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PART TEMP RANGE PIN-PACKAGE

MAX16046ECB+ -40°C to +85°C 64 TQFP-EP*

MAX16046ETN+ -40°C to +85°C 56 TQFN-EP*

MAX16048ECB+ -40°C to +85°C 64 TQFP-EP*

MAX16048ETN+ -40°C to +85°C 56 TQFN-EP*
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DACOUT1

DACOUT2–
DACOUT11

DACOUT12

MON1

MON2–MON11

MON12

VSUPPLY

VCC

10μF

VCC

+3.3V

GND

A0

 μC

SCL

SDA

RESET

FAULT INT

RESET

INT

I/OWDI

WDO

DBP

EN_OUT1

EN_OUT1–
EN_OUT11

EN_OUT12
EN

MAX16046

GND

OUT

FB

IN

DC-DC

EN

GND

OUT

FB

IN

DC-DC

EN

GND

OUT

FB

IN

DC-DC

EN 1μF

ABP

1μF

PART
VOLTAGE-DETECTOR

INPUTS
DAC OUTPUTS

GENERAL-PURPOSE
INPUTS/OUTPUTS

SEQUENCING
OUTPUTS

MAX16046 12 12 6 12

MAX16048 8 8 6 8
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ABSOLUTE MAXIMUM RATINGS

ELECTRICAL CHARACTERISTICS
(VCC = 3V to 14V, TA = -40°C to +85°C, unless otherwise specified. Typical values are at VCC = 3.3V, TA = +25°C.) (Note 1)

Stresses beyond those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only, and functional
operation of the device at these or any other conditions beyond those indicated in the operational sections of the specifications is not implied. Exposure to
absolute maximum rating conditions for extended periods may affect device reliability.

VCC to GND ....................……………………………-0.3V to +15V
EN, MON_, SCL, SDA, A0 to GND ...........................-0.3V to +6V
GPIO_, RESET (configured as open drain) to GND.....-0.3V to +6V
EN_OUT1–EN_OUT6 (configured as open drain)

to GND.................................................................-0.3V to +12V
EN_OUT7–EN_OUT12 (configured as open drain)

to GND...................................................................-0.3V to +6V
GPIO_, EN_OUT_, RESET

(configured as push-pull) to GND .........-0.3V to (VDBP + 0.3V)
DBP, ABP to GND .........-0.3V to the lower of 3V or (VCC + 0.3V)
TCK, TMS, TDI to GND..........................................-0.3V to +3.6V
TDO to GND .............................................-0.3V to (VDBP + 0.3V)
DACOUT_ to GND....………………………-0.3V to (VABP + 0.3V)

EN_OUT1–EN_OUT6
(configured as charge pump) to GND ....-0.3V to (VMON1–6 + 6V)

Continuous Current (all pins)............................................±20mA
56-Pin TQFN (derate 47.6mW/°C above +70°C)..........3810mW*
Thermal Resistance
θJA.................................................................................21°C/W
θJC................................................................................0.6°C/W

64-Pin TQFP (derate 43.5mW/°C above +70°C) .......3478.3mW*
Thermal Resistance
θJA.................................................................................23°C/W
θJC...................................................................................1°C/W

Lead Temperature (soldering, 10s) .................................+300°C
Soldering Temperature (reflow) .......................................+260°C

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS

RESET output asserted low 1.4
Operating Voltage Range VCC

3 14
V

Undervoltage Lockout VUVLO 2.85 V

Undervoltage-Lockout Hysteresis UVLOHYS (Note 2) 50 mV

Supply Current ICC
VCC = 14V, VEN = 3.3V, no load on any
output

4.8 6.5 mA

DBP Regulator Voltage VDBP CDBP = 1μF, no load on any output 2.6 2.7 2.8 V

ABP Regulator Voltage VABP CABP = 1μF, no load on any DACOUT_ 2.78 2.88 2.96 V

Boot Time tBOOT VCC > VUVLO 0.8 1.5 ms

Internal Timing Accuracy (Note 3) -5 +5 %

ADC

ADC Resolution 10 Bits

MON_ range set to ‘00’ in r0Fh–r11h 0.65

MON_ range set to ‘01’ in r0Fh–r11h 0.75
ADC Total Unadjusted Error
(Note 4)

ADCERR

MON_ range set to ‘10’ in r0Fh–r11h 0.95

%FSR

ADC Integral Nonlinearity ADCINL 0.8 LSB

ADC Differential Nonlinearity ADCDNL 0.8 LSB

ADC Total Monitoring Cycle Time tCYCLE
MAX16046, all channels monitored,
no MON_ fault detected (Note 5)

80 100 μs

MON1–MON4 46 100
MON_ Input Impedance RIN

MON5–MON12 65 140
kΩ

MON_ range set to ‘00’ in r0Fh–r11h 5.6

MON_ range set to ‘01’ in r0Fh–r11h 2.8ADC MON_ Ranges ADCRNG

MON_ range set to ‘10’ in r0Fh–r11h 1.4

V

*As per JEDEC 51 Standard, Multilayer Board (PCB).
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PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS

MON_ range set to ‘00’ in r0Fh–r11h 5.46

MON_ range set to ‘01’ in r0Fh–r11h 2.73ADC LSB Step Size ADCLSB

MON_ range set to ‘10’ in r0Fh–r11h 1.36

mV

VTH_EN_R EN voltage rising 0.525
EN Input-Voltage Threshold

VTH_EN_F EN voltage falling 0.487 0.500 0.512
V

EN Input Current IEN -0.5 +0.5 μA

EN Input Voltage Range 0 5.5 V

CLOSED-LOOP TRACKING

Tracking Differential Voltage Stop
Ramp

VTRK VINS_ > VTH_PL, VINS_ < VTH_PG 150 mV

Tracking Differential Voltage
Hysteresis

20 %VTRK

Tracking Differential Fault Voltage VTRK_F VINS_ > VTH_PL, VINS_ < VTH_PG 285 330 375 mV

Slew-rate register set to ‘00’ 640 800 960

Slew-rate register set to ‘01’ 320 400 480

Slew-rate register set to ‘10’ 160 200 240
Track/Sequence Slew-Rate Rising
or Falling

TRKSLEW

Slew-rate register set to ‘11’ 80 100 120

V/s

Power-good register set to ‘00’,
VMON_ = 3.5V

94 95 96

Power-good register set to ‘01’,
VMON_ = 3.5V

91.5 92.5 93.5

Power-good register set to ‘10’,
VMON_ = 3.5V

89 90 91
INS_ Power-Good Threshold VTH_PG

Power-good register set to ‘11’,
VMON_ = 3.5V

86.5 87.5 88.5

%V M ON_

Power-Good Threshold
Hysteresis

VPG_HYS 0.5 %VTH_PG

Power-Low Threshold VTH_PL INS_ falling 125 142 160 mV

Power-Low Hysteresis VTH_PL_HYS 10 mV

GPIO_ Input Impedance GPIOINR GPIO_ configured as INS_ 75 100 145 kΩ

INS_ to GND Pulldown
Impedance when Enabled

INSRPD VINS_ = 2V 100 Ω

DAC

DAC Resolution 8 Bits

DACOUT_ range set to ‘11’ 0.8

DACOUT_ range set to ‘10’ 0.6DAC Output Voltage Range DACRNG

DACOUT_ range set to ‘01’ 0.4

V

DACOUT_ range set to ‘11’ 3.137

DACOUT_ range set to ‘10’ 2.353DAC LSB Step Size

DACOUT_ range set to ‘01’ 1.568

mV

ELECTRICAL CHARACTERISTICS (continued)
(VCC = 3V to 14V, TA = -40°C to +85°C, unless otherwise specified. Typical values are at VCC = 3.3V, TA = +25°C.) (Note 1)



ELECTRICAL CHARACTERISTICS (continued)
(VCC = 3V to 14V, TA = -40°C to +85°C, unless otherwise specified. Typical values are at VCC = 3.3V, TA = +25°C.) (Note 1)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS

TA = +25°C 1.1660 1.2016 1.2060IDACOUT = ±50μA, mid
code, DACOUT_ range
set to ‘11’

TA = -40°C to
+85°C

1.1900 1.2016 1.2130

TA = +25°C 0.897 0.901 0.905IDACOUT = ±50μA, mid
code, DACOUT_ range
set to ‘10’

TA = -40°C to
+85°C

0.890 0.901 0.912

TA = +25°C 0.597 0.601 0.605

DAC Center Code Absolute
Accuracy

DACACC

IDACOUT = ±50μA, mid
code, DACOUT_ range
set to ‘01’

TA = -40°C to
+85°C

0.592 0.601 0.612

V

Gain Error Any range -0.8 +0.8 %

DAC Output Sink Capability DACSINK Sinking current, IDACOUTMAX = 0.5mA +8 mV

DAC Output Source Capability DACSOURCE Sourcing current, IDACOUTMAX = -0.5mA -8 mV

DAC Output Switch Leakage DACOUT_ switch off -150 +150 nA

DAC Output Capacitive Load (Note 5) 50 pF

DAC Output Settling Time 50 μs

DC 60DAC Power-Supply Rejection
Ratio

DACPSRR
100mV step in 20ns with 50pF load 40

dB

DAC Differential Nonlinearity DACDNL
DACOUT_ code from 07h to F8h,
any range

-0.6 +0.6 LSB

DAC Integral Nonlinearity DACINL
DACOUT_ code from 07h to F8h,
any range

-0.9 +0.9 LSB

OUTPUTS (EN_OUT_, RESET, GPIO_)

Output-Voltage Low VOL ISINK = 2mA 0.4 V

Output-Voltage High (Push-Pull) ISOURCE =100μA 2.4 V

1

GPIO1–GPIO4, VGPIO_ = 3.3V 1Output Leakage (Open Drain) IOUT_LKG

GPIO1–GPIO4, VGPIO_ = 5.0V 22

μA

EN_OUT_ Overdrive (Charge
Pump) (EN_OUT1 to EN_OUT6
Only) Volts above VMON_

VOV IGATE_ = 0.5μA 4.6 5.1 5.6 V

EN_OUT_ Pullup Current (Charge
Pump)

ICHG_UP
During power-up/power-down,
VGATE_ = 1V

4.5 6 μA

EN_OUT_ Pulldown Current
(Charge Pump)

ICHG_DOWN
During power-up/power-down,
VGATE_ = 5V

10 μA

INPUTS (A0, GPIO_)

Logic-Input Low Voltage VIL 0.8 V

Logic-Input High Voltage VIH 2.0 V

SMBus INTERFACE

Logic-Input Low Voltage VIL Input voltage falling 0.8 V

Logic-Input High Voltage VIH Input voltage rising 2.0 V

_______________________________________________________________________________________ 5
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ELECTRICAL CHARACTERISTICS (continued)
(VCC = 3V to 14V, TA = -40°C to +85°C, unless otherwise specified. Typical values are at VCC = 3.3V, TA = +25°C.) (Note 1)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS

VCC shorted to GND, SCL/SDA at 0V or
3.3V

-1 +1
Input Leakage Current

-1 +1
μA

Output-Voltage Low VOL ISINK = 3mA 0.4 V
Input Capacitance CIN 5 pF

SMBus TIMING

Serial Clock Frequency fSCL 400 kHz
Bus Free Time Between STOP
and START Condition

tBUF 1.3 μs

START Condition Setup Time tSU:STA 0.6 μs
START Condition Hold Time tHD:STA 0.6 μs

STOP Condition Setup Time tSU:STO 0.6 μs

Clock Low Period tLOW 1.3 μs

Clock High Period tHIGH 0.6 μs
Data Setup Time tSU:DAT 200 ns

Output Fall Time tOF 10pF ≤ CBUS ≤ 400pF 250 ns

Receive 0
Data Hold Time tHD:DAT

Transmit 0.3 0.9
μs

Pulse Width of Spike Suppressed tSP 30 ns

JTAG INTERFACE

TDI, TMS, TCK Logic-Low Input
Voltage

VIL Input voltage falling 0.55 V

TDI, TMS, TCK Logic-High Input
Voltage

VIH Input voltage rising 2 V

TDO Logic-Output Low Voltage VOL_TDO VDBP ≥ 2.5V, ISINK = 2mA 0.4 V

TDO Logic-Output High Voltage VOH_TDO VDBP ≥ 2.5V, ISOURCE = 200mA 2.4 V
TDO Leakage Current TDO high impedance -1 +1 μA

TDI, TMS Pullup Resistors RJPU Pullup to VDBP 7 10 13 kΩ
Input/Output Capacitance CI/O 5 pF

JTAG TIMING
TCK Clock Period t1 1000 ns

TCK High/Low Time t2, t3 50 500 ns

TCK to TMS, TDI Setup Time t4 15 ns

TCK to TMS, TDI Hold Time t5 15 ns
TCK to TDO Delay t6 500 ns

TCK to TDO High-Impedance
Delay

t7 500 ns

EEPROM TIMING
EEPROM Byte Write Cycle Time tWR (Note 6) 10.5 12 ms

Note 1: Specifications are guaranteed for the stated global conditions, unless otherwise noted. 100% production tested at TA = +25°C
and TA = +85°C. Specifications at TA = -40°C are guaranteed by design.

