR THE COMMAND
SET BY THE COMMAND BYTE

READ BYTE FORMAT

S SRW PA R AA NA

7 BITS

ADDR

SLAVE ADDRESS:
REPEATED DUE TO
CHANGE IN DATA-FLOW
DIRECTION

7 BITS

COMMAND

8 BITS

DATA

8 BITS

ADDR

SLAVE ADDRESS COMMAND BYTE:
SELECTS WHICH
COMMAND PARAMETER
TO WRITE TO

DATA BYTE: DATA FOR THE COMMAND SET BY THE
COMMAND BYTE

WRITE WORD FORMAT

S W PA A A

7 BITS

COMMAND

8 BITS

DATA0

8 BITS

ADATA1

8 BITS

ADDR

SLAVE ADDRESS COMMAND BYTE: SEND
COMMAND WITH NO DATA

SEND BYTE FORMAT

S W S = START CONDITION.
SR = REPEATED START CONDITION.
P = STOP CONDITION.

= SLAVE TRANSMISSION.

PA A

7 BITS

COMMAND

8 BITS

ADDR

SLAVE ADDRESS COMMAND BYTE:
SELECTS WHICH
COMMAND PARAMETER
TO READ FROM

DATA BYTE: DATA FOR THE COMMAND SET BY THE
COMMAND BYTE

READ WORD FORMAT

S SRW PA R AA A

7 BITS

ADDR

SLAVE ADDRESS:
REPEATED DUE TO
CHANGE IN DATA-FLOW
DIRECTION

7 BITS

COMMAND

8 BITS

DATA0

8 BITS

NADATA1

8 BITS
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ADDRn

SLAVE ADDRESS OF
DEVICE n

COMMAND BYTE FOR
DEVICE n: NO DATA BYTE

SR W S = START CONDITION.
SR = REPEATED START CONDITION.
P = STOP CONDITION.

= SLAVE TRANSMISSION.

PA A

7 BITS

CMDn

8 BITS

ADDR1

SLAVE ADDRESS OF
DEVICE 1

COMMAND BYTE FOR
DEVICE 1

DATA BYTES FOR DEVICE 1

S W A A A

7 BITS

CMD1

8 BITS

DATA0

8 BITS

ADATA1

8 BITS

ADDR2

SLAVE ADDRESS OF
DEVICE 2

COMMAND BYTE FOR
DEVICE 2

DATA BYTES FOR DEVICE 2

SR W A A

7 BITS

CMD2

8 BITS

ADATA

8 BITS

ADDR3

SLAVE ADDRESS OF
DEVICE 3

COMMAND BYTE FOR
DEVICE 3

DATA BYTES FOR DEVICE 3

SR W A A A

7 BITS

CMD3

8 BITS

DATA0

8 BITS

ADATA1

8 BITS

SCL

SDA

A

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

F = ACKNOWLEDGE BIT CLOCKED INTO MASTER.
G = MSB OF DATA CLOCKED INTO SLAVE.
H = LSB OF DATA CLOCKED INTO SLAVE.
I = SLAVE PULLS SDA LINE LOW.

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

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

tSU;STA tHD;STA tSU;DAT tHD;DAT tSU;STO tBUF

tLOW tHIGH

SCL

SDA

A

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

F = ACKNOWLEDGE BIT CLOCKED INTO MASTER.
G = MSB OF DATA CLOCKED INTO MASTER.
H = LSB OF DATA CLOCKED INTO MASTER.
I = MASTER PULLS SDA LINE LOW.

J = ACKNOWLEDGE CLOCKED INTO SLAVE.
K = ACKNOWLEDGE CLEAR PULSE.
L = STOP CONDITION.
M = NEW START CONDITION.

