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4.5V to 20V Input, 12 A
microBuck® DC/DC Converter With PMBus Interface
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DESCRIPTION

The SiC454 is a PMBus 1.3 compliant non-isolated DC/DC
buck regulator with integrated MOSFETS. It is capable of
supplying up to 12 A continuous output current. Its
output voltage is digitally adjustable from 0.3 V to 12 V from
a 4.5V to 20 V input with switching frequencies up to 1.5
MHz.

SiC454 architecture delivers ultrafast transient response
with minimum output capacitance and tight regulation over
a broad load range. The device has integrated internal
compensation and is stable with any type of output
capacitor. The device incorporates a power saving scheme
that significantly increases light load efficiency.

The SiC454 allows power block configuration programs to
be stored in non volatile memory (NVM). Various operation
parameters can all be locally stored and used to determine
fault behavior. Operation is firmware based and is field
upgradable Pinstrap option is also available for default
configuration without PMBus.

The SiC454 is available in lead (Pb)-free power enhanced
MLP 5 mm x 5 mm package.
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Fig. 1 - Typical Application Circuit
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FEATURES
¢ Versatile @
- Single supply operation from 4.5V to 20 V RoHS
input voltage COMPLIANT

- Adjustable output voltage from 0.3 Vto 12V HALOGEN

- Built in 5 V regulator for internal circuits and FREE
driver supply

-1 % output voltage accuracy over temperature
- Ultrafast transient response
¢ Highly efficient
- 98 % peak efficiency
- Optional power save mode
e Highly configurable
- PMBus 1.3 compliant with 1 MHz bus speed
- Internal NVM
- Vour adjustability and reading resolution of 2 mV
- Supports over 50 PMBus commands
- Supports in phase or 180° out of phase synchronization
- Output voltage source and sink capability
® Robust and reliable
- PVin, Vour, Iin and oyt and temperature reporting
- Over current protection in pulse-by-pulse mode
- Output over and under voltage protection
- Over temperature protection with hysteresis
- Differential output remote sensing

APPLICATIONS

e Server, cloud, and infrastructure

¢ Networking, telecom, storage applications

e Distributed point of load power architectures
¢ DDR memory
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Fig. 2 - SiC454 Efficiency Curve
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PIN CONFIGURATION
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Fig. 3 - Pin Configuration - Top View

PIN DESCRIPTION

PIN NUMBER SYMBOL DESCRIPTION

1 SDA PMBus data. Connect to external host interface

2 SCL PMBus clock. Connect to external host interface

3 EN Enable pin. Active high 5 V logic level input

4 Voo Internal 5 V circuits supply voltage. VDD is a LDO output, connect a 1 pF to 4.7 yF decoupling capacitor
to AGND

5 Vin ,Iggl[ithOf internal LDO. Connect to the input of power train with a 0.1 yF MLCC decoupling capacitor to

6 PVCG Eép?\lplljy voltage for internal gate drive. PVCC is a LDO output. Connect a 4.7 pyF decoupling capacitor to

7 GL Low side MOSFET gate monitor

8,9 SW Switch node

10, 11 PGND Power ground. Common return for internal MOSFETs

12,13, 14 PVIN Input voltage for power stage

15 PHASE Phase node, return path of high side gate driver

16 GH High side MOSFET gate monitor

17 BOOT Bootstrap voltage for high side gate driver (referenced to PHASE)

18 AGND Analog signal return ground

19, 20, 21 NC Not internally connected. Leave it floating

22 VSEN- Negative input of remote sense amplifier. Connect to output ground

23 VSEN+ Positive input of remote sense amplifier. Connect to output

o4 PGOOD Power good. Open-drain output indicating VOUT is within set limits. Connect a pull up resistor typically
10 kohm to VDD

25 ADDR PMBus address programming pin

26 VSET Output voltage set point by connecting a resistor from VSET to AGND

27 AGND Analog signal return ground

o8 RT/SYNG Clock synchronization pin. Frequgncy c.an be set by connecting a resis.tor t9 AGNI?.
Depending on master / salve configuration, a clock can be send / receive via the pin

29 SALRT PMBus alert. Connect to external host interface if desired

ORDERING INFORMATION

PART NUMBER PART MARKING MAXIMUM CURRENT PACKAGE

SiC454ED-T1-GES3 SiC454 12A PowerPAK MLP29-55

SiC454EVB Reference board
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PART MARKING INFORMATION

o o - pin 1 indicator
P/N P/N = part number code
B - Ssiiconix logo
FYWWLL | A - esoomo
L F = assembly factory code
)2 1 ~w
Y = yearcode
A ' WW = week code
LL = lotcode

Vishay Siliconix

ABSOLUTE MAXIMUM RATINGS (Ta = 25 °C, unless otherwise noted)
ELECTRICAL PARAMETER CONDITIONS LIMITS UNIT
PVin, ViN Reference to Pgnp -0.3to +28
SW/PH Reference to Pgnp -0.3 to +28
SW/ PH (AC) Reference to Pgnp (100 ns) -8 to +33
BOOT -0.3 to Vpy + Pyvce
BOOT to SW -0.3 to +6 Vv
Drive supply voltage (PVcc) -0.3to +6
Bias supply voltage (Vpp) -0.3to +6
Acnp 1o Panp -0.3to +0.3
All other pins Reference to Agnp -0.3toVpp + 0.3
Temperature
Junction temperature -40 to +150 .
Storage temperature -65 to +150 ©
Power Dissipation
Junction-to-ambient thermal impedance (Rinya) 24
Thermal resistance from junction to case (Riny-c) 4.5 °C/W
Thermal resistance from junction to PCB (Rihy-pcB) 5
ESD Protection

o . HBM 2 kV
Electrostatic discharge protection

CDM 750 Vv

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.

RECOMMENDED OPERATING CONDITIONS (all voltages referenced to GND = 0 V)

ELECTRICAL PARAMETER MIN. TYP. MAX. UNIT
PVins VN 4.5 - 20

Logic pins 0 - 5.5

Vourt 0.3 - 12 \
Drive supply voltage (Pvcc) 4.75 5 5.25

Bias supply voltage (Vpp) 4.75 5 5.25

Temperature

Recommended ambient temperature -40 to +85 oc
Operating junction temperature -40to +125
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ELECTRICAL SPECIFICATIONS (PV|y =12V, T; = -40 °C to +125 °C, unless otherwise specified)

PARAMETER SYMBOL TEST CONDITIONS LIMITS UNIT
MIN. | TYP. | MAX.

Power Supplies
PVins VIN PVins ViN 4.5 - 20
VIN?ON, default VIN?ON Default setting - 10 -
VIN_OFF, default ViN_OFF Default setting - 9 - v
PVcc supply Vpvce Vin=4.5Vto20V 4.5 5 55
Vpp supply \5) Logic supply voltage 4.5 5 5.5
PVce UVLO threshold VPVCC?UVLO?TH 3.4 3.6 3.8
PVcc UVLO hysteresis Vpvcc_uvLo HYS - 300 - mV
Input current i Ty=25°C, no?-switching, no load, Vout > VsgT, ) 35 6

pvce + lpvop + lpvin mA
Shutdown current IVIN?SDN EN =0V, Ipycc + lpvop + lpvin - 2.5 6
PV|n Monitoring
PVn monitor accuracy VpVIN_MON_ACC - 3 - %
PV)n min. monitor resolution VpPVIN_MON_RSO - 70 - mV
PVn monitor full scale VPVIN_MON_SCL - - 28 \Y
PV\n read frequency tPvIN_RSP - 78 - Hz
Iin Fault Response Time
IIN fault response time tIINfRSP IIN?OC?WARN - 78 - Hz
Pin (Input power)
Pin sense accuracy PpviN_sNs_Acc 5Wto 160 W - 5 - %
Pin sense resolution PpvIN_sNs_RsO - 0.5 - W
Output Voltage
Vour default set-point Vour Vggr resistor = OPEN or SHORT - 0.6 - \Y
Vour set-point accuracy Vout Acc Measured as AV (Vsgns — Vsen-) -1 - 1 %
Vour set-point range Vout RNG 0.3 - 12 \'%
Vour set-point resolution Vout Rso - 2 - mV
Line regulation Vout REG - 1 - %
Load regulation Vout REG - 1 -
Vout min. monitor resolution VouT MON RSO Vour scale loop = 1 - 5 - mV
Vour start up delay range ts pLY RNG From PV valid until 1st PWM pulse - 0 - ms
Vsens common mode range VVSNS_RNG -0.2 - 12 \
Vsen- common mode range VVSNS_RNG -200 200 mV
Vour read conversion frequency tvouT RspP - 78 - Hz
Controller and Timing
Minimum on-time toN_MIN - 50 - ns
Minimum off-time torF MIN - 250 -
ton accuracy ton_Acc -10 - 10 %
Frequency, default fsw 540 600 660 KHz
Frequency setting range fsw RNG CCM mode 300 - 1500
Vour Soft Start / Soft Stop
ton rise, default toN RISE From Voyr = 0V to Vouyr set point - 5 -
ton rise, setting range toN RNG 0 - 127
torr fall, default tssp - 5 -
torr fall, setting range tssp.RNG 0 - 127
ton delay, default tON,DLY From VOUT =0Vto VOUT set point - 0 - ms
ton delay, setting range toN_DLY.RNG 0 - 127
torr delay, default tQF|:7D|_Y - 0 -
torr delay, setting range tOFF?DLY,RNG 0 - 127
ton max. fault limit, default tmax FLT - 20 -
ton max. fault limit, setting range |  tmax FLT.RNG 0 - 127

S$23-1165-Rev. C, 25-Dec-2023

For technical questions, contact: powerictechsupport@vishay.com

4

Document Number: 63042

THIS DOCUMENT IS SUBJECT TO CHANGE WITHOUT NOTICE. THE PRODUCTS DESCRIBED HEREIN AND THIS DOCUMENT
ARE SUBJECT TO SPECIFIC DISCLAIMERS, SET FORTH AT www.vishay.com/doc?91000



http://www.vishay.com

\ A
VISHAY.

SiC454

www.vishay.com

Vishay Siliconix

ELECTRICAL SPECIFICATIONS (PV\y =12V, T; = -40 °C to +125 °C, unless otherwise specified)

PARAMETER SYMBOL TEST CONDITIONS LIMITS UNIT
MIN. | TYP. | MAX.
Enable
EN pull down resistance Ren - | 5 | - | MQ
RT/SYNC
Logic high level VRT/SYNC_HI 2 - - v
Logic low level VRT/sYNC_LO - - 0.8
Input minimum pulse width N Pulse_min - 100 - ns
Sync switching Fsync 300 - 1500 | kHz
Power Good
;?gser:ogljgc’d output rising VEs RISING TH ) 90 _
- Default value respect to Vot default setting = 0.6 V
Power good output falling Veg FALLING TH _ 85 _ %
threshold -~ -
Power good hysteresis VEB HYST - 5 -
Power good on resistance Rpg - 55 - Q
Power good delay time (rising) tpG_RISE DLY - 25 -
Power good delay time (falling) tpa_FALL DLY - 100 - HS
Temperature Monitor and Temperature Shutdown
Monitoring resolution TMoN_Rso - 1 -
Monitoring range TMoN_RNG -40 - +150
Monitoring accuracy TMmoN_Acc -5 - +5 °C
Thermal shutdown Tsp - 125 -
Thermal shutdown hysteresis Tsp_Hys - 35 -
Digital Inputs (ADDR, SALRT, SCLK, SDA, EN)
Input high threshold Vin 2 - -
Input low threshold ViL - - 0.8 \%
Input hysteresis VhysT - 0.1 -
Pin capacitance CpiN - 5 - pF
Fault Protections
Valley current limit, default locp SiC454, Ty =-40 °C to +85 °C - 17 - A
Output OVP threshold, default Vovp . - 115 -
Vour with respect to Vggr %
Output UVP threshold, default Vuve - 80 -
Telemetry
Vin Vin LO?AZUETOnEbZtOO%.Itg 519(% % -3 - 3
20 % of load current (Ta = 25 °C) -15 - 15
N N 50 % of load current (Ta = 25 °C) -6 - 6
100 % of load current (Ta = 25 °C) -5 - 5
20 % of load current (T4 = 25 °C) -9 - 9
Pin Pin 50 % of load current (Ta = 25 °C) -4 - 4
100 % of load current (Ta = 25 °C) -3 - 3
2V <Voyur <5.5V, load current, 20 % to 100 % 6 _ 6 %
(Ta=-40°C to +125 °C)
Vour Vour
0.5V < Voyr <2V, load current, 20 % to 100 % 7 _ 7
(Ta=-40°C to +125 °C)
20 % of load current (T4 = 25 °C) -12 - 12
lout lout 50 % of load current (Ta = 25 °C) -4 - 4
100 % of load current (Ta = 25 °C) -3 - 3
20 % of load current (Tp = 25 °C) -9 - 9
Pout Pout 50 % of load current (Ta = 25 °C) -4 - 4
100 % of load current (Ta = 25 °C) -3 - 3
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FUNCTIONAL BLOCK DIAGRAM
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Fig. 4 - Functional Block Diagram
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OPERATIONAL DESCRIPTION

Device Overview

SiC454 is a high efficiency synchronous buck regulator
capable of delivering up to 25 A continuous current. The
device has programmable switching frequency of 300 kHz
to 1.5 MHz. The control scheme delivers fast transient
response and minimizes external components. Thanks to
the internal current ramp information, no high ESR output
bulk or virtual ESR network is required for the loop stability.
This device also incorporates a power saving feature by
enabling diode emulation mode and frequency fold back as
the load decreases.

In addition, a built in PLL allows in phase or 180° out of
phase synchronization under master / slave configuration.

SiC454 has a full set of protection and monitoring features
with response that can be set with PMBus:

e Over current protection in pulse-by-pulse mode
e Qutput over voltage protection

¢ Output under voltage protection

e Over temperature protection with hysteresis

¢ Dedicated enable pin for easy power sequencing
e Power good open drain output

This device is available in MLP34-57 package to deliver high
power density and minimize PCB area.

PWM Control Mechanism

SiC454 employs a voltage - mode COT control mechanism.
During steady-state operation, feedback voltage is
compared with internal reference and the amplified error
signal (Vcomp) is generated in the internal comp node. An
internally generated ramp signal and Vgomp are fed into a
comparator. Once Vgavp crosses Vcomp, @ single shot
on-time pulse is generated for a fixed time, programmed by
the external Rss,. During the on-time pulse, the high side
MOSFET will be turned on. Once the on-time pulse expires,
the low side MOSFET will be turned on after a
break-before-make period. The low side MOSFET will be on
for duration of minimum off-time pulse until Vraymp crosses
Vcowmp- The cycle is then repeated.