Note 2: VUVLO is the minimum voltage on VCC to ensure the device is EEPROM configured.
Note 3: Applies to RESET, fault, delay, and watchdog timeouts.
Note 4: Total unadjusted error is a combination of gain, offset, and quantization error.
Note 5: Guaranteed by design.
Note 6: An additional cycle is required when writing to configuration memory for the first time.



STOP
CONDITION

REPEATED START
CONDITION

START
CONDITION

tHIGH

tLOW

tR tF

tSU:DAT tSU:STA
tSU:STOtHD:STA

tBUF

tHD:STA

tHD:DAT

SCL

SDA

START
CONDITION

TCK

t1

t2 t3

t4 t5

t6

t7

TDI, TMS

TDO
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VCC SUPPLY CURRENT
vs. VCC SUPPLY VOLTAGE

M
AX

16
04

6 
to

c0
1

VCC (V)

I C
C 

(m
A)

13121 2 3 5 6 7 8 9 104 11

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

0
0 14

TA = +85°C

TA = -40°C
TA = +25°C

NORMALIZED MON_ THRESHOLD
vs. TEMPERATURE

M
AX

16
04

6 
to

c0
2

TEMPERATURE (°C)

NO
RM

AL
IZ

ED
 M

ON
_ 

TH
RE

SH
OL

D

756030 45-15 0 15-30

0.992

0.994

0.996

0.998

1.000

1.002

1.004

1.006

1.008

1.010

0.990
-45 90

2.8V RANGE, HALF SCALE,
PUV THRESHOLD

NORMALIZED EN THRESHOLD
vs. TEMPERATURE

M
AX

16
04

6 
to

c0
3

TEMPERATURE (°C)

NO
RM

AL
IZ

ED
 E

N 
TH

RE
SH

OL
D

756030 45-15 0 15-30

0.975
0.980
0.985
0.990
0.995
1.000
1.005
1.010
1.015
1.020
1.025
1.030

0.970
-45 90

(VCC = 3.3V, TA = +25°C, unless otherwise noted.)

TRANSIENT DURATION
vs. THRESHOLD OVERDRIVE (EN)

M
AX

16
04

6 
to

c0
4

EN OVERDRIVE (mV)

TR
AN

SI
EN

T 
DU

RA
TI

ON
 (μ

s)
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NORMALIZED RESET TIMEOUT PERIOD
vs. TEMPERATURE

M
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to

c0
5

TEMPERATURE (°C)
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ED
 R
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ET

 T
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EO
UT

756030 45-15 0 15-30

0.92

0.94

0.96

0.98

1.00

1.02

1.04

1.06

1.08

1.10

0.90
-45 90

MON_ PUV THRESHOLD OVERDRIVE
vs. TRANSIENT DURATION

M
AX

16
04

6 
to

c0
6

THRESHOLD OVERDRIVE (mV)

TR
AN

SI
EN

T 
DU

RA
TI

ON
 (μ

s)

835670175 340 505
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160
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DEGLITCH = 16

DEGLITCH = 8

DEGLITCH = 4

DEGLITCH = 2

OUTPUT-VOLTAGE LOW
vs. SINK CURRENT

M
AX
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6 
to

c0
7

SINK CURRENT (mA)
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UT
-V

OL
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 (V

)

541 2 3

0.05

0.10

0.15

0.20

0.25
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0.35

0.40

0
0 6

EN_OUT_

GPIO_



TRACKING MODE WITH 
FAST SHUTDOWN

MAX16046 toc13

20ms/div

1V/div

0V

INS4

INS3

INS2

INS1

SEQUENCING MODE
MAX16046 toc14

40ms/div

1V/div

0V

INS4

INS3

INS2

INS1

FET TURN-ON WITH CHARGE PUMP
MAX16046 toc11

20ms/div

VEN_OUT_
10V/div

VSOURCE
2V/div

IDRAIN
1A/div

0V

0V

0A

TRACKING MODE
MAX16046 toc12

20ms/div

1V/div

0V

INS4

INS3

INS2

INS1

OUTPUT-VOLTAGE HIGH vs. SOURCE
 CURRENT (CHARGE-PUMP OUTPUT)

M
AX

16
04

6 
to

c0
8

SOURCE CURRENT (μA)

OU
TP

UT
-V

OL
TA

GE
 H

IG
H 

(V
)

654321

1

2

3

4

5

6

0
0 7

OUTPUT-VOLTAGE HIGH vs. SOURCE 
CURRENT (PUSH-PULL OUTPUT)

M
AX

16
04

6 
to

c0
9

SOURCE CURRENT (μA)

OU
TP

UT
-V

OL
TA

GE
 H

IG
H 

(V
)

300200100

2.45

2.50

2.55

2.60

2.65

2.70

2.40
0 400

ADC ACCURACY
vs. TEMPERATURE

M
AX

16
04

6 
to

c1
0

TEMPERATURE (°C)

TO
TA

L 
UN

AD
JU

ST
ED

 E
RR

OR
 (%

)

756030 45-15 0 15-30

-0.8

-0.6

-0.4

-0.2

0

0.2

0.4

0.6

0.8

1.0

-1.0
-45 90

(VCC = 3.3V, TA = +25°C, unless otherwise noted.)
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ADC INL

M
AX

16
04

6 
to

c1
8

INPUT VOLTAGE (DIGITAL CODE)

AD
C 

IN
L 

(L
SB

)

896768512 640256 384128

-0.8

-0.6

-0.4

-0.2

0

0.2

0.4

0.6

0.8

1.0

-1.0
0 1024

INTERNAL TIMING ACCURACY
vs. TEMPERATURE

M
AX

16
04

6 
to

c1
9

TEMPERATURE (°C)

NO
RM

AL
IZ

ED
 S

LO
T 

DE
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Y

756030 45-15 0 15-30

0.96

0.97

0.98

0.99

1.00

1.01

1.02

1.03

1.04

1.05

0.95
-45 90

(VCC = 3.3V, TA = +25°C, unless otherwise noted.)

MIXED MODE
MAX16046 toc15

20ms/div

1V/div

0V

INS4

INS3

INS2

INS1

DACOUT_ VOLTAGE
vs. TEMPERATURE

M
AX

16
04

6 
to

c1
6

TEMPERATURE (°C)

DA
CO

UT
_ 

VO
LT

AG
E 

(V
)

756030 45-15 0 15-30

1.12

1.14

1.16

1.18

1.20

1.22

1.24

1.26

1.28

1.30

1.10
-45 90

0.8V TO 1.6V RANGE
DACOUT_ VOLTAGE
AT HALF SCALE

ADC DNL

M
AX

16
04

6 
to

c1
7

INPUT VOLTAGE (DIGITAL CODE)

AD
C 

DN
L 

(L
SB

)

896768512 640256 384128

-0.8

-0.6

-0.4

-0.2

0

0.2

0.4

0.6

0.8

1.0

-1.0
0 1024



MAX16046 MAX16048

1–8 1–8 MON1–MON8

9–12 — MON9–MON12

—
9–12,
33–36,
53–56

N.C.

13 13 RESET

14 14 A0

15 15 SCL

16 16 SDA

17 17 TMS

18 18 TDI

19 19 TCK

20 20 TDO

21, 40 21, 40 GND

22 22 GPIO6

23 23 GPIO5

24 24 EN

25–32 25–32
DACOUT1–
DACOUT8

33–36 —
DACOUT9–
DACOUT12

______________________________________________________________________________________ 11
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MAX16046 MAX16048

37 37 ABP

38 38 VCC

39 39 DBP

41 41 GPIO1

42 42 GPIO2

43 43 GPIO3

44 44 GPIO4

45–50 45–50
EN_OUT1–
EN_OUT6

51, 52 51, 52
EN_OUT7–
EN_OUT8

53–56 —
EN_OUT9–
EN_OUT12

— — EP

12 ______________________________________________________________________________________

μ

μ

MARGINUP

MARGINDN

MR

–
–

–

μ
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MAX16046 MAX16048

1–7, 10 1–7, 10 MON1–MON8

11–14 — MON9–MON12

8, 9, 15, 25,
33, 48,
49, 64

8, 9, 11–15,
25, 33,

38–41, 48,
49, 60–64

N.C.

16 16 RESET

17 17 A0

18 18 SCL

19 19 SDA

20 20 TMS

21 21 TDI

22 22 TCK

23 23 TDO

24, 45 24, 45 GND

26, 27 26, 27 GPIO6, GPIO5

28 28 EN

29–32,
34–37

29–32,
34–37

DACOUT1–
DACOUT8

38–41 —
DACOUT9–
DACOUT12

TQFP

–

–
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MAX16046 MAX16048

42 42 ABP

43 43 VCC

44 44 DBP

46 46 GPIO1

47 47 GPIO2

50 50 GPIO3

51 51 GPIO4

52–57 52–57
EN_OUT1–
EN_OUT6

58, 59 58, 59
EN_OUT7,
EN_OUT8

60–63 —
EN_OUT9–
EN_OUT12

— — EP

TQFP

μ

μ

μ

MARGINUP

MARGINDN

MR

–

–
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EN

VTH_EN

VOLTAGE
SCALING
AND MUX

10-BIT
ADC (SAR)

ADC
REGISTERS

THRESHOLD
REGISTERS

DIGITAL COMPARATORS

TRACK AND
HOLD

(  ) MAX16048 ONLY.