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

tSU;STA tHD;STA tSU;DAT tHD;DAT tSU;STO tBUF

tLOW tHIGH
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RST
RST

COMMAND
CODE

COMMAND NAME
TRANSACTION

TYPE
NO. OF
BYTES

m b R

1 01h OPERATION R/W Byte 1 — — —

2 03h CLEAR_FAULTS Send Byte 0 — — —

3 11h STORE_DEFAULT_ALL Send Byte 0 — — —

4 12h RESTORE_DEFAULT_ALL Send Byte 0 — — —

5 21h VOUT_COMMAND R/W Word 2 19995 0 -1

6 25h VOUT_MARGIN_HIGH R/W Word 2 19995 0 -1

7 26h VOUT_MARGIN_LOW R/W Word 2 19995 0 -1

8 27h VOUT_TRANSITION_RATE R/W Word 2 256 0 0

9 29h VOUT_SCALE_LOOP R/W Word 2 128 0 0

10 38h IOUT_SCALE R/W Word 2 1 0 1

11 40h VOUT_OV_FAULT_LIMIT R/W Word 2 19995 0 -1

12 42h VOUT_OV_WARN_LIMIT R/W Word 2 19995 0 -1

13 43h VOUT_UV_WARN_LIMIT R/W Word 2 19995 0 -1

14 44h VOUT_UV_FAULT_LIMIT R/W Word 2 19995 0 -1

15 46h IOUT_OC_FAULT_LIMIT R/W Word 2 23109 0 -2

16 4Ah IOUT_OC_WARN_LIMIT R/W Word 2 23109 0 -2

17 4Fh OT_FAULT_LIMIT R/W Word 2 -7612 335 -3

http://www.PMBus.org
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°

X
m

Y bR= × −( )−1
10

COMMAND
CODE

COMMAND NAME
TRANSACTION

TYPE
NO. OF
BYTES

m b R

18 51h OT_WARN_LIMIT R/W Word 2 -7612 335 -3

19 60h TON_DELAY R/W Word 2 1 0 1

20 61h TON_RISE R/W Word 2 1 0 3

21 64h TOFF_DELAY R/W Word 2 1 0 1

22 65h TOFF_FALL R/W Word 2 1 0 3

23 78h STATUS_BYTE Read Byte 1 — — —

24 8Bh READ_VOUT Read Word 2 19995 0 -1

25 8Ch READ_IOUT Read Word 2 23109 0 -2

26 8Dh READ_TEMPERATURE_1 Read Word 2 -7612 335 -3

27 98h PMBUS_REVISION Read Byte 1 — — —

28 99h MFR_ID Read Word 2 — — —

29 9Ah MFR_MODEL Read Word 2 — — —

30 9Bh MFR_REVISION Read Word 2 — — —

31 D0h MFR_SMB_LOOPBACK R/W Word 2 — — —

32 D1h MFR_MODE R/W Word 2 — — —

33 D2h MFR_VOUT_CORRECTION_RATE R/W Word 2 — — —

34 D3h MFR_SAMPLE_RATE R/W Word 2 — — —

35 D4h MFR_VOUT_PEAK R/W Word 2 19995 0 -1

36 D5h MFR_IOUT_PEAK R/W Word 2 23109 0 -2

37 D6h MFR_TEMPERATURE_PEAK R/W Word 2 7612 335 -3

38 D7h MFR_FILTER_MODE R/W Word 2 — — —

39 D8h MFR_FAULT_STATUS Read Word 2 — — —

40 D9h MFR_FAULT_RESPONSE R/W Word 2 — — —

41 DAh MFR_FAULT_RETRY R/W Word 2 — — —

42 DBh MFR_SET_ADDRESS R/W Word 2 — — —

43 DCh MFR_IOUT_TEMP_COEFF R/W Word 2 6888 0 -5
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Y = (mX + b) x 10R

VOUT_COMMAND: m = 19995, b = 0, R = -1

READ_VOUT: m = 19995, b = 0, R = -1

X =
1     (176Eh x 10-(-1) - 0)

19995 

= 59980/19995 = 2.999750

FLT
FLT

•

•

• RST

•

FLT

FLT

FLT
X

m
Y bR × −( )−1

10=
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FLT

FLT

FLT

FLT
FLT

COMMAND
BYTE

POL ON OR OFF MARGIN STATE

00h
Immediate off (no

sequencing)
—

40h
Soft-off (with
sequencing)