Fig. 5 illustrates the basic block diagram for VM-COT
architecture. In this architecture the following is achieved:

e The reference of a basic ripple control regulator is
replaced with a high again error amplifier loop

e This establishes two parallel voltage regulating feedback
paths, a fast and slow path

e Fast path is the ripple injection which ensures rapid
correction of the transient perturbation
e Slow path is the error amplifier loop which ensures the DC

component of the output voltage follows the internal
accurate reference voltage

Vishay Siliconix

Constant on time
PWM generator

Differential
amplifier

Fig. 5 - VM-COT Block Diagram

All components for RAMP signal generation and error
amplifier compensation required for the control loop are
internal to the IC, see Fig. 5. In order for the device to cover
a wide range of Vour operation, the internal RAMP signal
components are automatically selected depending on the
Vour voltage and switching frequency. The error amplifier
internal compensation consists of a resistor in series with a
capacitor (Rcomp, Ccomp)-

Fig. 6 demonstrates the basic operational waveforms:

Basic operational waveforms

VRAMP

VCOMP

e

PWM

-
Fixed on-time

Fig. 6 - VM-COT Operational Principle

Light Load Condition

To improve efficiency at light-load condition, SiC454
provide a set of innovative implementations to eliminate LS
recirculating current and switching losses. The internal zero
crossing detector monitors SW node voltage to determine
when inductor current starts to flow negatively. In power
saving mode, as soon as inductor valley current crosses
zero, the device deploys diode emulation mode by turning
off low side MOSFET. If load further decreases, switching
frequency is reduced proportional to load condition to save
switching losses while keeping output ripple within
tolerance. The switching frequency is set by the controller to

S$23-1165-Rev. C, 25-Dec-2023
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maintain regulation. In the standard power save mode, there
is no minimum switching frequency. If ultrasonic mode is
selected via PMBus, the minimum switching frequency that
the regulator will reduce to is > 20 kHz as the part avoids
switching frequencies in the audible range.

Power Stage

SiC454 integrates a high performance power stage with a
4 mQ n-channel high side MOSFET and a 1.4 mQ n-channel
low side MOSFET. The MOSFETs are optimized to achieve
up to 96 % efficiency.

The power input voltage (PV\) can go up to 20 V and down
as low as 4.5 V. The output voltage must always be less than
the input voltage.

Sequencing of Input / Output Supplies

SiC454 has no sequencing requirements on any of its
input / output, PV|y, PVge, ViN, Vop and EN. Vi is internal
supply voltage and is used to implement on time of COT
control. Vi shall be directly connected to PV)y.

EN

The SiC454 has an EN pin to turn the part on and off. Driving
this pin high enables the device, while grounding it turns it
off.

There are no sequencing requirements with respect to
input / output supplies.

Output Overcurrent Protection (OCP)

SiC454 has pulse-by-pulse overcurrent (OC) limit control.
The inductor valley current is monitored during low-side (LS)
FET turn-on period through Rpsen sensing. After a
pre-defined blanking time, the valley current is compared
with an internal oCP threshold named
IOUT_OC_FAULT_LIMIT, which can be programmed via
PMBus. Once monitored valley current is larger than
IOUT_OC_FAULT_LIMIT, a pulse-by-pulse over-current
limit is broken, high-side (HS) turn-on pulse is skipped and
LS FET is kept on until the inductor valley current returns
below OCP limit as illustrated by Fig. 7.

An  equation is given in (1) to calculate
IOUT_OC_FAULT_LIMIT from steady-state value of DC load
current when OCP happens.

IOUT_OC_FAULT_LIMIT =

(PVin—Vour) X Vour
2><L><PV|N><fSW (1)

IOUT?OCP a

where: IOUT_OC_FAULT_LIMIT is the OCP threshold to be
programmed via PMBus; loyTt_ocp is the steady-state value
of DC load current when pulse-by-pulse OC event happens;
PV|n is the input voltage for power stage; Vour is the output
voltage for power stage; L is inductance of power inductor;
and fgy is switching frequency for power stage.

SiC454 also provides secondary level OCP protection. If the
pulse-by-pulse overcurrent limit is persistently broken for
more than a specific number of consecutive switching

Vishay Siliconix

pulses in a row, secondary level OC fault is recognized and
both HS and LS MOSFETs are turned off. The device
continues restart attempt in a delay time until the OC fault
condition no longer exists.

The consecutive switching pulse in a row, the delay time,
and other types of fault responses can be programmed via
PMBus (see PMBus command section). The default number
is 128 for counting consecutive switching pulse in a row.
The default delay time is 20 ms.

The OCP is enabled immediately after Vpp passes UVLO
level.

OCPthreshold

IVANEVANEVAN /
NN
I

inductor
Skipped GH pulse

o LI L]

Fig. 7 - Over-Current Protection lllustration
Output Undervoltage Protection (UVP)

UVP is implemented by monitoring the output voltage. If the
output voltage drops below a threshold voltage
Vout_uv_rauLt_uimir (Vurd), the output-undervoltage (UV)
fault condition is recognized and both the HS and LS
MOSFETs are turned off. The device continues restart
attempt in a delay time until the UV condition no longer
exists.

The VygL and the delay time can be programmed via PMBus
(see PMBus command section). The default value of Vg is
20 % less than the target Voyr. The default delay time is
20 ms.

The UVP is only active after the completion of soft-start
sequence.

Output-Overvoltage Protection (OVP)

OVP is implemented by monitoring the output voltage. If the
output voltage is above a threshold voltage
VOUT_OV_FAULT_LIMIT (VOFL)! the output—overvoltage (OV) fault
condition is recognized and both the HS and LS MOSFETs
are turned off. The device restarts when the OV fault
condition no longer exists.

The UVFL can be programmed via PMBus (see PMBus
command section). The default value of Vop is 15 % more
than the target Voyr.

The OVP is enabled immediately after Vpp passes UVLO
level.

Input-Overvoltage Protection (V\y-ovp)

Vin-ovp is implemented by monitoring the input voltage.

S$23-1165-Rev. C, 25-Dec-2023
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When the input voltage is pulled above a threshold voltage
Vin_ov_rauLt_umim (Vin-orl), the input-overvoltage (Vin-ov)
fault condition is recognized and both the HS and LS
MOSFETSs are turned off. When the input voltage is pulled
below the Vin.oFL, the Vin.ov fault condition no longer exists
and the device restarts.

The V|n-oFL can be programmed via PMBus (see PMBus
command section). The default value of Viy.oFL is 15 V.

The V|n-ovp is enabled immediately after Vpp passes UVLO
level.

Input-Undervoltage Protection (V\n.yvp)

Vin-uvp is implemented by monitoring the input voltage.
When the input voltage is pulled below a threshold ViN_oFF,
the input-undervoltage (Vin-yv) fault condition is recognized
and both the HS and LS MOSFETs are turned off. When the
input voltage is pulled above a threshold V|y_on, the ViN-uv
fault condition no longer exists and the device restarts.

The ViN-oFr and ViN_on can be programmed via PMBus (see
PMBus command section). The default value of V\\.off is
9 V. The default value of Vi onis 10 V.

The Vin.uvp is enabled immediately after Vpp passes UVLO
level.

toN-mMAX. Protection (tMp)

SiC454 has power up time limit control. When the device
does not power up the output voltage above the Vyg in a
time interval Ionger than tONfMAX?FAULT?LIMIT (tMFL)v the
ton-max. (tm) fault condition is recognized and both the HS
and LS MOSFETs are turned off. The device continues
restart attempt after the shutdown in a delay time until the ty
fault no longer exists.

The tyeL and delay time can be programmed via PMBus (see
PMBus command section). The default value of tyr_ is
20 ms. The default delay time is 20 ms.

The typ is enabled immediately after Vpp passes UVLO level.

Overtemperature Protection (OTP)

SiC454 has internal thermal monitor block to support device
temperature control. When the device temperature rises
above OT_FAULT_LIMIT (OFL), the overtemperature (OT)
fault condition is recognized and both the HS and LS
MOSFETSs are turned off. When OT fault condition no longer
exists, the device restarts.

The OFL can be programmed via PMBus (see PMBus
command section). The default value of OFL is 125 °C.

The OTP is enabled immediately after Vpp passes UVLO
level.

Pre-Bias Start-Up

Vour is monitored through differential output voltage sense
pins Vgens and Vgen.. If the sensed voltage is higher than
VserT, control logic prevents HS and LS FET from switching
to avoid negative output voltage spike and excessive
current sinking through LS FET.

Vishay Siliconix

Measure
value 1.36182503 kHz

P1Teq(C2) P2min{C2) P3all(C2) Paman(F1) PEpkpk(C4) PEfreq(C3)

558.9351519 kHz

Fig. 8 - Pre-Bias Start-Up
Output Voltage Setting

Connecting a resistor from Vggr to Agnp Will set output
voltage (Vourt), eight Vour related warning and fault voltage
limits, and the value of VOUT_SCALE_LOOP as listed in the
“VOUT_SCALE_LOORP look up” table. See below 2 tables for
the list of supported output voltage (Voyr) set by the Vger
resistor value and related warning and fault limits.

In case the output voltage is set by PMBUS, the Vggr pin
needs to be shorted to Agnp or left open. If so, the output
voltage can be set with resolution of 1.953 mV and the
related warning and fault limits can also be set
independently.

If a different voltage other than one listed in the “OUTPUT
VOLTAGE SETTINGS” table is required without PMBUS, a
resistor divider can be used between output voltage sense
point, Vsens and Vgen. pins. Output voltage will be less
accurate with this method. Contact Vishay to know how.

OUTPUT VOLTAGE SETTINGS

Vser RESISTOR (k<) Vour (V)
0.845 0.60
1.30 0.90
1.78 0.95
2.32 1.00
2.87 1.05
3.48 1.20
412 1.25
4.75 1.50
5.49 1.80
6.19 2.10
6.98 2.50
7.87 3.30
8.87 5.00
11.0 12.00
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\linﬁTL?ELATED WARNINGS AND VOLTAGE LEVEL FREQUENCY SETTINGS
POWER_GOOD_ON 90 % Vour RT RESISTOR (kQ) FREQUENCY (kHz)
POWER_GOOD_OFF 85 % Vour 0.845 300
VOUT_OV_FAULT_LIMIT 115 % Vour 1.80 400
VOUT_OV_WARN_LIMIT 110 % Vour 1.78 500
VOUT_UV_WARN_LIMIT 90 % Vour 2.32 550
VOUT_UV_FAULT_LIMIT 80 % Vour 2.87 600
VOUT_MARGIN_LOW 95 % Vour 848 650
VOUT_MARGIN_HIGH 105 % Vour 4.12 700
4.75 750
RT/SYNC PIN and Mode of Switching Configuration 5.49 800
The SiC454 has an RT / SYNC pin. This pin can be used to 6.19 850
set the switching frequency and to send or receive a clock 6.98 900
signal for synchronization between a master and slave. 7.87 950
SiC454 will inject less than 1 mA DC current across the 8.87 1000
RT/SYNC pin to the ground during initial power up process, 10 1250
and connecting a resistor from the RT/SYNC pin to ground 1 1500

will be used to set the switching frequency according to the
table listed below. The following table shows the supported
frequency settings by the RT resistor value. Please do not
leave the setting resistor open or short, or contact Vishay for
technical support. The frequency set by the external resistor
can be overridden by a PMBus command with resolution
50 kHz (see PMBus command table).

SiC454 supports four modes of switching configuration,
including standalone mode, master mode, slave mode in
phase, and slave mode 180° out of phase. The master mode
is default one of switching configuration and user can
override it to be either standalone mode, slave mode in
phase, or slave mode 180° out of phase by PMBus
command INTERLEAVE (see PMBus command table).

The following table introduces four modes of switching configuration, recommended RT/SYNC pin connections, and content of
related PMBus command INTERLEAVE.

MODE OF SWITCHING CONFIGURATION, PIN CONNECTION, AND INTERLEAVE PMBus
SWITCHING FREQUENCY AND RECOMMENDED SWITCHING INTERLEAVE
MODE TYPE | MODE DESCRIPTION RT/SYNC PIN CONNECTION PHASE COMMAND
Cross aresistor Rgr from RT / SYNC pin to ground. During
power up, less than 1 mA DC current will be injected into
Standalone Chip works individually ﬁ:ﬁrfﬁéﬁiggtﬁggbn:niifgsg E‘g'é?/:g%gggiingngzg Self determined 0x0000
command. After power up, RT / SYNC pin is released and
connected to ground via Rgr.
Chip works as a master | Cross aresistor Rgr from RT/SYNC pin to ground. During
chip outputting a clock | power up, less than 1 mA DC current will be injected into
signal in phase with its | resistor Rgy to determine default switching frequency. The
Master switching to drive an default switching frequency can be overridden by PMBus | Self determined 0x0100
external slave chip’s command. After power up, RT / SYNC pin outputs a 50 %
switching frequency and | duty cycle pulse signal toggling between 0 and Vpp, which
phase is in phase with the chip’s switching node.
Cross a resistor Rgr from RT / SYNC pin to ground. During
power up, less than 1 mA DC current will be injected into
Chip works as a slave resistor Rgr to determine default switching frequency. The
: - default switching frequency can be overridden by PMBus | In phase with the
chip receiving an external . f
. clock signal and command. When there is an externgl clpck signal external cloqk, or
Slave in phase S s presented at the RT / SYNC pin, the switching frequency | self determined 0x0120
synchronize its switching ) ) . e . g
; ; will be overridden and the chip’s switching node is in when individually
in phase with the clock | 0o \lith the external clock signal. If the external clock K
signal phase wi e external clock signal. If the external cloc works
signal comes from a SiC454 working in master mode
switching configuration, the resistor Rgt shall be same to
the Ryt used by the master chip.

S$23-1165-Rev. C, 25-Dec-2023
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MODE OF SWITCHING CONFIGURATION, PIN CONNECTION, AND INTERLEAVE PMBus

clock signal comes from a SiC454 working in master mode
switching configuration, the resistor Rgt shall be same to
the Rt used by the master chip

SWITCHING FREQUENCY AND RECOMMENDED SWITCHING INTERLEAVE
MODE TYPE | MODE DESCRIPTION RT/SYNC PIN CONNECTION PHASE COMMAND
Cross a resistor Ryt from RT / SYNC pin to ground. During
power up, less than 1 mA DC current will be injected into
. resistor Rgr to determine default switching frequency. The o
chci; h'rg(\:’é?\';i‘;s aalasn?eftlgl\'/r?al default switching frequency can be overridden by PMBus 1w8|?h ?#é Zi?gr?\s:l
Slave 180 ° pclock signal and command. When there is an external clock signal clock. or self
out of phase | synchronize its switching presented at the RT / SYNC pin, the switching frequency determi’ned when 0x0121
180 ° out of phase with will be overridden and the chip’s switching node is 180° individuall
the clockpsignal out of phase with the external clock signal. If the external works Y

PMBus ADDRESS (ADDR pin)

The SiC454 has a 7-bit register that are used to set the base
PMBus address of the device. A resistor assembled
between ADDR pin and ground sets an offset from the
default pre-configured MFR base address in the memory.
Up to 15 different offsets can be set allowing 15 SiC454
devices with unique addresses in a single system. This
offset and therefore the device address is read by the ADC
during the initialization sequence. The table below provides
the resistor values needed to set the 15 offsets from the
base address. Please do not leave the setting resistor open
or short, or contact Vishay for technical support.