8-BIT DAC DAC
REGISTERS

RAM
REGISTERS

EEPROM
REGISTERS

LOGIC

SEQUENCER

CLOSED-LOOP
TRACKER

I2C SLAVE
INTERFACE

JTAG INTERFACE

MON1–
MON12

(MON1–
MON8)

DACOUT1–
DACOUT12

(DACOUT1–
DACOUT8)

RESET

FAULT1
FAULT2

MR

MARGIN

WATCHDOG
TIMER

WDI

GPIO CONTROL

WDO

GPIO1

GPIO2

GPIO3

GPIO4

GPIO5

GPIO6INS1
INS2
INS3
INS4

EN_OUT1–
EN_OUT12
(EN_OUT1–
EN_OUT8)

EN_OUT1–
EN_OUT4

A0 SDA SCL TMS TCK TDI TDO

MARGINUP

MARGINDN

FAULTPU

GND

VCC

NONVOLATILE
FAULT EVENT

LOGGER

MAX16046
MAX16048
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RESET

Software Enable

–

RESET FAULT1–FAULT2 RESET FAULT1 FAULT2

– –

Software Enable

μ
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Software
Enable

μ

RESET

• —

• —

μ

μ

μ
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Software Enable
Software

Enable

Software Enable

REGISTER/
EEPROM ADDRESS

BIT RANGE DESCRIPTION

0
Software  Enable bit
0 = Enabled. EN must also be high to begin sequencing.
1 = Disabled (factory default)

1
Margin bit
1 = Margin functionality is enabled
0 = Margin disabled

2
Early Warning Selection bit
0 = Early warning thresholds are undervoltage thresholds
1 = Early warning thresholds are overvoltage thresholds

3
Watchdog Mode Selection bit
0 = Watchdog timer is in dependent mode
1 = Watchdog timer is in independent mode

4Dh

[7:4] Not used

μ
μ

–
–



REGISTER/
EEPROM
ADDRESS

BIT RANGE DESCRIPTION

[1:0]

MON1 Voltage Range Selection:
00 = From 0 to 5.6V in 5.46mV steps
01 = From 0 to 2.8V in 2.73mV steps
10 = From 0 to 1.4V in 1.36mV steps
11 = MON1 is not converted or monitored

[3:2]

MON2 Voltage Range Selection:
00 = From 0 to 5.6V in 5.46mV steps
01 = From 0 to 2.8V in 2.73mV steps
10 = From 0 to 1.4V in 1.36mV steps
11 = MON2 is not converted or monitored

[5:4]

MON3 Voltage Range Selection:
00 = From 0 to 5.6V in 5.46mV steps
01 = From 0 to 2.8V in 2.73mV steps
10 = From 0 to 1.4V in 1.36mV steps
11 = MON3 is not converted or monitored

0Fh

[7:6]

MON4 Voltage Range Selection:
00 = From 0 to 5.6V in 5.46mV steps
01 = From 0 to 2.8V in 2.73mV steps
10 = From 0 to 1.4V in 1.36mV steps
11 = MON4 is not converted or monitored

[1:0]

MON5 Voltage Range Selection:
00 = From 0 to 5.6V in 5.46mV steps
01 = From 0 to 2.8V in 2.73mV steps
10 = From 0 to 1.4V in 1.36mV steps
11 = MON5 is not converted or monitored

[3:2]

MON6 Voltage Range Selection:
00 = From 0 to 5.6V in 5.46mV steps
01 = From 0 to 2.8V in 2.73mV steps
10 = From 0 to 1.4V in 1.36mV steps
11 = MON6 is not converted or monitored

[5:4]

MON7 Voltage Range Selection:
00 = From 0 to 5.6V in 5.46mV steps
01 = From 0 to 2.8V in 2.73mV steps
10 = From 0 to 1.4V in 1.36mV steps
11 = MON7 is not converted or monitored

10h

[7:6]

MON8 Voltage Range Selection:
00 = From 0 to 5.6V in 5.46mV steps
01 = From 0 to 2.8V in 2.73mV steps
10 = From 0 to 1.4V in 1.36mV steps
11 = MON8 is not converted or monitored

______________________________________________________________________________________ 19



20 ______________________________________________________________________________________

REGISTER/
EEPROM
ADDRESS

BIT RANGE DESCRIPTION

[1:0]

MON9 Voltage Range Selection*:
00 = From 0 to 5.6V in 5.46mV steps
01 = From 0 to 2.8V in 2.73mV steps
10 = From 0 to 1.4V in 1.36mV steps
11 = MON9 is not converted or monitored

[3:2]

MON10 Voltage Range Selection*:
00 = From 0 to 5.6V in 5.46mV steps
01 = From 0 to 2.8V in 2.73mV steps
10 = From 0 to 1.4V in 1.36mV steps
11 = MON10 is not converted or monitored

[5:4]

MON11 Voltage Range Selection*:
00 = From 0 to 5.6V in 5.46mV steps
01 = From 0 to 2.8V in 2.73mV steps
10 = From 0 to 1.4V in 1.36mV steps
11 = MON11 is not converted or monitored

11h

[7:6]

MON12 Voltage Range Selection*:
00 = From 0 to 5.6V in 5.46mV steps
01 = From 0 to 2.8V in 2.73mV steps
10 = From 0 to 1.4V in 1.36mV steps
11 = MON12 is not converted or monitored

*



EXTENDED PAGE
ADDRESS

BIT RANGE DESCRIPTION

00h [7:0] MON1 ADC Conversion Result (MSB)
[7:6] MON1 ADC Conversion Result (LSB)

01h
[5:0] Reserved

02h [7:0] MON2 ADC Conversion Result (MSB)
[7:6] MON2 ADC Conversion Result (LSB)

03h
[5:0] Reserved

04h [7:0] MON3 ADC Conversion Result (MSB)
[7:6] MON3 ADC Conversion Result (LSB)

05h
[5:0] Reserved

06h [7:0] MON4 ADC Conversion Result (MSB)
[7:6] MON4 ADC Conversion Result (LSB)

07h
[5:0] Reserved

08h [7:0] MON5 ADC Conversion Result (MSB)
[7:6] MON5 ADC Conversion Result (LSB)

09h
[5:0] Reserved

0Ah [7:0] MON6 ADC Conversion Result (MSB)
[7:6] MON6 ADC Conversion Result (LSB)

0Bh
[5:0] Reserved

0Ch [7:0] MON7 ADC Conversion Result (MSB)
[7:6] MON7 ADC Conversion Result (LSB)

0Dh
[5:0] Reserved

0Eh [7:0] MON8 ADC Conversion Result (MSB)
[7:6] MON8 ADC Conversion Result (LSB)

0Fh
[5:0] Reserved

10h [7:0] MON9 ADC Conversion Result (MSB)*
[7:6] MON9 ADC Conversion Result (LSB)*

11h
[5:0] Reserved

12h [7:0] MON10 ADC Conversion Result (MSB)*
[7:6] MON10 ADC Conversion Result (LSB)*

13h
[5:0] Reserved

14h [7:0] MON11 ADC Conversion Result (MSB)*
[7:6] MON11 ADC Conversion Result (LSB)*

15h
[5:0] Reserved

16h [7:0] MON12 ADC Conversion Result (MSB)*
[7:6] MON12 ADC Conversion Result (LSB)*

17h
[5:0] Reserved

*
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– –
–

REGISTER/
EEPROM ADDRESS

BIT RANGE DESCRIPTION

[2:0] GPIO1 Configuration Register

[5:3] GPIO2 Configuration Register1Ch

[7:6] GPIO3 Configuration Register (LSB)

[0] GPIO3 Configuration Register (MSB)

[3:1] GPIO4 Configuration Register

[6:4] GPIO5 Configuration Register
1Dh

[7] GPIO6 Configuration Register (LSB)

[1:0] GPIO6 Configuration Register (MSB)
1Eh

[7:2] Reserved

CONFIGURATION
BITS

GPIO1 GPIO2 GPIO3 GPIO4 GPIO5 GPIO6

000 INS1 INS2 INS3 INS4 — MARGIN input

001
Push-pull logic

input/output
Push-pull logic

input/output
Push-pull logic
input/output

Push-pull logic
input/output

Push-pull logic
input/output

Push-pull logic
input/output

010
Open-drain

logic
input/output

Open-drain
logic

input/output

Open-drain
logic input/

output

Open-drain
logic

input/output

Open-drain
logic input/

output

Open-drain
logic input/

output

011
Push-pull

Any_Fault output
Push-pull

Any_Fault output
Push-pull

Any_Fault output
Push-pull

Any_Fault output
Push-pull

FAULT1 output
Push-pull

FAULT2 output

100
Open-drain

Any_Fault output
Open-drain

Any_Fault output
Open-drain

Any_Fault output
Open-drain

Any_Fault output
Open-drain

FAULT1 output
Open-drain

FAULT2 output

101 Logic input Logic input Logic input Logic input Logic input Logic input

110 — — — — —
Open-drain,
WDO output

111 —
MARGINUP

input
MARGINDN

input
MR input WDI input

Open-drain,
FAULTPU output

—



–

Ω

–

EXTENDED PAGE
ADDRESS

BIT RANGE DESCRIPTION

[0]
GPIO Logic Output Data
0 = GPIO1 is a logic-low output
1 = GPIO1 is a logic-high output

[1]
0 = GPIO2 is a logic-low output
1 = GPIO2 is a logic-high output

[2]
0 = GPIO3 is a logic-low output
1 = GPIO3 is a logic-high output

[3]
0 = GPIO4 is a logic-low output
1 = GPIO4 is a logic-high output

[4]
0 = GPIO5 is a logic-low output
1 = GPIO5 is a logic-high output

[5]
0 = GPIO6 is a logic-low output
1 = GPIO6 is a logic-high output

1Ah

[7:6] Not used

[0]
GPIO Logic Input Data
GPIO1 logic-input state

[1] GPIO2 logic-input state

[2] GPIO3 logic-input state

[3] GPIO4 logic-input state

[4] GPIO5 logic-input state

[5] GPIO6 logic-input state

1Bh

[7:6] Not used
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–

FAULT1
FAULT2

FAULT1 FAULT2

REGISTER/
EEPROM
ADDRESS

BIT RANGE DESCRIPTION

[0] 1 = FAULT1 is a digital output dependent on MON1

[1] 1 = FAULT1 is a digital output dependent on MON2

[2] 1 = FAULT1 is a digital output dependent on MON3

[3] 1 = FAULT1 is a digital output dependent on MON4

[4] 1 = FAULT1 is a digital output dependent on MON5

[5] 1 = FAULT1 is a digital output dependent on MON6

[6] 1 = FAULT1 is a digital output dependent on MON7

15h

[7] 1 = FAULT1 is a digital output dependent on MON8

[0] 1 = FAULT1 is a digital output dependent on MON9*

[1] 1 = FAULT1 is a digital output dependent on MON10*

[2] 1 = FAULT1 is a digital output dependent on MON11*

[3] 1 = FAULT1 is a digital output dependent on MON12*

[4]
1 = FAULT1 is a digital output that depends on the overvoltage thresholds at the input
selected by r15h and r16h[3:0]

[5]
1 = FAULT1 is a digital output that depends on the undervoltage thresholds at the
input selected by r15h and r16h[3:0]

[6]
1 = FAULT1 is a digital output that depends on the early warning thresholds at the
input selected by r15h and r16h[3:0]

16h

[7]
0 = FAULT1 is an active-low digital output
1 = FAULT1 is an active-high digital output

[0] 1 = FAULT2 is a digital output dependent on MON1

[1] 1 = FAULT2 is a digital output dependent on MON2

[2] 1 = FAULT2 is a digital output dependent on MON3

[3] 1 = FAULT2 is a digital output dependent on MON4

[4] 1 = FAULT2 is a digital output dependent on MON5

[5] 1 = FAULT2 is a digital output dependent on MON6

[6] 1 = FAULT2 is a digital output dependent on MON7

17h

[7] 1 = FAULT2 is a digital output dependent on MON8



MARGINUP
MARGINDN

MARGINUP MARGINDN
MARGINDN

MARGINUP
MARGINUP MARGINDN

MARGINUP MARGINDN

MARGIN

REGISTER/
EEPROM
ADDRESS

BIT RANGE DESCRIPTION

[0] 1 = FAULT2 is a digital output dependent on MON9*

[1] 1 = FAULT2 is a digital output dependent on MON10*

[2] 1 = FAULT2 is a digital output dependent on MON11*

[3] 1 = FAULT2 is a digital output dependent on MON12*

[4]
1 = FAULT2 is a digital output that depends on the overvoltage thresholds at the input
selected by r17h and r18h[3:0]

