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UCD90320U 32-Rail PMBus™ Power Sequencer and System Manager

1 Features

e Ultra Low Alpha(ULA) Mold Compound to reduce
soft errors caused by alpha particles

» Single Event Upset (SEU) Detection

* Sequence, Monitor, and Margin 24 Voltage Rails
Plus 8 Digital Rails

» Monitor and Respond to OV, UV, OC, UC,
Temperature, Time-Out, and GPI-Triggered Faults

* Flexible Sequence-On and Off Dependencies,
Delay Time, Boolean Logic, and GPIO
Configuration to Support Complex Sequencing
Applications

» Four Rail Profiles for Adaptive Voltage
Identification (AVID) Voltage Regulator

» High-Accuracy Closed-Loop Margining

» Active Trim Function Improves Rail Output
Voltage Accuracy

* Advanced Nonvolatile Event Logging To Assist
System Debugging

— Single-Event Fault Log (100 entries)
— Peak Value Log
— Black Box Fault Log to Save Status of All Rails
and 1/O Pins at the First Fault
» Easily Cascade Up to 4 Power Sequencers and
Take Coordinated Fault Responses

» Programmable Watchdog Timer and System
Reset

2 Applications

* Industrial and ATE
e Telecom and Networking Equipment
e Servers and Storage Systems

» Systems Requiring Sequencing and Monitoring of
Multiple Power Rails

3 Description

The UCD90320U device is a 32-rail PMBus™
addressable power sequencer and system manager
in a compact 0.8-mm pitch BGA package. ULA mold
compound is adopted to reduce the soft errors
caused by alpha particles. The device scans the user
configuration SRAM to detect single event upset
(SEUV). Both features provide higher reliability for the
applications.

The 24 integrated ADC channels (AMONx) monitor
the power supply voltage, current, and temperature.
Of the 84 GPIO pins, 8 can be used as digital
monitors (DMONXx), 32 to enable the power supply
(ENx), 24 for margining (MARX), 16 for logical GPO,
and 32 GPIs for cascading, and system function.

The 32 ENx pins and the 16 LGPOx pins can be
configured to be active driven or open drain outputs.

Nonvolatile event logging preserves fault events after
power dropout. Black box fault log feature preserves
the status for all rails and I/O pins when the first fault
occurs. The cascading feature offers convenient ways
to manage up to 128 voltage rails through one
SYNC_CLK pin connection.

Device Information®
PACKAGE BODY SIZE (NOM)
BGA (169) 12.0 mm x 12.0 mm

PART NUMBER
UCD90320U

(1) For all available packages, see the orderable addendum at
the end of the data sheet.
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4 Revision History

NOTE: Page numbers for previous revisions may differ from page numbers in the current version.

DATE

REVISION

NOTES

September 2018

*

Initial release.
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5 Description Continued

The FAULT pin coordinates the cascaded devices to take synchronized fault responses. The pin-selected rail
states feature uses up to 3 GPIs to control up to eight user-defined power states. These states can implement
system low-power modes as outlined in the Advanced Configuration and Power Interface (ACPI) specification.

The TI Fusion Digital Power™ designer software is an intuitive PC-based graphic user interface (GUI) that can
configure, store, and monitor all system operating parameters.

6 Pin Configuration and Functions

ZWS Package

169-Pin BGA
Top View
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Pin Functions

PIN /0 DESCRIPTION
NAME NO.
ANALOG MONITOR PINS®
AMON1 E2 | Analog input monitor pin
AMON2 El | Analog input monitor pin
AMON3 F2 | Analog input monitor pin
AMON4 F1 | Analog input monitor pin
AMONS5 B3 | Analog input monitor pin
AMONG6 A3 | Analog input monitor pin
AMON7 B4 | Analog input monitor pin
AMONS A4 | Analog input monitor pin
AMON9 B5 | Analog input monitor pin
AMON10 A5 | Analog input monitor pin
AMON11 B6 | Analog input monitor pin
AMON12 A6 | Analog input monitor pin
AMON13 C1 | Analog input monitor pin
AMON14 Cc2 | Analog input monitor pin
AMON15 B1 | Analog input monitor pin
AMON16 B2 | Analog input monitor pin
AMON17 G2 | Analog input monitor pin
AMON18 Gl | Analog input monitor pin
AMON19 H1 | Analog input monitor pin
AMON20 H2 | Analog input monitor pin
AMON21 B7 | Analog input monitor pin
AMON22 A7 | Analog input monitor pin
AMON23 B8 | Analog input monitor pin
AMON24 A8 | Analog input monitor pin
ENABLE PINS
EN1(GPIO) M9 110 Digital output, rail enable signal or GPIO®
EN2(GPIO) N9 /0 Digital output, rail enable signal or GPIO
EN3(GPIO) L10 /0 Digital output, rail enable signal or GPIO
EN4(GPIO) K10 /0 Digital output, rail enable signal or GPIO
EN5(GPIO) L9 /0 Digital output, rail enable signal or GPIO
ENG6(GPIO) K9 /0 Digital output, rail enable signal or GPIO
EN7(GPIO) N8 /0 Digital output, rail enable signal or GPIO
EN8(GPIO) M8 /0 Digital output, rail enable signal or GPIO
EN9(GPIO) L8 /0 Digital output, rail enable signal or GPIO
EN10(GPIO) K8 /0 Digital output, rail enable signal or GPIO
EN11(GPIO) N7 /0 Digital output, rail enable signal or GPIO
EN12(GPIO) M7 /0 Digital output, rail enable signal or GPIO
EN13(GPIO) K7 /0 Digital output, rail enable signal or GPIO
EN14(GPIO) L7 /0 Digital output, rail enable signal or GPIO
EN15(GPIO) N4 /0 Digital output, rail enable signal or GPIO
EN16(GPIO) N3 /0 Digital output, rail enable signal or GPIO
EN17(GPIO) K3 /0 Digital output, rail enable signal or GPIO
EN18(GPIO) K4 /0 Digital output, rail enable signal or GPIO
EN19(GPIO) Ja /0 Digital output, rail enable signal or GPIO

