

















1ISL68220 6. Fault Monitoring and Protection
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Figure 21. Total Output Current Protection

6.4 Smart Power Stage OC Fault Detect

Renesas Smart Power Stage (SPS) devices output a large signal on their IMON lines if peak current exceeds their
preprogrammed threshold; for more details about this functionality, see the relevant SPS datasheet. The
ISL68220 detects this fault flag by sensing the signals that exceed the current-sense ADC full scale range and
immediately shuts down.

SPS devices that conform to the industry common footprint, such as the ISL99380, do not use the IOUT pin for
signaling overcurrent faults. All faults are signaled using their TOUT/FLT pins, and the ISL68220 provides a
detector on each TEMP pin to support this method.

6.5 Thermal Protection and nVRHOT

The ISL68220 supports a comprehensive scheme for thermal alerting and protection. Regardless of the
temperature sense method, the device supports over-temperature and under-temperature faults in addition to
over-temperature warning. When configured for per phase temperature telemetry, temperature faults are
triggered based on the hottest reported phase. For example, if a 2-phase rail with an over-temperature threshold
of +110°C reports phase temperatures of +100°C, and +111°C, the device declares a fault because the hottest
phase at +111°C exceeds the +110°C fault threshold. When configured for per-phase temperature sense, the SPS
TOUT/FLT pins should remain connected to the ISL68220 TEMP pins.

IC die temperature is monitored to support telemetry and thermal shutdown. Shutdown occurs at approximately
+130°C.

The nVRHOT pin is used at the system level to inform the powered device to reduce its power consumption.
nVRHOT is an open-drain output; an external pull-up resistor is required. This signal is valid only after the
controller is enabled. nVRHOT is pulled low when the sensed temperature for any rail reaches the PMBus
OT_WARN threshold, providing the powered device with an advance warning of the IC thermal status.

Figure 22 shows the behavior of "WVRHOT and an over-temperature fault shutdown.
OT Fault Threshold —
Sensed Temperature _/,E\/E 1
nPMALERTL

nVRHOT LT Llgp iown
PGOOD [E—

Figure 22. nVRHOT and Over-Temperature Shutdown
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1ISL68220 6. Fault Monitoring and Protection

6.6 Catastrophic Failure Protection

The CFP pin supports Catastrophic Failure Protection (CFP) functionality. The pin can be configured to activate in
the event of a catastrophic fault detection. The function is typically used to immediately disable the input supply to
protect the entire system. The CFP function can be configured to respond to output overvoltage, input
overvoltage, and/or output overcurrent faults.

6.7 Black Box Recorder

Black Box is a powerful diagnostic tool that captures all telemetry and status information when any fault occurs.
The ISL68220 continuously monitors all rail and phase information along with the time duration for which the rail
has been regulating, and the tool captures that data when a fault is registered. The tool reports the first fault bit
that occurred to cause the shutdown. This diagnostic data is stored in RAM, and Black Box can be configured to
additionally write to NVM for retrieval when the system loses input power us a fault occurs. The RAM record is
updated every time a fault occurs. Black Box can write to NVM up to 10 times and provides an option to limit NVM
writing to once per power cycle to avoid filling up the available NVM space inadvertently.

R16DS0015EU0100 Rev.1.00 RENESAS Page 28 of 97
Oct.1.20
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7. Layout and Design Considerations

The following layout and design strategies help minimize noise coupling and the impact of board parasitic
impedances on converter performance, and they optimize the heat dissipating capabilities of the Printed Circuit
Board (PCB). Follow these practices during the layout and design process.

7.1 Pin Noise Sensitivity, Design, and Layout Considerations

Table 5 provides general guidance on best practices related to pin noise sensitivity. Use of good engineering
judgment is required to implement designs based on criteria specific to the situation.

Table 5. Pin Design and/or Layout Considerations

Noise
Pin Name Sensitive Description

VINSEN Yes Filter VINSEN with 100nF capacitor when sensing VIN directly. Use 10nF when using a resistor divider.

RGNDx Yes Treat each of the remote voltage sense pairs as differential signals in the PCB layout. Route them side by

VSENx side on the same layer. Do not route them in proximity to noisy signals like PWM or Phase. Place a 3.3nF
capacitor across the signals directly at the pins on the top layer.

PGx No Open-drain. Avoid setting its pull-up higher than VCC. Tie it to ground when not used.

PMSCL, Yes 50kHz to 2MHz signals should pair up with nPMALERT and be routed carefully between devices and back

PMSDA, to the host. Provide 20 mils of spacing within PMSDA, nPMALERT and PMSCL, and more than 30 mils to

nPMALERT all other signals. See the SMBus design guidelines and place proper terminated (pull-up) resistance for
impedance matching. Tie to ground when not used. Pull up to 3.3V max.

TEMPx Yes While using SPS, place a filter capacitor no greater than 500pF between each TEMP pin and ground near
the IC. While using NTC, place a 47pF capacitor and a 22k resistor near the IC and route a differential
signal pair from there to the remote NTC. Use Murata NCP15XH103J03RC (5% tolerance) or
NCP15XH103F03RC (1% tolerance). Tie to ground if not used.

nVRHOT No Open drain. Avoid setting its pull-up rail higher than VCC.

VCC Yes Place a 1yF MLCC decoupling capacitor (X5R or better) directly at the pin.

VCCS Yes Place a 4.7uF MLCC decoupling capacitor (X5R or better) directly at the pin.

PWMx No Avoid routing near noise sensitive analog lines such as current sense or voltage sense. Leave floating if
not used.

CSx Yes Treat each of the current sense pairs as differential signals in the PCB layout. Route them side by side on

CSRTNx the same layer. Do not route them in close proximity to noisy signals like PWM or Phase. Proper routing of
current sense is perhaps the most critical of all the layout tasks. Place the R-C filter between CSx and
CSRTNXx at the controller for SPS configuration.

GND Yes This EPAD is the ground for all IC signals. Use four or more vias to directly connect the EPAD to the
ground plane. Never use only a single via or a 0Q resistor connection to the power ground plane. Split
ground planes are not advised.

General The layer next to the top or bottom layer should be a ground layer. The signal layers should be sandwiched

Comments between the ground layers if possible.
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1ISL68220 8. PMBus Protocol

8. PMBus Protocol

The PMBus Protocol includes the Send Byte, the Write Byte/Word, Read Byte/Word, Group Command, and Alert
Response Address protocols.

PMBus Protocol Legend

S: Start Condition

A: Acknowledge (“0”)

N: Not Acknowledge (“1”)

W: Write (“0”)

RS: Repeated Start Condition
R: Read (“1”)

PEC: Packet Error Checking
P: Stop Condition

|:| Acknowledge or DATA from Slave,
Controller

8.1  Send Byte Protocol

7+1 1 8 1 8 11
Slave Command
S Address_0 & Code 3 PEC Byte & F
N J
Y

Optional 9 bits for
SMBus/PMBus NOT
used in I°C

Example command: 03h Clear Faults
(This clears all of the bits in Status Byte for the selected rail)

Figure 23. Send Byte Protocol
8.2  Write Byte/Word Protocol

Not Used for 1-Byte Word
A

4 N
1 7+1 1 8 1 8 1 8 1 8 11
Slave Command Low Data High Data
S Address_0 o Code A Byte A Byte A PEC Byte AlP
N\ J
Y

Optional 9 bits for
SMBus/PMBus NOT

used in I°C
Example command: 21h VOUT_COMMAND
Figure 24. Write Byte/Word Protocol
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8. PMBus Protocol

8.3 Read Byte/Word Protocol

1 7+1 1 8 1
Slave Command
S A A Not Used for
Address_0 Code 1-Byte Word Read
A
N
1 7+1 1 8 1 8 1 8 11
Slave Low Data High Data
RS Address_1 A Byte A Byte A PEC Byte N|P
N\ J
Y
Optional 9 bits for
SMBus/PMBus NOT
used in I°C
Example command: 8B READ_VOUT (Two words, read voltage of the selected rail).
Note: The STOP (P) bit is NOT allowed before the repeated START condition when reading contents of a register.
Figure 25. Read Byte/Word Protocol
8.4 Group Command Protocol
1 7+1 1 8 8 8 1 8 1
Slave Command Low Data High Data
S ADDR1_0 . Code A Byte Byte e PEC Byte s
1 7+1 1 8 1 8 8 1
Slave Command
S ADDR2_0 A Code A Data Byte PEC Byte A
1 7+1 1 8 8 1 8 1 8 11
Slave Command Low Data High Data
RS ADDR3_0 A Code A Byte A Byte A PEC Byte AP
N J
Y
Optional 9 bits for
SMBus/PMBus NOT
used in I°C

Note: No more than one command can be sent to the same Address

Figure 26. Group Command Protocol

8.5 Alert Response Address

Optional 9 bits for
SMBus/PMBus NOT
used in I°C

7+1 1 7+1 1 8 11
S ALERT Addr_1 A| Slave Address_1 A PEC Byte A|P
J
~

Figure 27. Alert Response Address (ARA, 0001_1001, 25h) for SMBus and PMBus
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9. PMBus Commands Summary

9. PMBus Commands Summary
Data Default
Code Command Name Description Type Format Value Default Setting
00h | PAGE (00h) Rail selector R/W Bit 00h Page0
01h | OPERATION (01h) Enable/disable, VOUT source R/W Bit 08h Immediate off,
act on fault
02h |ON_OFF_CONFIG (02h) On/off configuration settings R/W Bit 17h ENABLE pin
control, active
high, immediate
off
03h |CLEAR_FAULTS (03h) Clears all fault bits in all Write N/A N/A N/A
registers and releases the
nPMALERT pin
04h | PHASE (04h) Phase selector R/W Direct 00h Phase 0
05h | PAGE_PLUS_WRITE (05h) Allows page and command Block Bit N/A N/A
write in single transaction Write
06h | PAGE_PLUS READ (06h) Allows page and command Block N/A N/A N/A
read in single transaction Write/read/
process
call
10h | WRITE_PROTECT (10h) Write protection to sets of R/W Bit 00h No write
commands protection
19h | CAPABILITY (19h) Reports PMBus capability Read Bit DOh See detall
1Bh | SMBALERT_MASK (1Bh) Mask status bits from Block R/W Bit 00h No bits masked
SMBALERT signal
20h | VOUT_MODE (20h) Defines format for output Read Bit 40h Direct format
voltage related commands
21h | VOUT_COMMAND (21h) Output voltage set by PMBus R/W Direct 0384h 900mV
22h | VOUT_TRIM (22h) Applies trim voltage to Voyr R/W Direct 0000h omv
set-point
23h |VOUT_CAL_OFFSET (23h) Applies offset voltage to Voyt R/wW Direct 0000h omv
set-point
24h | VOUT_MAX (24h) Absolute maximum voltage R/W Direct OBEAh 3050mV
setting
25h | VOUT_MARGIN_HIGH (25h) Sets voltage target during R/W Direct 03B1 945mV
margin high
26h | VOUT_MARGIN_LOW (26h) Sets voltage target during R/W Direct 0357 855mV
margin low
27h | VOUT_TRANSITION_RATE (27h) Slew rate setting for Vot ramp R/W Direct 09C4h 25mV/us
28h | YOUT_DROOP (28h) Sets the load-line (V/I slope) R/W Direct 0000h OpV/A
resistance for the output
2Bh | VOUT_MIN (2Bh) Absolute minimum voltage R/W Direct 0000h omv
setting
33h | EREQUENCY_SWITCH (33h) Sets PWM switching frequency R/W Direct 0258h 600kHz
34h | POWER_MODE (34h) Sets the power conversion R/W Bit 03h Maximum power
mode
35h | VIN_ON (35h) Sets the V| startup threshold R/W Direct 02BCh A%
36h | VIN_OFF (36h) Sets the V|y shutdown R/W Direct 01F4h 5V
threshold
40h | VOUT_OV_FAULT_LIMIT (40h) Sets the Vgt OV fault limit R/W Direct 0C1Ch 3100mV
41h | VOUT_OV_FAULT_RESPONSE (41h) | Configures the Vgt OV fault R/W Bit 84h Latch off

response
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9. PMBus Commands Summary

