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12-Rail Sequencer and System Health Monitor With Fan Control

Check for Samples: UCD90124

FEATURES
e Monitor and Sequence 12 Voltage Rails
— All Rails Sampled Every 400 us
— 12-bit ADC With 2.5-V, 0.5% Internal Vgge

— Sequence Based on Time, Rail and Pin
Dependencies

— Four Programmable Undervoltage and
Overvoltage Thresholds per Monitor

e Fan Control and Monitoring

— Supports Four Fans With Five User-Defined
Speed-vs-Temperature Setpoints

— Supports Two-, Three-, and Four-Wire Fans

e Nonvolatile Error and Peak-Value Logging per
Monitor (up to 10 Fault Detail Entries)

e Closed-Loop Margining for 10 Rails

— Margin Output Adjusts Rail Voltage to
Match User-Defined Margin Thresholds

e Programmable Watchdog Timer and System
Reset

e Flexible Digital I/O Configuration
e Multiphase PWM Clock Generator

— Clock Frequencies From 15.259 kHz to 125
MHz

— Capability to Configure Independent Clock
Outputs for Synchronizing Switch-Mode
Power Supplies

Internal Temperature Sensor

JTAG and I°C/SMBus/ PMBus™ Interfaces

APPLICATIONS

* Industrial / ATE

» Telecommunications and Networking
Equipment

» Servers and Storage Systems

« Embedded Computing

e Any System Requiring Sequencing and
Monitoring of Multiple Power Rails

DESCRIPTION

The UCD90124 is a 12-rail PMBus/I>’C addressable
power-supply  sequencer and system-health
monitor. The device integrates a 12-bit ADC for
monitoring up to 13 power-supply voltage, current, or
temperature inputs. Twenty-six GPIO pins can be
used for power supply enables, power-on reset
signals, external interrupts, cascading, or other
system functions. Twelve of these pins offer PWM
functionality. Using these pins, the UCD90124 offers
support  for fan  control, margining, and
general-purpose PWM functions.

Fan-control signals can be sent using PMBus
commands or generated from one of two built-in
fan-control algorithms. PWM outputs combined with
temperature and fan-speed measurements provide a
complete fan-control solution for up to four
independent fans.

The TI Fusion Digital Power™ designer software is
provided for device configuration. This PC-based
graphical user interface (GUI) offers an intuitive
interface for configuring, storing, and monitoring all
system operating parameters.
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A Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of Texas
Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

PMBus, Fusion Digital Power are trademarks of Texas Instruments.

PRODUCTION DATA information is current as of publication date.
Products conform to specifications per the terms of the Texas
Instruments standard warranty. Production processing does not
necessarily include testing of all parameters.
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This integrated circuit can be damaged by ESD. Texas Instruments recommends that all integrated circuits be handled with
appropriate precautions. Failure to observe proper handling and installation procedures can cause damage.

m ESD damage can range from subtle performance degradation to complete device failure. Precision integrated circuits may be more
susceptible to damage because very small parametric changes could cause the device not to meet its published specifications.

FUNCTIONAL BLOCK DIAGRAM

Comparators

Monitor
13 Inputs

12-bit
ADC
(0.5% Int. Ref)

Internal
Temperature
Sensor

SEQUENCING ENGINE

FLASH Memory

BOOLEAN
User Data, Fault Logic Builder

and Peak Logging

General Purpose 1/0
(GPIO)

Rail Enables (12 max) 14
Digital Outputs (12 max)
Digital Inputs (8 max)
Fan Tach Monitors (4 max)

PWM

Multi-phase PWM (8 max)
12
Fan Control (4 max)

Margining Outputs (10 max)
GPIO Capability

64-pin QFN

ORDERING INFORMATION

the Tl Web site at www.ti.com.

For the most current package and ordering information, see the Package Option Addendum at the end of this document, or see

ABSOLUTE MAXIMUM RATINGS®

VALUE UNIT
Voltage applied at V33D to DVgg -0.3V1to3.8 \%
Voltage applied at V33A to AVsg -0.3V1to3.8 \%
Voltage applied at V33FB to AVgg -0.3Vto55 \%
Voltage applied to any other pin @ -0.3Vto (V33A + \Y
0.3V)

Storage temperature (Tgg) -55 to 150 °C
. Human-body model (HBM) 25 kv

ESD rating -
Charged-device model (CDM) 750 \%

(1) Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings
only and functional operation of the device at these or any other conditions beyond those indicated under Recommended Operating
Conditions is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

(2) All voltages referenced to Vsg
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THERMAL INFORMATION

UCD90124
THERMAL METRIC® RGC UNITS
64 PINS

3a Junction-to-ambient thermal resistance @ 26.4

03C(top) Junction-to-case(top) thermal resistance ©) 21.2

038 Junction-to-board thermal resistance ) 1.7 oW

WT Junction-to-top characterization parameter 0.7

vig Junction-to-board characterization parameter ®) 8.8

03¢ (bottom) Junction-to-case(bottom) thermal resistance (7) 1.7

(1) For more information about traditional and new thermal metrics, see the IC Package Thermal Metrics application report, SPRA953.

(2) The junction-to-ambient thermal resistance under natural convection is obtained in a simulation on a JEDEC-standard, high-K board, as
specified in JESD51-7, in an environment described in JESD51-2a.

(3) The junction-to-case (top) thermal resistance is obtained by simulating a cold plate test on the package top. No specific
JEDEC-standard test exists, but a close description can be found in the ANSI SEMI standard G30-88.

(4) The junction-to-board thermal resistance is obtained by simulating in an environment with a ring cold plate fixture to control the PCB
temperature, as described in JESD51-8.

(5) The junction-to-top characterization parameter, y;1, estimates the junction temperature of a device in a real system and is extracted
from the simulation data for obtaining 6,4, using a procedure described in JESD51-2a (sections 6 and 7).

(6) The junction-to-board characterization parameter, y;g, estimates the junction temperature of a device in a real system and is extracted
from the simulation data for obtaining 6,4 , using a procedure described in JESD51-2a (sections 6 and 7).

(7) The junction-to-case (bottom) thermal resistance is obtained by simulating a cold plate test on the exposed (power) pad. No specific

JEDEC standard test exists, but a close description can be found in the ANSI SEMI standard G30-88.