(1) TIrecommends placing a 200-Q resistor between analog input and monitor pins.
(2) GPIO: GPI, Command GPO, WDI, WDO, system reset (RESET), FAULT pin for multiple chip cascading
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Pin Functions (continued)

e PIN e I/0 DESCRIPTION
EN20(GPIO) J2 1/0 Digital output, rail enable signal or GPIO
EN21(GPIO) J3 1/0 Digital output, rail enable signal or GPIO
EN22(GPIO) H4 1/0 Digital output, rail enable signal or GPIO
EN23(GPIO) H3 1/0 Digital output, rail enable signal or GPIO
EN24(GPIO) G4 1/0 Digital output, rail enable signal or GPIO
EN25(GPIO) F13 1/0 Digital output, rail enable signal or GPIO
EN26(GPIO) F12 1/0 Digital output, rail enable signal or GPIO
EN27(GPIO) G11 1/0 Digital output, rail enable signal or GPIO
EN28(GPIO) H10 1/0 Digital output, rail enable signal or GPIO
EN29(GPIO) H13 1/0 Digital output, rail enable signal or GPIO
EN30(GPIO) H12 1/0 Digital output, rail enable signal or GPIO
EN31(GPIO) H11 1/0 Digital output, rail enable signal or GPIO
EN32(GPIO) L13 1/0 Digital output, rail enable signal or GPIO
CLOSED-LOOP MARGIN PINS

MAR1(GPIO) J13 1/0 Closed-loop margin PWM output or General GPIO
MAR2(GPIO) L5 1/0 Closed-loop margin PWM output or General GPIO
MAR3(GPIO) D8 1/0 Closed-loop margin PWM output or General GPIO
MAR4(GPIO) K6 1/0 Closed-loop margin PWM output or General GPIO
MAR5(GPIO) D4 1/0 Closed-loop margin PWM output or General GPIO
MARG6(GPIO) E4 1/0 Closed-loop margin PWM output or General GPIO
MAR7(GPIO) F5 1/0 Closed-loop margin PWM output or General GPIO
MARS8(GPIO) N5 1/0 Closed-loop margin PWM output or General GPIO
MAR9(GPIO) N6 1/0 Closed-loop margin PWM output or General GPIO
MAR10(GPIO) K5 1/0 Closed-loop margin PWM output or General GPIO
MAR11(GPIO) M6 1/0 Closed-loop margin PWM output or General GPIO
MAR12(GPIO) L6 1/0 Closed-loop margin PWM output or General GPIO
MAR13(GPIO) D11 1/0 Closed-loop margin PWM output or General GPIO
MAR14(GPIO) C12 1/0 Closed-loop margin PWM output or General GPIO
MAR15(GPIO) A13 1/0 Closed-loop margin PWM output or General GPIO
MAR16(GPIO) B13 1/0 Closed-loop margin PWM output or General GPIO
MAR17(GPIO) D12 1/0 Closed-loop margin PWM output or General GPIO
MAR18(GPIO) C13 1/0 Closed-loop margin PWM output or General GPIO
MAR19(GPIO) E12 1/0 Closed-loop margin PWM output or General GPIO
MAR20(GPIO) E13 1/0 Closed-loop margin PWM output or General GPIO
MAR21(GPIO) M13 1/0 Closed-loop margin PWM output or General GPIO
MAR22(GPIO) L12 1/0 Closed-loop margin PWM output or General GPIO
MAR23(GPIO) M5 1/0 Closed-loop margin PWM output or General GPIO
MAR24(GPIO) J12 1/0 Closed-loop margin PWM output or General GPIO
GPIO AND CASCADING PINS