Data Default

Code Command Name Description Type Format Value Default Setting

44h | VOUT_UV_FAULT_LIMIT (44h) Sets the Vgt UV fault limit R/W Direct 0000h omvV

45h | VOUT_UV_FAULT_RESPONSE (45h) | Configures the Vot UV fault R/W Bit 84h Latch off
response

46h |IOUT_OC_FAULT_LIMIT (46h) Sets the Igyt OC fault limit R/W Direct 12Ch 30A

47h | IOUT_OC_FAULT_RESPONSE (47h) | Configures the Igyt OC fault R/W Bit C4h Latch off
response

4Fh | OT_FAULT_LIMIT (4Fh) Sets the OT fault limit R/W Direct 007Dh 125°C

50h | OT_FAULT RESPONSE (50h) Configures the OT fault R/W Bit 84h Latch off
response

51h | OT_WARN_LIMIT (51h) Sets the OT warn limit R/W Direct 006Eh 110°C

53h |UT_FAULT_LIMIT (53h) Sets the UT fault limit R/W Direct FFD8h -40°C

54h |UT_FAULT_RESPONSE (54h) Configures the UT fault R/W Bit 80h Latch off
response

55h | VIN_OV_FAULT_LIMIT (55h) Sets the V)y OV fault limit R/W Direct 0640h 16V

56h | VIN_OV_FAULT_RESPONSE (56h) Configures the V,y OV fault R/W Bit 84h Latch off
response

57h | VIN_OV_WARN_LIMIT (57h) Sets the Vy OV warn limit R/W Direct 0708h 18V

58h | VIN_UV_WARN_LIMIT (58h) Sets the V) UV warn limit R/W Direct 0000h omVv

59h |VIN_UV_FAULT_LIMIT (59h) Sets the V) UV fault limit R/W Direct 0000h omvV

5Ah | VIN_UV_FAULT RESPONSE (5Ah) Configures the Vy UV fault R/W Bit 84h Latch off
response

5Bh |1IN_OC_FAULT_LIMIT (5Bh) Sets the Iy OC fault limit R/W Direct 1388h 50A

5Ch |lIIN_OC_FAULT_RESPONSE (5Ch Configures the |, OC fault R/W Bit 04h Ignore
response

5Dh |IIN_OC_WARN_LIMIT (5Dh) Sets the Iy OC warn limit R/W Direct 3A98h 150A

60h | TON_DELAY (60h) Sets turn on delay time R/W Direct 0000h Ous

61h | TON_RISE (61h) Sets turn on rise time R/W Direct 01F4h 500us

64h | TOFF_DELAY (64h) Sets turn off delay time R/W Direct 0000h Ous

65h | TOFF_FALL (65h) Sets turn off fall time R/W Direct 01F4h 500pus

78h | STATUS BYTE (78h) First byte of STATUS_WORD Read Bit N/A N/A

79h | STATUS_WORD (79h) Summary of critical faults Read Bit N/A N/A

7Ah | STATUS_VOUT (7Ah) Reports Vo1 warnings/faults Read Bit N/A N/A

7Bh | STATUS_IOUT (7Bh) Reports Iyt warnings/faults Read Bit N/A N/A

7Ch | STATUS_INPUT (7Ch) Reports input warnings/faults Read Bit N/A N/A

7Dh | STATUS _TEMPERATURE (7Dh) Reports temperature Read Bit N/A N/A
warnings/faults

7Eh | STATUS _CML (7Eh) Reports communication, Read Bit N/A N/A
memory, logic errors

80h | STATUS_MFR_SPECIFIC (80h) Reports other specific faults Read Bit N/A N/A

88h | READ_VIN (88h) Reports input voltage Read Direct N/A mV
measurement

89h | READ_IIN (89h) Reports input current Read Direct N/A A
measurement

8Bh | READ_VOUT (8Bh) Reports output voltage Read Direct N/A mV
measurement
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Data Default
Code Command Name Description Type Format Value Default Setting
8Ch | READ_IOUT (8Ch) Reports output current Read Direct N/A A
measurement
8Dh | READ_TEMPERATURE_1 (8Dh) Reports power stage Read Direct N/A °C
temperature measurement
8Eh | READ_TEMPERATURE_ 2 (8Eh) Reports internal temperature Read Direct N/A °C
measurement
8Fh | READ_TEMPERATURE_3 (8Fh) Reports TEMP pin temperature Read Direct N/A °C
measurement
96h | READ_POUT (96h) Reports output power Read Direct N/A w
97h | READ_PIN (97h) Reports input power Read Direct N/A w
98h | PMBUS_REVISION (98h) Reports the PMBus revision Read Bit 33h P1R1.3,P2R1.3
used
99%h | MER_ID (99h) Stores inventory information Block R/W Bit 00000000h | Empty
9Ah | MFR_MODEL (9Ah) Stores inventory information Block R/W Bit 00000000h | Empty
9Bh | MER_REVISION (9Bh) Stores inventory information Block R'W Bit 00000000h | Empty
9Dh | MER_DATE (9Dh) Stores inventory information Block R/W Bit 00000000h | Empty
ADh |IC_DEVICE_ID (ADh) Reports device identification Block Bit 49D26300h | 49D26300h
information Read
AEh |IC_DEVICE_REV (AEh) Reports device revision Block Bit Release revision
information Read
C5h | DMAFIX (C5h) Fixed DMA transactions R/W Bit 0000h 0
C6h | DMASEQ (C6h) Sequential DMA transaction R/W Bit 0000h 0
C7h | DMAADDR (C7h) Sets the address for DMA R/W Bit 0000h 0
transactions
CDh |PEAK_OC_LIMIT (CDh) Sets peak per phase OC limit R/W Direct 258h 60A
CEh |PEAK_UC_LIMIT (CEh) Sets peak per phase UC limit R/W Direct FDAS8 -60A
DOh | VMON_ON (D0h) Sets the VMON startup R/W Direct 1C2h 4500mV
threshold
D1h | VMON_OFF (D1h) Sets the VMON shutdown R/W Direct 190h 4000mV
threshold
DDh | COMPPROP (DDh) Configures proportional gain R/W Bit D90907C4 | See detail
DEh | COMPINTEG (DEh) Configures integral gain R/W Bit A%h See detail
DFh | COMPIDFF (DFh) Configures differential gain R/W Bit Oh See detail
EOh | COMPCFB (EOh) Configures AC current R/W Bit 560h See detail
feedback
E3h |HS_BUS_CURRENT_SCALE (E3h) Sets the high speed bus current R/W Bit 4000h 1.0
scaling
E4h | PHASE_CURRENT (E4h) Reports per-phase current Read Direct N/A A
E5h | PHASE_TEMPERATURE (E5h) Reports per-phase temperature Read Direct N/A °C
E9h | PEAK_OCUC_COUNT (E9h) Sets the count limit before fault R/W Bit 606h 6 cycles for OC &
uc
EAh | SLOW IOUT_OC_LIMIT (EAh) Sets the slow Igyt OC limit R/W Direct C8h 20A
EBh |EAST_OC_FILT COUNT (EBh) Configures the fast OC filter R/W Bit 0696h Filter = 10.7ys,
Delay = 100us
ECh | SLOW_OC_FILT_COUNT (ECh) Configures the slow OC filter R/W Bit 0606h Filter = 10.7ps,
Delay = 1024ps
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Data Default
Code Command Name Description Type Format Value Default Setting
FOh |LOOPCEG (FOh) Defines rail operating R/W Bit 102031F6h | See detail
configuration
F2h | RESTORE_CFG (F2h) Identifies configuration to be R/wW Bit 00h
restored from NVM

9.1 PMBus Use Guidelines
All commands can be read at any time.

9.2 PMBus Data Formats

9.21 Direct
The Direct data format is a 2-byte binary integer.

9.2.2 Linear 16 Unsigned (L16U)

The L16u data format uses a fixed exponent (hard-coded to N = -9h) and a 16-bit unsigned integer mantissa (Y)
to represent the real world decimal value (X). The relation between the real world decimal value (X), N, and Y is:
X=Y-29,

9.2.3 Linear 16 Signed (L16S)

The L16S data format uses a fixed exponent (hard-coded to N = -9h) and a 16-bit signed integer mantissa (Y) to
represent the real world decimal value (X). The relation between the real world decimal value (X), N, and Y is:
X=Y-29,

9.24 Linear 11 (L11)

The L11 data format uses 5-bit two’s complement exponent (N) and 11-bit two’s complement mantissa (Y) to
represent the real world decimal value (X).

Data Byte High Data Byte Low
7|16(5(4(3(2|1|0 7(6(5(4|3(2|1|0
N A J

Y Y
Exponent (N) Mantissa (Y)

Figure 28. Linear 11 Data Format

The relation between the real world decimal value (X), N, and Y is: X =Y-2N.

9.2.5 Bit Field (Bit)
A description of Bit Field is provided in the “PMBus Command Detail” on page 36.

9.2.6 Custom (Cus)

Custom format
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10. PMBus Command Detail

10. PMBus Command Detail
10.1 PAGE (00h)

Definition: Selects the communication path to Rail 0, Rail 1, both rails, or individual phases. All paged commands
following this command are received and acted on by the selected destination path. Paged commands that can
be written can be written globally, but can only be read on a specific page unless otherwise specified. Global
commands remain global regardless of the value of this command. Individual phase access is available by setting
this command to 80h and setting the individual phase value using the PHASE command.

Access: Global

Data Length in Bytes: 1
Data Format: Bit Field

Type: RIW
Default Value: 00h

Command PAGE (00h)
Format Bit Field
Bit Position 7 6 5 4 3 2 1 0
Access R/wW R/W R/W R/wW R/W R/wW R/wW R/W
Function See Following Table
Default Value 0 0 0 0 0 0 0 0
Bit Value Setting
00h Page 0 (Rail 0)
01h Page 1 (Rail 1)
80h Individual phase (set by the PHASE command)
FFh Global (All Rails)
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10.2 OPERATION (01h)

Definition: Sets Enable/Disable state when configured for PMBus enable. Sets the source of the target Vo T.

The following table reflects the valid settings for the device.

Access: Paged

Data Length in Bytes: 1
Data Format: Bit Field

Type: RIW

Default Value: 08h (Immediate off, Act on fault)

Command OPERATION (01h)
Format Bit Field
Bit Position 7 6 5 4 3 2 1 0
Access R/W R/W R/W R/W R/W R/IW R/W R/W
Function See Following Table
Default Value 0 0 0 0 1 0 0 0
Bit Number Purpose Bit Value Meaning
7 Enable/Disable Output 0 Disable
1 Enable
6 Disable by PMBus 0 Immediate off (decay with PWM tri-state)
Behavior 1 Soft off (Use TOFF_DELAY and TOFF_FALL)
5:4 Vout Source 00 VOUT_COMMAND
01 VOUT_MARGIN_LOW
10 VOUT_MARGIN_HIGH
11 Not used
3:2 Margin Response 01 Ignore Voyt OV, UV faults when margined.
10 Act on Vgyt OV, UV faults when margined.
1 Not Supported 0 Not supported
0 Not Supported X Not supported
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10.3 ON_OFF_CONFIG (02h)
Definition: Configures the interpretation and coordination of the OPERATION command and the ENABLE pin.

Access: Paged

Data Length in Bytes: 1
Data Format: Bit Field

Type: RIW

Default Value: 17h (ENABLE pin control)

unit to turn off

Command ON_OFF_CONFIG (02h)
Format Bit Field
Bit Position 7 6 5 4 3 2 1 0
Access R/wW R/W R/W R/wW R/W R/wW R/wW R/W
Function See Following Table
Default Value 0 0 0 1 0 1 1 1
Bit Number Purpose Bit Value Meaning
75 Not Supported 000 Not supported
4:2 Sets the source of enable 0XX Output enables any time power is present
regardless of pin or OPERATION
command state.