MFR_BASE_ADDRESS

CONNECTION | ADDRESS [I:-;I:E)o(] [';‘;‘:"X'] [g:'g]

0.845K 1 0 001b | 0010 000b

1.3K 2 1 001b | 0010 001b
1.78K 3 2 001b | 0010 010b
232K 4 3 001b | 0010 011b
287K 5 4 001b | 0010 100b
3.48K 6 5 001b | 0010 101b
412K 7 6 001b | 0010 110b
4.75K 8 7 001b | 0010 111b
5.49K 9 8 001b | 0011 000b
6.19K 10 9 001b | 0011 001b
6.98K 11 A 001b | 0011 010b
7.87K 12 B 001b | 0011 011b
8.87K 13 c 001b | 0011 100b

10K 14 D 001b | 0011 101b

11K 15 E 001b | 0011 110b

Vishay provides another 15 options of PMBus address listed
in table of MFR_BASE_ADDRESS_2. Please contact Vishay
for technical support.

MFR_BASE_ADDRESS_2
CONNECTION | ADDRESS [';'f’é] [';YT] [g:%]
0.845K 1 0 101b | 1010 000b
1.3K 2 1 101b | 1010 001b
1.78K 3 2 101b | 1010 010b
232K 4 3 101b | 1010 011b
287K 5 4 101b | 1010 100b
3.48K 6 5 101b | 1010 101b
412K 7 6 101b | 1010 110b
4.75K 8 7 1016 | 1010 111b
5.49K 9 8 101b | 1011 000b
6.19K 10 9 101b | 1011 001b
6.98K 11 A 101b | 1011 010b
7.87K 12 B 101b | 1011 011b
8.87K 13 C 101b | 1011 100b
10K 14 D 101b | 1011 101b
11K 15 E 101b | 1011 110b
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PMBus COMMAND LIST

ADDRESS

PMBus COMMAND NAME

TYPE

DATA
FORMAT
(UNITS)

DEFAULT
VALUE IN
NVM

DEFAULT

VALID
RANGE

01h

OPERATION

Byte

88h
(1000,1000)

[7] 1: PMBus unit output is on

[6] O: output is turned off
immediately and any power down
sequencing commads are ignored
[5: 4] 00: Vour set by
VOUT_COMMAND

[3 : 2] 10: faults caused by selecting
VOUT_MARGIN_HIGH or
VOUT_MARGIN_LOW

as the nominal output voltage
source are acted upon according to
the settings of the
VOUT_OV_FAULT_RESPONSE and
VOUT_IV_FAULT_RESPONSE data
bytes

[1] O: not used

[0]: reserved 02h

02h

ON_OFF_CONFIGURATION

R/W

Byte

1Fh
(0001,1111)

[7 : 5] 000: reserved

[4] 1: no power up until commanded
by the CONTROL and OPERATION
[3] 1: to start, the unit requires on/off
portion of the OPERATION
command

[2] 1: to start, the unit requires
CONTROL asserted

[1] 1: active high to start the unit

[0] 1: turn off Voyr as fast as
possible, ignore TOFF_DELAY and
TOFF_FALL

03h

CLEAR_FAULTS

Write

10h

WRITE_PROTECT

Write

Byte

00h
(0000,0000)

[7 : 0]: 0000,0000:
allows write to all registers

15h

STORE_USER_ALL

Write

16h

RESTORE_USER_ALL

Write

19h

CAPABILITY

Read

Byte

DOh
(1101,0000)

[7] 1: packet error checking is
supported

[6 : 5] 10: maximum supported
bus speed is 1 MHz

[4] 1: the unit has SMBALERT# pin
and supports SMBus alert response
protocol

[3] O: numeric data is in LINEAR11,
LINEAR16, or DIRECT format

[2] 0: AVSBUS not supported
[1:0]00: reserved

1Bh

SMBALERT_MASK

R/W

Block

0x0000
(0000,0000,
0000,0000)

20h

VOUT_MODE

Read

LINEAR16
V)

17h
(0001,0111)

[7 : 5] 000: the unit uses
LINEAR16 format for

Vour related commands
[4: 0] 1,0111: five bit two is
complement exponent
equals -9 for Voyr related
commands

21h

VOUT_COMMAND

R/W

LINEAR16
Y

0133h

(0000,0001,
0011,0011)

0.6V

0.3Vto14V,
1.953 mV
resolution
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PMBus COMMAND LIST
DATA DEFAULT VALID
ADDRESS| PMBus COMMAND NAME TYPE FORMAT | VALUE IN DEFAULT RANGE
(UNITS) NVM
This command deviates from
xxxxh e | 2Vto2V,
29h VOUT_TRIM R/W LINEAR16 (00X, XIOK, X standard PMBus 1.3 spe_mflcatlons, 1953 mvV
v) a factory trim value varying by .
XXX, XXXX) devices resolution
1C00h 0.3Vto 14V,
24h VOUT_MAX R/W LINE\'?)RW (0001,1100, 14V 1.953 mV
0000,0000) resolution
0142h 0.3Vto14V,
25h VOUT_MARGIN_HIGH R/W LINI?\,/A)R16 (0000,0001, 0.63V 1.953 mV
0100,0010) resolution
0123h 0.3Vto 14V,
26h VOUT_MARGIN_LOW RAW L'N%\‘,\)Rw (0000,0001, 0.57V 1.953 mv
0010,0011) resolution
E002h 0.0625 mV/us
27h VOUT TRANSITION_RATE rw | HINEARTT 60,0000, 0.125 mV/us to2 mVi/us,
(mV/ps) 0000,0010) 0.0625 mV/ps
’ resolution
LINEAR11 E808h This command deviates from 0.125 V/V,
29h VOUT_SCALE_LOOP R/W (VA) (1110,1000, | standard PMBus 1.3 specifications; 0.25 V/V,
0000,1000) |1 VNV 0.5V/N,1 VN
0258h 300 kHz to
33h FREQUENCY_SWITCH R/W LINEARTT | 1000,0010, 600 kHz 1500 kHz,
(kHz) 0101,1000) 50 kHz
’ resolution
F814h 1Vto 80V,
35h VIN_ON R/W LIN?\%RH (1111,1000, 10V 0.5V
0001,0100) resolution
F812h 1Vto80V,
36h VIN_OFF R/W L'N%R” (1111, 1000, 9V 05V
0001, 0010) resolution
[15:12] 0000: reserved Star;dalolne,
0100h | [11:8] 0001: sets unit as mf‘ns er:’a Ssgve
37h INTERLEAVE R/W Word (0000,0001, | Master or Slave Save ’
0000,0000) |[7 : 4] 0000: sets unit as master 180° out of
[3 : 0] 0000: not used phase
LINEAR16 0161h 0.3Vto14V,
40h VOUT_OV_FAULT_LIMIT R/W W) (0000,0001, 0.69V 1.953 mV
0011,0011) resolution
The device’s output is disabled
while the fault is present. Operation
resumes and the output is enabled 00h. 16h
when the fault condition no longer 2oh.
Fsh exists. It attempts to restart 36h Cbh
41h VOUT_OV_FAULT_RESPONSE R/W Byte 1111.1000 continuously, without limitation, until I56h ’
( ’ ) it is commanded off (by the ’
CONTROL pin or OPERATION 522’8?5“'
command or both), bias power is
removed, or another fault condition
causes the unit to shut down
LINEAR16 0151h 0.3Vto 14V,
42h VOUT_OV_WARN_LIMIT R/W W) (0000,0001, 0.66 V 1.953 mV
0101,0001) resolution
0114h 0OVto 14V,
43h VOUT_UV_WARN_LIMIT R/W LINI?\,/A)R16 (0000,0001, 0.54V 1.953 mV
0001,0100) resolution
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PMBus COMMAND LIST
DATA DEFAULT VALID
ADDRESS| PMBus COMMAND NAME TYPE FORMAT | VALUE IN DEFAULT RANGE
(UNITS) NVM
LINEAR16 00F5h 0Vto14V,
44h VOUT_UV_FAULT_LIMIT R/W W) (0000,0000, 0.48V 1.953 mV
1111,0101) resolution
The device shuts down (disables the
output) and attempts to restart
continuously, without limitation, until 00h, 16h,
Boh it is commanded off (by the EN pin 22h, 36h,
45h VOUT_UV_FAULT_RESPONSE R/W Byte (1011,1001) or B9h, COh,
’ OPERATION command or both), D6h, E2h,
bias power is removed, or another F6h
fault condition causes the unit to
shut down. 20 ms delay
SiC450:F87
Oh
(1111,1000,
0111,0000)
SiC451:
F846h
(1111,1000, SiC450: 56 A 0At0127 A
46h IOUT_OC_FAULT_LIMIT R/W LINEART1 0190’0110) S!C451' 35A 05A
A SiC453: SiC453: 21 A resolution
F82Ah SiC454: 17A
(1111,1000,
0010,1010)
SiC454:
F821h
(1111,1000,
0010,0001)
This command deviates from 00h. 16h
standard PMBus 1.3 specifications. 29h. 36h.
Alh The device continues operation for Alh. COh’
47h IOUT_OC_FAULT_RESPONSE R/W Byte (1010,0001) 128 consecutive OC cycles and then D6h’ E2h’
’ shut down. Waiting for 20 ms, it Féh ’
hiccups until the fault condition no ’
longer exists Féh
SiC450:
F868h
(1111,1000,
0110,1000)
SiC451:
F841h
(1111,1000, SiC450: 52 A 0Ato 127 A
LINEAR11 | 0100,0010) SiC451: 32.5 A ’
4AN IOUT_OC_WARN_LIMIT AW A SiC453: SiC453: 19.5 A res%lit'?\on
F827h SiC454: 155 A
(1111,1000,
0001,1111)
SiC454:
F81Fh
(1111,1000,
0001,1111)
007Dh 0°Cto 150
4Fh OT_FAULT_LIMIT R/W LINE(QRﬂ (0000,0000, 125 °C °C,1°C
0111,1101) resolution
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PMBus COMMAND LIST
DATA DEFAULT VALID
ADDRESS| PMBus COMMAND NAME TYPE FORMAT | VALUE IN DEFAULT RANGE
(UNITS) NVM

The device’s output is disabled

while the fault is present. Operation

resumes and the output is enabled

when the fault condition no longer 00h, 16h,

Foh exists. It attempts to restart 22h, 36h,

50h OT_FAULT_RESPONSE R/W Byte 1111.1001 continuously, without limitation, until | COh, D6h,

( ) ) it is commanded off (by the EN pin E2h, F6h,
or OPERATION command or both), F9h
bias power is removed, or another
fault condition causes the unit to
shut down

0069h 0°Cto 150
51h OT_WARN_LIMIT R/W LINE(QRﬂ (0000,0000, 105 °C °C,1°C

0110,1001) resolution

F81Eh 1Vto 80V,
55h VIN_OV_FAULT LIMIT R/W L'Nf\‘,\)R” (1111,1000, 15V 05V

0001,1110) resolution
This command deviates from
standard PMBus 1.3
specifications.The device’s output is 00h, 16h,

B8h disabled while the fault is present. 22h, 36h,
56h VIN_OV_FAULT_RESPONSE R/W Byte 1011.1000 Operation resumes and the outputis | B8h, COh,

( ’ ) enabled when the fault condition no D6h, E2h,
longer exists. It does not attempt to F6h
restart. The output remains disabled
until the fault is cleared

F812h 1Vto 80V,
58h VIN_UV_WARN_LIMIT R/W LINE\/}\)RH (1111,1000, 9V 0.5V

0001,0010) resolution

F80Ah 0Ato 127 A,
5Dh IIN_OC_WARN_LIMIT R/W LINI(E:)Rﬁ (1111,1000, 5A 05A

0000,1010) resolution

0114h 0.24Vto14V,
5Eh POWER_GOOD_ON R/W LINI?\,;A)R16 (0000,0001, 0.54V 1.953 mV
0001,0100) resolution
0105h 0.24Vto 14V,
5Fh POWER_GOOD_OFF R/W LINEC‘)RW (0000,0001, 0.51V 1.953 mV
0000,0101) resolution
0000h 0 ms to
60h TON_DELAY R/W LIN&AS?ﬁ (0000,0000, 0 ms 127 ms, 1 ms
0000,0000) resolution
0005h 0 ms to
61h TON_RISE R/W LIN(FnAS?ﬂ (0000,0000, 5ms 127 ms, 1 ms

0000,0101) resolution

LINEART1 0014h 0msto
62h TON_MAX_FAULT_LIMIT R/W (ms) (0000,0000, 20 ms 127 ms, 1 ms

0001,0100) resolution
The device shuts down (disables the
output). It attempts to restart
continuously, without limitation, until | 80h, 83h,

Boh it is commanded off (by the EN pin 86h, 88h,
63h TON_MAX_FAULT_RESPONSE W By | (1011,1001) | or OPERATION command or both), | 89h, 8Ah,
bias power is removed, or another 8Bh, BSh
fault condition causes the unit to
shut down. 20 ms delay
0000h 0 ms to
64h TOFF_DELAY R/W L'N(iASF)m (0000,0000, 0ms 127 ms, 1 ms
0000,0000) resolution
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PMBus COMMAND LIST

DATA | DEFAULT VALID
ADDRESS| PMBus COMMAND NAME TYPE FORMAT | VALUE IN DEFAULT RANGE
(UNITS) NVM
0005h 0 msto
65h TOFF_FALL R/W "'N('r':nAS?” (0000,0000, 5ms 127 ms, 1 ms
0000,0101) resolution
LINEAR{1 003Ch 0 msto
66h TOFF_MAX_WARN_LIMIT R/W (m) | (0000,0000, 60 ms 127 ms, 1 ms
0011,1100) resolution
00h
78h STATUS_BYTE Read Byte (0000,0000) No faults -
0000h
79h STATUS_WORD Read Word | (0000,0000, No faults -
0000,0000)
7Ah STATUS_VOUT Read Byte 00h No faults -
- Y (0000,0000)
7Bh STATUS_IOUT Read Byte 00h No faults -
- Y (0000,0000)
7Ch STATUS_INPUT Read Byte 00h No faults .
- Y (0000,0000)
00h
7Dh STATUS_TEMPERATURE Read BYte | 0000.0000) No faults .
7Eh STATUS_CML Read Byte 00h No faults -
— Y (0000,0000)
00h
80h STATUS_MFR_SPECIFIC Read BYte | (0000,0000) No faults -
88h READ_VIN Read L'N%'?‘)R” n/a n/a 0Vto80V
ULINEAR exp:
89h READ_IIN Read 14) n/a n/a (-4) to (-16)
8Bh READ_VOUT Read L'N%ﬁ‘)me n/a n/a 0Vto48V
ULINEAR exp:
8Ch READ_IOUT Read 114) n/a n/a (-4) to (-10)
8Dh READ_TEMPERATURE Read L'NE(Qm 1 n/a n/a (-50)° to 150°
94h READ_DUTY CYCLE Read L'NEQ)R” n/a n/a 0% t0 100 %
ULINEAR exp:
96h READ_POUT Read 11 (W) n/a n/a (-4) to (-16)
ULINEAR exp:
97h READ_PIN Read 11 (W) n/a n/a (-4) to (-16)
33h [7 :4] 0011: part | revision 1.3
98h PMBUS_REVISION Read Byte | 0011,0011) | [3 : 0] 0011: part Il revision 1.3
For user to store customized
9Eh MFR_SERIAL R/W Block n/a v
ADh IC_DEVICE_ID R/W Block 0104h -
D7h MFR_BASE_ADDRESS Pins 7-bit 10h -
program
E2h MFR_BASE_ADDRESS 2 Pins 7-bit 50h ;
program
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PMBus COMMAND DETAILS

OPERATION (01 h)

The OPERATION command sets the operational state of the regulator. It is used for the following functions:
* Turn the regulator output on and off in conjunction with the input from EN signal

e Set the output voltage with upper or lower margins

e Select the fault handling behavior when fault is caused by margining state

COMMAND OPERATION

Bit position 7 6 5 | 4 3 | 2 1 0
Function On/off Off B Margin MRGNFLT Nouse RSV
Default (88 h) 1 0 o | o 1 | 0 0 0

Bit Description (default setting in bold)

BITS SYMBOL VALUE ACTION
Ob Output is disabled
! On/off 1b Output is enabled
Ob Output is turned off immediately and power off sequence commands ignored
6 off 8 1b Regulator turns off following the TOFF_DELAY and TOFF_FALL command
00b Output voltage is set by the PMBus VOUT_COMMAND data
5:4 Margin 01b Output voltage is set by the PMBus VOUT_MARGIN_LOW data
10b Output voltage is set by the PMBus VOUT_MARGIN_HIGH data
11b Not supported
00b Not supported
01b Faults caused by selecting'VOUT?MARGIN?HIGH or VOUT_MARGIN_LOW as the nominal
output voltage source are ignored
3:2 MRGNFLT Faults caused by selecting VOUT_MARGIN_HIGH or VOUT_MARGIN_LOW as the
10b nominal output voltage source are acted upon according to the settings of the
VOUT_OV_FAULT_RESPONSE and VOUT_UV_FAULT_RESPONSE
11b Not supported
1 Nouse X Not used
0 RSV X Reserved

ON_OFF_CONFIGURATION (02 h)

The ON_OFF_CONFIG command configures the combination of EN pin input and PMBus commands needed to turn the unit
on and off. This includes how the unit responds when power is applied.