[5]
1 = FAULT2 is a digital output that depends on the undervoltage thresholds at the
input selected by r17h and 18h[3:0]

[6]
1 = FAULT2 is a digital output that depends on the early warning thresholds at the
input selected by r17h and r18h[3:0]

18h

[7]
0 = FAULT2 is an active-low digital output
1 = FAULT2 is an active-high digital output

*

MARGINUP
(GPIO2)

MARGINDN
(GPIO3)

DACOUT REGISTER USED
DACOUT

SWITCH STATE

1 1 DACOUT registers r00h to r0Bh Depends on r1Ch, r1Dh*

1 0 MARGINDN registers r72h to r7Dh Closed

0 1 MARGINUP registers r66h to r71h Closed

0 0 DACOUT registers r00h to r0Bh Depends on r1Ch, r1Dh*

*
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MARGIN
MARGIN

MARGIN

MARGIN
FAULT1 FAULT2 RESET

MR MR
RESET MR

RESET
RESET

–

–
–

–

–
REGISTER/

EEPROM ADDRESS
BIT

RANGE
DESCRIPTION

[2:0]

EN_OUT1 Configuration:
000 = EN_OUT1 is an open-drain active-low output
001 = EN_OUT1 is an open-drain active-high output
010 = EN_OUT1 is a push-pull active-low output
011 = EN_OUT1 is a push-pull active-high output
100 = EN_OUT1 is used in closed-loop tracking
101 = EN_OUT1 is configured with a charge-pump output (MON1 + 5V) capable of
driving an external n-channel MOSFET
110 = Reserved
111 = Reserved

[5:3]

EN_OUT2 Configuration:
000 = EN_OUT2 is an open-drain active-low output
001 = EN_OUT2 is an open-drain active-high output
010 = EN_OUT2 is a push-pull active-low output
011 = EN_OUT2 is a push-pull active-high output
100 = EN_OUT2 is used in closed-loop tracking
101 = EN_OUT2 is configured with a charge-pump output (MON2 + 5V) capable of
driving an external n-channel MOSFET
110 = Reserved
111 = Reserved

1Fh

[7:6]

EN_OUT3 Configuration (LSBs):
000 = EN_OUT3 is an open-drain active-low output
001 = EN_OUT3 is an open-drain active-high output
010 = EN_OUT3 is a push-pull active-low output
011 = EN_OUT3 is a push-pull active-high output
100 = EN_OUT3 is used in closed-loop tracking
101 = EN_OUT3 is configured with a charge-pump output (MON3 + 5V) capable of
driving an external n-channel MOSFET
110 = Reserved
111 = Reserved



–
REGISTER/EEPROM

ADDRESS
BIT

RANGE
DESCRIPTION

[0] EN_OUT3 Configuration (MSB)—see r1Fh[7:6]

[3:1]

EN_OUT4 Configuration:
000 = EN_OUT4 is an open-drain active-low output
001 = EN_OUT4 is an open-drain active-high output
010 = EN_OUT4 is a push-pull active-low output
011 = EN_OUT4 is a push-pull active-high output
100 = EN_OUT4 is used in closed-loop tracking
101 = EN_OUT4 is configured with a charge-pump output (MON4 + 5V) capable of
driving an external n-channel MOSFET
110 = Reserved
111 = Reserved

[6:4]

EN_OUT5 Configuration:
000 = EN_OUT5 is an open-drain active-low output
001 = EN_OUT5 is an open-drain active-high output
010 = EN_OUT5 is a push-pull active low output
011 = EN_OUT5 is a push-pull active-high output
100 = Reserved. EN_OUT5 is not usable for closed-loop tracking.
101 = EN_OUT5 is configured with a charge-pump output (MON5 + 5V) capable of
driving an external n-channel MOSFET
110 = Reserved
111 = Reserved

20h

[7] EN_OUT6 Configuration (LSB)—see r21h[1:0]

[1:0]

EN_OUT6 Configuration (MSBs):
000 = EN_OUT6 is an open-drain active-low output
001 = EN_OUT6 is an open-drain active-high output
010 = EN_OUT6 is a push-pull active-low output
011 = EN_OUT6 is a push-pull active-high output
100 = Reserved. EN_OUT6 is not useable for closed-loop tracking.
101 = EN_OUT6 is configured with a charge-pump output (MON6 + 5V) capable of
driving an external n-channel MOSFET
110 = Reserved
111 = Reserved

[3:2]

EN_OUT7 Configuration:
00 = EN_OUT7 is an open-drain active-low output
01 = EN_OUT7 is an open-drain active-high output
10 = EN_OUT7 is a push-pull active-low output
11 = EN_OUT7 is a push-pull active-high output

[5:4]

EN_OUT8 Configuration:
00 = EN_OUT8 is an open-drain active-low output
01 = EN_OUT8 is an open-drain active-high output
10 = EN_OUT8 is a push-pull active-low output
11 = EN_OUT8 is a push-pull active-high output

21h

[7:6]

EN_OUT9 Configuration*:
00 = EN_OUT9 is an open-drain active-low output
01 = EN_OUT9 is an open-drain active-high output
10 = EN_OUT9 is a push-pull active-low output
11 = EN_OUT9 is a push-pull active-high output
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–

REGISTER/EEPROM
ADDRESS

BIT
RANGE

DESCRIPTION

[1:0]

EN_OUT10 Configuration*:
00 = EN_OUT10 is an open-drain active-low output
01 = EN_OUT10 is an open-drain active-high output
10 = EN_OUT10 is a push-pull active-low output
11 = EN_OUT10 is a push-pull active-high output

[3:2]

EN_OUT11 Configuration*:
00 = EN_OUT11 is an open-drain active-low output
01 = EN_OUT11 is an open-drain active-high output
10 = EN_OUT11 is a push-pull active-low output
11 = EN_OUT11 is a push-pull active-high output

[5:4]

EN_OUT12 Configuration*:
00 = EN_OUT12 is an open-drain active-low output
01 = EN_OUT12 is an open-drain active high output
10 = EN_OUT12 is a push-pull active-low output
11 = EN_OUT12 is a push-pull active-high output

22h

[7:6] Reserved

*

–

μ

–
–

–
–

–

μ

RESET
Ω



μ

Software Enable

MAX16046 fig03

20ms/div

VCC
2V/div

EN_OUT_
2V/div

0V

RESET
2V/div
0V

0V

RESET

MAX16046 fig04

10ms/div

VCC
2V/div

EN_OUT_
2V/div

0V

RESET
2V/div
0V

0VHIGH-Z

ASSERTED
LOW

UVLO

RESET
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RESET

Software Enable
RESET

REGISTER/
EEPROM
ADDRESS

BIT RANGE DESCRIPTION

[3:0] MON1 Slot Assignment Register
56h

[7:4] MON2 Slot Assignment Register

[3:0] MON3 Slot Assignment Register
57h

[7:4] MON4 Slot Assignment Register

[3:0] MON5 Slot Assignment Register
58h

[7:4] MON6 Slot Assignment Register

[3:0] MON7 Slot Assignment Register
59h

[7:4] MON8 Slot Assignment Register

[3:0] MON9 Slot Assignment Register*
5Ah

[7:4] MON10 Slot Assignment Register*

[3:0] MON11 Slot Assignment Register*
5Bh

[7:4] MON12 Slot Assignment Register*

[3:0] EN_OUT1 Slot Assignment Register
5Eh

[7:4] EN_OUT2 Slot Assignment Register

[3:0] EN_OUT3 Slot Assignment Register
5Fh

[7:4] EN_OUT4 Slot Assignment Register

[3:0] EN_OUT5 Slot Assignment Register
60h

[7:4] EN_OUT6 Slot Assignment Register

[3:0] EN_OUT7 Slot Assignment Register
61h

[7:4] EN_OUT8 Slot Assignment Register

[3:0] EN_OUT9 Slot Assignment Register*
62h

[7:4] EN_OUT10 Slot Assignment Register*

[3:0] EN_OUT11 Slot Assignment Register*
63h

[7:4] EN_OUT12 Slot Assignment Register *

*



CONFIGURATION BITS DESCRIPTION

0000 MON_ is not assigned to a slot

0001 MON_ is assigned to Slot 1

0010 MON_ is assigned to Slot 2

0011 MON_ is assigned to Slot 3

0100 MON_ is assigned to Slot 4

0101 MON_ is assigned to Slot 5

0110 MON_ is assigned to Slot 6

0111 MON_ is assigned to Slot 7

1000 MON_ is assigned to Slot 8

1001 MON_ is assigned to Slot 9

1010 MON_ is assigned to Slot 10

1011 MON_ is assigned to Slot 11

1100 MON_ is assigned to Slot 12

1101 Not used

1110 Not used

1111 Not used

CONFIGURATION BITS DESCRIPTION

0000 EN_OUT_ is not assigned to a slot

0001 EN_OUT_ is assigned to Slot 0

0010 EN_OUT_ is assigned to Slot 1

0011 EN_OUT_ is assigned to Slot 2

0100 EN_OUT_ is assigned to Slot 3

0101 EN_OUT_ is assigned to Slot 4

0110 EN_OUT_ is assigned to Slot 5

0111 EN_OUT_ is assigned to Slot 6

1000 EN_OUT_ is assigned to Slot 7

1001 EN_OUT_ is assigned to Slot 8

1010 EN_OUT_ is assigned to Slot 9

1011 EN_OUT_ is assigned to Slot 10

1100 EN_OUT_ is assigned to Slot 11

1101 Not used

1110 Not used

1111 Not used
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REGISTER/
EEPROM
ADDRESS

BIT RANGE DESCRIPTION

[1:0]

Power-Up Fault Timeout
00 = 25ms
01 = 50ms
10 = 100ms
11 = 200ms

[3:2]

Power-Down Fault Timeout
00 = 25ms
01 = 50ms
10 = 100ms
11 = 200ms

[4]
INS1 Pulldown Resistor Enable
0 = Pulldown resistor for INS1 is disabled
1 = Pulldown resistor for INS1 is enabled

[5]
INS2 Pulldown Resistor Enable
0 = Pulldown resistor for INS2 is disabled
1 = Pulldown resistor for INS2 is enabled

[6]
INS3 Pulldown Resistor Enable
0 = Pulldown resistor for INS3 is disabled
1 = Pulldown resistor for INS3 is enabled

4Eh

[7]
INS4 Pulldown Resistor Enable
0 = Pulldown resistor for INS4 is disabled
1 = Pulldown resistor for INS4 is enabled

[2:0]

Autoretry Timeout
000 = 20μs
001 = 12.5ms
010 = 25ms
011 = 50ms
100 = 100ms
101 = 200ms
110 = 400ms
111 = 1.6s

[3]
Fault Recovery Mode
0 = Autoretry procedure is performed following a fault event
1 = Latch-off on fault

[5:4]

Slew Rate
00 = 800V/s
01 = 400V/s
10 = 200V/s
11 = 100V/s

4Fh

[7:6]

Fault Deglitch
00 = 2 conversions
01 = 4 conversions
10 = 8 conversions
11 = 16 conversions



REGISTER/
EEPROM
ADDRESS

BIT RANGE DESCRIPTION

[2:0] Slot 0 Sequence Delay

[5:3] Slot 1 Sequence Delay50h

[7:6] Slot 2 Sequence Delay (LSBs)

[0] Slot 2 Sequence Delay (MSB)—see r50h[7:6]

[3:1] Slot 3 Sequence Delay

[6:4] Slot 4 Sequence Delay
51h

[7] Slot 5 Sequence Delay (LSB)—see r52h[1:0]

[1:0] Slot 5 Sequence Delay

[4:2] Slot 6 Sequence Delay52h

[7:5] Slot 7 Sequence Delay

[2:0] Slot 8 Sequence Delay

[5:3] Slot 9 Sequence Delay53h

[7:6] Slot 10 Sequence Delay (LSBs)