RECOMMENDED OPERATING CONDITIONS

MIN NOM MAX UNIT
Supply voltage during operation (Vs3p, Vaapio, V3za) 3 3.3 3.6 \
Operating free-air temperature range, Tp -40 110 °C
Junction temperature, T, 125 °C
Copyright © 2009-2010, Texas Instruments Incorporated Submit Documentation Feedback 3
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ELECTRICAL CHARACTERISTICS

over operating free-air temperature range (unless otherwise noted)

PARAMETER ‘ TEST CONDITIONS MIN NOM MAX UNIT
SUPPLY CURRENT
lva3a Vya3a = 3.3V 8 mA
lvaapio Vvaspio = 3.3V mA
lvazp Supply current® Vyasp = 3.3V 40 mA
3D Vvssp = 3.3V, storing configuration parameters 50 mA
in flash memory
INTERNAL REGULATOR CONTROLLER INPUTS/OUTPUTS
Vys3 3.3-V linear regulator Emitter of NPN transistor 325 33 3.35 \%
VyvasFs 3.3-V linear reg feedback 4 4.6 \Y
\/33eB Series pass base drive Vyn =12V 10 mA
Beta Series NPN pass device 40
EXTERNALLY SUPPLIED 3.3V POWER
wziglo Digital 3.3-V power Ta = 25°C 3 3.6 \%
Vyasa Analog 3.3-V power Tp =25°C 3 3.6 Y
ANALOG INPUTS (MON1-MON13)
Vvon Input voltage range MON1-MON9 0 25 \%
MON10-MON13 0.2 25 \%
INL ADC integral nonlinearity -2.5 25 mV
likg Input leakage current 3V applied to pin 100 nA
loFFsET Input offset current 1-kQ source impedance -5 5 pA
. MON1-MON?9, ground reference 8 MQ
RN Input impedance
MON10-MONZ13, ground reference 05 15 3 MQ
Cin Input capacitance 10 pF
tCONVERT ADC sample period 14 voltages sampled, 3.89 psec/sample 400 usec
Veer Q(I:Dccljrggv, internal reference 0°C to 125°C -0.5 0.5 %
—40°C to 125°C -1 1 %
ANALOG INPUT (PMBUS_ADDRX, INTERNAL TEMP SENSE)
Igias Bias current for PMBus Addr pins 9 11 pA
Vappr open  Voltage — open pin PMBus_ADDRO, PMBus_ADDR1 open 2.26 \%
Vappr_sHorT  Voltage — shorted pin PMBus_ADDRO, PMBus_ADDR1 short to 0.124 \%
ground
Tinternal ?Ctarjr:gtl:;emperature-sense Over range from 0°C to 100°C -5 5 °C
DIGITAL INPUTS AND OUTPUTS
VoL Low-level output voltage loL =6 MA®, Vasp5=3V Dgnd + v
0.25
Von High-level output voltage lon = -6 MA®), Vas06=3V Va3pio \Y
- 0.6V
\m High-level input voltage Va3po =3V 2.1 3.6 Y
VL Low-level input voltage V3a3pio =35V 1.4 Y

(1) Typical supply current values are based on device programmed but not configured, and no peripherals connected to any pins.
(2) The maximum total current, o max, for all outputs combined, should not exceed 12 mA to hold the maximum voltage drop specified.
(3) The maximum total current, Iopymax, for all outputs combined, should not exceed 48 mA to hold the maximum voltage drop specified.
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ELECTRICAL CHARACTERISTICS (continued)
over operating free-air temperature range (unless otherwise noted)

PARAMETER ‘ TEST CONDITIONS MIN NOM MAX | UNIT
FAN CONTROL INPUTS AND OUTPUTS
FPWM1-8 15.259 125000
PWM1 10
TewM_FREQ FAN-PWM frequency v 1 kHz
PWM3-4 0.001 7800
DUTYpwm FAN-PWM duty cycle range 0 100 %
Tachgrange FAN-TACH range For 1 Tach pulse per revolution. At 2, 3 or 4 30 300k| RPM
pulse/rev, divide by the value
Tachges FAN-TACH resolution For 1 Tach pulse per revolution 30 RPM
tMiN FAN-TACH minimum pulse width Either positive or negarive polarity 200 Hs
MARGINING OUTPUTS
TpwM_FREQ MARGINING-PWM frequency FPWM1-8 15.260 125000 kHz
PWM3-4 0.001 7800
DUTYpwm MARGINING-PWM duty cycle range 0 100 %
SYSTEM PERFORMANCE
VppSlew Minimum Vpp slew rate Vpp slew rate between 2.3 V and 2.9 V 0.25 Vims
VRESET fgr?]zlg (\)/Stltgl?treezte;/vhlch device For power-on reset (POR) 2.4 \
tRESET %%{I?)?nduraﬂon needed at To reset device during normal operation 2 us
f(PCLK) Internal oscillator frequency Ta =125°C, Tp = 25°C 240 250 260 MHz
fetention Saertgrrrl]tlecigrgf configuration T,=25°C 100 Years
Write_Cycles lglyucr;;t;er of nonvolatile erase/write T,= 25°C 20 K cycles
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PMBus/SMBus/I>’C

The timing characteristics and timing diagram for the communications interface that supports 1°C, SMBus and
PMBus is shown below.

[2C/SMBus/PMBus TIMING REQUIREMENTS
T, =-40°C to 85°C, 3 V < Vpp < 3.6 V; typical values at T, = 25°C and V¢ = 2.5 V (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN  TYP  MAX| UNIT
0,

FSMB SMBus/PMBus operating frequency ZI/EC“I/: mode, SMBC 50% duty 10 400| kHz
Fl2C I2C operating frequency Slave mode, SCL 50% duty cycle 10 400 | kHz
t@®ur) Bus free time between start and stop 4.7 us
tHD:STA) Hold time after (repeated) start 0.26 us
t(su:sTA) Repeated-start setup time 0.26 us
t(su:sTo) Stop setup time 0.26 us
t(HD:DAT) Data hold time Receive mode 0 ns
t(su:pAT) Data setup time 50 ns
triMEOUT) Error signal/detect See® 35| ms
tow) Clock low period 0.5 us
tHicH) Clock high period See @ 0.26 50| ps
tLow:SEXT) Cumulative clock low slave extend time See @ 25| ms
t Clock/data fall time See ¥ 120| ns
t, Clock/data rise time See ® 120| ns

(1) The device times out when any clock low exceeds tmeouT)-

(2)  trigH) Max, is the minimum bus idle time. SMBC = SMBD = 1 for t > 50 ms causes reset of any transaction that is in progress. This
specification is valid when the NC_SMB control bit remains in the default cleared state (CLK[0] = 0).

(3) trow:sexT) is the cumulative time a slave device is allowed to extend the clock cycles in one message from initial start to the stop.