COMMAND ON/OFF_CONFIGURATION

Bit position 7 | & | 5 4 3 2 1 0

Function RSV PU CMD EN ENPOL Off B1

Default (1Fh) o | o [ o 1 1 1 1 1
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Bit Description (default setting in bold)

BITS SYMBOL VALUE ACTION
7:5 RSV 000b Reserved

0Ob Regulator powers up any time power is present regardless of state of the EN signalpin
4 PU 1b Regulator does not power up until commanded by the CONTROLEN

pin and OPERATION command

3 CMD Ob Regulator ignores the “on” bit in the OPERATION command

1b Regulator responds the “on” bit in the OPERATION command

ob Regulator ignores the EN pin. Power conversion is controlled only by the OPERATION
2 EN command

1b Regulator requires the EN pin to be asserted to start the unit
1 ENPOL Ob EN si-gnal i-s acti\{e Ion

1b EN signal is active high

Ob Regulator turns off following the torr peLay and torr FaLL command when EN signal is used
0 OFFB1 to turn off

1b Regulator turns off immediately

CLEAR_FAULTS (03 h)

The CLEAR_FAULTS command is used to clear any fault bits that have been set. This command clears all bits in all status
registers simultaneously. At the same time, the device negates (clears, releases) its SALRT ALERT# signal output if the device
is asserting the SALRT ALERT# signal.

WRITE_PROTECT (10 h)

The WRITE_PROTECT command is used to control writing to the PMBus device. The intent of this command is to provide
protection against accidental changes. This command is not intended to provide protection against deliberate or malicious
changes to a device’s configuration or operation.

COMMAND WRITE_PROTECT
Bit position 7 | s | s 4 | 3 | 2 | A | o
Function WTPRT Nouse

Default (00h) o | o | o o | o | o [ o | o

Bit Description (default setting in bold)

BITS SYMBOL VALUE ACTION
000b Enable writes to all commands
100b Disable all writes except to the WRITE_PROTECT command
7:5 WTPRT 010b Disable all writes except to the WRITE_PROTECT and OPERATION commands
001b Disable all writes except to the WRITE_PROTECT, OPERATION, ON_OFF_CONFIG and
Vout_commanp commands
4:0 Nouse 00000b Not used

STORE_USER_ALL (15 h)

The STORE_USER_ALL command instructs the PMBus device to copy the entire contents of the operating memory to the
matching locations in the non-volatile User Store memory. Any items in operating memory that do not have matching locations
in the User Store are ignored.

RESTORE_USER_ALL (16 h)

The RESTORE_USER_ALL command instructs the PMBus device to copy the entire contents of the nonvolatile user store
memory (NVM) to the matching locations in the operating memory. The values in the operating memory are overwritten by the
value retrieved from the user store. This feature is protected by the EEPROM_PASSWORD (DBh) command, see the section
below for more information. Any items in user store that do not have matching locations in the operating memory are ignored,
see the summary table for details.
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CAPABILITY (19 h)
The CAPABILITY command provides a way for a host system to determine some key capabilities of the PMBus device.
This is a read only register.

COMMAND WRITE_PROTECT

Bit position 7 6 | 4 3 2 | o

Function PEC SPD ALRT NFMT AVS RSV

Default (DOh) 1 1 | 1 0 0 | 0
Bit Description

BITS SYMBOL VALUE ACTION

7 PEC 1b Packet error checking is supported

6:5 SPD 10b Maximum supported bus speed is 1 MHz

4 ALRT 1b The unit has ALERT# pin and supports PMBus alert response protocol

3 NFMT Ob Numeric data is in LINEAR11, LINEAR16, or DIRECT format

2 AVS Ob AVSBUS not supported

1:0 RSV 00b Reserved

SMBALERT_MASK (1Bh)

The SMBALERT_MASK command may be used to prevent a warning or fault condition from asserting the SMBALERT# signal.
The command format used to block a status bit or bits from causing the SMBALERT# signal to be asserted is shown in Fig. 9.
The bits in the mask byte align with the bits in the corresponding status register. For example, if the STATUS_TEMPERATURE
command code were sent with the mask byte 01000000b, then an over temperature warning OT_WARNING (overtemperature
warning) condition would be blocked from asserting SMBALERT#.

7 1 1 8 1 8 1 8 1
Slave SMBalert_mask Status_x
S W A A A Mask BYTE A P
Address Command_code Command code

Fig. 9 - SMBALSER_MASK Command Packet Format

The command format used by the host to determine the SMALER_MASK setting for a given status register is shown in Fig. 10.

7 1 8 1 8 1 8 1
Slave SMBalert_Mask Block count Status_x
S w A A A
address Command_code (=1) Command code X
7 1 1 8 1 8 1
S Slave Block count N
R A A Mask byte P
r address (=1)

Fig. 10 - Retrieving the SMBALSER_MASK Setting for a Given Status Register
VOUT_MODE (20 h)
The PMBus specification dictates that the data word for the Voyt mope command is one byte that consists of a 3-bit mode and
5-bit exponent parameter, as shown below. The 3-bit mode sets whether the device uses the linear or direct modes for output
voltage related commands. The 5-bit parameter sets the exponent value for the linear data mode. The mode and exponent

parameters are fixed and do not permit the user to change the values.

This is a read only register

COMMAND WRITE_PROTECT
Bit position 7 | e | 4 | 3 2 | | o
Function Mode EXP

Default (DOh) o | o | 1 ] o 1] | 1
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Bit Description
BITS SYMBOL VALUE ACTION
7:5 Mode 000b The unit uses ULINEAR16 format for Voyr related commands
4:0 EXP 10111b 5-bit two’s complement binary integer equals -9 for Voyr related commands

VOUT_COMMAND (21 h)

The VOUT_COMMAND is used to directly set the output voltage using the ULINEAR16 format, which is a 16- bit unsigned
integer. This is a read and write register. The output voltage, in volts, is calculated from the equation:

Vour_set = Vour_commanp X 2N
Where:
Vourt skt is the set output voltage in volt
VOUT_COMMAND is the 16- bit unsigned binary integer specified in the command
N is a 5- bit two’s complement binary integer specified in Voyt mode [4 : 0]

COMMAND Vour COMMAND

Bit position 7|65 ]afs]2]1]of7]6]s5]a]3]2]1]o0
Function Data byte high Data byte low

Default (133h) oJo]JoJoJoJo]Jo |1 [Jo]Jo]Jt1]1]o]o] 1]

Bit Description

BITS FORMAT VALUE ACTION
15:0 ULINEAR 16 0133h VOUT_COMMAND is specified as 307 x 29 = 0.6 V

The output voltage’s range is 0.3 V to 14 V, resolution is 1.953 mV, and its NVM register default store value is 0133h equivalent
to 0.6 V.

VOUT_TRIM (22 h)

The VOUT_TRIM command is used to apply a fixed offset voltage to the output voltage command value. This is a read and write
register. The VOUT_TRIM has two data bytes formatted as a two’s complement binary integer (SLINEAR16 format). It is most
typically used by the end user to trim the output voltage at the time the PMBus device is assembled into the end user’s system.

The VOUT_TRIM command deviates from standard PMBus 1.3 specifications, at which it requires adding an integer calculating
from the expected offset voltage and the VOUT_SCALE_LOOP to VOUT_TRIM’s NVM register default store value varying by
devices. The effect of this command on the output voltage, in volts, is calculated from the equation:

AV x 2N
VOUT SCALE_LOOP

AVoltage =

Where:

Avoltage is the fixed offset voltage to the output voltage in volt

AV is the 16-bit two’s complement integer specified in VOUT_TRIM

VOUT_SCALE_LOOP is the dimensionless scale factor specified in VOUT_SCALE_LOOP command
N is a 5-bit two’s complement binary integer specified in VOUT_MODE [4:0].

COMMAND Vout TRIM
Bit position 1514 ]13[12]1n]10] 9 [8|7]6]s5]a]a3]2]1]o0
Function sign data

Default (0000h) o[o]JoJofJo]o]J]o]ofJoJo]JoJoJo]o]o]o
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Bit Description

BITS FORMAT VALUE ACTION
15:0 ULINEAR 16 0000h AVis0OV

The offset voltage’s range is -2 V to 2 V, resolution is 1.953 mV, and its NVM register default store value is a factory trim value
varying by devices. The users need to calculate a 16-bit two’s complement integer number following the above equation and
add the number to the factory trim value, so as to achieve the expected offset voltage to the output voltage.

VOUT_MAX (24 h)

The VOUT_MAX command sets an upper limit on the output voltage the unit can command regardless of any other commands
or combinations. The intent of this command is to provide a safeguard against a user accidentally setting the output voltage to
a possibly destructive level rather than to be the primary output overvoltage protection. This is a read and write register.

The VOUT_MAX uses ULINEAR16 format, which is a 16- bit unsigned integer according to the setting of the VOUT_MAX
command.
Bit Description

BITS FORMAT VALUE ACTION

15:0 Ulinear 16 1C00h The VOUT_MAX is specified as 14 V

The VOUT_MAX range is 0.3 V to 14 V, resolution is 1.953 mV, and its NVM register default store value is 1C00h equivalent to
14 V.

VOUT_MARGIN_HIGH (25 h)

The VOUT_MARGIN_HIGH command loads the unit with the voltage to which the output is to be changed when the
OPERATION command is set to “margin high”. This is a read and write register.

The VOUT_MARGIN_HIGH uses ULINEAR16 format, which is a 16-bit unsigned integer according to the setting of the
VOUT_MODE command.
Bit Description

BITS FORMAT VALUE ACTION

15:0 Ulinear 16 0142h The VOUT_MARGIN_HIGH is specified as 0.63 V

The VOUT_MARGIN_HIGH range is 0.3 V to 14 V, resolution is 1.953 mV, and its NVM register default store value is 0142h
equivalent to 0.63 V.

VOUT_MARGIN_LOW (26 h)

The VOUT_MARGIN_LOW command loads the unit with the voltage to which the output is to be changed when the OPERATION
command is set to margin low. This is a read and write register.

The VOUT_MARGIN_LOW uses ULINEAR16 format, which is a 16-bit unsigned integer according to the setting of the
VOUT_MODE command.

Bit Description

BITS FORMAT VALUE ACTION
15:0 Ulinear 16 0123h The VOUT_MARGIN_LOW is specified as 0.57 V

The VOUT_MARGIN_LOW range is 0.3 V to 14 V, resolution is 1.953 mV, and its NVM register default store value is 0123h
equivalent to 0.57 V.

VOUT_TRANSITION_RATE (27 h)

The VOUT_TRANSITION_RATE command sets the rate in mV/ps at which the output voltage should change voltage when a
PMBus device receives either a VOUT_COMMAND or OPERATION (margin high, margin low) that causes the output voltage to
change. This commanded rate of change does not apply when the unit is commanded to turn on or to turn off. This is a read
and write register.
The VOUT_TRANSITION_RATE uses LINEAR11 format, which has two data bytes with an 11-bit two’s complement mantissa
and a b5-bit two’s complement exponent (scaling factor). The 5-bit two’s complement exponent of the
VOUT_TRANSITION_RATE command is constant as 5’b11100, that is, -4 in decimal. The LINEAR11 format of the two data
bytes is illustrated in table below.
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Table - LINEAR11 Numeric Format Data Bytes

COMMAND VOUT_TRANSITION_RATE

Bit position 151413121 ]10] o [8|7]6]s5]a]a3]2]1]o0
Function EXP MAN

Default (E002h) t]1]1]JoJo]Jo]JoJofJo]JoJoJo]o]Jo]1]o

Bit Description

BITS SYMBOL VALUE ACTION

15 EXP SGN 1b Exponent value with negative sign

14: 11 EXP 1100b Five 5-bit two’s complement exponent equals -4 for VOUT_TRANSITION_RATE command
10 MAN SGN Ob Mantissa value with positive sign

19:0 MAN DATA 00, 0000, 0010b E(I)en\:?a:]ybit two’s complement mantissa equals 2 for VOUT_TRANSITION_RATE

The VOUT_TRANSITION_RATE range is 0.0625 - 2 mV/ps, resolution is 0.0625 mV/us, and its NVM register default store value
is E002h equivalent to 0.125 mV/us. Any commands out of the valid range or with incorrect resolution will be ignored and
reported.

VOUT_SCALE_LOOP (29 h)

The VOUT_SCALE_LOOP command deviates from standard PMBus 1.3 specifications. The VOUT_SCALE_LOOP command
is used to scale down both the VOUT_COMMAND and the sense differential output voltage at the unit input, so as to extend
operational range of the PMBus unit to reach the maximum output voltage 12 V without the requirement of external resistor
divider on board. This is a read and write register.

The VOUT_SCALE_LOOP uses LINEAR11 format, which has two data bytes with an 11- bit two’s complement mantissa and a
5-bit two’s complement exponent (scaling factor). The 5-bit two’s complement exponent of the VOUT_SCALE_LOOP command
is constant as 5’b11101, that is, -3 in decimal.

The LINEAR11 format of the two data bytes is illustrated in Table “LINEAR11 Numeric Format Data Bytes”.
Table - VOUT_SCALE_LOOP Look Up

SET OUTPUT VOLTAGE (V) SCALE DOWN FACTOR (V/V) VOUT_SCALE_LOOP BITS [15 : 0]
0.3V<Vour<1.8V 1.0 E808h
1.8V <Vour<3.3V 0.5 E804h
3.3V<Vour<5.0V 0.25 E802h
5.0V <Vour<12.0V 0.125 E801h

Bit Description

BITS SYMBOL VALUE ACTION

15t00 Linear 11 E808h The VOUT_SCALE_LOORP is specified as 1 V/V

The VOUT_SCALE_LOORP offers four options of scale down factor: 1.0 V/V, 0.5 V/V, 0.25 V/V, and 0.125 V/V. When Vgyr is set
by a resistor between Vggr pin and ground, the value of VOUT_SCALE_LOOP is automatically chosen according to the
“VOUT_SCALE_LOOP look up” table. When Vpyr is set by PMBus VOUT_COMMAND, the value of the VOUT_SCALE_LOOP
shall be updated according to the “VOUT_SCALE_LOOP look up” table.