[0] Slot 10 Sequence Delay (MSB)—see r53h[7:6]

[3:1] Slot 11 Sequence Delay

[4]
Reverse Sequence
0 = Power down all EN_OUT_s at the same time (simultaneously)
1 = Controlled power-down will be reverse of power-up sequence

54h

[7:5] Not used

CONFIGURATION BITS SLOT SEQUENCE DELAY

000 20μs

001 12.5ms

010 25ms

011 50ms

100 100ms

101 200ms

110 400ms

111 1.6s
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–

FAULTPU

FAULTPU

Software Enable

Ω

–

Ω

MON_ EN_OUT_ INS_

VIN VOUT

REFERENCE
RAMP

LOGIC

ADC MUX

VTH_PG

100Ω
 

GATE
DRIVE



–

VDACOUT_ = DACACC (V) + ((DACn - 80h) x
(DACRNG)/255) (V)

REGISTER/
EEPROM
ADDRESS

BIT RANGE DESCRIPTION

[1:0]

00 = PG is asserted when monitored VMON1 is 95% of VINS1
01 = PG is asserted when monitored VMON1 is 92.5% of VINS1
10 = PG is asserted when monitored VMON1 is 90% of VINS1
11 = PG is asserted when monitored VMON1 is 87.5% of VINS1

[3:2]

00 = PG is asserted when monitored VMON2 is 95% of VINS2
01 = PG is asserted when monitored VMON2 is 92.5% of VINS2
10 = PG is asserted when monitored VMON2 is 90% of VINS2
11 = PG is asserted when monitored VMON2 is 87.5% of VINS2

[5:4]

00 = PG is asserted when monitored VMON3 is 95% of VINS3
01 = PG is asserted when monitored VMON3 is 92.5% of VINS3
10 = PG is asserted when monitored VMON3 is 90% of VINS3
11 = PG is asserted when monitored VMON3 is 87.5% of VINS3

64h

[7:6]

00 = PG is asserted when monitored VMON4 is 95% of VINS4
01 = PG is asserted when monitored VMON4 is 92.5% of VINS4
10 = PG is asserted when monitored VMON4 is 90% of VINS4
11 = PG is asserted when monitored VMON4 is 87.5% of VINS4
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REGISTER/
EEPROM
ADDRESS

BIT RANGE DESCRIPTION

[1:0]

DACOUT1 Range Selection:
00 = DACOUT1 is OFF
01 = 0.4V (min) to 0.8V (max)
10 = 0.6V (min) to 1.2V (max)
11 = 0.8V (min) to 1.6V (max)

[3:2]

DACOUT2 Range Selection:
00 = DACOUT2 is OFF
01 = 0.4V (min) to 0.8V (max)
10 = 0.6V (min) to 1.2V (max)
11 = 0.8V (min) to 1.6V (max)

[5:4]

DACOUT3 Range Selection:
00 = DACOUT3 is OFF
01 = 0.4V (min) to 0.8V (max)
10 = 0.6V (min) to 1.2V (max)
11 = 0.8V (min) to 1.6V (max)

12h

[7:6]

DACOUT4 Range Selection:
00 = DACOUT4 is OFF
01 = 0.4V (min) to 0.8V (max)
10 = 0.6V (min) to 1.2V (max)
11 = 0.8V (min) to 1.6V (max)

[1:0]

DACOUT5 Range Selection:
00 = DACOUT5 is OFF
01 = 0.4V (min) to 0.8V (max)
10 = 0.6V (min) to 1.2V (max)
11 = 0.8V (min) to 1.6V (max)

[3:2]

DACOUT6 Range Selection:
00 = DACOUT6 is OFF
01 = 0.4V (min) to 0.8V (max)
10 = 0.6V (min) to 1.2V (max)
11 = 0.8V (min) to 1.6V (max)

[5:4]

DACOUT7 Range Selection:
00 = DACOUT7 is OFF
01 = 0.4V (min) to 0.8V (max)
10 = 0.6V (min) to 1.2V (max)
11 = 0.8V (min) to 1.6V (max)

13h

[7:6]

DACOUT8 Range Selection:
00 = DACOUT8 is OFF
01 = 0.4V (min) to 0.8V (max)
10 = 0.6V (min) to 1.2V (max)
11 = 0.8V (min) to 1.6V (max)



REGISTER/
EEPROM
ADDRESS

BIT RANGE DESCRIPTION

[1:0]

DACOUT9 Range Selection*:
00 = DACOUT9 is OFF
01 = 0.4V (min) to 0.8V (max)
10 = 0.6V (min) to 1.2V (max)
11 = 0.8V (min) to 1.6V (max)

[3:2]

DACOUT10 Range Selection*:
00 = DACOUT10 is OFF
01 = 0.4V (min) to 0.8V (max)
10 = 0.6V (min) to 1.2V (max)
11 = 0.8V (min) to 1.6V (max)

[5:4]

DACOUT11 Range Selection*:
00 = DACOUT11 is OFF
01 = 0.4V (min) to 0.8V (max)
10 = 0.6V (min) to 1.2V (max)
11 = 0.8V (min) to 1.6V (max)

14h

[7:6]

DACOUT12 Range Selection*:
00 = DACOUT12 is OFF
01 = 0.4V (min) to 0.8V (max)
10 = 0.6V (min) to 1.2V (max)
11 = 0.8V (min) to 1.6V (max)

EXTENDED PAGE
ADDRESS

DACOUT ENABLES

[0] 1 = DACOUT1 is enabled

[1] 1 = DACOUT2 is enabled

[2] 1 = DACOUT3 is enabled

[3] 1 = DACOUT4 is enabled

[4] 1 = DACOUT5 is enabled

[5] 1 = DACOUT6 is enabled

[6] 1 = DACOUT7 is enabled

1Ch

[7] 1 = DACOUT8 is enabled

[0] 1 = DACOUT9 is enabled*

[1] 1 = DACOUT10 is enabled*

[2] 1 = DACOUT11 is enabled*

[3] 1 = DACOUT12 is enabled*

1Dh

[7:4] Reserved

REGISTER
ADDRESS

BIT RANGE DESCRIPTION

00h [7:0] DACOUT1 Data

01h [7:0] DACOUT2 Data

02h [7:0] DACOUT3 Data

03h [7:0] DACOUT4 Data

04h [7:0] DACOUT5 Data

05h [7:0] DACOUT6 Data

06h [7:0] DACOUT7 Data

07h [7:0] DACOUT8 Data

08h [7:0] DACOUT9 Data*

09h [7:0] DACOUT10 Data*

0Ah [7:0] DACOUT11 Data*

0Bh [7:0] DACOUT12 Data*

*

*

*

______________________________________________________________________________________ 37



38 ______________________________________________________________________________________

MARGIN

MARGINUP MARGINDN MARGINUP
MARGINDN

MARGINDN MARGINUP

MARGINUP MARGINDN

MARGINUP MARGINDN

MARGINUP
(GPIO2)

MARGINDN
(GPIO3)

DACOUT REGISTER USED DACOUT SWITCH STATE

1 1 DACOUT registers r00h to r0Bh Depends on r1Ch, r1Dh
1 0 MARGIN DN registers r72h to r7Dh Closed
0 1 MARGIN UP registers r66h to r71h Closed
0 0 DACOUT registers r00h to r0Bh Depends on r1Ch, r1Dh

–

REGISTER/
EEPROM
ADDRESS

BIT
RANGE

DESCRIPTION

66h [7:0] DACOUT1 Margin-Up Data

67h [7:0] DACOUT2 Margin-Up Data

68h [7:0] DACOUT3 Margin-Up Data

69h [7:0] DACOUT4 Margin-Up Data

6Ah [7:0] DACOUT5 Margin-Up Data

6Bh [7:0] DACOUT6 Margin-Up Data

6Ch [7:0] DACOUT7 Margin-Up Data

6Dh [7:0] DACOUT8 Margin-Up Data

6Eh [7:0] DACOUT9 Margin-Up Data*

6Fh [7:0] DACOUT10 Margin-Up Data*

70h [7:0] DACOUT11 Margin-Up Data*

71h [7:0] DACOUT12 Margin-Up Data*

REGISTER/
EEPROM
ADDRESS

BIT
RANGE

DESCRIPTION

72h [7:0] DACOUT1 Margin-Down Data

73h [7:0] DACOUT2 Margin-Down Data

74h [7:0] DACOUT3 Margin-Down Data

75h [7:0] DACOUT4 Margin-Down Data

76h [7:0] DACOUT5 Margin-Down Data

77h [7:0] DACOUT6 Margin-Down Data

78h [7:0] DACOUT7 Margin-Down Data

79h [7:0] DACOUT8 Margin-Down Data

7Ah [7:0] DACOUT9 Margin-Down Data*

7Bh [7:0] DACOUT10 Margin-Down Data*

7Ch [7:0] DACOUT11 Margin-Down Data*

7Dh [7:0] DACOUT12 Margin-Down Data*

*



–
FAULT1 FAULT2

REGISTER/
EEPROM ADDRESS

DESCRIPTION

23h MON1 Early Warning Threshold

24h MON1 Overvoltage Threshold

25h MON1 Undervoltage Threshold

26h MON2 Early Warning Threshold

27h MON2 Overvoltage Threshold

28h MON2 Undervoltage Threshold

29h MON3 Early Warning Threshold

2Ah MON3 Overvoltage Threshold

2Bh MON3 Undervoltage Threshold

2Ch MON4 Early Warning Threshold

2Dh MON4 Overvoltage Threshold

2Eh MON4 Undervoltage Threshold

2Fh MON5 Early Warning Threshold

30h MON5 Overvoltage Threshold

31h MON5 Undervoltage Threshold

32h MON6 Early Warning Threshold

33h MON6 Overvoltage Threshold

34h MON6 Undervoltage Threshold

REGISTER/
EEPROM ADDRESS

DESCRIPTION

35h MON7 Early Warning Threshold

36h MON7 Overvoltage Threshold

37h MON7 Undervoltage Threshold

38h MON8 Early Warning Threshold

39h MON8 Overvoltage Threshold

3Ah MON8 Undervoltage Threshold

3Bh MON9 Early Warning Threshold*

3Ch MON9 Overvoltage Threshold*

3Dh MON9 Undervoltage Threshold*

3Eh MON10 Early Warning Threshold*

3Fh MON10 Overvoltage Threshold*

40h MON10 Undervoltage Threshold*

41h MON11 Early Warning Threshold*

42h MON11 Overvoltage Threshold*

43h MON11 Undervoltage Threshold*

44h MON12 Early Warning Threshold*

45h MON12 Overvoltage Threshold*

46h MON12 Undervoltage Threshold*

*
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*

EXTENDED PAGE
ADDRESS

BIT RANGE DESCRIPTION

[0] 1 = MON1 conversion exceeds overvoltage or undervoltage thresholds

[1] 1 = MON2 conversion exceeds overvoltage or undervoltage thresholds

[2] 1 = MON3 conversion exceeds overvoltage or undervoltage thresholds

[3] 1 = MON4 conversion exceeds overvoltage or undervoltage thresholds

[4] 1 = MON5 conversion exceeds overvoltage or undervoltage thresholds

[5] 1 = MON6 conversion exceeds overvoltage or undervoltage thresholds

[6] 1 = MON7 conversion exceeds overvoltage or undervoltage thresholds

18h

[7] 1 = MON8 conversion exceeds overvoltage or undervoltage thresholds

[0] 1 = MON9 conversion exceeds overvoltage or undervoltage thresholds*

[1] 1 = MON10 conversion exceeds overvoltage or undervoltage thresholds*

[2] 1 = MON11 conversion exceeds overvoltage or undervoltage thresholds*

[3] 1 = MON12 conversion exceeds overvoltage or undervoltage thresholds*

19h

[7:4] Not used



REGISTER/
EEPROM
ADDRESS

BIT RANGE DESCRIPTION

[1:0]