(4) Fall time t;= 0.9 VDD to (V, MAX — 0.15)

(5) Rise time t, = (V,uMAX — 0.15) to (V,yMIN + 0.15)

Figure 1. 1°C/SMBus Timing Diagram

Start Stop
< TLow:seExT 5
«—— T ow:MEXT »ie TLow:MeEXT—————>le— TLow:MEXT—
PMB_Clk | T | |
Clk ACK ClkacK

Figure 2. Bus Timing in Extended Mode
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DEVICE INFORMATION

UCD90124 PIN ASSIGNMENT

7 44 45 46 47 58
5885%¢
8385383
Qo m
> >
13— MON1 TRCK |—E1 10
2 [3—{ Mon2 TCKIGPIO19 |—E] 36
3 [3—{ MON3 TDO/GPI020 ] 37 c z
4 [3— MON4 TDIGPIO21 |—E] 38 g3
5 [3— MON5 TMS/GPI022 |—E] 39 922 88s2 2 2 o 232
N 258822833838 3680329o¢
6 [(3— MON6 TRST £ 40 < = 3 & & 3>z 3z 3 2z 5 z2 2 <
50 9] mon7 EHeHEHEHEHEHEHEHEHEHE B
MON1 AVSS2
62 [3— MON8 ucbooni124 GPIO1 |1 11 o svoar
63 [4—] MON9 GPIO2 |—£] 12 ONS V33A
50 [(4+— MON10 GPIO3 |—£1 13 MON4 V33D
52 [3—| MON11 GPIO4 ] 14 MONS V33DIO2
54 [3—] MON12 GPIO13 |[—£] 25 Mone pusss
56 [(4— MON13 GPI014 |—E] 29 V33DIo1 PWM3/GPI3
DVSS1 PWM4 /GPI4
GPIO15 |—E] 30
15 [3— PMBUS_CLK GPIO16 |—£1 33 TRCK TMS/GPIO22
16 [3—] PMBUS_DATA GPIO17 |—£] 34 P TD1/GPI021
27 [4—{ PMBUS_ALERT GPIO18 |—E1 35 GPIO2 TDO/GPI020
28 [4+— PMBUS_CNTRL GPIO3 TCK/GPIO19
61 [3— PMBUS_ADDRO FPWM1/GPIO5 |—E] 17 GPIO4 GPIO18
PMBUS_CLK GPIO 17
60 [3—] PMBUS_ADDR1 FPWM2/GPIO6 |—E] 18 -
19 PMBUS_DATA GPIO 16
FPWM3/GPIO7 |—E
31 3— PWM1/GPI1 FPWM4/GPIO8 |—£] 20 LS 58 oc oo eaE D em o
9 2 9 9 05 R z ¥ o ¥ S 2 F o5
32 3—| Pwm2iGPI2 FPWM5/GPIO9 |—£] 21 558858 588z::25¢%8¢ ]
Sdg:zs2 8 g ¢ 52
42 [4—] PWM3/GPI3 FPWM6/GPIO10 |—E] 22 £z ¢ : Eg 58 88 § §
AR 2z z =z
41 [(3— PWM4/GP14 FPWM7/GPIO11 |—£] 23 EeEEEEE E £z
FPWMS8/GPIO12 |—E1 24
51 [3— NC1
53 [4— NC2 RESET |1 9
55 [4—] NC3
57 [4— Nc4 b % ((2 % p (c;))
222889
[a el <>( 2 <>(
8 26 43 48 49 64
Table 1. PIN FUNCTIONS
PIN NAME PIN NO. /10 TYPE ‘ DESCRIPTION
ANALOG MONITOR INPUTS
MON1 1 | Analog input (0 V-2.5 V)
MON2 2 | Analog input (0 V-2.5 V)
MONS3 3 | Analog input (0 V-2.5 V)
MON4 4 | Analog input (0 V-2.5 V)
MONS5 5 | Analog input (0 V-2.5 V)
MONG6 6 | Analog input (0 V-2.5 V)
MON7 59 | Analog input (0 V-2.5 V)
Copyright © 2009-2010, Texas Instruments Incorporated Submit Documentation Feedback 7
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Table 1. PIN FUNCTIONS (continued)

PIN NAME PIN NO. /O TYPE | DESCRIPTION

MONS 62 | Analog input (0 V-2.5 V)

MON9 63 | Analog input (0 V-2.5 V)

MON10 50 | Analog input (0.2 V-2.5 V)

MON11 52 | Analog input (0.2 V-2.5 V)

MON12 54 | Analog input (0.2 V-2.5 V)

MON13 56 | Analog input (0.2 V-2.5 V)

GPIO

GPIO1 11 I/0 General-purpose discrete 1/0

GPIO2 12 I/0 General-purpose discrete 1/0

GPIO3 13 I/0 General-purpose discrete 1/0

GPIO4 14 I/0 General-purpose discrete 1/0

GPIO13 25 I/0 General-purpose discrete 1/0

GPIO14 29 I/0 General-purpose discrete 1/0

GPIO15 30 I/0 General-purpose discrete 1/0

GPIO16 33 I/O General-purpose discrete 1/0

GPIO17 34 I/O General-purpose discrete 1/0

GPIO18 35 I/O General-purpose discrete 1/0

PWM OUTPUTS

FPWM1/GPIO5 17 I/O/PWM | PWM (15.259 kHz to 125 MHz) or GPIO

FPWM2/GPI06 18 I/O/PWM | PWM (15.259 kHz to 125 MHz) or GPIO

FPWM3/GPIO7 19 I/O/PWM | PWM (15.259 kHz to 125 MHz) or GPIO

FPWM4/GPI108 20 I/O/PWM | PWM (15.259 kHz to 125 MHz) or GPIO

FPWM5/GPIO9 21 I/O/PWM | PWM (15.259 kHz to 125 MHz) or GPIO
FPWM6/GPI010 22 I/O/PWM | PWM (15.259 kHz to 125 MHz) or GPIO
FPWM7/GPIO11 23 I/O/PWM | PWM (15.259 kHz to 125 MHz) or GPIO
FPWMB8/GPI012 24 I/O/PWM | PWM (15.259 kHz to 125 MHz) or GPIO

PWM1/GPI1 31 I/IPWM Fixed 10-kHz PWM output or GPI

PWM2/GPI2 32 I/IPWM Fixed 1-kHz PWM output or GPI

PWMB3/GPI3 42 I/IPWM PWM (0.93 Hz to 7.8125 MHz) or GPI

PWM4/GPl14 41 I/IPWM PWM (0.93 Hz to 7.8125 MHz) or GPI

PMBus COMM INTERFACE

PMBUS_CLK 15 I/0 PMBus clock (must have pullup to 3.3 V)

PMBUS_DATA 16 I/0 PMBus data (must have pullup to 3.3 V)

PMBALERT# 27 O PMBus alert, active-low, open-drain output (must have pullup to 3.3 V)
PMBUS_CNTRL 28 | PMBus control