—

80h On Margin off (Nominal)

98h On
Margin low (Act On
Fault)

A8h On
Margin high (Act On
Fault)
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μ

μ

μ

FLT

VOUT SCALE LOOP
R

R R
_ _ =

+

2
1 2

MAX8688

RS-

RS+

POL

VO-VO+

LOAD

R2
R1
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Ω

Ω Ω

Ω

FLT

FLT

FLT

FLT
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FLT

FLT

° °

•

•

•

• FLT

•

•

• FLT

FLT
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FLT

BIT NUMBER STATUS BIT NAME MEANING

7 BUSY
A fault was declared because the device was busy and unable to respond.
(The MAX8688 does not support the BUSY bit. This bit always returns 0).

6 OFF
This bit is asserted if ENOUT is presently disabling the POL, regardless of the reason,
including simply not being enabled.

5 VOUT_OV An output overvoltage fault has occurred.

4 IOUT_OC An output overcurrent fault has occurred.

3 VIN_UV
An input undervoltage fault has occurred.
(The MAX8688 does not support the VIN_UV bit. This bit always returns 0).

2 TEMPERATURE A temperature fault or warning has occurred.

1 CML A communication, memory, or logic fault has occurred.

0 OTHER
A fault or warning not listed in bits [7:1] has occurred. See the MFR_FAULT_STATUS
(D8h) section for more information.
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BITS [7:5]
PART I

REVISION
BITS [4:0]

PART II
REVISION

000 1.0 00000 1.0

BIT BIT NAME DESCRIPTION

15:8
Input Clock Time

Factor

This is equivalent to the number of external clock cycles provided to CLKIO in 100μs - 2.
MFR_MODE[15:8] = fEXT_CLK/10kHz - 2 where fEXT_CLK is the frequency of the external clock. For
example, when fEXT_CLK = 1MHz, fEXT_CLK/10kHz = 100, MFR_MODE[15:8] = 100 – 2 = 98. Valid
external input clock range is from 100kHz (MFR_MODE[15:8] = 8) to 2.5MHz (MFR_MODE[15:8] =
248).

These bits are ignored if the internal clock source is selected as the time base (Clock Source
Select bit = 0)

7 Clock Out Enable
The Clock Out Enable bit allows the output of a 1MHz reference clock to CLKIO for synchronizing
multiple MAX8688s. Setting this bit to 1 enables the 1MHz output on CLKIO. When this bit is cleared
to 0, no reference clock is outputted.

6 A3 Control Enable
Setting this bit to 1 enables A3/ONOFF to function as a POL ON/OFF input control. Clearing this bit to
0 ignores the A3/ONOFF state and the MAX8688 is controlled by the OPERATION command alone.
See the A3/ONOFF Operation section.
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BIT BIT NAME DESCRIPTION

5
EEPROM Lock

Enable

The EEPROM Lock Enable bit is used to protect external EEPROM data from being overwritten. When
this bit is set to 1, the STORE_DEFAULT_ALL command is ignored. The RESTORE_DEFAULT_ALL
command is still valid. When this bit is cleared to 0, the STORE_DEFAULT_ALL command initiates a
store configuration operation to the EEPROM attached to A1/SCLE and A2/SDAE.

4
Correction Bypass

Enable

Correction Bypass Enable. Setting this bit to 1 disables a correction algorithm made to voltage,
current, and temperature readings. Clearing this bit to 0 applies a correction algorithm to voltage,
current, and temperature measurement, thus resulting in high-accuracy readings. For optimal
operation, this bit should be cleared to 0.

3 Input Range Select

The Input Range Select bit determines the input range of RS+ and RS-. Setting this bit to 1 extends
the input range to 5.5V. Clearing this bit to 0 sets the input range to 2.048V.

Prior to setting any voltage-related values, the user application must first configure the desired input
range. All voltage-related commands use the selected input range to convert the commanded value
into internal register values.