Critical Fault Log Control
00 = Failed lines and ADC conversion values save to EEPROM upon critical fault
01 = Failed line flags only saved to EEPROM upon critical fault
10 = ADC conversion values only saved to EEPROM upon critical fault
11 = No information saved upon critical fault

47h

[7:2] Not used

[0] 1 = Fault log triggered when MON1 is below its undervoltage threshold

[1] 1 = Fault log triggered when MON2 is below its undervoltage threshold

[2] 1 = Fault log triggered when MON3 is below its undervoltage threshold

[3] 1 = Fault log triggered when MON4 is below its undervoltage threshold

[4] 1 = Fault log triggered when MON5 is below its undervoltage threshold

[5] 1 = Fault log triggered when MON6 is below its undervoltage threshold

[6] 1 = Fault log triggered when MON6 is below its undervoltage threshold

48h

[7] 1 = Fault log triggered when MON8 is below its undervoltage threshold

[0] 1 = Fault log triggered when MON9 is below its undervoltage threshold*

[1] 1 = Fault log triggered when MON10 is below its undervoltage threshold*

[2] 1 = Fault log triggered when MON11 is below its undervoltage threshold*

[3] 1 = Fault log triggered when MON12 is below its undervoltage threshold*

[4] 1 = Fault log triggered when MON1 is above its overvoltage threshold

[5] 1 = Fault log triggered when MON2 is above its overvoltage threshold

[6] 1 = Fault log triggered when MON3 is above its overvoltage threshold

49h

[7] 1 = Fault log triggered when MON3 is above its overvoltage threshold

[0] 1 = Fault log triggered when MON5 is above its overvoltage threshold

[1] 1 = Fault log triggered when MON6 is above its overvoltage threshold

[2] 1 = Fault log triggered when MON7 is above its overvoltage threshold

[3] 1 = Fault log triggered when MON8 is above its overvoltage threshold

[4] 1 = Fault log triggered when MON9 is above its overvoltage threshold*

[5] 1 = Fault log triggered when MON10 is above its overvoltage threshold*

[6] 1 = Fault log triggered when MON11 is above its overvoltage threshold*

4Ah

[7] 1 = Fault log triggered when MON12 is above its overvoltage threshold*

[0] 1 = Fault log triggered when MON1 is above/below its early earning threshold

[1] 1 = Fault log triggered when MON2 is above/below its early warning threshold

[2] 1 = Fault log triggered when MON3 is above/below its early warning threshold

[3] 1 = Fault log triggered when MON4 is above/below its early warning threshold

[4] 1 = Fault log triggered when MON5 is above/below its early warning threshold

[5] 1 = Fault log triggered when MON6 is above/below its early warning threshold

[6] 1 = Fault log triggered when MON7 is above/below its early warning threshold

4Bh

[7] 1 = Fault log triggered when MON8 is above/below its early warning threshold
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*

REGISTER/
EEPROM
ADDRESS

BIT RANGE DESCRIPTION

[0] 1 = Fault log triggered when MON9 is above/below its early warning threshold*

[1] 1 = Fault log triggered when MON10 is above/below its early warning threshold*

[2] 1 = Fault log triggered when MON11 is above/below its early warning threshold*

[3] 1 = Fault log triggered when MON12 is above/below its early warning threshold*

4Ch

[7:4] Not used

*

EEPROM
ADDRESS

BIT RANGE DESCRIPTION

[3:0] Power-Up/Power-Down Fault Register
Slot where power-up/power-down fault is detected

[4] Tracking Fault Bits
If ‘0,’ tracking fault occurred on MON1/EN_OUT1/INS1

[5] If ‘0,’ tracking fault occurred on MON2/EN_OUT2/INS2
[6] If ‘0,’ tracking fault occurred on MON3/EN_OUT3/INS3

00h

[7] If ‘0,’ tracking fault occurred on MON4/EN_OUT4/INS4
[0] If ‘1,’ fault occurred on MON1
[1] If ‘1,’ fault occurred on MON2
[2] If ‘1,’ fault occurred on MON3
[3] If ‘1,’ fault occurred on MON4
[4] If ‘1,’ fault occurred on MON5
[5] If ‘1,’ fault occurred on MON6
[6] If ‘1,’ fault occurred on MON7

01h

[7] If ‘1,’ fault occurred on MON8
[0] If ‘1,’ fault occurred on MON9*
[1] If ‘1,’ fault occurred on MON10*
[2] If ‘1,’ fault occurred on MON11*
[3] If ‘1,’ fault occurred on MON12*

02h

[7:4] Not used

03h [7:0]
MON_ ADC Fault Information (only the 8 MSBs of converted channels are saved following
a fault event)
MON1 conversion result at the time the fault log was triggered

04h [7:0] MON2 conversion result at the time the fault log was triggered
05h [7:0] MON3 conversion result at the time the fault log was triggered
06h [7:0] MON4 conversion result at the time the fault log was triggered
07h [7:0] MON5 conversion result at the time the fault log was triggered
08h [7:0] MON6 conversion result at the time the fault log was triggered
09h [7:0] MON7 conversion result at the time the fault log was triggered
0Ah [7:0] MON8 conversion result at the time the fault log was triggered
0Bh [7:0] MON9 conversion result at the time the fault log was triggered*
0Ch [7:0] MON10 conversion result at the time the fault log was triggered*
0Dh [7:0] MON11 conversion result at the time the fault log was triggered*
0Eh [7:0] MON12 conversion result at the time the fault log was triggered*



μ

Software Enable
Software Enable

Software Enable

REGISTER/
EEPROM
ADDRESS

BIT RANGE DESCRIPTION

[2:0]

Autoretry Delay
000 = 20μs
001 = 12.5ms
010 = 25ms
011 = 50ms
100 = 100ms
101 = 200ms
110 = 400ms
111 = 1.6s

[3]
Fault Recovery Mode
0 = Autoretry procedure is performed following a fault event
1 = Latchoff on fault

[5:4]

Slew Rate
00 = 800V/s
01 = 400V/s
10 = 200V/s
11 = 100V/s

4Fh

[7:6]

Fault Deglitch
00 = 2 conversions
01 = 4 conversions
10 = 8 conversions
11 = 16 conversions
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RESET

RESET
RESET

RESET
RESET

MR MR RESET RESET
RESET

FAULT CONTROL
REGISTER
 r47h[1:0]

DESCRIPTION
MINIMUM REQUIRED SHUTDOWN PERIOD

(ms)

00 Failed lines and ADC values saved 204

01 Failed lines saved 60

10 ADC values saved 168

11 No information saved N/A

REGISTER/
EEPROM
ADDRESS

BIT RANGE DESCRIPTION

[1:0]

RESET OUTPUT CONFIGURATION
00 = RESET is asserted if at least one of the selected inputs exceeds its undervoltage
threshold
01 = RESET is asserted if at least one of the selected inputs exceeds its early warning
threshold
10 = RESET is asserted if at least one of the selected inputs exceeds its overvoltage threshold
11 = RESET is asserted if any of the selected inputs exceeds undervoltage or overvoltage
thresholds

[2]
0 = RESET is an active-low output
1 = RESET is an active-high output

[3]
0 = RESET is a push-pull output
1 = RESET is an open-drain output

[6:4]

RESET TIMEOUT
000 = 25μs
001 = 2ms
010 = 25ms
011 = 100ms
100 = 200ms
101 = 400ms
110 = 800ms
111 = 1600ms

19h

[7] Reserved



RESET

μ

MR

μ

μ

RESET

RESET
RESET

RESET

RESET

RESET
μ

RESET

*

REGISTER/
EEPROM
ADDRESS

BIT RANGE DESCRIPTION

[0]
RESET DEPENDENCIES
1 = RESET is dependent on MON1

[1] 1 = RESET is dependent on MON2

[2] 1 = RESET is dependent on MON3

[3] 1 = RESET is dependent on MON4

[4] 1 = RESET is dependent on MON5

[5] 1 = RESET is dependent on MON6

[6] 1 = RESET is dependent on MON7

1Ah

[7] 1 = RESET is dependent on MON8

[0] 1 = RESET is dependent on MON9*

[1] 1 = RESET is dependent on MON10*

[2] 1 = RESET is dependent on MON11*

[3] 1 = RESET is dependent on MON12*

1Bh

[7:4] Reserved
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LAST MON_

WDI

VTH

tWDI_STARTUP

< tWDI

tRP
RESET

< tWDI

WDI

WDO

0V

VCC

0V

VCC

< tWDI < tWDI < tWDI < tWDI

> tWDI< tWDI < tWDI

tWDI

WDI

WDO

0V

0V

VCC

VCC

0V

VCC

< tWDI

1μs

RESET

< tWDItWDI tRP < tWDI_STARTUP



REGISTER/
EEPROM
ADDRESS

BIT RANGE DESCRIPTION

0
Software Enable Bit
0 = Enabled. EN must also be high to begin sequencing.
1 = Disabled (factory default)

1
Margin Bit
1 = Margin functionality is enabled
0 = Margin disabled

2
Early Warning Selection Bit
0 = Early warning thresholds are undervoltage thresholds
1 = Early warning thresholds are overvoltage thresholds

3
Watchdog Mode Selection Bit
0 = Watchdog timer is in dependent mode
1 = Watchdog timer is in independent mode

4Dh

[7:4] Not used

REGISTER/ EEPROM
ADDRESS

BIT RANGE DESCRIPTION

[2:0]

Watchdog Timeout
000 = 1ms
001 = 4ms
010 = 12.5ms
011 = 50ms
100 = 200ms
101 = 800ms
110 = 1.6s
111 = 3.2s

[4:3]

Watchdog Startup Delay
00 = 25.6s
01 = 51.2s
10 = 102.4s
11 = 128s

[5]
Watchdog Enable
1 = Watchdog enabled
0 = Watchdog disabled

[6]
Watchdog Startup Delay Enable
1 = Watchdog startup delay enabled
0 = Watchdog startup delay disabled

55h

[7]
Watchdog Reset Output Enable
1 = Watchdog timeout asserts RESET output
0 = Watchdog timeout does not assert RESET output
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RESET

RESET

μ

RESET

REGISTER/
EEPROM
ADDRESS

BIT RANGE DESCRIPTION

5Ch [7:0] User identification. Eight bits of memory for user-defined identification.

[0]
Configuration Lock
0 = Configuration registers and EEPROM writable.
1 = Configuration registers and EEPROM [except r5Dh] locked.

[1]
EEPROM Fault Data Lock Flag (set automatically after fault log is triggered):
0 = EEPROM is not locked. A triggered fault log stores fault information to EEPROM.
1 = EEPROM addresses 00h to 11h are locked. Write a ‘1’ to this bit to toggle the flag.

5Dh

[7:2] Not used

[2:0] Manufacturing revision code. This register is read only. Not stored in EEPROM.
65h

[7:3] Not used
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Ω

DATA LINE STABLE,
DATA VALID

SDA

SCL

CHANGE OF 
DATA ALLOWED

PS

START
CONDITION

SDA

SCL

STOP
CONDITION
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SCL
1

S

2 8 9

SDA BY
TRANSMITTER

SDA BY
 RECEIVER

CLOCK PULSE FOR ACKNOWLEDGE

NACK

ACK

A0 SLAVE ADDRESS

0 1010 00XR

1 1010 01XR

SCL 1010 10XR

SDA 1010 11XR
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COMMAND CODE ACTION

94h Write block

95h Read block

96h Reboot EEPROM in register file

97h Trigger fault store to EEPROM

98h Extended page access on

99h Extended page access off

9Ah EEPROM page access on

9Bh EEPROM page access off



______________________________________________________________________________________ 53

READ BYTE FORMAT

S
SLAVE

ADDRESS
SLAVE

ADDRESSACK COMMAND ACK SR ACK DATA BYTE NACK P

7 BITS 8 BITS 7 BITS 8 BITS

COMMAND BYTE:
PREPARES DEVICE
FOR FOLLOWING
READ.