PMBUS_ADDRO 61 | PMBus analog address input. Least-significant address bit
PMBUS_ADDR1 60 | PMBus analog address input. Most-significant address bit
JTAG

TRCK 10 (6] Test return clock

TCK/GPIO19 36 110 Test clock or GPIO

TDO/GPIO20 37 110 Test data out or GPIO

TDI/GPIO21 38 I/0 Test data in (tie to Vyq with 10-kQ resistor) or GPIO
TMS/GPI022 39 I/0 Test mode select (tie to Vyq with 10-kQ resistor) or GPIO
TRST 40 I Test reset — tie to ground with 10-kQ resistor
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Table 1. PIN FUNCTIONS (continued)

PIN NAME PIN NO. /O TYPE | DESCRIPTION

INPUT POWER AND GROUNDS

RESET 9 Active-low device reset input. Hold low for at least 2 ps to reset the device.
V33FB 58 3.3-V linear regulator feedback connection

V33A 46 Analog 3.3-V supply

V33D 45 Digital core 3.3-V supply

V33DIO1 7 Digital I/O 3.3-V supply

V33DIO2 44 Digital I/O 3.3-V supply

BPCap 47 1.8-V bypass capacitor — tie 0.1-pF capacitor to analog ground.

AVSS1 49 Analog ground

AVSS2 48 Analog ground

AVSS3 64 Analog ground

DVSS1 8 Digital ground

DVSS2 26 Digital ground

DVSS3 43 Digital ground

QFP ground pad NA Thermal pad — tie to ground plane.

FUNCTIONAL DESCRIPTION

TI FUSION GUI

The Texas Instruments Fusion Digital Power Designer is provided for device configuration. This PC-based
graphical user interface (GUI) offers an intuitive I>’C/PMBus interface to the device. It allows the design engineer
to configure the system operating parameters for the application without directly using PMBus commands, store
the configuration to on-chip nonvolatile memory, and observe system status (voltage, temperature, etc). Fusion is
referenced throughout the data sheet and many sections include screenshots.

PMBUS INTERFACE

The PMBus is a serial interface specifically designed to support power management. It is based on the SMBus
interface that is built on the 1°C physical specification. The UCD90124 supports revision 1.1 of the PMBus
standard. Wherever possible, standard PMBus commands are used to support the function of the device. For
unique features of the UCD90124, MFR_SPECIFIC commands are defined to configure or activate those
features. These commands are defined in the UCD90xxx Sequencer and System Health Controller PMBUS
Command Reference (SLVU352).

This document makes frequent mention of the PMBus specification. Specifically, this document is PMBus Power
System Management Protocol Specification Part | — Command Language, Revision 1.1, dated 5 February 2007.
The specification is published by the Power Management Bus Implementers Forum and is available from
www.pmbus.org.

The UCD90124 is PMBus compliant, in accordance with the Compliance section of the PMBus specification. The
firmware is also compliant with the SMBus 1.1 specification, including support for the SMBus ALERT function.
The hardware can support either 100-kHz or 400-kHz PMBus operation.

THEORY OF OPERATION

Modern electronic systems often use numerous microcontrollers, DSPs, FPGAs, and ASICs. Each device can
have multiple supply voltages to power the core processor, analog-to-digital converter or /0. These devices are
typically sensitive to the order and timing of how the voltages are sequenced on and off. The UCD90124 can
sequence supply voltages to prevent malfunctions, intermittent operation, or device damage caused by improper
power up or power down. Appropriate handling of under- and overvoltage faults, overcurrent faults and
overtemperature faults can extend system life and improve long term reliability. The UCD90124 stores power
supply faults to on-chip nonvolatile flash memory for aid in system failure analysis.

Tach monitor inputs, PWM outputs and temperature measurements can be combined with a choice between two
built-in fan-control algorithms to provide a stand-alone fan controller for independent operation of up to four fans.
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System reliability can be improved through four-corner testing during system verification. During four-corner
testing, the system is operated at the minimum and maximum expected ambient temperature and with each
power supply set to the minimum and maximum output voltage, commonly referred to as margining. The
UCD90124 can be used to implement accurate closed-loop margining of up to 10 power supplies.

The UCD90124 12-rail sequencer can be used in a PMBus- or pin-based control environment. The TI Fusion
GUI provides a powerful but simple interface for configuring sequencing solutions for systems with between one
and 12 power supplies using 13 analog voltage-monitor inputs, four GPIs and 22 highly configurable GPI1Os. A
rail can include voltage, temperature, current, a power-supply enable and a margining output. At least one must
be included in a rail definition. Once the user has defined how the power-supply rails should operate in a
particular system, analog input pins and GPIOs can be selected to monitor and enable each supply (Figure 3).

ot Config | Pin &ssignment [Fault Responses and Limits || Fault Logging || System Watchdog || System Reset || Run Time Clock | | Device Info | | COther Config | | All Config |

Rails - Monitors & Enables 3 of 12 Assigned
Rail Name ¥Yoltage Temperature Current Enable Margin PWM Actions

Rail #1 FRail #1 Pin 1 MOML EMore= EMore= Pin 11 GPIO1 “hMone > Delete  Configure

Rail #2 Rail #2 Pin 2 MOMZ EMore= EMore= Pin 12 GPIOZ “hMone > Delete  Configure

Rail #3 Rai #3 Pin 3 MoMN3 “Mone “Mone Pin 13 GPIO3 =Maone = Delete Confiqure

Add Rail

GPIs - General Purpose Inputs 0 of 8 Assigned

¥ou have not configured any sequencing inputs; click the add link below to add

Add GPI

Logic Controlled GPOs - General Purpose Dutputs with Programmble State Logic 0 of 12 Assigned

¥ou have not configured any logic controlled GPOs; click the Add link below ko add

Add Logic Controlled GPD

Command Controlled GPOs - General Purpose Outputs with Fixed State 0 of 14 Assigned

¥au have nok configured any cormmand contralled GPOs; click the Add link below to add

Add Command Controlled GPO

Fans 0 of 4 Assigned

‘¥ou have not configured any Fans; click the Add link below to add

Add Fan

PWMs - General Purpose Pulse-Width Modulation Outputs 0 of 12 Assigned

¥ou have not configured any PWis; click the Add link below to add

Add PwM

Figure 3. Fusion Pin-Assignment Tab

After the pins have been configured, other key monitoring and sequencing criteria are selected for each rail from
the Vout Config tab (Figure 4):

« Nominal operating voltage (Vout)

» Undervoltage (UV) and overvoltage (OV) warning and fault limits
* Margin-low and margin-high values

» Power-good on and power-good off limits

» PMBus or pin-based sequencing control (On/Off Config)