The VOUT_SCALE_LOOP NVM register default store value is E808h equivalent to 1.0 V/V. Any commands out of the valid
options will be ignored and reported.

FREQUENCY_SWITCH (33 h)

The FREQUENCY_SWITCH command sets the switching frequency, in kHz, of the PMBus unit. This is a read and write register.
The FREQUENCY_SWITCH uses LINEAR11 format, which has two data bytes with an 11- bit two’s complement mantissa and
a 5-bit two’s complement exponent (scaling factor). The 5-bit two’s complement exponent of the FREQUENCY_SWITCH
command is constant as 5’b00000, that is, 0 in decimal. The LINEAR11 format of the two data bytes is illustrated in Table -
“LINEAR11 Numeric Format Data Bytes”.
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Bit Description
BITS SYMBOL VALUE ACTION
15:0 Linear 11 0258h FREQUENCY_SWITCH is specified 600 kHz.

The FREQUENCY_SWITCH range is 300 kHz to 1500 kHz, resolution is 50 kHz, and its NVM register default store value is 0258h
equivalent to 600 kHz. Any commands out of the valid range or with incorrect resolution will be ignored and reported.

VIN_ON (35 h)

The VIN_ON command sets the value of the input voltage, in volt, at which the PMBus unit should start power conversion. This
is a read and write register. The VIN_ON uses LINEAR11 format, which has two data bytes with an 11-bit two’s complement
mantissa and a 5-bit two’s complement exponent (scaling factor). The 5-bit two’s complement exponent of the VIN_ON
command is constant as 5’b11111, that is, -1 in decimal. The LINEAR11 format of the two data bytes is illustrated in Table -
“LINEAR11 Numeric Format Data Bytes”.

Bit Description

BITS SYMBOL VALUE ACTION
15:0 Linear 11 F814h The VIN_ON is specified as 10 V

The VIN_ON range is 1 V to 80 V, resolution is 0.5 V, and its NVM register default store value is F814h equivalent to 10 V. Any
commands out of the valid range or with incorrect resolution will be ignored and reported.

VIN_OFF (36 h)

The VIN_OFF command sets the value of the input voltage, in volt, at which the PMBus unit, once operation has started, should
stop power conversion. This is a read and write register. The VIN_OFF uses LINEAR11 format, which has two data bytes with
an 11-bit two’s complement mantissa and a 5-bit two’s complement exponent (scaling factor). The 5-bit two’s complement
exponent of the VIN_OFF command is constant as 5’b11111, that is, -1 in decimal. The LINEAR11 format of the two data bytes
is illustrated in Table - “LINEAR11 Numeric Format Data Bytes”.

Bit Description

BITS SYMBOL VALUE ACTION
15:0 Linear 11 F812h The VIN_OFF is specified as 9 V

The VIN_OFF range is 1 V to 80V, resolution is 0.5 V, and its NVM register default store value is F812h equivalent to 9 V. Any
commands out of the valid range or with incorrect resolution will be ignored and reported.

INTERLEAVE (37 h)

The INTERLEAVE command deviates from standard PMBus 1.3 specifications. The INTERLEAVE command is used to sets the
mode of switching frequency and phase, at which the PMBus unit, once operation has started, should use to generate switching
frequency and phase angle. This is a read and write register.

The INTERLEAVE commands offer four modes of switching configuration: STANDALONE, MASTER, SLAVE in phase, and
SALVE 180° out of phase.

The description of all four modes and the corresponding INTERLEAVE command is listed in the table below.
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INTERLEAVE COMMAND AND MODE OF SWITCHING FREQUENCY GENERATION
DESCRIPTION

INTERLEAVE BITS
[15: 0]

The value of unit switching frequency is set by resistance of a resistor connected to RT/SYNC
unit designated pin. The setting value of the switching frequency will be overridden after the 0000h
PMBus unit receiving the PMBus command FREQUENCY_SWITCH command. The RT/SYNC pin
shall not be used for other purposes

The value of unit switching frequency is set by resistance of a resistor connected to RT/SYNC
pin. The setting value of the switching frequency will be overridden after the PMBus unit receiving
the PMBus command FREQUENCY_SWITCH command. After inside power Vpp of the unit is
above its under voltage level, the RT/SYNC pin will output a 50% duty cycle pulse signal in phase
with the switching frequency, which may be used to drive other units set as the SLAVE mode by
INTERLEAVE command. The RT/SYNC pin shall not be used for other purposes

The value of unit switching frequency is set by resistance of a resistor connected to RT/SYNC
pin. The setting value of the switching frequency will be overridden after the PMBus unit receiving
the PMBus command FREQUENCY_SWITCH command. When an external pulse switching
signal is connected to the /SYNC pin, the unit will synchronize its switching frequency to the
external pulse switching signal with 0° phase difference. The RT/SYNC pin shall not be used for
other purpose

The value of unit switching frequency is set by resistance of a resistor connected to RT/SYNC
pin. The setting value of the switching frequency will be overridden after the PMBus unit receiving
SLAVE 180°outof | the PMBus command FREQUENCY_SWITCH command. When an external pulse switching
phase signal is connected to the /SYNC pin, the unit will synchronize its switching frequency to the
external pulse switching signal with 180° phase difference. The RT/SYNC pin shall not be used
for other purposes

STANDALONE

MASTER 0100h

SLAVE in phase 0120h

0121h

Bit Description
BITS SYMBOL VALUE ACTION
15:0 Linear 11 0100h The INTERLEAVE is specified as MASTER mode

The INTERLEAVE NVM register default store value is 0100h equivalent to MASTER mode. Any commands out of the options
will be ignored and reported.

VOUT_OV_FAULT_LIMIT (40 h)

The VOUT_OV_FAULT_LIMIT command sets the value of the output voltage measured at the sense of output pins that causes
an output overvoltage fault. This is a read and write register.

The VOUT_OV_FAULT_LIMIT uses ULINEAR16 format, which is a 16-bit unsigned integer according to the setting of the
VOUT_MODE command.

Bit Description
BITS SYMBOL VALUE ACTION
15:0 Ulinear 16 0161h The VOUT_OV_FAULT_LIMIT is specified as 0.69 V

The VOUT_OV_FAULT_LIMIT range is 0.3 V to 14 V, resolution is 1.953 mV, and its NVM register default store value is 0161h
equivalent to 0.69 V.

VOUT_OV_FAULT_RESPONSE (41h)

The VOUT_OV_FAULT_RESPONSE command instructs the device on what action to take in response to an output overvoltage
fault. This is a read and write register and the NVM register default store value is F8h.

COMMAND VOUT_OV_FAULT_RESPONSE

Bit position 7 | s 5 | 4 | 3 2 | 1 ] o

Function OVRSP OVRTY OVDLY

Default (F8h) EE I o | o ]| o
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Supported Commands

OVRSP OVRTY OovVDLY DESCRIPTIONS
The device’s output is disabled while the fault is present. Operation resumes
and the output is enabled when the fault condition no longer exists. It

1 1 1 1 1 0 0 0 attempts to restart continuously, without limitation, until it is commanded off
(by the CONTROL pin or OPERATION command or both), bias power is
removed, or another fault condition causes the unit to shut down

0 0 0 0 0 0 0 0 The device continues operation

0 0 0 1 0 1 1 0 The device continues operation

0 0 1 0 0 0 1 0 The device continues operation

0 0 1 1 0 1 1 0 The device continues operation

1 1 0 0 0 0 0 0 The device’s output is disabled while the fault is present. Operation resumes
and the output is enabled when the fault condition no longer exists

1 1 0 1 0 1 1 0 The device’s output is disabled while the fault is present. Operation resumes
and the output is enabled when the fault condition no longer exists

1 1 1 0 0 0 1 0 The device’s output is disabled while the fault is present. Operation resumes
and the output is enabled when the fault condition no longer exists

1 1 1 1 0 1 1 0 The device’s output is disabled while the fault is present. Operation resumes
and the output is enabled when the fault condition no longer exists

VOUT_OV_WARN_LIMIT (42h)

The VOUT_OV_WARN_LIMIT command sets the value of the output voltage measured at the sense of output pins that causes
an output voltage high warning. This is a read and write register.

The VOUT_OV_WARN_LIMIT uses ULINEAR16 format, which is a 16-bit unsigned integer according to the setting of the
VOUT_MODE command.
Bit Description

BITS SYMBOL VALUE ACTION
15:0 Ulinear 16 0151h The VOUT_OV_WARN_LIMIT is specified as 0.66 V

The VOUT_OV_WARN_LIMIT range is 0.3 V to 14 V, resolution is 1.953 mV, and its NVM register default store value is 0151h
equivalent to 0.66 V.

VOUT_UV_WARN_LIMIT (43h)
The VOUT_UV_WARN_LIMIT command sets the value of the output voltage measured at the sense of output pins that causes
an output voltage low warning. This is a read and write register.

The VOUT_UV_WARN_LIMIT uses ULINEAR16 format, which is a 16-bit unsigned integer according to the setting of the
VOUT_MODE command.

Bit Description

BITS SYMBOL VALUE ACTION
15:0 Ulinear 16 0114h The VOUT_UV_WARN_LIMIT is specified as 0.54 V

The VOUT_UV_WARN_LIMIT range is 0 V to 14 V, resolution is 1.953 mV, and its NVM register default store value is 0114h
equivalent to 0.54 V.

VOUT_UV_FAULT_LIMIT (44h)

The VOUT_UV_FAULT_LIMIT command sets the value of the output voltage measured at the sense of output pins that causes
an output undervoltage fault. This is a read and write register.

The VOUT_UV_FAULT_LIMIT uses ULINEAR16 format, which is a 16-bit unsigned integer according to the setting of the
VOUT_MODE command.
Bit Description

BITS SYMBOL VALUE ACTION
15:0 Ulinear 16 00F5h The VOUT_UV_FAULT_LIMIT is specified as 0.48 V

The VOUT_UV_FAULT_LIMIT range is 0 V to 14V, resolution is 1.953 mV, and its NVM register default store value is 00F5h
equivalent to 0.48 V.
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VOUT_UV_FAULT_RESPONSE (45h)

The VOUT_UV_FAULT_RESPONSE command instructs the device on what action to take in response to an output undervoltage
fault. This is a read and write register and the NVM register default store value is B9h.

COMMAND VOUT_UV_FAULT_RESPONSE
Bit position 7 | e 5 | 4 | 3 2 | 1 ] o
Function UVRSP UVRTY UVDLY

Default (B9h) 1 [ o T o | o [ 1

Supported Commands

UVRSP UVRTY uUvDLY DESCRIPTIONS

The device shuts down (disables the output) and attempts to restart continuously,
without limitation, until it is commanded off (by the EN pin or OPERATION

1 0 1 1 1 0 0 1 command or both), bias power is removed, or another fault condition causes the
unit to shut down. 20 ms delay

0 0 0 0 0 0 0 0 The device continues operation

0 0 0 1 0 1 1 0 The device continues operation

0 0 1 0 0 0 1 0 The device continues operation

0 0 1 1 0 1 1 0 The device continues operation

The device’s output is disabled while the fault is present. Operation resumes and
1 1 0 0 0 0 0 0 the output is enabled when the fault condition no longer exists. The device does
not attempt to restart. The output remains disabled until the fault is cleared

The device’s output is disabled while the fault is present. Operation resumes and
1 1 0 1 0 1 1 0 the output is enabled when the fault condition no longer exists. The device does
not attempt to restart. The output remains disabled until the fault is cleared

The device’s output is disabled while the fault is present. Operation resumes and
1 1 1 0 0 0 1 0 the output is enabled when the fault condition no longer exists. The device does
not attempt to restart. The output remains disabled until the fault is cleared

The device’s output is disabled while the fault is present. Operation resumes and
1 1 1 1 0 1 1 0 the output is enabled when the fault condition no longer exists. The device does
not attempt to restart. The output remains disabled until the fault is cleared

IOUT_OC_FAULT_LIMIT (46h)

The IOUT_OC_FAULT_LIMIT command sets the value of the output current, in Amperes, that causes the overcurrent detector
to indicate an overcurrent fault condition. This is a read and write register. The IOUT_OC_FAULT_LIMIT uses LINEAR11 format,
which has two data bytes with an 11-bit two’s complement mantissa and a 5-bit two’s complement exponent (scaling factor).
The 5-bit two’s complement exponent of the IOUT_OC_FAULT_LIMIT command is constant as 5’b11111, that is, -1 in decimal.
The LINEAR11 format of the two data bytes is illustrated in Table - “LINEAR11 Numeric Format Data Bytes”.

Bit Description

BITS SYMBOL VALUE ACTION
F870h The IOUT_OC_FAULT_LIMIT is 56 A for SiC450
F846h The IOUT_OC_FAULT_LIMIT is 35 A for SiC451
F82Ah The IOUT_OC_FAULT_LIMIT is 21 A for SiC453
F822h The IOUT_OC_FAULT_LIMIT is 17 A for SiC454

The IOUT_OC_FAULT_LIMIT range is 0 A to 127 A, resolution is 0.5 A, and its NVM register default store value is F846h for
SiC451 equivalent to 35 A. Any commands out of the valid range or with incorrect resolution will be ignored and reported.

15:0 Linear 11
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IOUT_OC_FAULT_RESPONSE (47h)

The IOUT_OC_FAULT_RESPONSE is used to set device over current protection response (OCP) when valley inductor current
is higher than IOUT_OC_FAULT_LIMIT. This is a read and write register and the NVM register default store value is A1h.

COMMAND IOUT_OC_FAULT_RESPONSE

Bit position 7 | s 5 | 4 | s 2 ] 1 | 0
Function OCRSP OCCYCL OCDLY

Default (0xA1h) 1 | o 1 | o | o 0o ] 0 | 1

This command deviates from standard PMBus 1.3 specifications. It provides users 3-bit [5 : 3] setting to generate OC fault
based on total number of consecutive pulse-by-pulse OC counts. It also provides users 3-bit [2 : 0] delay time option between
shutdown and next restart attempt. In case of bits [5 : 3] = 111b, the device does not report OC fault and continues to operate
indefinitely while maintaining the output current at the value set by IOUT_OC_FAULT_LIMIT without regard to the output
voltage.