101 Output enables from the enable pin only.

110 Output enables from the OPERATION
command only.

111 Output enables from the enable pin AND
the OPERATION command. Both must be
set to enable.

1 Polarity of ENABLE pin 0 Active low
1 Active high
0 ENABLE pin action when commanding the 0 Use the configured TOFF_DELAY and

TOFF_FALL settings.

Turn off the output immediately (decay with
PWM tri-state).

10.4 CLEAR_FAULTS (03h)
Definition: Clears all fault status bits in all registers and releases the nPMALERT pin (if asserted) simultaneously.
If a fault condition still exists, the bit(s) reasserts immediately. This command does not restart a device if it is shut
down, it only clears the faults.

Access: Paged

Data Length in Bytes: 0

Data Format: N/A
Type: Write only
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10.5 PHASE (04h)

Definition: Sets the individual phase address for reading from PHASE_CURRENT (E4h) and
PHASE_TEMPERATURE (E5h). The PAGE command must also be set to access phase information.

Access: Global

Data Length in Bytes: 1

Data Format: Direct

Type: RIW

Default Value: 00h (phase 0)
Equation: PHASE = (direct value)
Range: Phase 0 to 1

Command PHASE (04h)
Format Direct
Bit Position 7 6 5 4 3 2 1 0
Access R/W R/W R/W R/W R/W R/W R/W R/W
Function Unsigned Integer
Default Value o | o | o 0 0 0 0 0

10.6 PAGE_PLUS_WRITE (05h)

Definition: Sets the page within a device, sends a command, and sends the data for the command in one packet.
Access: Global

Data Format: Bit Field

Type: Block Write

The PAGE_PLUS_WRITE command uses the WRITE BLOCK protocol.

Figure 29 shows an example of the PAGE_PLUS command being used to send a command that has two data
bytes to be written and a PEC byte.

7

8

8

8

8

Figure 29. PAGE_PLUS_WRITE Command with a PEC Byte

Slave PAGE_PLUS Block Count Command
S Address e Command Code (=4) e Page Number L Code 3 e
8 1 8 8 1
Lower Data Upper Data
Byte A Byte PEC Byte A|P

R16DS0015EU0100 Rev.1.00

Oct.1.20

RENESAS

Page 39 of 97



ISL68220

10. PMBus Command Detail

10.7 PAGE_PLUS_READ (06h)

Definition: Sets the page within a device, sends a command, and reads the data returned by the command in

one packet.

Access: Paged

Data Format: Bit Field

Type: Block Read

The PAGE_PLUS_READ command uses the BLOCK WRITE — BLOCK READ PROCESS CALL protocol.

Figure 30 shows an example of the PAGE_PLUS command being used to send a command that has two data
bytes to be read and a PEC byte.

7 8 1 8 1 8 1 8 1
[, ot [ e [ peenmwer [N Spme® [
7 1.1 8 1 8 1 8 1 8 1
? A:Lar\:; . Rla Bloc(k=zc)ount A LowBe;teDate A UppBe;tEata A PEC Byte 2 P
Figure 30. PAGE_PLUS_READ Command with a PEC Byte
10.8 WRITE_PROTECT (10h)
Definition: Sets the write protection of certain configuration commands.
Access: Global
Data Length in Bytes: 1
Data Format: Bit Field
Type: RIW
Default Value: 00h (enable all writes)
Command WRITE_PROTECT (10h)
Format Bit Field
Bit Position 7 6 5 4 3 2 1 0
Access R/W R/W R/W R/W R/W R/W R/W R/W
Function See Following Table
Default Value 0 0 0 0 0 0 0 0

Bits 7:0 Protection
1000 0000 Disable all writes except to WRITE_PROTECT command.
0100 0000 Disable all writes except to WRITE_PROTECT, OPERATION, and PAGE.
0010 0000 Disable all writes except to WRITE_PROTECT, OPERATION, PAGE, ON_OFF_CONFIG, and VOUT_COMMAND.
0000 0010 Disable all writes except to WRITE_PROTECT, OPERATION, PAGE, ON_OFF_CONFIG, VOUT_COMMAND, and
DMA.
0000 0000 Enable all writes

Note: Any settings other than the five shown results in an invalid data fault.
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10.9 CAPABILITY (19h)

Definition: Reports PMBus capabilities of the device.

Access: Global

Data Length in Bytes: 1
Data Format: Bit Field

Type: Read Only

Default Value: DOh (PEC supported, bus speed 1MHz, SMBALERT supported, Linear/Direct numeric data)

Command CAPABILITY (19h)
Format Bit Field
Bit Position 4 3 2 1
Access R R R R R R R R
Function See Following Table
Default Value 1 1 0 1 0 0 0 0
Bit Number Purpose Bit Value Meaning
7 PEC Support 1 PEC supported
0 PEC not supported
6:5 Maximum Bus Speed 11 Not supported
10 1MHz
01 400kHz
00 100kHz
4 SMBALERT Support 1 SMBALERT pin and response protocol is supported.
0 SMBALERT pin and response protocol is not supported.
3 Numeric Format 1 Numeric data, |IEEE half precision floating point format
0 Numeric data, Linear/Direct
2 Not Supported 0 Not supported
1:0 Not Supported 00 Not supported
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10.10 SMBALERT_MASK (1Bh)
Definition: Prevents a warning or fault condition from asserting the SMBALERT# signal. Can be used on the

following PMBus status commands: STATUS_VOUT, STATUS_IOUT, STATUS_INPUT,
STATUS_TEMPERATURE, STATUS_CML, and STATUS_MFR_SPECIFIC.

Access: Paged
Data Format: Bit Field
Type: Block R/W

The command format used to block a status bit or bits from causing the SMBALERT# signal to be asserted is
shown in Figures 31 and 32. The bits in the mask byte align with the bits in the corresponding status register. For
example, if the STATUS_TEMPERATURE command code is sent with the mask byte 01000000b, an
over-temperature warning condition would be blocked from asserting SMBALERT#.

Note: Figure 31 shows the command format used by the host to determine the SMBALERT _MASK setting for a
given status register.

7 11 8 1 8 1 8 1
Slave SMBALERT_MASK STATUS_x
S Address WiA Command Code A Command Code A Mask Byte AlP

Figure 31. SMBALERT_MASK Command Packet Format

7 11 8 1 8 1 8 1
s Slave wla SMBALERT_MASK A Block Count A STATUS_x A
Address Command Code (=1) Command Code “ee
7 11 8 1 8 1
3 Slave Block Count N
R Address R|A (=1) A Mask Byte A P

Figure 32. Retrieving the SMBALERT_MASK Setting for a Given Status Register
10.11 VOUT_MODE (20h)
Definition: Returns the supported Vo1 mode. Direct mode, 1mV per LSB.
Access: Global
Data Length in Bytes: 1
Data Format: Bit Field
Type: Read Only
Default Value: 40h

Command VOUT_MODE (20h)
Format Bit Field
Bit Position 7 6 5 4 3 2 1 0
Access R/W R/W R/W R/wW R/W R/W R/W R/W
Function Mode Exponent
Default Value 0 1 0 0 0 0 0 0
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10.12 VOUT_COMMAND (21h)

Definition: Sets the value of Vot when the OPERATION command is configured for PMBus nominal operation.
1mV per LSB.

Access: Paged

Data Length in Bytes: 2

Data Format: Direct

Type: RIW

Default Value: 0384h (900mV)

Units: mV

Equation: Vgt Command = (Direct value)

Range: OmV to 3050mV

Command VOUT_COMMAND (21h)
Format Direct

Bit Position 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Access RW |RW|RW|RW|RW|RW|RW]|RW/|RW|RW/|RW|RW]|RW]|RW]|RW,|RW
Function Unsigned Integer

Default Value olofJofJofJoJo[1[1][1]o]o]o]o]1]o]o

10.13 VOUT_TRIM (22h)

Definition: Applies a fixed trim voltage to the output voltage command value. This command is typically used to
calibrate a device in the application circuit. 1mV per LSB.

Access: Paged

Data Length in Bytes: 2

Data Format: Direct

Type: RIW

Default Value: 0000h

Units: mV

Equation: Vg1 Trim = (Direct value)

Range: Any value that results in the Vgt target being between 0V and VOUT_MAX

Command VOUT_TRIM (22h)
Format Direct
Bit Position 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Access RW |RW|RW|RW|RW|RW|RW]|RW/|RW|RW|RW|RW]|RW]|RW]|RW,|RW
Function Two’s Complement Integer
Default Value oJofJoJoJoJo[o[o[o]o]o]o]o]o]o]o
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10.14 VOUT_CAL_OFFSET (23h)

Definition: Applies a fixed offset voltage to the output voltage command value. This command is typically used to
calibrate a device in the application circuit. 1mV per LSB.

Access: Paged

Data Length in Bytes: 2

Data Format: Direct

Type: RIW

Default Value: 0000h

Units: mV

Equation: V1 Cal Offset = (Direct value)

Range: Any value that results in the Vgt target being between 0V and VOUT_MAX

Command VOUT_CAL_OFFSET (23h)
Format Direct

Bit Position 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Access RW |RW|RW|RW|RW|RW|RW|RW|RW|RW|RW]|RW]|RW|RW]|RW]|RW
Function Two’s Complement Integer

Default Value ol ofJoloJo[olo]JoJoJo|]o]o[o]o]o]o

10.15 VOUT_MAX (24h)

Definition: Sets the absolute maximum Vg7 regulation value regardless of any other commands or
combinations.1mV per LSB.

Access: Paged

Data Length in Bytes: 2

Data Format: Direct

Type: RIW

Default Value: OBEAh (3050mV)
Units: mV

Equation: Vg1 Max = (Direct value)

Range: OmV to 3050mV

Command VOUT_MAX (24h)
Format Direct
Bit Position 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Access RW | RW | RW | RW | RW | RW | RW | R'W | RI'W | RIW | R/'W | R'W | R'W | R'W | RIW | RIW
Function Unsigned Integer
Default Value olofolo| 1ot a]a 1] 1]o[1]o]1]o
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10.16 VOUT_MARGIN_HIGH (25h)
Definition: Sets the value of Vo1 when the OPERATION command is configured for margin high. 1mV per LSB.

Access: Paged

Data Length in Bytes: 2

Data Format: Direct

Type: RIW

Default Value: 3B1h (945mV)

Units: mV

Equation: Vg1 Margin High = (Direct value)
Range: OmV to 3050mV

Command VOUT_MARGIN_HIGH (25h)
Format Direct

Bit Position 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Access RW |RW|RW|RW|RW|RW|RW|RW|RW|RW|RW]|RW]|RW|RW]|RW]|RW
Function Unsigned Integer

Default Value olofJoJoJoJo[ 111 [o][1][1]o0o]o]o]H1

10.17 VOUT_MARGIN_LOW (26h)
Definition: Sets the value of Vo1 when the OPERATION command is configured for margin low. 1mV per LSB.

Access: Paged

Data Length in Bytes: 2

Data Format: Direct

Type: RIW

Default Value: 357h (855mV)

Units: mV

Equation: Vg1 Margin Low = (Direct value)

Range: OmV to 3050mV

Command VOUT_MARGIN_LOW (26h)
Format Direct

Bit Position 151413 2]1n]1w0]e]ls]7]6]s5]a]sz]2]1]o
Access RwW | RwW | Rw | Rw | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW
Function Unsigned Integer

Default Value 0 ‘ 0 ‘ 0 | 0 ‘ 0 ‘ 0 | 1 ‘ 1 ‘ 0 ‘ 1 | 0 ‘ 1 ‘ 0 | 1 ‘ 1 ‘ 1
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10.18 VOUT_TRANSITION_RATE (27h)

Definition: Defines the output voltage rate of change during regulation. 0.01mV/us per LSB.
Access: Paged

Data Length in Bytes: 2

Data Format: Direct

Type: RIW

Default Value: 9C4h (25mV/us)

Units: mV/us

Equation: Vot Transition Rate = (Direct value) / 100

Range: 10pV/ps to 100mV/us

Command VOUT_TRANSITION_RATE (27h)
Format Direct

Bit Position 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Access RW |RW|RW|RW|RW|RW|RW|RW|RW|RW|RW]|RW]|RW|RW]|RW]|RW
Function Unsigned Integer

Default Value olofJofJof1]ofo[1[1][1]o]o]o]1]o]o

10.19 VOUT_DROOP (28h)

Definition: Sets the rate at which the output voltage changes relative to output current during regulation. 10uV/A
per LSB.