» Rails that must achieve power good, or input pins that must be at a defined logic state before a rail is enabled
(rail and input-pin sequence-on dependencies)

e Turn-on and turn-off delay timing

» Maximum time allowed for a rail to reach POWER_GOOD_ON or POWER_GOOD_OFF after being enabled
or disabled
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Other rails to turn off in case of a fault on a rail (fault-shutdown slaves)

ion Digital Power Designer - ICDAD! i Addre 04 Ra me
File Dewice Tools Help UCD90124 @ Address 104 Rail #3 |£I
Configure | Vout Config | Pin Assignment || Fault Responses and Limits || Fault Logging || System Watchdog || System Reset | Run Time Clack || Device Info || Other Corfig |l all Corfig | |
[ Sequence On and OFf Timing Rail #3 |
[] Auto write on rail or #50 E ] — ¥oltage Setpoint, Margins, and Limits |
device change Over Fault: 1505 % Edit Yout Fault
3.254 4 g responses in the
4 r Ot Warn: Other Config tab
3.00+ = T
—— a8 I Margin High:
| Store RAMToFlash |
2,75+ Yout:
Margin Lows: [-+] Synchranize
2,50 " margins imits|
Under Warn: PG to out
£ Under Fault!
Plot;
_ Soft Start 200 Pawer Good On; 10,02 %
1 Saft Stop & . ==
Fl o Rail #3. Powier Good OFF: 15,0 = =%
- Bath g s 0 %
[] Show rail labels 150 Yout Expanent: Max: 8.0Y% [ ] Setfor me
Seq Timeout:
1.25+
onfOFf Config: (OPERATION Only)
1.00+
— Turn On Timing Turn OFF Timing ————————
= g 0.75- Turn On Delay: 50.0 5 ms || Turm OFF Delay: 50,0 %] ms
| Advanced Sequencing |
- il Man; Turn On; ms Max Turn OFF;
0.50 + . —
| Event Timing [] N lirmit [%] Mo limit
= — Rail Dependencies Input Pin Dependencies
1 ©nily Used For On 5
0.00 . . . : ! ! 4 ! } | [lRai#t  [vIRail#2 sidalatab e
o 40 80 120 160 200 240 280 320 360 400 440
Tiene Only Used for On Sequence
— Fault Slaves
Select Rail to Edit Review in Larger Window v T Rail #3 shuts down due o a Fault, turn off these ralls as well:
Ral #  Rai Mame Wouk PGOR PG COFf onDelay | Off Delay  Dependencies (Direct. .. [ rail #1 [T Rail #2
——— - 1 3300 2970  2.805 100.0 200.0 OPERATION; Yin On/Off
Configure z 2500 2250 2.125 40.0 100.0° QPERATION; Yin ORJOFF; T
. 3 Rail #3 1.600 1.620 1,530 50.0 50.0 CPERATICN; Yin On/OFf; T |
Monitar
Status | 42 New PMBus Log Messages Shov PMBus Lo [ Unique open/close settings For Canfigure, Monitor, and Status E| |
Fusion Digital Pawer Designer v1.7,99 [2010-03-30]  UCD90124-64 Firmware v1.1.2.0 Address 104  USE Adapter v1.0.10 [PEC; 400 kHz] & Texnas Instrusents | fusion digital power

Figure 4. Fusion Vgyt-Config Tab

The Synchronize margins/limits/PG to Vout checkbox is an easy way to change the nominal operating voltage
of a rail and also update all of the other limits associated with that rail according to the percentages shown to the
right of each entry.

The plot in the upper left section of Figure 4 shows a simulation of the overall sequence-on and sequence-off
configuration, including the nominal voltage, the turn-on and turn-off delay times, the power-good on and
power-good off voltages and any timing dependencies between the rails.

After a rail voltage has reached its POWER_GOOD_ON voltage and is considered to be in regulation, it is
compared against two UV and two OV thresholds in order to determine if a warning or fault limit has been
exceeded. If a fault is detected, the UCD90124 responds based on a variety of flexible, user-configured options.
Faults can cause rails to restart, shut down immediately, sequence off using turn-off delay times or shut down a
group of rails and sequence them back on. Different types of faults can result in different responses.

Fault responses, along with a number of other parameters including user-specific manufacturing information and
external scaling and offset values, are selected in the different tabs within the Configure funciton of Fusion
software. Once the configuration satisfies the user requirements, it can be written to device SRAM if Fusion is
connected to a UCD90124 using an 12C/PMBus. SRAM contents can then be stored to data flash memory so that
the configuration remains in the device after a reset or power cycle.

The Fusion Monitor page has a number of options, including a device dashboard and a system dashboard, for
viewing and controlling device and system status.
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| | Fils Device Tooks  Help LCDI0124 @ Address 101 Rai #1 El‘
Monitor Readings Yout Rail #1 - Output Yoltage 5
Saon ot 1C Temp: e OVFauk: 3795 (2|4 OvWwam:  3.630(2]Y Uwwemn: 29705 WWFauk  2.805[C|w
I-;T\ Voot (] 1ot f—_— — i
|| Paut | Ext Temp
= = Vout #2: 2524V S — S "
L1k Temp [ All Temp 3.00 — 3361V
Yout #3: 1804 ¥
() Fit All Plots on Sereen iats
(5 Seale Plats to Sereen || | StatusRegisters/Lines 1.00 -
= Yout; oK s
Height: 2005 Touk: 0K 3 35:40 36:00 36:20 36:40
Temp: oK
7] Show Warn & Fault Tnput: oK Tout Rail #1 - Output Current £
Lirnit Editars L oK = 3 S
[ Shosw ks Labels ered P e OCFaul:  0.00(5|A OCWan:  0.00(]A UCFak;  0.00[5| 4
on Flots Wisc: oK 1.00 —
SMBALERT# Not Asserted 080 -
| Stop Palling | —_—
e | Clear Fauks | 0.60 —
S — |
az0-|
= s Readings
) @ 0.00
- Hh =i 35:40 36:00 36:20 I* Temp: e
ST 4@ Address 101 - System Dashboard i pmidd
vout #2: 2524 %
[ Device-Level OPERATION | [ control Pin | [ Fault Management ] Vout #3: 1.804 ¢
Margining}[~| | Tunon || ImmedOff | | Softof | ‘ ‘ ) High Low | || ClearFauts |
e — ines
[ Margin ] Rail Monitoring & Dperation Yot oK
®is Olgn High Yout Tout Temp Operation On/Off Config i e
: Temp: oK
Rail #1 335y NiA A 0x14 | | COMTROL Pin Only Input: oK
= CHL: oK
Rail #2 2524 v A /i 0x14 || CONTROL Pin Only Facs Nons installed
Rail #3  1.804 ¥ A A 0Ox14 | CONTROL Pin Orly Misc: oK
SMBALERT# Mot Asserted
Status Registers | Clear Fauks |
Rail #1 Rail #2 Rail #3 G ———
STATUS_WORD ] [ —
STATUS_¥DUT [iT4 oK 0k Otigh:  @tow
STATUS_IOUT oK oK 3
STATUS_TEMPERATURE 0K oK 0k Operation
STATUS_FANS_1_2 oK
STATUS_FANS_3_4 oKk
STATUS_CML oK
Ennﬂgure Ty,
[ Change Log for OPERATION, CONTROL, ON_OFF_CONFIG, and STATUS Registers Copylog Cearlog | L e
‘- Monitor 2 % &
“iMone () Low I High
Status i
Fusion Digital Power Designer v1,7.17 [2009-09-18]  UCD90124-64 Firmware v1.0,13.0 Address 101 | USE Adapter w1.0,10 [PEC; 400 kHz] A Texas Insruments | fusion digital power