Supported Commands

OCRSP OCRTY OCDLY DESCRIPTIONS
1 0 1 0 0 0 0 1 The device continues operation for 128 consecutive OC cycles and then shut down.
Waiting for 20 ms, it hiccups until the fault condition no longer exists
0 0 0 0 0 0 0 0 The device continues operation
0 0 0 1 0 1 1 0 The device continues operation
0 0 1 0 0 0 1 0 The device continues operation
0 0 1 1 0 1 1 0 The device continues operation
The device continues operation for 8 consecutive OC cycles and then shut down
1 1 0 0 0 0 0 0 .
without delay
The device continues operation for 32 consecutive OC cycles and then shut down
1 1 0 1 0 1 1 0 .
without delay
The device continues operation for 128 consecutive OC cycles and then shut down
1 1 1 0 0 0 1 0 .
without delay.
The device continues operation for 512 consecutive OC cycles and then shut down
1 1 1 1 0 1 1 0 .
without delay
1 1 1 1 1 0 0 0 The device continues operation and never shut down when OCP happens

IOUT_OC_WARN_LIMIT (4Ah)

The IOUT_OC_WARN_LIMIT command sets the value of the output current, in ampere, that causes an output overcurrent
warning. This is a read and write register. The IOUT_OC_WARN_LIMIT uses LINEAR11 format, which has two data bytes with
an 11-bit two’s complement mantissa and a 5-bit two’s complement exponent (scaling factor). The 5-bit two’s complement
exponent of the IOUT_OC_WARN_LIMIT command is constant as 5’b11111, that is, -1 in decimal. The LINEAR11 format of the
two data bytes is illustrated in Table - “LINEAR11 Numeric Format Data Bytes”.

Bit Description

BITS SYMBOL VALUE ACTION
F868h The IOUT_OC_WARN_LIMIT is 52 A SiC450

F841h The IOUT_OC_WARN_LIMIT is 32.5 A for SiC451
F827h The IOUT_OC_WARN_LIMIT is 19.5 A for SiC453
F81Fh The IOUT_OC_WARN_LIMIT is 15.5 A for SiC454

The IOUT_OC_WARN_LIMIT range is 0 A to 127 A, resolution is 0.5 A, and its NVM register default store value is F841h for
SiC451 equivalent to 32.5 A. Any commands out of the valid range or with incorrect resolution will be ignored and reported.

15:0 Linear 11

OT_FAULT_LIMIT (4Fh)

The OT FAULT LIMIT command sets the temperature of the unit, in degree celsius, at which it should indicate an
overtemperature fault. This is a read and write register. The OT_FAULT_LIMIT uses LINEAR11 format, which has two data bytes
with an 11- bit two’s complement mantissa and a 5- bit two’s complement exponent (scaling factor). The 5- bit two’s
complement exponent of the OT_FAULT_LIMIT command is constant as 5’b00000, that is, 0 in decimal. The LINEAR11 format
of the two data bytes is illustrated in Table - “LINEAR11 Numeric Format Data Bytes”.
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Bit Description

BITS SYMBOL VALUE ACTION
15:0 Linear 11 007Dh The OT_FAULT_LIMIT is specified as 125 °C

The OT_FAULT_LIMIT range is 0 °C to 150 °C, resolution is 1 °C, and its NVM register default store value is 007Dh equivalent
to 125 °C. Any commands out of the valid range or with incorrect resolution will be ignored and reported.

OT_FAULT_RESPONSE (50h)

The OT_FAULT_RESPONSE command instructs the device on what action to take in response to an overtemperature fault. This
is a read and write register and the NVM register default store value is F9h.

COMMAND OT FAULT RESPONSE

Bit position 7 | 4 | 3 1

Function OTRSP OTRTY OTDLY

Default (FOh) 1] I 0

Supported Commands

OTRSP OTRTY OTDLY DESCRIPTIONS
The device’s output is disabled while the fault is present. Operation resumes and
the output is enabled when the fault condition no longer exists. It attempts to

1 1 1 1 1 0 0 1 restart continuously, without limitation, until it is commanded off (by the EN pin
or OPERATION command or both), bias power is removed, or another fault
condition causes the unit to shut down

0 0 0 0 0 0 0 0 The device continues operation

0 0 0 1 0 1 1 0 The device continues operation

0 0 1 0 0 0 1 0 The device continues operation

0 0 1 1 0 1 1 0 The device continues operation
The device’s output is disabled while the fault is present. Operation resumes and

1 1 0 0 0 0 0 0 the output is enabled when the fault condition no longer exists. It does not
attempt to restart. The output remains disabled until the fault is cleared

1 1 0 1 0 1 1 0 The device’s output is disabled while the fault is present. Operation resumes and
the output is enabled when the fault condition no longer exists

1 1 1 0 0 0 1 0 The device’s output is disabled while the fault is present. Operation resumes and
the output is enabled when the fault condition no longer exists

1 1 1 1 0 1 1 0 The device’s output is disabled while the fault is present. Operation resumes and
the output is enabled when the fault condition no longer exists

OT_WARN_LIMIT (51h)

The OT_WARN_LIMIT command sets the temperature of the unit, in degree celsius, at which it should indicate an
overtemperature warning alarm. This is a read and write register. The OT_WARN_LIMIT uses LINEAR11 format, which has two
data bytes with an 11- bit two’s complement mantissa and a 5-bit two’s complement exponent (scaling factor). The 5-bit two’s
complement exponent of the OT WARN LIMIT command is constant as 5’b00000, that is, 0 in decimal. The LINEAR11 format
of the two data bytes is illustrated in Table - “LINEAR11 Numeric Format Data Bytes”.

Bit Description

BITS SYMBOL VALUE ACTION
15:0 Linear 11 0069h The OT_WARN_LIMIT is specified as 105 °C

The OT_WARN_LIMIT range is 0 °C to 150 °C, resolution is 1 °C, and its NVM register default store value is 0069h equivalent
to 105 °C. Any commands out of the valid range or with incorrect resolution will be ignored and reported.
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VIN_OV_FAULT_LIMIT (55h)

The VIN_OV_FAULT_LIMIT command sets the value of the input voltage, in volt, that causes an input overvoltage fault. This is
a read and write register. The VIN_OV_FAULT_LIMIT uses LINEAR11 format, which has two data bytes with an 11-bit two’s
complement mantissa and a 5 bit two’s complement exponent (scaling factor). The 5-bit two’s complement exponent of the
VIN_OV_FAULT_LIMIT command is constant as 5’b11111, that is, -1 in decimal. The LINEAR11 format of the two data bytes is
illustrated in Table - “LINEAR11 Numeric Format Data Bytes”.

Bit Description
BITS SYMBOL VALUE ACTION
15:0 Linear 11 F81Eh The VIN_OV_FAULT_LIMIT is specified as 15 V

The VIN_OV_FAULT_LIMIT range is 1V to 80V, resolution is 0.5 V, and its NVM register default store value is F81Eh equivalent
to 15 V. Any commands out of the valid range or with incorrect resolution will be ignored and reported.

VIN_OV_FAULT_RESPONSE (56h)

The VIN_OV_FAULT_RESPONSE command instructs the device on what action to take in response to an input overvoltage fault.
This is a read and write register and the NVM register default store value is B8h.

COMMAND VIN_OV_FAULT_RESPONSE

Bit position 7 | 6 5 | 4 | s 2 | 1 | o
Function VIOVRSP VIOVRTY VIOVDLY

Default (B8h) 1 ] o I o | o | o

Supported Commands

OTRSP OTRTY OTDLY DESCRIPTIONS
This command deviates from standard PMBus 1.3 specifications. The device’s

1 0 1 1 1 0 0 0 output is disabled while the fault is present. Operation resumes and the output
is enabled when the fault condition no longer exists. It does not attempt to
restart. The output remains disabled until the fault is cleared

0 0 0 0 0 0 0 0 The device continues operation

0 0 0 1 0 1 1 0 The device continues operation

0 0 1 0 0 0 1 0 The device continues operation

0 0 1 1 0 1 1 0 The device continues operation
The device’s output is disabled while the fault is present. Operation resumes and

1 1 0 0 0 0 0 0 the output is enabled when the fault condition no longer exists. It does not
attempt to restart. The output remains disabled until the fault is cleared

1 1 0 1 0 1 1 0 The device’s output is disabled while the fault is present. Operation resumes and
the output is enabled when the fault condition no longer exists

1 1 1 0 0 0 1 0 The device’s output is disabled while the fault is present. Operation resumes and
the output is enabled when the fault condition no longer exists

1 1 1 1 0 1 1 0 The device’s output is disabled while the fault is present. Operation resumes and
the output is enabled when the fault condition no longer exists

VIN_UV_WARN_LIMIT (58h)

The VIN_UV_WARN_LIMIT command sets the value of the input voltage, in volt, that causes an input voltage low warning. This
is a read and write register. The VIN_UV_WARN_LIMIT uses LINEAR11 format, which has two data bytes with an 11-bit two’s
complement mantissa and a 5-bit two’s complement exponent (scaling factor). The 5-bit two’s complement exponent of the
VIN_UV_WARN_LIMIT command is constant as 5’b11111, that is, -1 in decimal. The LINEAR11 format of the two data bytes is
illustrated in Table - “LINEAR11 Numeric Format Data Bytes”.

Bit Description

BITS SYMBOL VALUE ACTION
15:0 Linear 11 F812h The VIN_UV_WARN_LIMIT is specified as 9 V

The VIN_UV_WARN_LIMIT range is 1 V to 80 V, resolution is 0.5 V, and its NVM register default store value is F812h equivalent
to 9 V. Any commands out of the valid range or with incorrect resolution will be ignored and reported.
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IIN_OC_WARN_LIMIT (5Dh)

The [IN_OC_WARN_LIMIT command sets the value of the input current, in ampere, that causes an input current overcurrent
Warning. This is a read and write register. The IIN_OC_WARN_LIMIT uses LINEAR11 format, which has two data bytes with an
11-bit two’s complement mantissa and a 5-bit two’s complement exponent (scaling factor). The 5-bit two’s complement
exponent of the IIN_OC_WARN_LIMIT command is constant as 5’b11111, that is, -1 in decimal. The LINEAR11 format of the
two data bytes is illustrated in Table - “LINEAR11 Numeric Format Data Bytes”.

Bit Description
BITS SYMBOL VALUE ACTION
15:0 Linear 11 F80Ah The IIN_OC_WARN_LIMIT is specified as 5 A
The IIN_OC_WARN_LIMIT range is 0 Ato 127 A, resolution is 0.5 A, and its NVM register default store value is F80Ah equivalent
to 5 A. Any commands out of the valid range or with incorrect resolution will be ignored and reported.
POWER_GOOD_ON (5Eh)

The POWER_GOOD_ON command sets the value of the output voltage at which an optional power good signal should be
asserted, indicating that the output voltage is valid. This is a read and write register. The POWER_GOOD_ON uses ULINEAR16
format, which is a 16-bit unsigned integer according to the setting of the VOUT_MODE command.

Bit Description
BITS SYMBOL VALUE ACTION
15:0 Ulinear 16 0114h The POWER_GOOD_ON is specified as 0.54 V
The POWER_GOOD_ON range is 0.24 V to 14 V, resolution is 1.953 mV, and its NVM register default store value is 0114h
equivalent to 0.54 V.
POWER_GOOD_OFF (5Fh)

The POWER_GOOD_OFF command sets the value of the output voltage at which an optional power good signal should be
negated, indicating that the output voltage is not valid. This is a read and write register. The POWER_GOOD_OFF uses
ULINEAR16 format, which is a 16-bit unsigned integer according to the setting of the VOUT_MODE command.

Bit Description

BITS SYMBOL VALUE ACTION
15:0 Ulinear 16 0105h The POWER_GOOD_OFF is specified as 0.51 V

The POWER_GOOD_OFF range is 0.24 V to 14 V, resolution is 1.953 mV, and its NVM register default store value is 0105h
equivalent to 0.51 V.

TON_DELAY(60h)

The TON_DELAY command sets the time, in millisecond, from which a start condition is received (as programmed by the
ON_OFF_CONFIG command) until the output voltage starts to rise. This is a read and write register. The TON_DELAY uses
LINEAR11 format, which has two data bytes with an 11-bit two’s complement mantissa and a 5-bit two’s complement exponent
(scaling factor). The 5 bit two’s complement exponent of the TON_DELAY command is constant as 5’00000, that is, 0 in
decimal. The LINEAR11 format of the two data bytes is illustrated in Table - “LINEAR11 Numeric Format Data Bytes”.

Bit Description

BITS SYMBOL VALUE ACTION
15:0 Linear 11 0000h The TON_DELAY is specified as 0 ms

The TON_DELAY range is 0 ms to 127 ms, resolution is 1 ms, and its NVM register default store value is 0000h equivalent to
0 ms. Any commands out of the valid range or with incorrect resolution will be ignored and reported.

TON_RISE (61h)

The TON_RISE command sets the time, in millisecond, from when the output starts to rise until the voltage has entered the
regulation band. This is a read and write register. The TON_RISE uses LINEAR11 format, which has two data bytes with an 11-bit
two’s complement mantissa and a 5-bit two’s complement exponent (scaling factor). The 5-bit two’s complement exponent of
the TON_RISE command is constant as 5’b0000, that is, 0 in decimal. The LINEAR11 format of the two data bytes is illustrated
in Table - “LINEAR11 Numeric Format Data Bytes”.
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Bit Description
BITS SYMBOL VALUE ACTION
15:0 Linear 11 0005h The TON_RISE is specified as 5 ms

The TON_RISE range is 0 ms to 127 ms, resolution is 1 ms, and its NVM register default store value is 0005h equivalent to
5 ms. Any commands out of the valid range or with incorrect resolution will be ignored and reported.

TON_MAX_FAULT_LIMIT (62h)

The TON_MAX_FAULT_LIMIT command sets an upper limit, in millisecond, on how long the unit can attempt to power up the
output without reaching the output undervoltage fault limit. This is a read and write register. The TON_MAX_FAULT_LIMIT uses
LINEAR11 format, which has two data bytes with an 11-bit two’s complement mantissa and a 5-bit two’s complement exponent
(scaling factor). The 5-bit two’s complement exponent of the TON_MAX_FAULT_LIMIT command is constant as 5’b0000, that
is, 0 in decimal. The LINEAR11 format of the two data bytes is illustrated in Table - “LINEAR11 Numeric Format Data Bytes”.

Bit Description

BITS SYMBOL VALUE ACTION
15:0 Linear 11 0014h The TON_MAX_FAULT_LIMIT is specified as 20 ms

The TON_MAX_FAULT_LIMIT range is 0 ms to 127 ms, resolution is 1 ms, and its NVM register default store value is 0014h
equivalent to 20 ms. Any commands out of the valid range or with incorrect resolution will be ignored and reported.

TON_MAX_FAULT_RESPONSE (63h)

The TON_MAX_FAULT_RESPONSE command instructs the device on what action to take in response to an input overcurrent
fault. This is a read and write register and the NVM register default store value is B9h.