Access: Paged

Data Length in Bytes: 2

Data Format: Direct

Type: RIW

Default Value: 0000h (OpV/A)

Units: pV/A

Equation: Vg1 Droop = (Direct value) x 10
Range: OuV/A to 16000uV/A

Command VOUT_DROOP (28h)
Format Direct
Bit Position 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Access RW | RW | RW | R'W | R'W | R'W | RW | R'W | RIW | RIW | R/IW | R/'W | R'W | R'W | RIW | RIW
Function Unsigned Integer
Default Value o ofoloJo[oflo]JoJoJo|]o]o[o]o]o]o
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10.20 VOUT_MIN (2Bh)

Definition: Sets the absolute minimum voltage that is delivered to the output during regulation. 1mV per LSB.
Access: Paged

Data Length in Bytes: 2

Data Format: Direct

Type: RIW

Default Value: 0000h

Units: mV

Equation: Vg1 Min = (Direct value)

Range: OmV to 3050mV

Command VOUT_MIN (2Bh)
Format Direct

Bit Position 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Access RW |RW|RW|RW|RW|RW|RW|RW|RW|RW|RW]|RW]|RW|RW]|RW]|RW
Function Unsigned Integer

Default Value olofJofJoJoJo[o[o[o]o]o]o]o]o]o]o

10.21 FREQUENCY_SWITCH (33h)
Definition: Sets the PWM switching frequency during regulation. 1kHz per LSB.

Access: Paged

Data Length in Bytes: 2

Data Format: Direct

Type: RIW

Default Value: 0258h (600kHz)

Units: kHz

Equation: Frequency Switch = (Direct value)

Range: 200kHz to 2MHz

Command FREQUENCY_SWITCH (33h)
Format Direct
Bit Position 151413 2]1n]1w0]e]ls]7]6]s5]a]sz]2]1]o
Access RwW | RwW | Rw | Rw | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW
Function Unsigned Integer
Default Value 0 ‘ 0 ‘ 0 | 0 ‘ 0 ‘ 0 | 1 ‘ 0 ‘ 0 ‘ 1 | 0 ‘ 1 ‘ 1 | 0 ‘ 0 ‘ 0
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10.22 POWER_MODE (34h)

Definition: Sets the power conversion mode.

Maximum Efficiency Mode (0) default settings:

* Voltage down transitions happen immediately with decay (PWM ftri-state).

* Phase dropping is enabled irrespective of the APD setting in the LOOPCFG command.
* Diode emulation can be enabled using LOOPCFGI6].

Maximum Power Mode (3) default settings:

+ Voltage down transitions happen as programmed in the TOFF_DELAY and TOFF_FALL commands.
» Phase automatic add/drop is enabled using LOOPCFGJ[OQ].

» Diode emulation can be enabled using LOOPCFG[28].

MFR Defined Mode (4) default settings:

» Voltage down transitions happen immediately with decay (PWM tri-state).

» Phase dropping is enabled irrespective of the APD setting in the LOOPCFG command.
» Diode emulation can be enabled using LOOPCFG[6] and LOOPCFG[28].

Access: Paged

Data Length in Bytes: 1

Data Format: Bit Field

Type: RIW

Default Value: 03h, Maximum Power

Command POWER_MODE (34h)
Format Bit Field
Bit Position 7 6 5 4 3 2 1 0
Access R/IW R/W R/W R/W R/W R/W R/W R/W
Function See Following Table
Default Value 0 0 0 0 0 0 1 1
Bit Value Setting
04h MFR defined
03h Maximum Power
00h Maximum Efficiency
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10.23 VIN_ON (35h)
Definition: Sets the input voltage rising threshold at which the output can be enabled. 10mV per LSB.

Access: Paged

Data Length in Bytes: 2

Data Format: Direct

Type: RIW

Default Value: 02BCh (7000mV)
Units: mV

Equation: V| On = (Direct value) x 10
Range: -327680mV to 327670mV

Command VIN_ON (35h)
Format Direct

Bit Position 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
Access RW |RW|RW|RW|RW|RW|RW|RW|RW|RW|RW|RW]|RW|RW]|RW]|RW
Function Two’s Complement Integer

Default Value olofJofJoJofJo[ 1o 1o 1] 1]1]1]0]o

10.24 VIN_OFF (36h)
Definition: Sets the input voltage falling threshold at which the output disables. 10mV per LSB.

Access: Paged

Data Length in Bytes: 2

Data Format: Direct

Type: RIW

Default Value: 01F4 (5000mV)

Units: mV

Equation: V| Off = (Direct value) x 10
Range: -327680mV to 327670mV

Command VIN_OFF (36h)
Format Direct
Bit Position 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Access RW |RW|RW|RW|RW|RW|RW]|RW|RW|RW|RW|RW]|RW]|RW]|RW,|RW
Function Two’s Complement Integer
Default Value olofJoJoJoJoJo[1[ 1] 1] 1]1]o]1]o]o
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10.25 VOUT_OV_FAULT_LIMIT (40h)
Definition: Sets the output overvoltage threshold. 1mV per LSB.

Access: Paged

Data Length in Bytes: 2

Data Format: Direct

Type: RIW

Default Value: 0C1Ch (3100mV)

Units: mV

Equation: Vg1 OV Fault Limit = (Direct value)
Range: OmV to 3050mV

Command VOUT_OV_FAULT_LIMIT (40h)
Format Direct

Bit Position 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
Access RW |RW|RW|RW|RW|RW|RW|RW|RW|RW|RW|RW]|RW|RW]|RW]|RW
Function Unsigned Integer

Default Value

0‘0‘0|0‘1‘1|0‘0‘0‘0|0‘1‘1|1‘0‘0
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10.26 VOUT_OV_FAULT_RESPONSE (41h)

Definition: Configures the output overvoltage fault response. For a fault to be considered cleared, the output

must drop by 100mV.
Access: Paged

Data Length in Byte

s: 1

Data Format: Bit Field

Type: RIW
Default Value: 84h (latch off)
Command VOUT_OV_FAULT_RESPONSE (41h)
Format Bit Field
Bit Position 7 6 5 4 3 2 1 0
Access R/W R/W R/W R/wW R/W R/W R/W R/W
Function See Following Table
Default Value 1 0 0 0 0 1 0 0
Bit Field Name Value Description
7:6 ResponseBehavior 00 Continue without interruption.
During a fault, the
device: 01 Not supported
* Pulls PMALRT low 10 Disable and retry according to the setting in Bits [5:3].
. S.et.s the related fault 1 Not supported
bit in the status
registers.
5:3 Retry Setting 000 No retry. The output remains disabled until the rail is restarted.
001-110 Not supported
111 Attempts to restart continuously, without limitation, until it is
commanded OFF (by the CONTROL pin or OPERATION
command), bias power is removed, or another fault condition
causes the unit to shut down. The time between retries is set
by Bits [2:0].
2:0 Delay Time before 000 0ms delay (not recommended)
Retry
001-110 Delay 25ms per LSB
111 Delay 175ms
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10.27 VOUT_UV_FAULT_LIMIT (44h)

Definition: Sets the output undervoltage fault threshold. 1mV per LSB. This fault is masked during ramp or when

disabled.

Access: Paged

Data Length in Bytes: 2

Data Format: Direct
Type: RIW

Default Value: 0V
Units: mV

Equation: Vg1 UV Fault Limit = (Direct value)

Range: 0V to 3.05V

Command VOUT_UV_FAULT_LIMIT (44h)
Format Direct
Bit Position 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Access RW |RW | RW | RW|RW|RW|RW|RW|RW|RW/|RW]|RW]|RW]|RW]|RW]|RW
Function Unsigned Integer
Default Value olofofo|o|lo|lo]o]o]o[of[o]o]o]o]o
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10.28 VOUT_UV_FAULT_RESPONSE (45h)

Definition: Configures the output undervoltage fault response. This fault is masked during ramp or when

disabled.

Access: Paged

Data Length in Bytes: 1

Data Format: Bit Field

Type: RIW

Default Value: 84h (latch off)

Command VOUT_UV_FAULT_RESPONSE (45h)
Format Bit Field
Bit Position 7 6 5 4 3 2 1 0
Access R/W R/W R/W R/wW R/W R/W R/W R/W
Function See Following Table
Default Value 1 0 0 0 0 1 0 0
Bit Field Name Value Description
7:6 ResponseBehavior 00 Continue without interruption.
During a fault, the
device: 01 Not supported
* Pulls PMALRT low 10 Disable and retry according to the setting in Bits [5:3].
. S.et.s the related fault 1 Not supported
bit in the status
registers.
5:3 Retry Setting 000 No retry. The output remains disabled until the rail is restarted.
001-110 Not supported
111 Attempts to restart continuously, without limitation, until it is
commanded OFF (by the CONTROL pin or OPERATION
command), bias power is removed, or another fault condition
causes the unit to shut down. The time between retries is set
by Bits [2:0].
2:0 Delay Time before 000 Delay Oms (not recommended)
Retry
001-110 Delay 25ms per LSB
111 Delay 175ms
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10.29 IOUT_OC_FAULT_LIMIT (46h)

Definition: Sets the fast sum output overcurrent fault threshold. 0.1A per LSB.
Access: Paged

Data Length in Bytes: 2

Data Format: Direct

Type: RIW

Default Value: 12Ch (30A)

Units: A

Equation: Igyt OC Fault Limit = (Direct value) / 10

Range: OA to 3276.7A

Command IOUT_OC_FAULT_LIMIT (46h)
Format Direct
Bit Position 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Access RW |RW|RW|RW|RW|RW|RW|RW|RW|RW|RW]|RW]|RW|RW]|RW]|RW
Function Unsigned Integer
Default Value olofJofJoJoJofo[1][o]o]1]o]1]1]o0]o
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10.30 IOUT_OC_FAULT_RESPONSE (47h)

Definition: Configures the output overcurrent fault response for all gyt OC detection methods. This response
setting is also applied to output undercurrent faults.

Access: Paged

Data Length in Bytes: 1
Data Format: Bit Field

Type: RIW

Default Value: C4h (latch off)

Command IOUT_OC_FAULT_RESPONSE (47h)
Format Bit Field
Bit Position 7 6 5 4 3 2 1 0
Access R/W R/W R/W R/wW R/W R/W R/W R/W
Function See Following Table
Default Value 1 1 0 0 0 1 0 0
Bit Field Name Value Description
7:6 ResponseBehavior 00 Continue without interruption.
During a fault, the
device: 01-10 Not supported
* Pulls PMALRT low 11 Disable and retry as set in Bits [5:3]
» Sets the related fault
bit in the status
registers.
5:3 Retry Setting 000 No retry. The output remains disabled until the rail is restarted.
001-110 Not supported
111 Attempts to restart continuously, without limitation, until it is
commanded OFF (by the CONTROL pin or OPERATION
command), bias power is removed, or another fault condition
causes the unit to shut down. The time between retries is set
by Bits [2:0].
2:0 Delay Time before 000 Delay Oms (not recommended)
Retry
001-110 Delay 25ms per LSB
111 Delay 175ms
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10.31 OT_FAULT_LIMIT (4Fh)

Definition: Sets the power stage over-temperature fault limit. 1°C per LSB.