Figure 5. Fusion Monitor Page with Device Dashboard and System Dashboard

The UCD90124 also has status registers for each rail and the capability to log faults to flash memory for use in
system troubleshooting. This is helpful in the event of a power-supply or system failure. The status registers
(Figure 6) and the fault log (Figure 7) are available in Fusion. See the UCD90xxx Sequencer and System Health
Controller PMBus Command Reference and the PMBus Specification for detailed descriptions of each status

register and supported PMBus co

mmands.
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| Status Reqgisters |Logged Fauls || Peak Readings || Misc Status |

e
STATUS_YOUT Rail #3 - MFR_STATUS Rail #3
7 Yout 0¥ fault 15 R
& Wout O¥ warning 14 |Rase
5 Yout UY¥ warning STATUS_WORD 13 5
4 Yout UY fault L_| 15 vour 12 |R
3 e —| 14 10UT /POUT 11 |Reserve
z  TON_MAX fault pers o 10 STORE_DEFAULT_ALL Error
1 TOFF_MAX warning pry Fee L 9 STORE_DEFAULT_ALL Done
o { i & Watchdog Timeout
> 7 Invalid Logs
P —
STATUS_IOUT Rail #3 - : & LOGGED_FAULT_DETAIL Full
7 IDUT OC fault 5 | » [ STATUS_FANS_1_2 5  Config Invalid
& | IOUT O Faul 2 7 4 Resequence Error
ol i T 3 PKGID Mismatch
z 6 Output off 6
5 IOUT DC warning =T ut IIIU' f. . = 2 Hardcoded Parms
ol aul T
4 IOUT UC fault -
3 4 10UT OC fault P 1 Sequencing Timeout
E 3 ¥in LY fault 3 % [
: 2 TEMPERATURE 2 |F ead ov
F 1 ML 1 Air flow fFault
0 More faults in high byte 0 Air flow warning
I—!ﬂATl.IE_TI':'I“ll' Rail #3 STATUS_CML = | STATUS_FANS_3_4
7 OT fault 7 Invalid command 7 Fan 3 fault
& OT warning 6 Invalid data 6 Fan 4 fault
L T 5  PEC fault 5
4 4 Memory fault 4
3 3 Processor fault 3
z 2 z
:: 1 Other comms fault 1
o 0 Other memory /logic fault a
| ClearFauls | Key: _ Warning Bit not set See other register
Figure 6. Fusion Rail-Status Register
Status Reqisters | Logged Faulks [Peak Readings || Misc Status |
Common Faults Rail #1 Faults Rail #2 Faults Rail #3 Faults
7 Fan #4 fault 7 7 7 | Slaved Fault
& Fan #3 faul & |SEQ_TIMEOUT & | SEQ_TIMEOUT & |SEQ_TIMECUT
4 Fan #1 faulk 4 | IOUT UC Fault 4 | IOUT UC Faulk 4 | IOUT UC Fault
3 3 | IOUT OC Fault 3 |IOUT OC Fault 3 |IOUT OC Fault
2 | Re-Sequence Error z 2 TOMN_MAY Fault 2 TOMN_MAY Faulk
1 |Reserved JI /ot LY Fault JI '/ out LI Fault [ /ot L Fault
0 Log naot empky 0 KL £ 0 R £ o
| Logged Faults Detail 10 of 10 Logged Faults |
| Fault #1 0 Days, 00:02:19.534 Rail #4  Wout O faulk | | Fault #2 0 Days, 00:02:19.534 Rail #3  Wout OY faulk @ 0,000 ¥ |
| Fault #3  2009-09-22 09:25:29.173  Rail #1 Wiouk O Faulk @ 0,000 Y | | Fault #4  2009-09-2Z 09:25:29.225  Rail #1 OT Fault @ 23.0 #C | E|
| Fault #5  2009-09-2Z 09:37:47.4158  Rail #3 Wiouk O Faulk @ 0,000 Y | | Fault #6  2009-09-2Z 09:37:47.415  Rail #2 Wouk OV Fault @ 0,000 ¥ |
[ . . .. 1 1
Figure 7. Fusion Flash-Error Log (Logged Faults)
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POWER-SUPPLY SEQUENCING

The UCD90124 can control the turn-on and turn-off sequencing of up to 12 voltage rails by using a GPIO to set a
power-supply enable pin high or low. In PMBus-based designs, the system PMBus master can initiate a
sequence-on event by asserting the PMBUS_CNTRL pin or by sending the OPERATION command over the 1°C
serial bus. In pin-based designs, the PMBUS_CNTRL pin can also be used to sequence-on and sequence-off.

The auto-enable setting ignores the OPERATION command and the PMBUS_CNTRL pin. Sequence-on is
started at power up after any dependencies and time delays are met for each rail. A rail is considered to be on or
within regulation when the measured voltage for that rail crosses the power-good on (POWER_GOOD_ON®)
limit. The rail is still in regulation until the voltage drops below power-good off (POWER_GOOD_OFF).

(1) In this document configuration parameters such as Power Good On are referred to using Fusion GUI names. The UCD90xxx Sequencer

and System Health Controller PMBus Command Reference name is shown in parentheses (POWER_GOOD_ON) the first time the
parameter appears.
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Turn-on Sequencing

The following sequence-on options are supported for each rail:

* Monitor only — do not sequence-on

* Fixed delay time after a PMBus OPERATION command to turn on

» Fixed delay time after assertion of the PMBUS_CNTRL pin

» Fixed time after one or a group of parent rails achieves regulation

» Fixed time after a designated GPI has reached a user-specified state
» Any combination of the previous options

The maximum TON_DELAY time is 3276 ms.