DMON1(GPIO) F4 1/0 Digital input monitor pin or GPIO

DMONZ2(GPIO) F3 1/0 Digital input monitor pin or GPIO

DMON3(GPIO) G3 1/0 Digital input monitor pin or GPIO

DMON4(GPIO) D10 1/0 Digital input monitor pin or GPIO

DMONS5(GPIO) L11 1/0 Digital input monitor pin or GPIO

DMONG(GPIO) N12 1/0 Digital input monitor pin or GPIO

DMON7(GPIO) N11 1/0 Digital input monitor pin or GPIO
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Pin Functions (continued)

e PIN e I/0 DESCRIPTION
DMONBS8(GPIO) M11 1/0 Digital input monitor pin or GPIO
GPIO

GPIO1 B11 lfe} GPIO

GPI02 B12 lfe} GPIO

GPIO3 Cl1 lfe} GPIO

GPIO4 Al2 lfe} GPIO

SYNC_CLK K2 1/0 Synchronization clock I/O for multiple chip cascading
LOGIC GPO PINS

LGPO1(GPIO) C9 lfe} Logic GPO or GPIO

LGPO2(GPIO) B9 lfe} Logic GPO or GPIO

LGPO3(GPIO) A9 lfe} Logic GPO or GPIO

LGPO4(GPIO) Cc8 lfe} Logic GPO or GPIO

LGPO5(GPIO) D5 lfe} Logic GPO or GPIO

LGPO6(GPIO) C5 lfe} Logic GPO or GPIO

LGPO7(GPIO) C6 lfe} Logic GPO or GPIO

LGPOS8(GPIO) c4 lfe} Logic GPO or GPIO

LGPO9(GPIO) L3 lfe} Logic GPO or GPIO

LGPO10(GPIO) M1 lfe} Logic GPO or GPIO

LGPO11(GPIO) M2 lfe} Logic GPO or GPIO

LGPO12(GPIO) M3 lfe} Logic GPO or GPIO

LGPO13(GPIO) L4 lfe} Logic GPO or GPIO

LGPO14(GPIO) N1 lfe} Logic GPO or GPIO

LGPO15(GPIO) M4 lfe} Logic GPO or GPIO

LGPO16(GPIO) N2 lfe} Logic GPO or GPIO

PMBus COMM INTERFACE

PMBUS_CLK E10 | PMBus clock (must pull up to V33D)
PMBUS_DATA D13 1/0 PMBus data (must pull up to V33D)
PMBALERT F11 o} PMBus alert, active-low, open-drain output (must pull up to V33D)
PMBUS_CNTRL E11 | PMBus control pin

PMBUS_ADDRO L2 | PMBus digital address input. Bit 0
PMBUS_ADDR1 L1 | PMBus digital address input. Bit 1
PMBUS_ADDR2 K1 | PMBus digital address input. Bit 2
JTAG

JTAG_TMS A10 | Test mode select with internal pull-up
JTAG_TCK C10 | Test clock with internal pull-up
JTAG_TDO All (0] Test data out with internal pull-up
JTAG_TDI B10 | Test data in with internal pull-up

INPUT POWER, GROUND, AND EXTERNAL REFERENCE PINS

RESET G10 | Active-low device reset input. Pull up to V33D.

V33A D3 | Analog 3.3-V supply. Decouple from V33D to minimize the electrical noise contained on
V33D from affecting the analog functions.

D7, E6, ES8,
V33D E9, F10, J7, | Digital 3.3-V supply for I/0O and some logic.
J9, J10

Positive supply for most of the logic function, including the processor core and most

BPCal D6, J1, J6, | peripherals. The voltage on this pin is 1.2 V and is supplied by the on-chip LDO. The

P K13 BPCap pins should only be connected to each other and an external capacitor as specified

in On-Chip Low Drop-Out (LDO) Regulator section of the Electrical Characteristics table.
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Pin Functions (continued)

PIN
I/0 DESCRIPTION
NAME NO.
AVSS c3 E3 | Analog ground. These are separated from DVSS to minimize the electrical noise contained
' on V33D from affecting the analog functions.
A1, C7, D9,
E5, F9, H5,
H9, J5, J8,
J11, H6, . .
DVSS H7. H8, G5, | Ground reference for logic and I/O pins.
G6, G7, G8,
G9, F6, F7,
F8, E7
VREFA+ D2 | (Optional) positive node of external reference voltage
VREFA- D1 | (Optional) negative node of external reference voltage
UNUSED PINS
A2, G13, . .
UNUSED-NC M12, N10 - Do not connect. Leave floating or isolated.
G12, K11, )
UNUSED-DVSS M10, N13 - Tie to DVSS.
UNUSED-V33D K12 - Tie to V33D.
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7 Specifications
7.1 Absolute Maximum Ratings
over operating free-air temperature range (unless otherwise noted)®
MIN MAX UNIT