DATA BYTE: DATA COMES
FROM THE REGISTER SET BY
THE COMMAND BYTE.

0 1

BLOCK WRITE FORMAT

S ADDRESS ACK COMMAND ACK
BYTE

COUNT= N ACK
DATA BYTE

1 ACK
DATA BYTE

... ACK
DATA BYTE

N ACK P

7 BITS 8 BITS 8 BITS 8 BITS 8 BITS

COMMAND BYTE:
DESTINATION
ADDRESS

DATA BYTE: DATA GOES INTO THE REGISTER SET BY THE
COMMAND

8 BITS0

BLOCK READ FORMAT

S ADDRESS ACK COMMAND ACK SR ADDRESS ACK BYTE
COUNT= N ACK ACK ACK NACK P

7 BITS 8 BITS 7 BITS 8 BITS 8 BITS8 BITS 8 BITS

COMMAND BYTE:
PREPARES DEVICE
FOR BLOCK
OPERATION.

DATA BYTE: DATA IS READ FROM THE REGISTER (OR
EEPROM LOCATION) SET BY THE COMMAND CODE

0 1

SLAVE TO MASTER

MASTER TO SLAVE

S ADDRESS

7 BITS

SEND BYTE FORMAT

WR ACK DATA

8 BITS

ACK P

DATA BYTE: PRESETS THE
INTERNAL ADDRESS POINTER
OR REPRESENTS A COMMAND.

SLAVE ADDRESS:
EQUIVALENT TO CHIP-
SELECT LINE OF A
3-WIRE INTERFACE.

SLAVE ADDRESS:
EQUIVALENT TO CHIP-
SELECT LINE OF A
3-WIRE INTERFACE.

SLAVE ADDRESS:
EQUIVALENT TO CHIP-
SELECT LINE OF A
3-WIRE INTERFACE.

SLAVE ADDRESS:
EQUIVALENT TO CHIP-
SELECT LINE OF A
3-WIRE INTERFACE.

SLAVE ADDRESS:
EQUIVALENT TO CHIP-
SELECT LINE OF A
3-WIRE INTERFACE.

SLAVE ADDRESS:
EQUIVALENT TO CHIP-
SELECT LINE OF A
3-WIRE INTERFACE.

SLAVE ADDRESS:
EQUIVALENT TO CHIP-
SELECT LINE OF A
3-WIRE INTERFACE.

DATA BYTE: PRESETS THE
INTERNAL ADDRESS POINTER
OR REPRESENTS A COMMAND.

SLAVE ADDRESS:
EQUIVALENT TO CHIP-
SELECT LINE OF A
3-WIRE INTERFACE.

0

WRITE BYTE FORMAT

S ADDRESS ACK COMMAND ACK DATA ACK P

7 BITS 8 BITS 8 BITS

COMMAND BYTE:
SELECTS REGISTER OR
EEPROM LOCATION
YOU ARE WRITING TO.

DATA BYTE: DATA GOES INTO THE
REGISTER (OR EEPROM LOCATION)
SET BY THE COMMAND BYTE.

0

S = START CONDITION
P = STOP CONDITION
SR = REPEATED START CONDITION
D.C. = DON'T CARE

ACK = ACKNOWLEDGE, SDA PULLED LOW DURING RISING EDGE OF SCL
NACK = NOT ACKNOWLEGE, SDA LEFT HIGH DURING RISING EDGE OF SCL
ALL DATA IS CLOCKED IN/OUT OF THE DEVICE ON RISING EDGES OF SCL

= SDA TRANSISTIONS FROM HIGH TO LOW DURING PERIOD OF SCL

= SDA TRANSISTIONS FROM LOW TO HIGH DURING PERIOD OF SCL

S ADDRESS

7 BITS

RECEIVE BYTE FORMAT

WR

WR

WR

WR

WR WR

WR

ACK DATA

8 BITS

NACK P

1

DATA BYTE
1

DATA BYTE
...

DATA BYTE
N
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®

TEST ACCESS PORT
(TAP) CONTROLLER

INSTRUCTION REGISTER
[LENGTH = 5 BITS]

BYPASS REGISTER
[LENGTH = 1 BIT]

IDENTIFICATION REGISTER
[LENGTH = 32 BITS]

USER CODE REGISTER
[LENGTH = 32 BITS]

MEMORY ADDRESS REGISTER
[LENGTH = 8 BITS]

MEMORY READ REGISTER
[LENGTH = 8 BITS]

MEMORY WRITE REGISTER
[LENGTH = 8 BITS]

11111

00000

00011

00100

00101

00110

00111

MUX 2 TDOTDI

TMS

TCK

01000

REGISTERS
AND EEPROM

01001

01010

01011

01100

MUX 1

00111

01000

01001

01010

01011

01100

REBOOT

SAVE

SETEXTRAM

SETEEPADD

RSTEXTRAM

RSTEEPADD

COMMAND
DECODER

RPU

VDB
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TEST-LOGIC-RESET1

1 1 1
0

0

RUN-TEST/IDLE

0

0

0

0

1
1

1

0

0

1

0

1

1

01 01

SELECT-DR-SCAN SELECT-IR-SCAN

CAPTURE-DR CAPTURE-IR

SHIFT-DR SHIFT-IR

EXIT1-DR EXIT1-IR

PAUSE-DR PAUSE-IR

EXIT2-DR EXIT2-IR

UPDATE-DR UPDATE-IR

0

0

0

0

1
1

0

1

1
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INSTRUCTION HEX CODE SELECTED REGISTER/ACTION

BYPASS 1Fh Bypass. Mandatory instruction code.

IDCODE 00h Manufacturer ID code and part number

USERCODE 03h User code (user-defined ID)

LOAD ADDRESS 04h Load address register content

READ DATA 05h Memory read

WRITE DATA 06h Memory write

REBOOT 07h Resets the device

SAVE 08h Stores current fault information in EEPROM

SETEXTRAM 09h Extended page access on

RSTEXTRAM 0Ah Extended page access off

SETEEPADD 0Bh EEPROM page access on

RSTEEPADD 0Ch EEPROM page access off

MSB                                                                                                       LSB

Version (4 bits) Device ID (16 bits) Manufacturer ID (11 bits) Fixed value (1 bit)

0000 0000000000000001 00011001011 1

MSB                                                                                                                                                                                                    LSB

D.C. (don’t cares)
I2C/SMBus

slave address
User identification (firmware version)

00000000000000000 See Table 31 r5Ch[7:0] contents
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RESET

V V 1
R
R

R
R

R
R

VOUT REF
1

3

1

2

1

3
DACOUT_= + +

⎛

⎝
⎜⎜

⎞

⎠
⎟⎟
−



______________________________________________________________________________________ 59

Δ

            R k
R k 100

%
R kADJ_DOWN

3
4Ω

Ω
Δ

Ω( ) = ( ) × ( )− ++ ( )( )⎛

⎝⎜
⎞

⎠⎟

( ) =

R k

     R k
V

3

ADJ_UP
OUT_NO

Ω

Ω MM 3

REF

R k 100 %

V %

Ω Δ
Δ

( ) × +( )( )⎛

⎝
⎜⎜

⎞

⎠
⎟⎟

−
R k3 ΩΩ Ω Ω Δ

Δ
( ) × + ( ) + ( )( )⎛

⎝
⎜⎜

⎞

⎠
⎟⎟

100 R k R k %

%
4 3

            R k
1

R k RADJ_DOWN 3 4Ω Δ
Δ

Ω( ) = ⎛⎝⎜
⎞
⎠⎟ ( )−

− kk

     R k
V

V
1ADJ_UP

OUT_NOM

REF

Ω

Ω

( )

( ) = ⎛
⎝⎜

⎞
−
⎠⎠⎟
⎛
⎝⎜

⎞
⎠⎟ ( ) ( )−

−
1

R k R k3 4
Δ
Δ

Ω Ω

1
R
R

V

V
1

2

OUT_NOM

REF
+

⎛

⎝⎜
⎞

⎠⎟
=

V 1
R
R

R V (R R )V

R ROUT
1

2

3 DACOUT_ 4 5 REF

3
= +
⎛

⎝⎜
⎞

⎠⎟
+ +

+ 44 5R+

⎛

⎝⎜
⎞

⎠⎟

f
1

2 R C3B
=

π

MAX16046
MAX16048

FB

VREF

VDACOUT_R2

R3

R1

OUT

DC-DC OR LDO

MAX16046
MAX16048

FB

C

VREF

VDACOUT_R2

R3A R3B

R1

OUT

DC-DC OR LDO
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Ω
Ω

μ

C
t I

V V V
FAULT_SAVE CC(MAX)

IN DIODE UVLO
=

×

− −

V 2.69
1k V 1k 1.225

2k
2OUT

DACOUT= ( ) × + ×⎛
⎝⎜

⎞
⎠⎟
=

Ω Ω

Ω
..69

V 1.225

2
DACOUT_( )

+( )

            R
100

%
2 kADJ_DOWN = ⎛

⎝⎜
⎞
⎠⎟ ( )−

Δ
Ω

R
V (100 %)

1.225 %
100 2

ADJ_UP
OUT_NOM=

+ +
−

Δ
Δ

ΔΔ
Δ

Ω%
k

%

⎛
⎝⎜

⎞
⎠⎟
( )

MAX16046
MAX16048

TRIM
VREF
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PERIOD

tFAULT_SAVE
(ms)

00
Failed lines and
ADC values saved

204

01 Failed lines saved 60
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Ω
μ

μ

MANUFACTURER PART
MAX VDS

(V)
VGS_TH

(V)

RDS(ON) AT
VGS = 4.5V

(mΩ)

IMAX AT 50mV
VOLTAGE

DROP
(A)

Qg (typ)
(nC)

PACKAGE

FDC633N 30 0.67 42 1.19 11 Super SOT-6

FDP8030L
FDB8030L

30 1.5 4.5 11.11 120
TO-220
TO-263AB

FDD6672A 30 1.2 9.5 5.26 33 TO-252

Fairchild

FDS8876 30 2.5 10.2 2.94 15 SO-8

Si7136DP 20 3 4.5 11.11 24.5 SO-8

Si4872DY 30 1 10 5 27 SO-8

SUD50N02-09P 20 3 17 2.94 10.5 TO-252Vishay

Si1488DH 20 0.95 49 1.02 6
SOT-363
SC70-6

IRL3716 20 3 4.8 10.4 53
TO220AB
D2PAK
TO-262

IRL3402 20 0.7 10 5
78

(max)
TO220AB

IRL3715Z 20 2.1 15.5 3.22 7
TO220AB
D2PAK
TO-262

International
Rectifier

IRLM2502 20 1.2 45 1.11 8
SOT23-3
Micro3
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PAGE ADDRESS READ/WRITE DESCRIPTION

Ext 00h R MON1 ADC Result Register (MSB)

Ext 01h R MON1 ADC Result Register (LSB)

Ext 02h R MON2 ADC Result Register (MSB)

Ext 03h R MON2 ADC Result Register (LSB)

Ext 04h R MON3 ADC Result Register (MSB)

Ext 05h R MON3 ADC Result Register (LSB)

Ext 06h R MON4 ADC Result Register (MSB)

Ext 07h R MON4 ADC Result Register (LSB)