Access: Paged

Data Length in Bytes: 2

Data Format: Direct

Type: RIW

Default Value: 007Dh (125°C)

Units: °C

Equation: OT Fault Limit = (Direct value)
Range: 0°C to +150°C

Command OT_FAULT_LIMIT (4Fh)
Format Direct

Bit Position 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
Access RW |RW|RW|RW|RW|RW|RW|RW|RW|RW|RW|RW]|RW|RW]|RW]|RW
Function Unsigned Integer

Default Value

0‘0‘0|0‘0‘0|0‘0‘0‘1|1‘1‘1|1‘0‘1
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10.32 OT_FAULT_RESPONSE (50h)

Definition: Configures the power stage over-temperature fault response. For a fault to be considered cleared, the
temperature must drop 5°C below the OT fault threshold value.

Access: Paged

Data Length in Bytes: 1
Data Format: Bit Field

Type: RIW

Default Value: 84h (latch off)

Command OT_FAULT_RESPONSE (50h)
Format Bit Field
Bit Position 7 6 5 4 3 2 1 0
Access R/W R/W R/W R/wW R/W R/W R/W R/W
Function See Following Table
Default Value 1 0 0 0 0 1 0 0
Bit Field Name Value Description
7:6 ResponseBehavior 00 Continue without interruption.
During a fault, the
device: 01 Not supported
* Pulls PMALRT low 10 Disable and retry according to the setting in Bits [5:3].
. S.et.s the related fault 1 Not supported
bit in the status
registers.
5:3 Retry Setting 000 No retry. The output remains disabled until the rail is restarted.
001-110 Not supported
111 Attempts to restart continuously, without limitation, until it is
commanded OFF (by the CONTROL pin or OPERATION
command), bias power is removed, or another fault condition
causes the unit to shut down. The time between retries is set
by Bits [2:0].
2:0 Delay Time before 000 Delay Oms (not recommended)
Retry
001-110 Delay 25ms per LSB
111 Delay 175ms
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10.33 OT_WARN_LIMIT (51h)

Definition: Sets the power stage over-temperature warning limit. 1°C per LSB.
Access: Paged

Data Length in Bytes: 2

Data Format: Direct

Type: RIW

Default Value: 006Eh (110°C)

Units: °C

Equation: OT Warn Limit = (Direct value)

Range: 0°C to 150°C

Command OT_WARN_LIMIT (51h)
Format Direct

Bit Position 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Access RW |RW|RW|RW|RW|RW|RW|RW|RW|RW|RW]|RW]|RW|RW]|RW]|RW
Function Two’s Complement Integer

Default Value olofJofJoJoJofo[o[o[1]1]o]1]1]1]o

10.34 UT_FAULT_LIMIT (53h)

Definition: Sets the power stage under-temperature fault limit. 1°C per LSB.
Access: Paged

Data Length in Bytes: 2

Data Format: Direct

Type: RIW

Default Value: FFD8h (-40°C)

Units: °C

Equation: UT Fault Limit = (Direct value)

Range: -50°C to 150°C

Command UT_FAULT_LIMIT (53h)
Format Direct
Bit Position 151413 2]1n]1w0]e]ls]7]6]s5]a]sz]2]1]o
Access RwW | RwW | Rw | Rw | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW
Function Two’s Complement Integer
Default Value 1 ‘ 1 ‘ 1 | 1 ‘ 1 ‘ 1 | 1 ‘ 1 ‘ 1 ‘ 1 | 0 ‘ 1 ‘ 1 | 0 ‘ 0 ‘ 0
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10.35 UT_FAULT_RESPONSE (54h)

Definition: Configures the power stage under-temperature fault response. For the fault to be considered cleared,
the temperature must rise 5°C above the UT fault threshold value.

Access: Paged

Data Length in Bytes: 1
Data Format: Bit Field

Type: RIW

Default Value: 84h (latch off)

Command UT_FAULT_RESPONSE (54h)
Format Bit Field
Bit Position 7 6 5 4 3 2 1 0
Access R/W R/W R/W R/W R/W R/W R/W R/W
Function See Following Table
Default Value 1 0 0 0 0 1 0 0
Bit Field Name Value Description
76 ResponseBehavior 00 Continue without interruption.
During a fault, the
device: 01 Not supported
* Pulls PMALRT low 10 Disable and retry according to the setting in Bits [5:3].
. S.et.s the related fault 1 Not supported
bit in the status
registers.
5:3 Retry Setting 000 No retry. The output remains disabled until the device is
restarted.
001-110 Not supported
111 Attempts to restart continuously without limitation until it is
commanded OFF (by the CONTROL pin or OPERATION
command), bias power is removed, or another fault condition
causes the unit to shut down. The time between retries is set
by Bits [2:0].
2:0 Delay Time before 000 Delay Oms (not recommended)
Retry
001-110 Delay 25ms per LSB
111 Delay 175ms
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10.36 VIN_OV_FAULT_LIMIT (55h)
Definition: Sets the V|\ overvoltage fault threshold. 10mV per LSB.

Access: Paged

Data Length in Bytes: 2

Data Format: Direct

Type: RIW

Default Value: 640h (16000mV)

Units: mV

Equation: V|5 OV Fault Limit = (Direct value) x 10
Range: OmV to 327670mV

Command VIN_OV_FAULT_LIMIT (55h)
Format Direct
Bit Position 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Access RW | RW|RW/|RW|RW|RW|RW|RW|RW|RW|RW]|RW|RW]|RW|RW]|RW
Function Two’s Complement Integer
Default Value olofJoJoJo[1[1]o]o]1]oflof]o]o]o]o
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10.37 VIN_OV_FAULT_RESPONSE (56h)

Definition: Configures the input overvoltage fault response. For a fault to be considered cleared, the input voltage
must drop by 1/16th of the OV fault threshold value.

Access: Paged

Data Length in Bytes: 1
Data Format: Bit Field

Type: RIW

Default Value: 84h (latch off)

Command VIN_OV_FAULT_RESPONSE (56h)
Format Bit Field
Bit Position 7 6 5 4 3 2 1 0
Access R/W R/W R/W R/W R/W R/W R/W R/W
Function See Following Table
Default Value 1 0 0 0 0 1 0 0
Bit Field Name Value Description
7:6 ResponseBehavior 00 Continue without interruption.
During a fault, the
device: 01 Not supported
* Pulls PMALRT low 10 Disable and retry according to the setting in Bits [5:3].
. S.et.s the related fault 1 Not supported
bit in the status
registers.
5:3 Retry Setting 000 No retry. The output remains disabled until the device is
restarted.
001-110 Not supported
111 Attempts to restart continuously without limitation until it is
commanded OFF (by the CONTROL pin or OPERATION
command), bias power is removed, or another fault condition
causes the unit to shut down. The time between retries is set
by Bits [2:0].
2:0 Delay Time before 000 Delay Oms (not recommended)
Retry
001-110 Delay 25ms per LSB
111 Delay 175ms
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10.38 VIN_OV_WARN_LIMIT (57h)
Definition: Sets the V|\ overvoltage fault threshold. 10mV per LSB.

Access: Paged

Data Length in Bytes: 2

Data Format: Direct

Type: RIW

Default Value: 708h (18000mV)

Units: mV

Equation: V|5 OV Warn Limit = (Direct value) x 10
Range: OmV to 327670mV

Command VIN_OV_WARN_LIMIT (57h)
Format Direct

Bit Position 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Access RW |RW|RW|RW|RW|RW|RW|RW|RW|RW|RW]|RW]|RW|RW]|RW]|RW
Function Two’s Complement Integer

Default Value olofJofJoJo[1[1][1]o]o]o]o]1]o]o]o

10.39 VIN_UV_WARN_LIMIT (58h)
Definition: Sets the V| undervoltage warning threshold. 10mV per LSB.

Access: Paged

Data Length in Bytes: 2

Data Format: Direct

Type: RIW

Default Value: 0000h (0V)

Units: mV

Equation: V|5 UV Warn Limit = (Direct value) x 10
Range: OmV to 327670mV

Command VIN_UV_WARN_LIMIT (58h)
Format Direct

Bit Position 151413 2]1n]1w0]e]ls]7]6]s5]a]sz]2]1]o
Access RwW | RwW | Rw | Rw | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW
Function Two’s Complement Integer

Default Value 0 ‘ 0 ‘ 0 | 0 ‘ 0 ‘ 0 | 0 ‘ 0 ‘ 0 ‘ 0 | 0 ‘ 0 ‘ 0 | 0 ‘ 0 ‘ 0
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10.40 VIN_UV_FAULT_LIMIT (59h)

Definition: Sets the V| undervoltage fault threshold. 10mV per LSB. If using VIN_ON and VIN_OFF commands,
this command should be set to OV.

Access: Paged

Data Length in Bytes: 2

Data Format: Direct

Type: RIW

Default Value: 0000h (0V)

Units: mV

Equation: V| UV Fault Limit = (Direct value) x 10

Range: -327680mV to 327670mV

Command VIN_UV_FAULT_LIMIT (59h)
Format Direct

Bit Position 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
Access RW | RW |RW|RW|RW|RW|RW|RW|RW|RW/|RW]|RW]|RW]|RW]|RW]|RW
Function Two’s Complement Integer

Default Value

0‘o‘o|o‘0‘0|0‘0‘0‘0|0‘0‘0|0‘0‘0
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10.41 VIN_UV_FAULT_RESPONSE (5Ah)

Definition: Configures the input undervoltage fault response. For a fault to be considered cleared, the input

voltage must rise by 1/16th of the UV fault threshold value.

Access: Paged

Data Length in Bytes: 1
Data Format: Bit Field

Type: RIW

Default Value: 84h (latch off)

Command VIN_UV_FAULT_RESPONSE (5Ah)
Format Bit Field
Bit Position 7 6 5 4 3 2 1 0
Access R/W R/W R/W R/W R/W R/W R/W R/W
Function See Following Table
Default Value 1 0 0 0 0 1 0 0
Bit Field Name Value Description
76 ResponseBehavior 00 Continue without interruption.
During a fault, the
device: 01 Not supported
* Pulls PMALRT low 10 Disable and retry according to the setting in Bits [5:3].
. S.et.s the related fault 1 Not supported
bit in the status
registers.
5:3 Retry Setting 000 No retry. The output remains disabled until the device is
restarted.
001-110 Not supported
111 Attempts to restart continuously, without limitation, until it is
commanded OFF (by the CONTROL pin or OPERATION
command), bias power is removed, or another fault condition
causes the unit to shut down. The time between retries is set
by Bits [2:0].
2:0 Delay Time before 000 Delay Oms (not recommended)
Retry
001-110 Delay 25ms per LSB
111 Delay 175ms
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10.42 IIN_OC_FAULT_LIMIT (5Bh)

Definition: Sets the input overcurrent fault threshold for the synthesized input current reading at READ _IIN.

10mA per LSB.

Access: Paged

Data Length in Bytes: 2

Data Format: Direct

Type: RIW

Default Value: 1388h (50A)

Units: A

Equation: Iy, OC Fault Limit = (Direct value) / 100

Range: -327.68A to 327.67A

Command IIN_OC_FAULT_LIMIT (5Bh)
Format Direct

Bit Position 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
Access RW | RW |RW|RW|RW|RW|RW|RW|RW|RW/|RW]|RW]|RW]|RW]|RW]|RW
Function Two’s Complement Integer

Default Value

0‘0‘0|1‘0‘0|1‘1‘1‘0|0‘0‘1|0‘0‘0
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10.43 IIN_OC_FAULT_RESPONSE (5Ch)

Definition: Configures the input overcurrent fault response for the synthesized input current reading at

READ_IIN.

Access: Paged

Data Length in Bytes: 1
Data Format: Bit Field

Type: RIW

Default Value: 04h (ignore)

Command IIN_OC_FAULT_RESPONSE (5Ch)
Format Bit Field
Bit Position 7 6 5 4 3 2 1 0
Access R/W R/W R/W R/W R/W R/W R/W R/W
Function See Following Table
Default Value 0 0 0 0 0 1 0 0
Bit Field Name Value Description
7:6 ResponseBehavior 00 Continue without interruption.
During a fault, the
device: 01-10 Not supported
* Pulls PMALRT low 11 Disable and retry as set in Bits [5:3]
+ Sets the related fault
bit in the status
registers.
5:3 Retry Setting 000 No retry. The output remains disabled until the device is
restarted
001-110 Not supported
111 Attempts to restart continuously, without limitation, until it is
commanded OFF (by the CONTROL pin or OPERATION
command), bias power is removed, or another fault condition
causes the unit to shut down. The time between retries is set
by Bits [2:0].
2:0 Delay Time before 000 Delay Oms (not recommended)
Retry
001-110 Delay 25ms per LSB
111 Delay 175ms
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10.44 IIN_OC_WARN_LIMIT (5Dh)

Definition: Sets the input overcurrent warning threshold. 10mA per LSB.