PMBUS_CNTRL PIN ]
Rail 1 and Rail 2
RAIL 1 EN «— TON_DELAY[1] > <«—>| TOFF_DELAY[1] are both
POWER_GOOD_ON([1] sequenced "ON”
- Y N\ POWER_GoOD_OFF[1]  and “OFF” by the
RAIL 1 VOLTAGE / PMBUS_ CNTRL
pin only
RAIL 2 EN TON_DELAY[2]il—>| i« »| TOFF_DELAY[2] Rail 2 has Rail 1
‘ as an “ON”
RAIL 2 VOLTAGE dependency
«—> «—
TON_MAX_FAULT _LIMIT[2] TOFF_MAX_WARN_LIMIT[2]

Figure 8. Sequence-on and Sequence-off Timing

Turn-off Sequencing

The following sequence-off options are supported for each rail:

* Monitor only — do not sequence-off

» Fixed delay time after a PMBus OPERATION command to turn off
* Fixed delay time after deassertion of the PMBUS_CNTRL pin

» Fixed delay time in response to an undervoltage, overvoltage, undercurrent, overcurrent, undertemperature,
overtemperature, or max turn-on fault on the ralil

» Fixed delay time in response to a fault on a different rail when set as a fault shutdown slave to the faulted rail
The maximum TOFF_DELAY time is 3276 ms.

Sequencing Configuration Options

In addition to the turn-on and turn-off sequencing options, the time between when a rail is enabled and when the
monitored rail voltage must reach its power-good-on setting can be configured using max turn-on
(TON_MAX_FAULT_LIMIT). Max turn-on can be set in 1-ms increments. A value of 0 ms means that there is no
limit and the device can try to turn on the output voltage indefinitely.

Rails can be configured to turn off immediately or to sequence-off according to user-defined delay times. A
sequenced shutdown is configured by selecting the appropriate turn-off delay (TOFF_DELAY) times for each rail.
The turn-off delay times begin when the PMBUS_CNTRL pin is deasserted, when the PMBus OPERATION
command is used to give a soft-stop command, or when a fault occurs on a rail that has other rails set as
fault-shutdown slaves.

Shutdowns on one rail can initiate shutdowns of other rails or controllers. In systems with multiple UCD90124s, it
is possible for each controller to be both a master and a slave to another controller.
VOLTAGE MONITORING

Up to 13 voltages can be monitored using the analog input pins. The input voltage range is 0 V=-2.5 V for MON
pins 1-6, 59, 62 and 63. Pins 50, 52, 54, and 56 can measure down to 0.2 V. Any voltage between 0 V and 0.2
V on these pins is read as 0.2 V. External resistors can be used to attenuate voltages higher than 2.5 V.
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The ADC operates continuously, requiring 3.89 us to convert a single analog input and 54.5 us to convert all 14
of the analog inputs, including the onboard temperature sensor. Each rail is sampled by the sequencing and
monitoring algorithm every 400 us. The maximum source impedance of any sampled voltage should be less than
4 kQ. The source impedance limit is particularly important when a resistor-divider network is used to lower the
voltage applied to the analog input pins.

MON1 - MONG6 can be configured using digital hardware comparators, which can be used to achieve faster fault
responses. Each hardware comparator has four thresholds (two UV (Fault and Warning) and two OV (Fault and
Warning)). The hardware comparators respond to UV or OV conditions in about 80 us (faster than 400 ps for the
ADC inputs) and can be used to disable rails or assert GPOs. The only fault response available for the hardware
comparators is to shut down immediately.

An internal 2.5-V reference is used by the ADC. The ADC reference has a tolerance of £0.5% between 0°C and
125°C and a tolerance of +1% between —40°C and 125°C. An external voltage divider is required for monitoring
voltages higher than 2.5 V. The nominal rail voltage and the external scale factor can be entered into the Fusion
GUI and are used to report the actual voltage being monitored instead of the ADC input voltage. The nominal
voltage is used to set the range and precision of the reported voltage according to Table 2.

Table 2. Voltage Range and Resolution

VOLTAGE RANGE RESOLUTION
(Volts) (millivolts)
0 to 63.99805 1.95313
0 to 31.99902 0.97656
0 to 15.99951 0.48828
0 to 7.99976 0.24414
0 to 3.99988 0.12207

Although the monitor results can be reported with a resolution of about 15 pV, the real conversion resolution of
610 nV is fixed by the 2.5-V reference and the 12-bit ADC.

The MON pins can directly measure voltages, but each input can be defined as a voltage, current, or
temperature. A single rail can include all three measurement types, each monitored on separate MON pins. If a
rail has both voltage and current assigned to it, then power can be calculated and reported for the rail. Digital
filtering applied to each MON input depends on the type of signal. Voltage inputs have no filtering. Current and
temperature inputs have a low-pass filter.

CURRENT MONITORING

Current can be monitored using the analog inputs. External circuitry, see Figure 9, must be used in order to
convert the current to a voltage within the range of the UCD90124 MONX input being used.

If a monitor input is configured as a current, the measurements are smoothed by a sliding-average digital filter.
The current for 1 rail is measured every 200us. If the device is programmed to support 10 rails (independent of
current not being monitored at all rails), then each rail's current will get measured every 2ms. The current
calculation is done with a sliding average using the last 4 measurements. The filter reduces the probability of
false fault detections, and introduces a small delay to the current reading. If a rail is defined with a voltage
monitor and a current monitor, then monitoring for undercurrent warnings begins once the rail voltage reaches
POWER_GOOD_ON. If the rail does not have a voltage monitor, then current monitoring begins after
TON_DELAY.

The device supports multiple PMBus commands related to current, including READ_IOUT, which reads external
currents from the MON pins; IOUT_OC_FAULT_LIMIT, which sets the overcurrent fault [limit;
IOUT_OC_WARN_LIMIT, which sets the overcurrent warning limit; and IOUT_UC_FAULT_LIMIT, which sets the
undercurrent fault limit. The UCD90xxx Sequencer and System Health Controller PMBus Command Reference
contains a detailed description of how current fault responses are implemented using PMBus commands.

IOUT_CAL_GAIN is a PMBus command that allows the scale factor of an external current sensor and any
amplifiers or attenuators between the current sensor and the MON pin to be entered by the user in milliohms.
IOUT_CAL_OFFSET is the current that results in 0 V at the MON pin. The combination of these PMBus
commands allows current to be reported in amperes. The example below using the INA196 would require
programming IOUT_CAL_GAIN to Rsense(mQ)x20.
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UCD90124 INA196
MONx vouT £
Vin+ &
AVSS1 . GND Rsense | &
1 £
- Vin- o
3.3V v+
Gain = 20V/V

Figure 9. Current Monitoring Circuit Example Using the INA196

REMOTE TEMPERATURE MONITORING AND INTERNAL TEMPERATURE SENSOR

The UCD90124 has support for internal and remote temperature sensing. The internal temperature sensor
requires no calibration and can report the device temperature via the PMBus interface. The remote temperature
sensor can report the remote temperature by using a configurable gain and offset for the type of sensor that is
used in the application such as a linear temperature sensor (LTS) connected to the analog inputs.