Ext 08h R MON5 ADC Result Register (MSB)

Ext 09h R MON5 ADC Result Register (LSB)

Ext 0Ah R MON6 ADC Result Register (MSB)

Ext 0Bh R MON6 ADC Result Register (LSB)

Ext 0Ch R MON7 ADC Result Register (MSB)

Ext 0Dh R MON7 ADC Result Register (LSB)

Ext 0Eh R MON8 ADC Result Register (MSB)

Ext 0Fh R MON8 ADC Result Register (LSB)

Ext 10h R MON9 ADC Result Register (MSB)*

Ext 11h R MON9 ADC Result Register (LSB)*

Ext 12h R MON10 ADC Result Register (MSB)*

Ext 13h R MON10 ADC Result Register (LSB)*

Ext 14h R MON11 ADC Result Register (MSB)*

Ext 15h R MON11 ADC Result Register (LSB)*

Ext 16h R MON12 ADC Result Register (MSB)*

Ext 17h R MON12 ADC Result Register (LSB)*

Ext 18h R/W Fault Register—Failed Line Flags

Ext 19h R/W Fault Register—Failed Line Flags

Ext 1Ah R/W GPIO Data Out

Ext 1Bh R GPIO Data In

Ext 1Ch R/W DAC Enables

Ext 1Dh R/W DAC Enables

Default 00h R/W DACOUT1

Default 01h R/W DACOUT2

Default 02h R/W DACOUT3

Default 03h R/W DACOUT4

Default 04h R/W DACOUT5

Default 05h R/W DACOUT6

Default 06h R/W DACOUT7

Default 07h R/W DACOUT8

Default 08h R/W DACOUT9*

Default 09h R/W DACOUT10*
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PAGE ADDRESS READ/WRITE DESCRIPTION

Default 0Ah R/W DACOUT11*

Default 0Bh R/W DACOUT12*

EEPROM 00h R/W Power-Up Fault Registers

EEPROM 01h R/W Failed Line Flags (Fault Registers)

EEPROM 02h R/W Failed Line Flags (Fault Registers)

EEPROM 03h R/W MON1 Conversion Result at Time of Fault

EEPROM 04h R/W MON2 Conversion Result at Time of Fault

EEPROM 05h R/W MON3 Conversion Result at Time of Fault

EEPROM 06h R/W MON4 Conversion Result at Time of Fault

EEPROM 07h R/W MON5 Conversion Result at Time of Fault

EEPROM 08h R/W MON6 Conversion Result at Time of Fault

EEPROM 09h R/W MON7 Conversion Result at Time of Fault

EEPROM 0Ah R/W MON8 Conversion Result at Time of Fault

EEPROM 0Bh R/W MON9 Conversion Result at Time of Fault*

EEPROM 0Ch R/W MON10 Conversion Result at Time of Fault*

EEPROM 0Dh R/W MON11 Conversion Result at Time of Fault*

EEPROM 0Eh R/W MON12 Conversion Result at Time of Fault*

Def/EE 0Fh R/W ADC MON4–MON1 Voltage Ranges

Def/EE 10h R/W ADC MON8–MON5 Voltage Ranges

Def/EE 11h R/W ADC MON12–MON9 Voltage Ranges*

Def/EE 12h R/W DACOUT4–DACOUT1 Voltage Ranges

Def/EE 13h R/W DACOUT8–DACOUT5 Voltage Ranges

Def/EE 14h R/W DACOUT12–DACOUT9 Voltage Ranges*

Def/EE 15h R/W FAULT1 Dependencies

Def/EE 16h R/W FAULT1 Dependencies

Def/EE 17h R/W FAULT2 Dependencies

Def/EE 18h R/W FAULT2 Dependencies

Def/EE 19h R/W RESET Output Configuration

Def/EE 1Ah R/W RESET Output Dependencies

Def/EE 1Bh R/W RESET Output Dependencies

Def/EE 1Ch R/W GPIO Configuration

Def/EE 1Dh R/W GPIO Configuration

Def/EE 1Eh R/W GPIO Configuration

Def/EE 1Fh R/W EN_OUT1–EN_OUT3 Output Configuration

Def/EE 20h R/W EN_OUT3–EN_OUT6 Output Configuration

Def/EE 21h R/W EN_OUT6–EN_OUT9 Output Configuration*

Def/EE 22h R/W EN_OUT10–EN_OUT12 Output Configuration*

Def/EE 23h R/W MON1 Early Warning Threshold

Def/EE 24h R/W MON1 Overvoltage Threshold

Def/EE 25h R/W MON1 Undervoltage Threshold
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PAGE ADDRESS READ/WRITE DESCRIPTION

Def/EE 26h R/W MON2 Early Warning Threshold

Def/EE 27h R/W MON2 Overvoltage Threshold

Def/EE 28h R/W MON2 Undervoltage Threshold

Def/EE 29h R/W MON3 Early Warning Threshold

Def/EE 2Ah R/W MON3 Overvoltage Threshold

Def/EE 2Bh R/W MON3 Undervoltage Threshold

Def/EE 2Ch R/W MON4 Early Warning Threshold

Def/EE 2Dh R/W MON4 Overvoltage Threshold

Def/EE 2Eh R/W MON4 Undervoltage Threshold

Def/EE 2Fh R/W MON5 Early Warning Threshold

Def/EE 30h R/W MON5 Overvoltage Threshold

Def/EE 31h R/W MON5 Undervoltage Threshold

Def/EE 32h R/W MON6 Early Warning Threshold

Def/EE 33h R/W MON6 Overvoltage Threshold

Def/EE 34h R/W MON6 Undervoltage Threshold

Def/EE 35h R/W MON7 Early Warning Threshold

Def/EE 36h R/W MON7 Overvoltage Threshold

Def/EE 37h R/W MON7 Undervoltage Threshold

Def/EE 38h R/W MON8 Early Warning Threshold

Def/EE 39h R/W MON8 Overvoltage Threshold

Def/EE 3Ah R/W MON8 Undervoltage Threshold

Def/EE 3Bh R/W MON9 Early Warning Threshold*

Def/EE 3Ch R/W MON9 Overvoltage Threshold*

Def/EE 3Dh R/W MON9 Undervoltage Threshold*

Def/EE 3Eh R/W MON10 Early Warning Threshold*

Def/EE 3Fh R/W MON10 Overvoltage Threshold*

Def/EE 40h R/W MON10 Undervoltage Threshold*

Def/EE 41h R/W MON11 Early Warning Threshold*

Def/EE 42h R/W MON11 Overvoltage Threshold*

Def/EE 43h R/W MON11 Undervoltage Threshold*

Def/EE 44h R/W MON12 Early Warning Threshold*

Def/EE 45h R/W MON12 Overvoltage Threshold*

Def/EE 46h R/W MON12 Undervoltage Threshold*

Def/EE 47h R/W Fault Control

Def/EE 48h R/W Faults Causing Emergency EEPROM Save

Def/EE 49h R/W Faults Causing Emergency EEPROM Save

Def/EE 4Ah R/W Faults Causing Emergency EEPROM Save

Def/EE 4Bh R/W Faults Causing Emergency EEPROM Save

Def/EE 4Ch R/W Faults Causing Emergency EEPROM Save

Def/EE 4Dh R/W



66 ______________________________________________________________________________________

PAGE ADDRESS READ/WRITE DESCRIPTION

Def/EE 4Eh R/W Power-Up/Power-Down Pulldown Resistors

Def/EE 4Fh R/W Autoretry, Slew Rate, and ADC Fault Deglitch

Def/EE 50h R/W Sequence Delays

Def/EE 51h R/W Sequence Delays

Def/EE 52h R/W Sequence Delays

Def/EE 53h R/W Sequence Delays

Def/EE 54h R/W Sequence Delays/Reverse Sequence Bit

Def/EE 55h R/W Watchdog Timer Setup

Def/EE 56h R/W MON2–MON1 Slot Assignment from Slot 1 to Slot 12

Def/EE 57h R/W MON4–MON3 Slot Assignment from Slot 1 to Slot 12

Def/EE 58h R/W MON6–MON5 Slot Assignment from Slot 1 to Slot 12

Def/EE 59h R/W MON8–MON7 Slot Assignment from Slot 1 to Slot 12

Def/EE 5Ah R/W MON10–MON9 Slot Assignment from Slot 1 to Slot 12*

Def/EE 5Bh R/W MON12–MON11 Slot Assignment from Slot 1 to Slot 12*

Def/EE 5Ch R/W Customer Firmware Version

Def/EE 5Dh R/W EEPROM and Configuration Lock

Def/EE 5Eh R/W EN_OUT2–EN_OUT1 Slot Assignment from Slot 0 to Slot 11

Def/EE 5Fh R/W EN_OUT4–EN_OUT2 Slot Assignment from Slot 0 to Slot 11

Def/EE 60h R/W EN_OUT6–EN_OUT5 Slot Assignment from Slot 0 to Slot 11

Def/EE 61h R/W EN_OUT8–EN_OUT7 Slot Assignment from Slot 0 to Slot 11

Def/EE 62h R/W EN_OUT10–EN_OUT9 Slot Assignment from Slot 0 to Slot 11*

Def/EE 63h R/W EN_OUT12–EN_OUT11 Slot Assignment from Slot 0 to Slot 11*

Def/EE 64h R/W INS Power-Good (PG) Thresholds

Def/EE 65h R Manufacturing Revision Code

Def/EE 66h R/W DACOUT1—MARGIN UP

Def/EE 67h R/W DACOUT2—MARGIN UP

Def/EE 68h R/W DACOUT3—MARGIN UP

Def/EE 69h R/W DACOUT4—MARGIN UP

Def/EE 6Ah R/W DACOUT5—MARGIN UP

Def/EE 6Bh R/W DACOUT6—MARGIN UP

Def/EE 6Ch R/W DACOUT7—MARGIN UP

Def/EE 6Dh R/W DACOUT8—MARGIN UP

Def/EE 6Eh R/W DACOUT9—MARGIN UP*

Def/EE 6Fh R/W DACOUT10—MARGIN UP*

Def/EE 70h R/W DACOUT11—MARGIN UP*

Def/EE 71h R/W DACOUT12—MARGIN UP*

Def/EE 72h R/W DACOUT1—MARGIN DN

Def/EE 73h R/W DACOUT2—MARGIN DN

Def/EE 74h R/W DACOUT3—MARGIN DN

Def/EE 75h R/W DACOUT4—MARGIN DN
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PAGE ADDRESS READ/WRITE DESCRIPTION

Def/EE 76h R/W DACOUT5—MARGIN DN

Def/EE 77h R/W DACOUT6—MARGIN DN

Def/EE 78h R/W DACOUT7—MARGIN DN

Def/EE 79h R/W DACOUT8—MARGIN DN

Def/EE 7Ah R/W DACOUT9—MARGIN DN*

Def/EE 7Bh R/W DACOUT10—MARGIN DN*

Def/EE 7Ch R/W DACOUT11—MARGIN DN*

Def/EE 7Dh R/W DACOUT12—MARGIN DN*

Def/EE 7Eh–93h — Reserved

EEPROM 9Ch–FFh R/W User EEPROM

*

PROCESS: BiCMOS china.maxim-ic.
com/packages

56 TQFN T5688-3 21-0135 90-0047

64 TQFP C64E+6 21-0084 90-0328

http://china.maxim-ic.com/packages
http://china.maxim-ic.com/packages
http://pdfserv.maxim-ic.com/package_dwgs/21-0135.PDF
http://pdfserv.maxim-ic.com/package_dwgs/21-0084.PDF
http://pdfserv.maxim-ic.com/land_patterns/90-0047.PDF
http://pdfserv.maxim-ic.com/land_patterns/90-0328.PDF
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