Access: Paged

Data Length in Bytes: 2

Data Format: Direct

Type: RIW

Default Value: 3A98h (150A)

Units: A

Equation: Iy, OC Warn Limit = (Direct value) / 100

Range:
Command IIN_OC_WARN_LIMIT (5Dh)
Format Direct
Bit Position 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Access RW |RW|RW|RW|RW|RW|RW|RW|RW|RW|RW]|RW]|RW|RW]|RW]|RW
Function Two’s Complement Integer
Default Value oo 111 o1 [o[1]o]o]1]1]0o]o]o

10.45 TON_DELAY (60h)

Definition: Sets the delay time from when the device is enabled to the start of Vot rise. 10us per LSB.

Access: Paged

Data Length in Bytes: 2

Data Format: Direct

Type: RIW

Default Value: 0000h (Ops)

Units: ps

Equation: toy Delay = (Direct value) x 10
Range: Ous to 655534 pus

Command TON_DELAY (60h)
Format Direct

Bit Position 151413 2]1n]1w0]e]ls]7]6]s5]a]sz]2]1]o
Access RwW | RwW | Rw | Rw | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW
Function Unsigned Integer

Default Value 0 ‘ 0 ‘ 0 | 0 ‘ 0 ‘ 0 | 0 ‘ 0 ‘ 0 ‘ 0 | 0 ‘ 0 ‘ 0 | 0 ‘ 0 ‘ 0
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10.46 TON_RISE (61h)
Definition: Sets the rise time of Vg1 during enable. 1us per LSB.

Access: Paged

Data Length in Bytes: 2

Data Format: Direct

Type: RIW

Default Value: 14Fh (500ps)

Units: ps

Equation: toy Rise = (Direct value)

Range: Opys to 10000us

Command TON_RISE (61h)
Format Direct

Bit Position 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Access RW |RW|RW|RW|RW|RW|RW|RW|RW|RW|RW]|RW]|RW|RW]|RW]|RW
Function Unsigned Integer

Default Value olofJoJoJoJoJo|1[of[1][o]o]1]1]1]H1

10.47 TOFF_DELAY (64h)
Definition: Sets the delay time of Vo1 during disable when configured for soft off. 10us per LSB.

Access: Paged

Data Length in Bytes: 2

Data Format: Direct

Type: RIW

Default Value: 0000h (Ops)

Units: ps

Equation: topr Delay = (Direct value) x 10
Range: Ous to 655534 pus

Command TOFF_DELAY (64h)
Format Direct

Bit Position 151413 2]1n]1w0]e]ls]7]6]s5]a]sz]2]1]o
Access RwW | RwW | Rw | Rw | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW
Function Unsigned Integer

Default Value 0 ‘ 0 ‘ 0 | 0 ‘ 0 ‘ 0 | 0 ‘ 0 ‘ 0 ‘ 0 | 0 ‘ 0 ‘ 0 | 0 ‘ 0 ‘ 0
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10.48 TOFF_FALL (65h)
Definition: Sets the fall time of Vo1 during disable when configured for soft off. 1us per LSB.

Access: Paged

Data Length in Bytes: 2

Data Format: Direct

Type: RIW

Default Value: 14Fh (500ps)

Units: ps

Equation: topg Fall = (Direct value)

Range: Opys to 10000us

Command TOFF_FALL (65h)
Format Direct

Bit Position 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
Access RW |RW|RW|RW|RW|RW|RW|RW|RW|RW|RW|RW]|RW|RW]|RW]|RW
Function Unsigned Integer

Default Value

0‘0‘0|0‘0‘0|0‘1‘0‘1|0‘0‘1|1‘1‘1
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10.49 STATUS_BYTE (78h)

Definition: Returns a summary of the device status. Based on the information in this byte, the host can get more
information by reading the appropriate status registers. Depending on the setting of the PAGE command, this

command returns information about individual rails or a global summary of all rail statuses.

Access: Paged and Global
Data Length in Bytes: 2
Data Format: Bit Field
Type: Read Only

Command STATUS_BYTE (78h)
Format Bit Field
Bit Position 4 3
Access R R R R R R R
Function See Following Table
Bit Number Status Bit Name Meaning
7 BUSY A fault was declared because the device was busy and unable to respond.
6 OFF This bit is asserted if the unit is not providing power to the output, regardless of the
reason, including simply not being enabled.
5 VOUT_OV_FAULT An output overvoltage fault occurred.
4 IOUT_OC_FAULT An output overcurrent fault occurred.
3 VIN_UV_FAULT An input undervoltage fault occurred.
2 TEMPERATURE A temperature fault or warning occurred.
1 CML A communications, memory, or logic fault occurred.
0 None of the Above A fault other than those listed above occurred.
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10.50 STATUS_WORD (79h)

Definition: Returns a summary of the device’s status. Based on the information in these bytes, the host can get
more information by reading the appropriate status registers. Depending on the setting of the PAGE command,
this command returns information about individual rails or a global summary of all rail statuses. The low byte of
the STATUS_WORD is the same as the STATUS_BYTE (78h) command.

Access: Paged and Global

Data Length in Bytes: 2

Data Format: Bit Field

Type: Read Only

Command STATUS_WORD (79h)
Format Bit Field
Bit Position 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1
Access R R R R R R R R R R R R R R R R
Function See Following Table
Bit Number Status Bit Name Meaning
15 Vour An output voltage fault or warning occurred.
14 IOUT An output current fault occurred.
13 INPUT An input voltage fault or warning occurred.
12 MFR_SPECIFIC A manufacturer specific fault or warning occurred.
11 POWER_GOOD # The POWER_GOOD signal is negated (Note 8).
10:9 Not Supported Not supported
8 Unknown A fault other than those described in Bits 15:9 occurred.
7 Busy Device busy and unable to respond.
6 OFF This bit is asserted if the unit is not providing power to the output, regardless of the
reason, including simply not being enabled.
5 VOUT_OV_FAULT An output overvoltage fault occurred.
4 IOUT_OC_FAULT An output overcurrent fault occurred.
3 VIN_UV_FAULT An input undervoltage fault occurred.
2 TEMPERATURE A temperature fault or warning occurred.
1 CML A communications, memory, or logic fault occurred.
0 None of the Above A status change other than those listed above occurred.

Note:

8. If the POWER_GOOD# Bit is set, this indicates that the POWER_GOOD signal is signaling that the output power is not good.
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10.51 STATUS_VOUT (7Ah)

Definition: Returns a summary of output voltage status.

Access: Paged

Data Length in Bytes: 1
Data Format: Bit Field

Type: Read Only

Command STATUS_VOUT (7Ah)
Format Bit Field
Bit Position 4 3
Access R R R R R R R
Function See Following Table
Bit Number Status Bit Name Meaning
7 VOUT_OV_FAULT Indicates an output overvoltage fault occurred.
6:5 Not Supported Not supported
4 VOUT_UV_FAULT Indicates an output undervoltage fault occurred.
3 VOUT_MAX Warning Indicates an output voltage maximum warning occurred.
2:0 Not Supported Not supported
10.52 STATUS_IOUT (7Bh)
Definition: Returns a summary of output current status.
Access: Paged
Data Length in Bytes: 1
Data Format: Bit Field
Type: Read Only
Command STATUS_IOUT (7Bh)
Format Bit Field
Bit Position 4 3
Access R R R R R R R
Function See Following Table
Bit Number Status Bit Name Meaning
7 IOUT_OC_FAULT An output overcurrent fault occurred.
6 Not Supported Not supported
5 Not supported Not supported
4 IOUT_UC_FAULT An output undercurrent fault occurred.
3 Current Share Fault A current share fault occurred.
2:0 Not Supported Not supported
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10.53 STATUS_INPUT (7Ch)

Definition: Returns a summary of input status.

Access: Paged

Data Length in Bytes: 1
Data Format: Bit Field
Type: Read Only

Command STATUS_INPUT (7Ch)
Format Bit Field
Bit Position 4 3
Access R R R R R R
Function See Following Table
Bit Number Status Bit Name Meaning
7 VIN_OV_FAULT An input overvoltage fault occurred.
6 VIN_OV_WARN An input overvoltage warning occurred.
5 VIN_UV_WARN An input undervoltage warning occurred.
4 VIN_UV_FAULT An input undervoltage fault occurred.
3 VIN_ON/OFF Disabled due to insufficient input voltage. This could be VIN or VMON.
2 IIN_OC_FAULT An input overcurrent fault occurred.
1 IIN_OC_WARN An input overcurrent warning occurred.
0 Not Supported Not supported
10.54 STATUS_TEMPERATURE (7Dh)
Definition: Returns a summary of temperature status.
Access: Paged
Data Length in Bytes: 1
Data Format: Bit Field
Type: Read Only
Command STATUS_TEMPERATURE (7Dh)
Format Bit Field
Bit Position 4 3
Access R R R R R R
Function See Following Table
Bit Number Status Bit Name Meaning
7 OT_FAULT An over-temperature fault occurred.
6 OT_WARN An over-temperature warning occurred.
5 Not Supported Not supported
4 UT_FAULT An under-temperature fault occurred.
3.0 Not Supported Not supported
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10.55 STATUS_CML (7Eh)

Definition: Returns a summary of any communications, logic, and/or memory errors.

Access: Global

Data Length in Bytes: 1
Data Format: Bit Field
Type: Read Only

Command STATUS_CML (7Eh)
Format Bit Field
Bit Position 4 3 2 1
Access R R R R R R R R
Function See Following Table
Bit Number Status Bit Name Meaning
7 IUCR Invalid or unsupported PMBus command was received. This bit sets during device
discovery when using PowerNavigator.
6 IUDR The PMBus command was sent with invalid or unsupported data.
5 PECF A packet error check failure was detected in the PMBus command.
4 MFD Memory fault detected. This bit sets if the selected NVM configuration location is empty
or invalid.
3 PFD Processor fault detected
2 Not Supported Not supported
1 OCF A communication fault other than the ones listed in this table occurred.
0 OMLF A memory or logical fault not listed previously was detected.
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10.56 STATUS_MFR_SPECIFIC (80h)

Definition: Returns a summary of the manufacturer specific status.

Access: Global

Data Length in Bytes: 1
Data Format: Bit Field

Type: Read Only

Command STATUS_MFR_SPECIFIC (80h)
Format Bit Field
Bit Position 4 3 2 1
Access R R R R R R R R
Function See Following Table
Bit Status Bit Name Meaning
7 ADCUNLOCK ADC clock unlock detected.
6 Not Supported Not supported
5 CFP Fault A CFP fault occurred.
4 Internal Temperature The controller internal temperture exceeded 130 °C.
Fault
3 BBEVENT A Black Box event occurred.
2 LMSEvent A Last Man Standing event occurred.
1 SPSFault An SPS overcurrent and/or over-temperature event occurred.
0 Not Supported Not supported

10.57 READ_VIN (88h)

Definition: Returns the input voltage reading, scaled at 10mV per LSB.

Access: Paged

Data Length in Bytes: 2

Data Format: Direct
Type: Read Only
Units: mV

Equation: Read V| = (Direct value) x 10

Command READ_VIN (88h)
Format Direct
Bit Position 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1
Access R R R R R R R R R R R R R R R R
Function Two’s Complement Integer
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10.58 READ _IIN (89h)

Definition: Returns the synthesized input current reading. 10mA per LSB.