External circuitry must be used in order to convert the temperature to a voltage within the range of the
UCD90124 MONX input being used.

If an input is configured as a temperature, the measurements are smoothed by a sliding average digital filter. The
temperature for 1 rail is measured every 100ms. If the device is programmed to support 10 rails (independent of
temperature not being monitored at all rails), then each rail's temperature will get measured every 1s. The
temperature calculation is done with a sliding average using the last 16 measurements. The filter reduces the
probability of false fault detections, and introduces a small delay to the temperature reading. The internal device
temperature is measured using a silicon diode sensor with an accuracy of £5°C and is also monitored using the
ADC. Temperature monitoring begins immediately after reset and initialization.

The device supports multiple PMBus commands related to temperature, including READ_TEMPERATURE_1,
which reads the internal temperature; READ_TEMPERATURE_2, which reads external temperatures; and
OT_FAULT_LIMIT and OT_WARN_LIMIT, which set the overtemperature fault and warning limit. The UCD90xxx
Sequencer and System Health Controller PMBus Command Reference contains a detailed description of how
temperature-fault responses are implemented using PMBus commands.

TEMPERATURE_CAL_GAIN is a PMBus command that allows the scale factor of an external temperature
sensor Figure 10and any amplifiers or attenuators between the temperature sensor and the MON pin to be
entered by the user in °C/V. TEMPERATURE_CAL_OFFSET is the temperature that results in 0 V at the MON
pin. The combination of these PMBus commands allows temperature to be reported in degrees Celsius.
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UCD90124 TMP20
MONx vouT
AVSS1 i GND
T 33V Vv

Vout =-11.67mV/°C x T + 1.8583
at-40°C < T<85°C

Figure 10. Remote Temperature Monitoring Circuit Example Using the TMP20

FAULT RESPONSES AND ALERT PROCESSING

Software monitors that the rail stays within a window of normal operation. There are two programmable warning
levels (under and over) and two programmable fault levels (under and over). When any monitored voltage,
current, or temperature goes outside of the warning or fault window, the PMBALERT# pin is asserted
immediately, and the appropriate bits are set in the PMBus status registers (see Figure 6). Detailed descriptions
of the status registers are provided in the UCD90xxx Sequencer and System Health Controller PMBus Command
Reference and the PMBus Specification.

A programmable glitch filter can be enabled or disabled for each MON input. A glitch filter for an input defined as
a voltage can be set between 0 and 102 ms with 400-us resolution. A glitch filter for an input defined as a current
or temperature can be between 0 and 25.5 seconds with 100-ms resolution. The longer time constants are due
to the fixed low-pass digital filters associated with current and temperature inputs.

Fault-response decisions are based on results from the 12-bit ADC. The device cycles through the ADC results
and compares them against the programmed limits. The time to respond to an individual event is determined by
when the event occurs within the ADC conversion cycle and the selected fault response.
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Rail 2 has Rail 1 as an “ON” dependency Rail 1 is set to shutdown with delay for a OV event

Rail 1 has Rail 2 as a Fault Shutdown Slave

Figure 11. Sequencing and Fault-Response Timing
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The configurable fault limits are:

Maximum turn-on fault — Flagged if a rail that is enabled does not reach the POWER_GOOD_ON limit within
the configured time

Undervoltage warning — Flagged if a voltage rail drops below the specified UV warning limit after reaching the
POWER_GOOD_ON setting

Undervoltage fault — Flagged if a rail drops below the specified UV fault limit after reaching the
POWER_GOOD_ON setting

Overvoltage warning — Flagged if a rail exceeds the specified OV warning limit at any time during startup or
operation

Overvoltage fault — Flagged if a rail exceeds the specified OV fault limit at any time during startup or operation

Maximum turn-off warning — Flagged if a rail that is commanded to shut down does not reach 12.5% of the
nominal rail voltage within the configured time

Faults are more serious than warnings. The PMBALERT# pin is always asserted immediately if a warning or fault
occurs. If a warning occurs, the following takes place:

Warning Actions
— Immediately assert the PMBALERT# pin
— Status bit is flagged
— Assert a GPIO pin (optional)
— Warnings are not logged to flash

A number of fault response options can be chosen from:

Fault Responses

— Continue Without Interruption: Flag the fault and take no action

— Shut Down Immediately: Shut down the faulted rail immediately and restart according to the rail
configuration
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— Shut Down using TOFF_DELAY: If a fault occurs on a rail, exhaust whatever retries are
configured. If the rail does not come back, schedule the shutdown of this rail and all
fault-shutdown slaves. All selected rails, including the faulty rail, are sequenced off according to
their T_OFF_DELAY times. If Do Not Restart is selected, then sequence off all selected rails
when the fault is detected.

Restart
— Do Not Restart: Do not attempt to restart a faulted rail after it has been shut down.

— Restart Up To N Times: Attempt to restart a faulted rail up to 14 times after it has been shut down.
The time between restarts is measured between when the rail enable pin is deasserted (after any
glitch filtering and turn-off delay times, if configured to observe them) and then reasserted. It can
be set between 0 and 1275 ms in 5-ms increments.

— Restart Continuously: Same as Restart Up To N Times except that the device continues to restart
until the fault goes away, it is commanded off by the specified combination of PMBus
OPERATION command and PMBUS_CNTRL pin status, the device is reset, or power is removed
from the device.

— Shut Down Rails and Sequence On (Re-sequence): Shut down selected rails immediately or after
continue-operation time is reached and then sequence-on those rails using turn-on delay times

SHUT DOWN ALL RAILS AND SEQUENCE ON (RE-SEQUENCE)

In response to a fault, the UCD90124 can be configured to turn off a set of rails and then sequence them back
on. To sequence all rails in the system, then all rails must be selected as fault-shutdown slaves of the faulted rail.
If the faulted rail is set to stop immediately or stop with delay, then the rails designated as fault-shutdown slaves
behave the same way. Shut-down-all-rails and sequence-on are not performed until retries are exhausted for a
given fault.

While waiting for the rails to turn off, an error is reported if any of the rails reaches its TOFF_MAX_WARN_LIMIT.
There is a configurable option to continue with the resequencing operation if this occurs. After the faulted rail and
fault-shutdown slaves sequence-off, the UCD90124 waits for a programmable delay time between 0 and 1275
ms in increments of 5 ms and then sequences-on the faulted rail and fault-shutdown slaves according to the
start-up sequenc