COMMAND TON_MAX_FAULT_RESPONSE

Bit position 7 | 6 5 | 4 | 3 2 | 1 | o
Function ONMXRSP ONMXRTY ONMXDLY

Default (0xB9h) 1 ] o I o | o | 1

Supported Commands

ONMXRSP ONMXRTY ONMXDLY DESCRIPTIONS
The device shuts down (disables the output). It attempts to restart continuously,

1 0 1 1 1 0 0 1 without limitation, until it is commanded off (by the EN pin or OPERATION command
or both), bias power is removed, or another fault condition causes the unit to shut
down. 20 ms delay
The device shuts down (disables the output). It does not attempt to restart. The

1 0 0 0 0 0 0 0 ! . . h
output remains disabled until the fault is cleared

1 0 0 0 0 0 1 1 The device shuts down (disables the output). It does not attempt to restart. The
output remains disabled until the fault is cleared
The device shuts down (disables the output). It does not attempt to restart. The

1 0 0 0 0 1 1 0 . . ; h
output remains disabled until the fault is cleared

1 0 0 0 1 0 0 0 The device shuts down (disables the output). It attempts to restart 1 time. No delay

1 0 0 0 1 0 0 1 The device shuts down (disables the output). It attempts to restart 1 time. 20 ms delay

1 0 0 0 1 0 1 0 The device shuts down (disables the output). It attempts to restart 1 time. 30 ms delay

1 0 0 0 1 0 1 1 The device shuts down (disables the output). It attempts to restart 1 time. 40 ms delay

TOFF_DELAY (64h)

The TOFF_DELAY command sets the time, in millisecond, from when a stop condition is received until the unit stops transferring
energy to the output. This is a read and write register. The TOFF_DELAY uses LINEAR11 format, which has two data bytes with
an 11-bit two’s complement mantissa and a 5-bit two’s complement exponent (scaling factor). The 5-bit two’s complement
exponent of the TOFF_DELAY command is constant as 5’b0000, that is, O in decimal. The LINEAR11 format of the two data
bytes is illustrated in Table - “LINEAR11 Numeric Format Data Bytes”.
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Bit Description
BITS SYMBOL VALUE ACTION
15:0 Linear 11 0000h The TOFF_DELAY is specified as 0 ms

The TOFF_DELAY range is 0 ms to 127 ms, resolution is 1 ms, and its NVM register default store value is 0000h equivalent to
0 ms. Any commands out of the valid range or with incorrect resolution will be ignored and reported.

TOFF_FALL (65h)

The TOFF_FALL command sets the time, in millisecond, from the end of the turn-off delay time until the voltage is commanded
to zero. Note that this command can only be used with a device whose output can sink enough current to cause the output
voltage to decrease at a controlled rate. This is a read and write register. The TOFF_FALL uses LINEAR11 format, which has
two data bytes with an 11-bit two’s complement mantissa and a 5-bit two’s complement exponent (scaling factor). The 5-bit
two’s complement exponent of the TOFF_FALL command is constant as 5’b0000, that is, 0 in decimal. The LINEAR11 format
of the two data bytes is illustrated in Table - “LINEAR11 Numeric Format Data Bytes”.

Bit Description

BITS SYMBOL VALUE ACTION
15:0 Linear 11 0005h The TOFF_FALL is specified as 5 ms

The TOFF_FALL range is 0 ms to 127 ms, resolution is 1 ms, and its NVM register default store value is 0005h equivalent to
5 ms. Any commands out of the valid range or with incorrect resolution will be ignored and reported.

TOFF_MAX_WARN_LIMIT (66h)

The TOFF_MAX_WARN_LIMIT command sets an upper limit, in millisecond, on how long the unit can attempt to power down
the output without reaching 12.5 % of the output voltage programmed at the time the unit is turned off. This is a read and write
register. The TOFF_MAX_WARN_LIMIT uses LINEAR11 format, which has two data bytes with an 11-bit two’s complement
mantissa and a 5-bit two’s complement exponent (scaling factor). The 5- bit two’s complement exponent of the
TOFF_MAX_WARN_LIMIT command is constant as 5’b0000, that is, 0 in decimal. The LINEAR11 format of the two data bytes
is illustrated in Table - “LINEAR11 Numeric Format Data Bytes”.

Bit Description

BITS SYMBOL VALUE ACTION

15:0 Linear 11 003Ch The TOFF_MAX_WARN_LIMIT is specified as 60 ms

The TOFF_MAX_WARN_LIMIT range is 0 ms to 127 ms, resolution is 1 ms, and its NVM register default store value is 003Ch
equivalent to 60 ms. Any commands out of the valid range or with incorrect resolution will be ignored and reported.
STATUS_BYTE (78h)

The STATUS_BYTE command returns one byte of information with a summary of the most critical faults. The STATUS_BYTE
message content is described in the table below. This is a read register.

Table - STATUS_BYTE Message Contents

BIT 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. proyiding power. to the output, regardless of the reason,
including simply not being enabled

5 VOUT_OV_FAULT An output overvoltage fault has occurred

4 IOUT_OC_FAULT An output overcurrent fault has occurred

3 VIN_UV_FAULT An input undervoltage fault has occurred

2 Temperature A temperature fault or warning has occurred

1 CML A communications, memory or logic fault has occurred

0 None of the above A fault or warning not listed in bits (7 to 1) has occurred

STATUS_WORD (79h)

The STATUS_WORD command returns two bytes of information with a summary of the unit’s fault condition. Based on the
information in these bytes, the host can get more information by reading the appropriate status registers. The low byte of the
status word is the same register as the STATUS_BYTE command. The STATUS_WORD message content is described in the
following table. This is a read register.
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BYTE BIT 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. proyiding power.to the output, regardless of the
reason, including simply not being enabled
5 VOUT_OV_FAULT An output overvoltage fault has occurred
Low 4 IOUT_OC_FAULT An output overcurrent fault has occurred
3 VIN_UV_FAULT An input undervoltage fault has occurred
2 Temperature A temperature fault or warning has occurred
1 CML A communications, memory or logic fault has occurred
0 None of the above A fault or warning not listed in bits [7 : 1] has occurred
7 Vourt An output voltage fault or warning has occurred
6 lout / Pout An output current or output power fault or warning has occurred
5 Input An input voltage, input current, or input power fault or warning has occurred
High 4 MFR specific A manufacturer specific fault or warning has occurred
3 Pg status # The power good signal, if present, is negated
2 Fans Not available
1 Other Not available
0 Unknown Not available

STATUS_VOUT (7Ah)

The STATUS_VOUT command returns one byte with contents described in the following table. This is a read register.

BIT

MEANING

Vour OV fault (output overvoltage fault)

Vout OV warning (output overvoltage warning)

Vout UV warning (output undervoltage warning)

Vout OV fault (output undervoltage fault)

Vout max. min. (an attempt has been made to set the output voltage toa value higher than allowed by the Voyr max. or

lower than the limited allowed by the Voyr min.)

ton max. fault (output overvoltage fault)

torr Mmax. warning (output overvoltage fault)

o= W |hjO|O(N

Not available

STATUS_IOUT (7Bh)

The STATUS_IOUT command returns one byte with contents described in the following table. This is a read register.

BIT

MEANING

lout OC fault (output overcurrent fault)

Not available

lout OC warning (output overcurrent warning)

Not available

Not available

Not available

Not available

ol=|INM|W|dMO[O|N

Not available
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STATUS_INPUT (7Ch)
The STATUS_INPUT command returns one byte with contents described in the following table. This is a read register.
BIT MEANING

VN OV fault (input overvoltage fault)
Not available

Vin UV warning (input undervoltage warning)
Not available

Unit off for insufficient input voltage
Not available

Iin OC warning (input overcurrent warning)

o= (NWwW|hlO|O (N

Not available

STATUS_TEMPERATURE (7Dh)
The STATUS_TEMPERATURE command returns one byte with contents described in the following table. This is a read register.

BIT MEANING

7 OT fault (overtemperature fault)

6 OT warning (overtemperature warning)
5t00 Not available

STATUS_CML (7Eh)

The STATUS_CML command returns one byte with contents described in the following table. This is a read register.
BIT MEANING

Invalid or unsupported command received

Invalid or unsupported data received
Packet error check failed

Memory fault detected
Not available

Reserved

A communication fault other than the ones listed in this table has occurred

ol=|IN|W| O[O

Not available

STATUS_MFR Specific (80h)
The STATUS_MFR specific command returns one byte with contents described in the following table. This is a read register.

BIT MEANING

7to04 Not available
3 IL master fault
2 YF verify fault
1 YF erase fault
0 YF PGM fault

READ_VIN (88h)

The READ_VIN command returns the input voltage in volt. The two data bytes are encoded in LINEAR11 format. The LINEAR11
format of the two data bytes is illustrated in Table - “LINEAR11 Numeric Format Data Bytes”. This is a read register.
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READ_IIN (89h)

The READ_IIN command returns the input current in ampere. The two data bytes in this register are encoded in unsigned
LINEAR11 format, ULINEAR11. The ULINEAR11 has the format shown in “Table - ULINEAR11 Format”
Table - ULINEAR11 Format

COMMAND EXAMPLE READ_IIN
Bit position 1514 [18[12]11]J10] 9 [ 8 [7]e6]5]4]3[2]1 10
Function Two’s compliment exponent, N Integer, M

The relation between N, M and real-world value, X is:
X=Mx2N
For example, an input current of 0.501 A will return a value of AC03h in ULINEAR11 format when READ_IIN is implemented.

Bit position 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Data 1 0 1 0 1 1 0 0 0 0 0 0 0 0 1 1
Function Two’s compliment exponent, N Integer, M

In this case, M = 1027, N = -11 and X = 0.50146

READ_VOUT (8Bh)

The read Voyt command returns the actual, measured output voltage in volt. The two data bytes are encoded in ULINEAR16
format, which is a 16 bit unsigned integer according to the setting of the VOUT_MODE command. This is a read register.

READ_IOUT (8Ch)

The READ_IOUT command returns the output current in ampere. The two data bytes are encoded in ULINEAR11 format. The
ULINEAR11 format of the two data bytes is illustrated in Table - “ULINEAR11 Format”. This is a read register.

READ_TEMPERATURE (8Dh)

The READ_TEMPERATURE command returns the measured temperature of the PMBus unit in degree celsius. The two data
bytes are encoded in LINEAR11 format. The LINEAR11 format of the two data bytes is illustrated in Table - “LINEAR11 Numeric
Format Data Bytes”. This is a read register.

READ_DUTY_CYCLE (94h)

The READ_DUTY_CYCLE command returns the duty of the PMBus unit’s power conversion in percent. The two data bytes are
encoded in LINEAR11 format. The LINEAR11 format of the two data bytes is illustrated in Table - “LINEAR11 Numeric Format
Data Bytes”. This is a read register.

READ_POUT (96h)

The READ_POUT command returns the output power in watt. The two data bytes are encoded in ULINEAR11 format. The
ULINEAR11 format of the two data bytes is illustrated in Table - “ULINEAR11 Format”. This is a read register.

READ_PIN (97h)

The READ_PIN command returns the input power in watt. The two data bytes are encoded in ULINEAR11 format. The
ULINEAR11 format of the two data bytes is illustrated in Table - “ULINEAR11 Format”. This is a read register.
PMBus_REVISION (98h)

The PMBUS_REVISION command stores or reads the revision of the PMBus to which the device is compliant. The command
has one data byte. Bits (7 to 4) indicate the revision of PMBus specification Part | to which the device is compliant. Bits (3 to 0)
indicate the revision of PMBus specification part Il to which the device is compliant. The permissible values are shown in the
table below. This is a read register.

Table - PMBUS_REVISION DATA Byte Contents

BITS (7 TO 4) PART | REVISION BIT (3TO0) PART Il REVISION
0000b 1.0 0000b 1.0
0001b 1.1 0001b 1.1
0010b 1.2 0010b 1.2
0011b 1.3 0011b 1.3

MFR_SERIAL (9Eh)
The MFR_SERIAL command is used to store user’s customized information. This is a read and write 16-bit block register.
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Bit Description
BITS SYMBOL VALUE ACTION
15t00 Block 0000h A block register to store user’s customized information

IC_DEVICE_ID (ADh)

The IC_DEVICE_ID command is used to either set or read the type or part number of an IC embedded within a PMBus that is
used for the PMBus interface. Each manufacturer uses the format of their choice for the IC device identification. IC_DEVICE_ID
is typically only set once, at the time of manufacture.

Bit Description

BITS SYMBOL | VALUE ACTION
15t0 0 Block 0000h The part number of the unit

EEPROM_PASSWORD (DBh)

The EEPROM_PASSWORD command will unlock write access to the internal NVM. This command must be sent before the
STORE_USER_ALL command. Access to the NVM can be disabled by sending any other data and will be automatically disabled
on each power-cycle.

Bit Description

BITS SYMBOL | VALUE ACTION
15t0 0 Block 1234h Default password for unlocking access to the NVM before the STORE_USER_ALL command

MFR_BASE_ADDRESS (D7h) and MFR_BASE_ADDRESS_2 (E2h)

The data in either the MFR_BASE_ADDRESS (D7h) or MFR_BASE_ADDRESS_2 (E2h) register is used along with data from
ADDR resistor and Vger setting to generate the device’s PMBUS address, which consists of 7 bits. Its most significant 3 bits
are contributed by bits 6 to 4 of either MFR_BASE_ADDRESS register or MFR_BASE_ADDRESS_2 register, and its least
significant 4 bits come from the data determined by the resistor connected to ADDR pin. When Vggr pin is shorted or connected
to AGND via a resistor, MFR_BASE_ADRESS register will be used to set bits 6 - 4. MFR_BASE_ADDRESS register has a default
value of 10 h and MFR_BASE:ADDRESS_” register 50 h. Both register can be READ or WRITTEN.

Here shows 2 examples.

1. Assume Vger pin is shorted or connected to AGND via a resistor, and a 4.75 kQ resistor is connected between ADDR pin and
AGND, which corresponds to an address offset of 07 h, then MFR_BASE_ADDRESS register will be used to set the PBMBUS
address, which is 17 h.

Value in MFR_BASE_ADDRESS (D7h) = 10h Address Offset from ADDR Resistor = 07h
Bts | 6 | 5 | 4 | 3 | 2 | 1 | o | | 3 | 2 | 1 | o |
Data | 0o [ o | 1 | o | o [ o [ o | [ o | 4+ 1T 1+ [ 1 1]
Data ‘ 0 ‘ 0 ‘ 1 ‘ 0 ‘ 1 ‘ 1 ‘ 1 {
Bits 6 5 4 3 2 1 0

PMBUS ADDRESS = 17h

2. Assume Vgt pin is floating, and a 7.87 kQ resistor is connected between ADDR pin and AGND, which corresponds to an

address offset of 0 Bh, then MFR_BASE_ADRESS_2 register will be used to set the PMBUS address, which is 5 Bh.
Value in MFR_BASE_ADDRESS_2 (E2h) = 50h Address Offset from ADDR Resistor = 0Bh

Bts | 6 | 5 | 4 | 3 | =2 | 1 | o ] | 3 | 2 | 1 | o |
Data | 1 | o | 1 | o [ o [ o | o | [ 1 | o [ 1 [ 1 7]
Data | 2+ | o | 1 | 1 | o | 1 | 1 |
Bits [e [ 5 [ 4 [ 3 [ 2 [ 1 [ o |
PMBUS ADDRESS = 5Bh
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ELECTRICAL CHARACTERISTICS (V|y =12V, Voyr = 3.3 V, fgy = 600 kHz, unless otherwise noted)

\ A
VISHAY.