Access: Paged

Data Length in Bytes: 2

Data Format: Direct
Type: Read Only
Units: A

Equation: Read |\ = (Direct value) / 100

Command READ_IIN (89h)
Format Direct

Bit Position 15 14 13 12 1 10 9 8 7 6 1
Access R R R R R R R R R R R R R R R
Function Two’s Complement Integer

10.59 READ_VOUT (8Bh)

Definition: Returns the output voltage reading. 1mV per LSB.

Access: Paged

Data Length in Bytes: 2

Data Format: Direct
Type: Read Only
Units: mV

Equation: Read Vo1 = (Direct value)

Command READ_VOUT (8Bh)
Format Direct
Bit Position 15 14 13 12 11 10 8 7 1
Access R R R R R R R R R R R R R R R
Function Unsigned Integer
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10.60 READ_IOUT (8Ch)
Definition: Returns the output current reading. 0.1A per LSB.

Access: Paged
Data Length in Bytes: 2
Data Format: Direct

Type: Read Only

Units: A
Equation: Read Iyt = (Direct value) / 10
Command READ_IOUT (8Ch)
Format Direct
Bit Position 15 14 13 12 11 10 9 8 7 6 1
Access R R R R R R R R R R R R R R R
Function Two’s Complement Integer

10.61 READ_TEMPERATURE_1 (8Dh)

Definition: Returns the temperature reading of the hottest power stage per configured rail. 1°C per LSB.

Access: Paged

Data Length in Bytes: 2
Data Format: Direct
Type: Read Only

Units: °C

Equation: Read Temperature 1 = (Direct value)

Command READ_TEMPERATURE_1 (8Dh)
Format Direct
Bit Position 15 14 13 12 1 10 9 8 7 6 1
Access R R R R R R R R R R R R R R R
Function Two’s Complement Integer
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10.62 READ_TEMPERATURE_2 (8Eh)

Definition: Returns the internal controller temperature reading. 1°C per LSB.
Access: Global

Data Length in Bytes: 2

Data Format: Direct

Type: Read Only

Units: °C

Equation: Read Temperature 2 = (Direct value)

Command READ_TEMPERATURE_2 (8Eh)
Format Direct

Bit Position 15 14 13 12 1 10 9 8 7 6 1
Access R R R R R R R R R R R R R R R R
Function Two’s Complement Integer

10.63 READ_TEMPERATURE_3 (8Fh)
Definition: Returns the temperature reading from the TEMP pins. 1°C per LSB.

Access: Paged

Data Length in Bytes: 2
Data Format: Direct
Type: Read Only

Units: °C

Equation: Read Temperature 3 = (Direct value)

Command READ_TEMPERATURE_3 (8Fh)
Format Direct
Bit Position 15 14 13 12 1 10 9 8 7 6 1
Access R R R R R R R R R R R R R R R R
Function Two’s Complement Integer
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10.64 READ_POUT (96h)
Definition: Returns the output power. 1W per LSB.

Access: Paged

Data Length in Bytes: 2
Data Format: Direct
Type: Read Only

Units: W

Equation: Read Pt = (Direct value)

Command READ_POUT (96h)
Format Direct

Bit Position 15 14 13 12 1 10 9 8 7 6 1
Access R R R R R R R R R R R R R R R
Function Two’s Complement Integer

10.65 READ_PIN (97h)
Definition: Returns the input power. 1W per LSB.

Access: Paged

Data Length in Bytes: 2

Data Format: Direct

Type: Read Only

Units: W

Equation: READ_PIN = (Direct value)

Command READ_PIN (97h)
Format Direct
Bit Position 15 14 13 12 11 10 9 8 7 6 1
Access R R R R R R R R R R R R R R R
Function Two’s Complement Integer
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10.66 PMBUS_REVISION (98h)

Definition: Returns the revision of the PMBus specification to which the device is compliant.
Access: Global

Data Length in Bytes: 1

Data Format: Bit Field

Type: Read Only

Default Value: 33h (Part 1 Revision 1.3, Part 2 Revision 1.3)

Command PMBUS_REVISION (98h)
Format Bit Field
Bit Position 7 6 5 4 3 2 1
Access R R R R R R R R
Function See Following Table
Default Value 0 0 1 1 0 0 1 1
Bits 7:4 Part 1 Revision Bits 3:0 Part 2 Revision
0000 1.0 0000 1.0
0001 1.1 0001 1.1
0010 1.2 0010 1.2
0011 1.3 0011 1.3

10.67 MFR_ID (99h)

Definition: Stores inventory information during manufacturing of end products. 4 bytes of space with no defined
format.

Access: Global

Data Length in Bytes: 4

Data Format: Bit Field

Type: Block R/W

Default Value: 00000000h (empty)

10.68 MFR_MODEL (9Ah)

Definition: Stores inventory information during manufacturing of end products. 4 bytes of space with no defined
format.

Access: Global

Data Length in Bytes: 4

Data Format: Bit Field

Type: Block R/W

Default Value: 00000000h (empty)
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10.69 MFR_REVISION (9Bh)

Definition: Stores inventory information during manufacturing of end products. 4 bytes of space with no defined

format.

Access: Global

Data Length in Bytes: 4

Data Format: Bit Field

Type: Block R/W

Default Value: 00000000h (empty)

10.70 MFR_DATE (9Dh)

Definition: Stores inventory information during manufacturing of end products. 4 bytes of space with no defined

format.

Access: Global

Data Length in Bytes: 4
Data Format: Bit Field

Type: Block R/W

Default Value: 00000000h (empty)

10.71 IC_DEVICE_ID (ADh)

Definition: Reports device identification information.

Access: Global

Data Length in Bytes: 4

Data Format: Bit Field

Type: Block Read

Default Value: 49D26300h

Command IC_DEVICE_ID (ADh)
Format Bit Field
Byte Position 3 2 1 0
Function MFR Code ID High Byte ID Low Byte Reserved
Default Value 49h D2h 63h 00h
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10.72 IC_DEVICE_REV (AEh)

Definition: Reports device revision information.
Access: Global

Data Length in Bytes: 4

Data Format: Bit Field

Type: Block Read

Default Value: Based on the revision released

Command IC_DEVICE_REV (AEh)
Format Bit Field

Bit Position 31:24 23:8 7:0
Function Hardware Revision Reserved Firmware Revision

10.73 DMAFIX (C5h)

Definition: Location for DMA access when performing a fixed address memory access. There is no physical
storage for this register.

Access: Global

Data Length in Bytes: 4
Data Format: Bit Field
Type: RIW

Default Value: 0000h
Units: N/A

10.74 DMASEQ (C6h)

Definition: Location for DMA access when performing a auto-increment address memory access. A series of
reads or writes accesses sequential memory locations, with the value of DMAADDR incremented with each
access. The reads or writes can be singular 32-bit transfers or unlimited bursts. There is no physical storage for
this register.

Access: Global
Data Length in Bytes: 4
Data Format: Bit Field

Type: RIW

Default Value: 0000h

Units: N/A
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10.75 DMAADDR (C7h)

Definition: Specifies the target address of a DMA read or write to system memory. This command is used for
indirect access to any system memory.

Access: Global
Data Length in Bytes: 2
Data Format: Bit Field

Type: RIW
Default Value: 0000h
Units: N/A
Command DMAADDR (C7h)
Format Bit Field
Bit Position 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Access RW|RW|RW|RW|RW|RW|RW|RW|RW|RW|RW]|RW]|RW|RW]|RW]|RW
Function See Following Table
Default Value ol ofJoloJo[olo]JoJoJo|]o]o[o]o]o]o
Bit Field Name Meaning
15:13 REGION 000 - RAM
12:0 DMAADDR The 13-bit target address

10.76 PEAK_OC_LIMIT (CDh)

Definition: Sets the peak overcurrent limit thresholds for each phase within a rail. 0.1A per LSB.
Access: Paged

Data Length in Bytes: 2

Data Format: Direct

Type: RIW

Equation: Peak Phase OC Limit = (Direct value) / 10

Units: A

Default Value: 0258h (60A)

Range: Depends on configuration

Command PEAK_OC_LIMIT (CDh)
Format Direct
Bit Position 5] 1413 2]1n]1wo]eo]ls]7]s6]s5]a]sz]2]1]o
Access RwW | RwW | Rw | Rw | Rw | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW
Function Two’s Complement Integer
Default Value 0 ‘ 0 ‘ 0 | 0 ‘ 0 ‘ 0 | 1 ‘ 0 ‘ 0 ‘ 1 | 0 ‘ 1 ‘ 1 | 0 ‘ 0 ‘ 0
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10.77 PEAK_UC_LIMIT (CEh)

Definition: Sets the peak undercurrent limit thresholds for each phase within a rail. 0.1A per LSB.

Access: Paged

Data Length in Bytes: 2

Data Format: Direct

Type: RIW

Equation: Peak Phase UC Limit = (Direct value) / 10

Units: A

Default Value: FDAS8 (-60A)

Range: Depends on configuration

Command PEAK_UC_LIMIT (CEh)
Format Direct

Bit Position 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Access RW |RW|RW|RW|RW|RW|RW|RW|RW|RW|RW]|RW]|RW|RW]|RW]|RW
Function Two’s Complement Integer

Default Value v ol 1ol lo]l1]o]o]o

10.78 VMON_ON (DOh)
Definition: Sets the VMON pin input voltage rising threshold at which the output can be enabled. 10mV per LSB.

Access: Global

Data Length in Bytes: 2

Data Format: Direct

Type: RIW

Default Value: 1C2h (4.5V)

Units: mV

Equation: VMON On = (Direct value) x 10
Range: OmV to 32767mV

Command VMON_ON (DOh)
Format Direct

Bit Position 151413 2]1n]1w0]e]ls]7]6]s5]a]sz]2]1]o
Access RwW | RwW | Rw | Rw | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW
Function Unsigned Integer

Default Value 0 ‘ 0 ‘ 0 | 0 ‘ 0 ‘ 0 | 0 ‘ 1 ‘ 1 ‘ 1 | 0 ‘ 0 ‘ 0 | 0 ‘ 1 ‘ 0

R16DS0015EU0100
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10.79 VMON_OFF (D1h)
Definition: Sets the VMON pin input voltage falling threshold at which the output disables. 10mV per LSB.

Access: Global

Data Length in Bytes: 2

Data Format: Direct

Type: RIW

Default Value: 190h (4V)

Units: mV

Equation: VMON_OFF = (Direct value) x 10
Range: OmV to 32767mV

Command VMON_OFF (D1h)
Format Direct

Bit Position 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
Access RW |RW|RW|RW|RW|RW|RW|RW|RW|RW|RW|RW]|RW|RW]|RW]|RW
Function Unsigned Integer

Default Value

0‘0‘0|0‘0‘0|0‘1‘1‘0|0‘1‘0|0‘0‘0
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10.80 COMPPROP (DDh)

Definition: Sets the proportional gain of the compensation loop.
Access: Paged

Data Length in Bytes: 4

Data Format: Bit Field

Type: RIW

Default Value: D90907C4h

Command COMPPROP (DDh)
Format Bit Field
Bit Position 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Access RW | RW |RW|RW|RW|RW|RW|RW|RW|RW|RW|RW]|RW|RW]|RW]|RW
Function See Following Table
Default Value 1 1 0 1 1 0 0 1 0 0 0 0 1 0 0 1
Bit Position 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
Access RW | RW |RW|RW|RW|RW|RW|RW|RW|RW]|RW]|RW]|RW]|RW]|RW]|RW
Function See Following Table
Default Value olofJofJoJo[ 1|1 [ 1] 1][1]o]o]o]1]o]o
Bit Position Function
31:28 Proportional gain mantissa >8 phase override, use normal P gain if value = 0 and shift =0
27:25 Proportional gain exponent >8 phase override, use normal P gain if value = 0 and shift = 0
24:21 Proportional gain mantissa 2-phase override, use normal P gain if value = 0 and shift = 0
20 Not Used
19:17 Proportional gain exponent 2-phase override, use normal P gain if value = 0 and shift = 0
16:13 Proportional gain mantissa 1-phase override, use normal P gain if value = 0 and shift = 0
12 Not Used
11:9 Proportional gain exponent 1-phase override, use normal P gain if value = 0 and shift = 0
8 FIR filter length, 0 = none or 1 = ON Must be set if using D term for PID, optional if not using D term
74 Proportional gain mantissa is (value/8), all phase counts, if value = 0 gain is 0
3 Not Used
2:0 Proportional gain exponent is 2”(shift-3), all phase counts, if value = 0 and shift = 0 gain is 0
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10.81 COMPINTEG (DEh)

Definition: Sets the integral gain of the compensation loop.