It is not recommended to change the input range selection while the POL is operating, since all
voltage-related commands continue to refer to the input range that was in use when the commanded
voltage was received. This results in unpredictable and catastrophic operation.

2
ENOUT Polarity

Select

The ENOUT Polarity Select bit selects the ENOUT active-on polarity. Setting this bit to 1 configures the
ENOUT asserted on-state the same as the default startup state. Clearing this bit to 0 configures the
ENOUT deasserted off-state the same as the default startup state. In effect, writing a 1 to this bit
means that the asserted state of ENOUT is the default startup state. See the ENOUT Operation
section.

1
Feedback Mode

Select

The Feedback Mode Select bit determines the MAX8688 operation mode. When this bit is set to 1, the
MAX8688 operates in the feedback mode while when cleared to 0, the MAX8688 operates in the
REFIN mode.

0
Clock Source

Select

The Clock Source Select bit determines the MAX8688 reference clock time source. When the Clock
Source Select bit is set to 1, an external clock must be supplied to CLKIO and is used as the
MAX8688 reference clock. When this bit is cleared to 0, an internal clock is used.



______________________________________________________________________________________ 33

FLT

BITS
BIT

NAME
DESCRIPTION

15:8
Sample
Delay

The upper byte defines the time interval
between each sample. The sampling delay is
1.75μs + MFR_FILTER_MODE[15:8] x 250ns.

7:0
Sample
Count

The lower byte defines the number of
samples to acquire in each monitoring
sequence. The number of samples is
determined by 2^ MFR_FILTER_MODE[7:0].

BIT FAULT/WARNING BIT NAME

15 Reserved. Read returns 0.

14 OT_WARN

13 OT_FAULT

12 IOUT_OC_WARN

11 IOUT_NC_FAULT

10 VOUT_UV_WARN

9 VOUT_UV_FAULT

8 VOUT_OV_WARN

7 Reserved. Read returns 0.

6 OFF

5 VOUT_OV_FAULT

4 IOUT_OC_FAULT

3 Reserved. Read returns 0.

2
TEMPERATURE. Set when either OT_WARN or
OT_FAULT is set.

1 CML

0
OTHER. Set when any bit (other than those
temperature related bits) in the high byte is set.
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μ

μ

BITS FAULT RESPONSE BIT NAME

15 STORE_PEAK

14:10 Reserved

9:8 NC_FAULT_RESPONSE[1:0]

7:6 OT_FAULT_RESPONSE[1:0]

5:4 IOUT_OC_FAULT_RESPONSE[1:0]

3:2 VOUT_UV_FAULT_RESPONSE[1:0]

1:0 VOUT_OV_FAULT_RESPONSE[1:0]

RESPONSE
[1:0]

FAULT RESPONSE OPTION

11
Reserved. Same response as 00 except this
option also stores peak data to EEPROM if
enabled.

10

Set the corresponding fault bit in the fault status
register, assert FLT, shutdown the POL
(deasserted ENOUT), and restart the POL every
T (μs), where T is set in the MFR_FAULT_RETRY
register. Store peak data to EEPROM if enabled.

01
Set the corresponding fault bit in the fault status
register, assert FLT, and shutdown the POL.
Store peak data to EEPROM if enabled.

00
Set the corresponding fault bit in the fault status
register, assert FLT, and continue operation
without any action.
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24 TQFN-EP T2444+4 21-0139

china.maxim-ic.
com/packages
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24

22

21
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SD
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DV
DD

AV
DD

DA
CO

UT

A1
/S

CL
E

RE
FO

A2
/S

DA
E

1 2

*EP

*CONNECT EP TO AGND

ISN-

4 5 6

1718 16 14 13

ISN+

ISN_C

ENOUT

N.C.

N.C.

SCL

MAX8688

DV
DD

AG
ND

3

15

RS+

20 11 FLTRS-

19 12 A3/ONOFFRS_C

TQFN

TOP VIEW

http://china.maxim-ic.com/packages
http://china.maxim-ic.com/packages
http://pdfserv.maxim-ic.com/package_dwgs/21-0139.PDF
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