= InputVoltage  ___—
| Output Voltage

Voo K

Pcoan

[ Thase 3.0 ms/[Trigger 5 8
10.0 Vidiv 12 Bits 10.0 ms/div] Stop  2.02V
20.000 V. ° |1ms 10 MS/s|Edge Positive

Fig. 11 - Startup with V,y, No Load (10 ms/div)

. o [ —

Output Voltage B

Pvce

SW

] M Tbase -2.90 ms|[Trigger (5 L8]
.| iv 5.00 Vidiv 5.00 V/div 2.00 Vidivi] H 12 Bits 1.00 ms/div| Stop 265V
10.0000 V. 5.0000v]  -15.0000V * |1ms 100 Msis|Edge  Positive

Fig. 12 - Startup with EN, No Load (1 ms/div)

- Input Voltage e /

Output Voltage / -
Vob //

Psoop

Thase 15 ms||Trigger K308
2 Bite 500 msidiv] Stop 980 mV|
128 |4 s ™ 50 Msis|Edge  Positive

Fig. 13 - Startup with V|, 12 A Load (5 ms/div)
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Pvce

Measure P1:min(C3) P2:--- P3:--- P4--- P5:--- P6:--- PT:--- P8:---
value M mv
status L

C1 Gl

HD 1 |Tbase _-2.90 ms||Trigger (2508
5.00 Vidiv| 5.00 Vidiv 5.00 V/div H 1.00 msidiv| Stop 295V
10.0000 V] -5.0000 V| -15.0000 V H 1MS 100 MS/s| Edge  Positive

Input Voltage ~ ___ ————" /

“dutput \;o-liééé- .

Voo f‘

HD _||Tbase _-9.1 ms/[Trigger U210 18
5.00 ms/div| Stop 4.0V
1MS 20 MS/s|Edge Positive

T Input Voltage

c - —

_Dutput Voltage |

Vb

Pcoap

HD |[Tbase  -1.50 s|[Trigger 5] 1518
500 ms/div] Stop  3.30V|
1MS 200 kS/s| Edge Neg

ci
10.0 Vidiv 5.00 Vidiv 5.00 Vidiv
20.000 V. -5.0000 V| -15.0000 V|

Fig. 16 - Shutdown with V|y, No Load (500 ms/div)
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\ A
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ELECTRICAL CHARACTERISTICS (V|y =12V, Voyr = 3.3 V, fgy = 600 kHz, unless otherwise noted)

EN "
‘_—-‘\‘—
Output Voltage
Pvce
— SW

h -288n 88n B 12ms 12ms 512ms 712ms 12ms 12ms 12ms 512ms 712ms

Thase -71.2 ms|[Trigger IS0 1518
5.00 V/div 5.00 Vidiv 5.00 V/div 2.00 Vi : 12 Bits 20.0ms/div|Stop 290V
10.0000 V -5.0000 V -15.0000V]  0.0mVo: ° 1ms 5 \1S/s| Edge Neg

Fig. 17 - Shutdown with EN, No Load (20 ms/div)

e ] Input Voltage

Output Voltage

Pcoop

-200ms - ns hs 1 ns 300ms 400ms 500 ms 700ms ns
Tbase  -300 ms|[Trigger 153 L8

10.0 Vidiv| 5.00 Vidiv 5.00 V/div 2.00 Vidivi] H 12 Bits 100 ms/div] Stop 286V
20.000 V 5.0000v]  -15.0000v 700.0 mv flims imsis|Edge  Neg

Fig. 18 - Shutdown with V)y, 12 A Load (100 ms/div)

EN

Qutput Voltage

i) \\\\

Pvce

SW

Thase 125 ps||Trigger 23 8}
— 500 ps/div| Stop 286V
12Bis | 555 ks 125 GS/s| Edge Neg

e 75 s 25 s B 25
5.00 Vidiv| 5.00 Vidiv 5.00 Vidiv 2.00 Vidiv
10.0000 V -5.0000 V' -15.0000 V/ 0.0 mV ofstH

Fig. 19 - Shutdown with EN, 12 A Load (50 ps/div)
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Output Voltage

SALRT

(o)

Jutput Current

T o fhe 30 ms 40ms 50 ms 70ms B0 ms 90 ms
Thase  40.0 ms|[Trigger (28 48

2.00 Vidiv 5.00 A/div| 10.0 V/div| 2.00 Vidivy H 12 Bits 10.0 ms/div] Stop  19.10 A|
20000v|  50000A] 30000V 700.0 mv ; °|5ms 50 ms/s|Edge  Positive

Fig. 20 - Overcurrent Protection (10 ms/div)

| \
il \H\\ \ Output Current
\H“ | sw
Ous ohs 0
Measure P1:min(C3) P2:--- P3:--- P4:--- P5:--- P6:- - - PT.--- P8:---
value -811 mv

m

status L
| : Thase -300 ps||Trigger (23188
2.00 Vidiv| 5.00 Aldiv 5.00 V/div 2.00 Vidiv : 12 Bits 100 ps/div] Stop 1320 A
40000 V 5.0000A]  15.0000V 7000 mv 500 kS 500 MS/s|Edge Positive

Fig. 21 - Overcurrent Protection (100 ps/div)
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ELECTRICAL CHARACTERISTICS (V|y =12V, Voyr = 3.3 V, fgy = 600 kHz, unless otherwise noted)

Output Voltage MW
509 VN Y Wy"‘ N AP Y

Output Current

30V 2
/ L i
209
sSW
10V ”‘
Aov
42ps 22 ps 28 18 s 38 s 58 s 78 s 98 s 118 ps 138 s 158 s

-58. gger
50.0 mV/divi 5.00 A/div 10.0 V/divfj | 20.0 ps/div] Stop 4.2
100.00 mY 5.0000 A 100 kS 500 MS/s|Edge Positive

Fig. 22 - Load Step between 0 A and 6 A in CCM (20 ps/div)

7oV
60V

OutputiVoltage

g A A AP AR AR A b " I Y A Y A YV Y Y

50 F P ARy N A “"v‘"v"v"r-"vvyv PYYYYYYYYYY
40V W Ohitnit Cururrant \

Qutputcurrent

la

30V
20:2
10V M M /U‘
-1:1

-42s 225 E 18 s 38 s 58 s 78 s 98 s 118 s 138 s 158 ps

-58. gger
50.0 mV/divi 5.00 A/div 10.0 V/divfj | 20.0 ps/div] Stop
100.00 mY 5.0000 A 100 kS 500 MS/s|Edge Positive

Fig. 23 - Load Step between 6 A and 12 A in CCM (20 ps/div)

A
TR A
) Output Voltage M

= N lLhaRARRARAF T

Output Current ‘L

SW

F
j
Y

Thase 500 ps||Trigger (23 8
20.0 mV/div 5.00 Aldiv 10.0 Viciv : 12 Bits 20 0psfdiv|Stop ~ 545A
20.000 mV. _5.0000 A -30.000 v SRR °|2ms  10Gsis|Edge Positive

Fig. 24 - Load Step between 0 A and 6 A in DCM (20 ps/div)

S23-1165-Rev. C, 25-Dec-2023 41 Document Number: 63042
For technical questions, contact: powerictechsupport@vishay.com

THIS DOCUMENT IS SUBJECT TO CHANGE WITHOUT NOTICE. THE PRODUCTS DESCRIBED HEREIN AND THIS DOCUMENT
ARE SUBJECT TO SPECIFIC DISCLAIMERS, SET FORTH AT www.vishay.com/doc?91000



http://www.vishay.com

N A i
VISHIAY. | SiC454
www.vishay.com Vishay Siliconix

QOutput Voltage
- Ao o Do, Y diey o, Pt

o LA e
RZARERVIR VAAVIA VAN a2 VA

SW

10.0 mV/div,
20.000 mV

Fig. 25 - Steady State, No Load in CCM (2 ps/div)

WW’“ R SR man R IV
/ Output Voltage

. st | g = '

20.000 mV

Fig. 26 - Steady State, No Load in DCM (2 ps/div)

utput Voltage

SW “

10.0 mV/div.
20.000 mV/

Fig. 27 - Steady State, No Load in DCM (20 ms/div)
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Output Voltage
F A A P £, P e f ™ f

I AR AN A A AR AR

sw

[y

10.0 mV/div 10.0 Vidiv :
20,000 mV -30.000 V E

Fig. 28 - Steady State, 12 A Load (2 ps/div)

98
L
" | ! L I |
88 y. _ W 1]
’<' [ [ [ [ [ [ [
& ; — Vour = 1.8 V, Power save
> \%/ Vour = 1.8V
& 78 / I —— Vour = 1.2V, Power save __|
T ansiay| |||
i | Jour ™
' — Vour = 1.0V, Power save ~ |
& — out B
68 Vour=1.0V
Viy = 12V, fgy = 600kHZ
58 L L L L L L
0 2 4 6 8 10 12
lnur - Output Current (A)
Fig. 29 - SiC454 Efficiency Curve
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PCB LAYOUT RECOMMENDATIONS
Step 1: V|n/GND Planes and Decoupling Step 3: Vgwy Plane

“is Pgnp Plane

e
©
Q
Q
>
=
(2}

Panp Plane

Fig. 30
1. Layout V|y and Pgnp planes as shown above
2. Ceramic capacitors should be placed right between Vy
and Pgnp, and very close to the device for best
decoupling effect
3. Difference values / packages of ceramic capacitors
should be used to cover entire decoupling spectrum
e.g. 1210 and 0603
4. Smaller capacitance value, closer to device V|y pin(s) -
better high frequency noise absorbing Fig. 32
1. Connect output inductor to SiC454 with large plane to
Step 2: Vj\ Pin lower the resistance

2.1f any snubber network is required, place the
components on the bottom side as shown above
) POWER

V;y:decouple cap

Fig. 31
1. ViN (pin 23) is the input pin for both internal LDO and ton
block. ton time varies based on input voltage. It is
necessary to put a decouple cap close to this pin
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Step 4: Vpp/PV¢c Input Filter Step 6: Signal Routing

Viour sense siphlsl - =

Fig. 35
1. Separate the small analog signal from high current path.
As shown above, the high current paths with high dv/dt,
di/dt are placed on the right side of the IC, while the
Fig. 33 small control signals are placed on the left side of the IC.
All the components for small analog signal should be
placed closer to IC with minimum trace length

1. Cypp and Cpycc caps should be placed close to the IC
to filter noise and provide maximum instantaneous driver
current for low side MOSFET during switching cycle 2. Pin 16 is considered as IC analog ground, which should

have single connection to power ground. The Agnp

ground plane connected with pin 16 helps to keep Agnp

Step 5: BOOT Resistor and Capacitor Placement quite and improve noise immunity

3. Vgens / Vsen- differential analog signal pair should layout
using minimum clearance. Also, the differential pair
should be far away from Vswy node and other signals
throughout the length of the trace. Ground shield is
highly recommended

=5
o
3
<
=
o
ZZ—l
.|
2
-

Fig. 34

1. These components need to be placed very close to
SiC454, right between PHASE (pin 4) and BOOT (pin 6)

2. To reduce parasitic inductance, chip size 0402 can be
used
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Step 7: Adding Thermal Relief Vias and Duplicate Power Step 8: Ground Layer
Path Plane

Vin: plane Pen Plane

VIN

GND_POWER

Pgnp Plane

Fig. 37
1. It is recommended to make the whole inner 1 layer (next
to top layer) ground plane

2. This ground plane provides shielding between noise

: - . source on top layer and signal trace within inner layer
19.

1. Thermal relief Vias can be added on the V|y and Pgnp
pads to utilize inner layers for high current and thermal
dissipation

3. The ground plane can be broken into two section as
power ground and analogue ground

2. To achieve better thermal performance, additional Vias
can be put on V)y plane and Pgnp plane. It is also
necessary to duplicate the Vi and ground plane at
bottom layer to maximize the power dissipation
capability from PCB

3. VswH pad is a noise source and not recommended to put
Vias on this pad

4. 8 mil drill for pads and 10 mils drill for plane can be the
optional Via size. The Vias on pad may drain solder
during assembly and cause assembly issue. Please
consult with the assembly house for guideline
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PRODUCT SUMMARY

Part number SiC454

Description 4.5V to 20 V input 12 A microBUCK DC/DC converter with PMBus
Input voltage min. (V) 4.5

Input voltage max. (V) 20

Output voltage min. (V) 0.3

Output voltage max. (V) 12

Continuous current (A) 12

Switch frequency min. (kHz) 300

Switch frequency max. (kHz) 1500

Pre-bias operation (yes / no) Yes

Internal bias reg. (yes / no) Yes
Compensation Internal

Enable (yes / no) Yes

Psoop (yes / no) Yes

Over current protection Yes

Protection OVP, OCP, UVP/SCP, OTP, UVLO
Light load mode Yes

Peak efficiency (%) 98

Package type PowerPAK MLP29-55
Package size (W, L, H) (mm) 5.0x5.0x0.75

Status code 1

Product type microBUCK
Applications Datacenter, cloud computing, industrial, telecom

Vishay Siliconix maintains worldwide manufacturing capability. Products may be manufactured at one of several qualified locations. Reliability data for Silicon
Technology and Package Reliability represent a composite of all qualified locations. For related documents such as package / tape drawings, part marking, and

reliability data, see www.vishay.com/ppg?63042.
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For technical questions, contact: powerictechsupport@vishay.com
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Disclaimer

ALL PRODUCT, PRODUCT SPECIFICATIONS AND DATA ARE SUBJECT TO CHANGE WITHOUT NOTICE TO IMPROVE
RELIABILITY, FUNCTION OR DESIGN OR OTHERWISE.

Vishay Intertechnology, Inc., its affiliates, agents, and employees, and all persons acting on its or their behalf (collectively,
“Vishay”), disclaim any and all liability for any errors, inaccuracies or incompleteness contained in any datasheet or in any other
disclosure relating to any product.

Vishay makes no warranty, representation or guarantee regarding the suitability of the products for any particular purpose or
the continuing production of any product. To the maximum extent permitted by applicable law, Vishay disclaims (i) any and all
liability arising out of the application or use of any product, (i) any and all liability, including without limitation special,
consequential or incidental damages, and (i) any and all implied warranties, including warranties of fitness for particular
purpose, non-infringement and merchantability.

Statements regarding the suitability of products for certain types of applications are based on Vishay's knowledge of typical
requirements that are often placed on Vishay products in generic applications. Such statements are not binding statements
about the suitability of products for a particular application. It is the customer's responsibility to validate that a particular product
with the properties described in the product specification is suitable for use in a particular application. Parameters provided in
datasheets and / or specifications may vary in different applications and performance may vary over time. All operating
parameters, including typical parameters, must be validated for each customer application by the customer's technical experts.
Product specifications do not expand or otherwise modify Vishay's terms and conditions of purchase, including but not limited
to the warranty expressed therein.

Hyperlinks included in this datasheet may direct users to third-party websites. These links are provided as a convenience and
for informational purposes only. Inclusion of these hyperlinks does not constitute an endorsement or an approval by Vishay of
any of the products, services or opinions of the corporation, organization or individual associated with the third-party website.
Vishay disclaims any and all liability and bears no responsibility for the accuracy, legality or content of the third-party website
or for that of subsequent links.

Except as expressly indicated in writing, Vishay products are not designed for use in medical, life-saving, or life-sustaining
applications or for any other application in which the failure of the Vishay product could result in personal injury or death.
Customers using or selling Vishay products not expressly indicated for use in such applications do so at their own risk. Please
contact authorized Vishay personnel to obtain written terms and conditions regarding products designed for such applications.

No license, express or implied, by estoppel or otherwise, to any intellectual property rights is granted by this document or by
any conduct of Vishay. Product names and markings noted herein may be trademarks of their respective owners.

© 2024 VISHAY INTERTECHNOLOGY, INC. ALL RIGHTS RESERVED
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