Access: Paged

Data Length in Bytes: 4

Data Format: Bit Field

Type: RIW

Default Value: 00A9h

Command COMPINTEG (DEh)
Format Bit Field

Bit Position 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Access RW | RIW | R'W | R'W | R'W | R'W | RW | RIW | RIW | RIW | R/W | R/'W | R'W | R'W | RIW | RIW
Function See Following Table

Default Value

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bit Position 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
Access RW |RW|RW|RW|RW|RW|RW]|RW/|RW|RW|RW|RW]|RW]|RW]|RW,|RW
Function See Following Table

Default Value

0‘0‘0|0‘0‘0|0‘0‘1‘0|1‘0‘1|0‘0‘1

Bit Position Function
31:16 Not Used
15:12 Delay time for stepping down gain towards shift. Dcm when in DCM, in 16*clkTs per gain step
11:8 Gain when in DCM for a while
74 Maximum gain used when Integral movement detected Gain is 2(-shift-1)
3:0 Gain is 27(-shift-1)
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10.82 COMPIDFF (DFh)

Definition: Sets the differential gain of the compensation loop.

Access: Paged

Data Length in Bytes: 2
Data Format: Bit Field

Type: RIW

Default Value: 0000h

Command COMPDIFF (DFh)
Format Bit Field
Bit Position 151413 2]1n]1w0]e]ls]7]6]s5]a]ls]2]1]o0
Access R| R |[RW|[RW|[ R | R [RW|[RW| R |[rRW]|rRW]|RrRW]|RrRW]|RrRW]|RW]|RW
Function See Following Table
Default Value 0 ‘ 0 ‘ 0 | 0 ‘ 0 ‘ 0 | 0 ‘ 0 ‘ 0 ‘ 0 | 0 ‘ 0 ‘ 0 | 0 ‘ 0 ‘ 0

Bit Number Setting
15:13 Reserved
12 FIR filter length O or 1
11:8 Diff gain mantissa 1-phase override, use normal P gain if value = 0 and shift = 0
7:6 Diff gain exponent 1-phase override, use normal P gain if value = 0 and shift = 0
5:2 Differentiator gain mantissa (value/8)
1:0 Differentiator gain exponent 2*(shift+1 + P-shift) range 0:3

10.83 COMPCFB (EOh)

Definition: Sets the AC current feedback gain of the compensation loop.

Access: Paged

Data Length in Bytes: 2

Data Format: Bit Field

Type: RIW

Default Value: 0560h

Command COMPCFB (EOh)
Format Bit Field

Bit Position 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Access RW | RIW | R'W | R'W | R'W | R'W | RW | RI'W | RIW | RIW | R/W | R/'W | R'W | R'W | RIW | RIW
Function See Following Table

Default Value

o‘o‘o|0‘o‘1|0‘1‘o‘1|1‘0‘0|0‘0‘0

Bit Number Function
15:8 High-pass filter coefficient for current feedback
7:0 Current feedback gain, low droop cases
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10.84 HS_BUS_CURRENT_SCALE (E3h)

Definition: Sets the scaling value for the high speed bus output current reporting. 16 bits with 14 fractional bits. A
value of 0x4000 is a scale factor of 1.0. A value of 0x0000 is also interpreted as a scale factor of 1.0.

Access: Paged

Data Length in Bytes: 2

Data Format: Direct

Type: RIW

Default Value: 4000h (1.0)

Units: Scale Factor

Equation: HS Bus Current Scale = (Direct value) * 2-14

Range: 0t0 4.0

Command HS_BUS_CURRENT_SCALE (E3h)
Format Direct

Bit Position 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
Access RW | RW |RW|RW|RW|RW|RW|RW|RW|RW/|RW]|RW]|RW]|RW]|RW]|RW
Function Unsigned Integer

Default Value

0‘1‘o|o‘0‘0|0‘0‘0‘0|0‘0‘0|0‘0‘0
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10.85 PHASE_CURRENT (E4h)
Definition: Returns the individual phase current reading for the phase selected in PHASE (04h). 0.1A per LSB.

Access: Global

Data Length in Bytes: 2
Data Format: Direct
Type: Read Only

Units: A

Equation: Phase current = (Direct value) / 10

Command PHASE_CURRENT (E4h)
Format Direct

Bit Position 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1
Access R R R R R R R R R R R R R R R R
Function Two’s Complement Integer

10.86 PHASE_TEMPERATURE (E5h)

Definition: Returns the individual phase temperature reading for the phase selected in PHASE (04h). 1°C per
LSB.

Access: Global

Data Length in Bytes: 2
Data Format: Direct
Type: Read Only

Units: °C

Equation: Phase Temperature = (Direct value)

Command PHASE_TEMPERATURE (E5h)
Format Direct
Bit Position 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1
Access R R R R R R R R R R R R R R R R
Function Two’s Complement Integer
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10.87 PEAK_OCUC_COUNT (E9h)

Definition: Sets the number of consecutive switch cycles that can exceed the peak per-phase overcurrent limit
threshold before generating a fault within a rail. A value of 0 disables the fault shutdown and produces a constant
current effect.

Access: Paged

Data Length in Bytes: 2

Data Format: Bit Field

Type: RIW

Equation: Peak UC Count = (Direct value [15:8]), Peak OC Count = (Direct value [7:0])
Units: Cycles

Default Value: 0606h (6 cycles OC and 6 cycles UC)

Range: 1 cycle - 255 cycles

Command PEAK_OCUC_COUNT (E9h)
Format Bit Field
Bit Position 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
Access RW |RW |RW|RW|RW|RW|RW|RW|RW|RW|RW|RW]|RW|RW]|RW]|RW
Function See Following Table
Default Value olofJofJoJo[1[1]ofofo]o]o]o]1]1]o
Bit Number Meaning
15:8 Number of consecutive switch cycles exceeding peak UC limit before fault
7:0 Number of consecutive switch cycles exceeding peak OC limit before fault
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10.88 SLOW_IOUT_OC_LIMIT (EAh)

Definition: Sets the slow sum output overcurrent fault threshold. 100mA per LSB. A value of 0 disables this

function.

Access: Paged

Data Length in Bytes: 2

Data Format: Direct

Type: RIW

Default Value: C8h (20A)

Units: A

Equation: Slow Ig 1 OC Limit = (Direct value) / 10

Range: 0A to 3276A

Command SLOW_IOUT_OC_LIMIT (EAh)
Format Direct

Bit Position 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
Access RW | RW |RW|RW|RW|RW|RW|RW|RW|RW/|RW]|RW]|RW]|RW]|RW]|RW
Function Two’s Complement Integer

Default Value

0‘0‘0|0‘0‘0|0‘0‘1‘1|0‘0‘1|0‘0‘o
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10.89 FAST_OC_FILT_COUNT (EBh)

Definition: Sets the fast sum output overcurrent fault filter settings.

Access: Paged

Data Length in Bytes: 2

Data Format: Bit Field

Type: RIW

Default Value: 0696h (Filter = 10.7ps, Delay = 100us)

Command FAST_OC_FILT_COUNT (EBh)
Format Bit Field

Bit Position 151413 2]1n]1w0]e]ls]7]6]s5]a]ls]2]1]o0
Access Rw | RwW | Rw | Rw | RwW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RIW
Function See Following Table

Default Value 0 ‘ 0 ‘ 0 | 0 ‘ 0 ‘ 1 | 1 ‘ 0 ‘ 1 ‘ 0 | 0 ‘ 1 ‘ 0 | 1 ‘ 1 ‘ 0

Bit Number Purpose Setting
15:12 Not Used Not used
11:8 Filter Setting Time constant = 166.7ns*2direct value. Range is 167ns to 5.46ms.
7:0 Delay Setting Delay 0.667us* direct value before a fault is generated. Range is Ous to 170ys.

10.90 SLOW_OC_FILT_COUNT (ECh)

Definition: Sets the slow sum output overcurrent fault filter settings.

Access: Paged

Data Length in Bytes: 2
Data Format: Bit Field

Type: RIW

Default Value: 0606h (Filter = 10.7ps, Delay = 1024 us)

Command SLOW_OC_FILT_COUNT (EBh)
Format Bit Field

Bit Position 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Access RW | RIW | R'W | R'W | R'W | R'W | RW | RI'W | RIW | RIW | R/W | R/'W | R'W | R'W | RIW | RIW
Function See Following Table

Default Value

o‘o‘o|0‘o‘1|1‘0‘o‘0|0‘0‘0|1‘1‘0

Bit Number Purpose Setting
15:12 Not Used Not used
11:8 Filter Setting Time constant = 166.7ns*2direct value. Range is 167ns to 5.46ms.
7:0 Delay Setting Delay 170.7us* direct value before a fault is generated. Range is Ous
to 43.5ms.
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10.91 LOOPCFG (FOh)

Definition: Configures various rail settings. To make a change, read the value, modify only the desired bits, and
write the value while preserving the bit settings.

Access: Paged

Data Length in Bytes: 4
Data Format: Bit Field

Type: RIW

Default Value: 102031F6h

Command LOOPCFG (FOh)
Format Bit Field

Bit Position 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Access RW |RW|RW|RW|RW|RW|RW|RW|RW|RW|RW|RW]|RW|RW]|RW]|RW
Function See Following Table

Default Value 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0

Bit Position 15 14 13 1 10 9 8 7 6 5 4 3 2 1 0
Access RW | RW |RW|RW|RW|RW|RW|RW|RW|RW|RW|RW]|RW|RW]|RW]|RW
Function See Following Table

Default Value

0‘0‘1|1‘o‘o|0‘1‘1‘1|1‘1‘o|1‘1‘0

Bit Position Field Function
31 Not Used Not used
30:29 Reserved Reserved
28 Diode Emulation Mode |1 = Enable diode emulation for power_mode 3
27:12 Reserved Reserved
11:8 Minimum Phase Count | Minimum phase count, 0-2
7 Reserved Reserved
6 Diode Emulation 1 = Enable diode emulation
Enable
5:4 Reserved Reserved
3:1 Reserved Reserved
0 APD enable 1 = Enable auto phase add/drop
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10.92 RESTORE_CFG (F2h)

Definition: Identifies the user configuration ID to be restored from NVM and loads the store settings into the
active memory of the device. This command should only be used while all outputs are disabled. Restore takes

3ms to complete.
Access: Global

Data Length in Bytes: 1
Data Format: Bit Field
Type: RIW

Default Value: 00h

Command RESTORE_CFG (F2h)
Format Bit Field
Bit Position 4 3 2 1 0
Access R R R R R/W R/wW R/W R/W
Function See Following Table
Default Value 0 0 0 0 0 0 0 0
Bit Number Status Bit Name Meaning
74 Reserved Reserved
3:.0 CONFIG Selected user configuration ID to restore, 0-15.
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11. Revision History

Rev. Date Description
1.00 Oct.1.20 Initial release
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1 2_ Package outline Drawing For the most recent package outline drawing, see L32.4x4D.
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NOTES:
1. Dimensions are in millimeters.
Dimensions in () for Reference Only.
2. Dimensioning and tolerancing conform to ASME Y14.5m-1994.
3. Unless otherwise specified, tolerance: Decimal +0.05.
Dimension b applies to the metallized terminal and is measured
between 0.15mm and 0.25mm from the terminal tip.
A Tiebar shown (if present) is a non-functional feature.
The configuration of the pin #1 identifier is optional, but must be
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