V33D to DVSS 0 4 \Y;
Supply voltage

V33A to AVSS 0 4 \Y;

on all I/O pins except PMBUS_CNTRL, PMBALERT, MARGIN19, and 03 55 v

MARGIN20, regardless of whether the device is powered ® : :
Input voltage

PMBUS_CNTRL, PMBALERT, MARGIN19, and MARGIN20 -0.3 VV8’3?'? * \%
Output current Maximum current per output pin 25 mA
Operating junction temperature, T, TBD 150 °C
Storage temperature, Tgyg —65 150 °C

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

(2) Applies to static and dynamic signals including overshoot.

7.2 ESD Ratings

VALUE UNIT
v Electrostatic Human-body model (HBM), per ANSI/ESDA/JEDEC JS-001®) +2000 v
(ESD)  discharge Charged-device model (CDM), per JEDEC specification JESD22-C101? +500

(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process.
(2) JEDEC document JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD control process.
7.3 Recommended Operating Conditions
over operating free-air temperature range (unless otherwise noted)

MIN NOM MAX UNIT
Vvasp . 3.15 33 3.63 \Y

Supply input voltage

Vy33a® 2.97 3.3 3.63 Y
Ta Operating ambient temperature -40 85 °C
Tc Operating case temperature -40 90 °C
T, Operating junction temperature -40 93 °C

(1) Itis recommended to connect the V33A pin and the V33D pin to the same supply. V33A must be powered before V33D if sourced from
different supplies. There is no restriction on the ordering sequence for powering off.

8 Submit Documentation Feedback Copyright © 2018, Texas Instruments Incorporated
Product Folder Links: UCD90320U


http://www.ti.com/product/ucd90320u?qgpn=ucd90320u
http://www.ti.com
http://www.ti.com/product/ucd90320u?qgpn=ucd90320u
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLUSDC1&partnum=UCD90320U

13 TEXAS

INSTRUMENTS
UCD90320U
www.ti.com SLUSDC1 —SEPTEMBER 2018
7.4 Thermal Information
UCD90320U
THERMAL METRIC® ZWS (BGA) UNIT
169 PINS
RoJa Junction-to-ambient thermal resistance @) 41.6 °CIW
RoJCitop) Junction-to-case (top) thermal resistance @ 15.8 °CIW
Ross Junction-to-board thermal resistance ?®®) 18.9 °CIW
WIT Junction-to-top characterization parameter(e) 0.3 °C/IW
viB Junction-to-board characterization parameter("') 20.3 °C/IW
Rosc (ot Junction-to-case (bottom) thermal resistance n/a °C/IW

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

(2) Junction to ambient thermal resistance (8;4), junction to board thermal resistance (8;g), and junction to case thermal resistance (0;¢)
numbers are determined by a package simulator.

(3) Ty=Ta+ (P x0;a)

(4) T3=Tpcg+ (Px ‘"IldB)

(5) Ty=Tg+ (P x6sp)

(6) Ty=Tc+ (Px¥)

7.5 Electrical Characteristics
over operating free-air temperature range (unless otherwise noted)
PARAMETER | TESTCONDITIONS | MIN TYP MAX| UNIT
SUPPLY CURRENT
lvas Supply Current ‘ Vya3p = Vyaza = 3.3V | 314 54.9 ‘ mA
ON-CHIP LOW DROP-OUT (LDO) REGULATOR
External filter capacitor size for internal

Cioo power supply® 25 4 WF
Vipo LDO output voltage 1.08 1.2 1.32 \Y
lINRUSH Inrush current 50 250 mA
ANALOG-TO-DIGITAL CONVERTER (ADC)@®)
V33A ADC supply voltage 2.97 3.3 3.63 \%
AVSS ADC ground voltage 0 \%
Voltage reference decoupling capacitance
Cvasza between V33A and AVSS (if using internal 1.01 uF
reference) ¥
v Positive external voltage reference on 24 3 Vv
REFA+ VREFA+ pin :
Negative external voltage reference on
VReFA. VRgEF A pin 9 Vavss AVSS 0.3 Vv

Voltage reference decoupling capacitance
CRrer between VREFA+ and VREFA- (if using 1.01 uF
external reference)®

Vaoem Analog input range, internal reference ® 0 V33A v
Analog input range, external reference © VVREFA- VVREFA+

I ADC input leakage current 2 HA

Rapc ADC equivalent input resistance 25 kQ

Capc ADC equivalent input capacitance 10 pF

ADC conversion rate (on each ADC

channel)® 1 MSPS

Fconv

(1) Connect the capacitor as close as possible to pin D6.

(2) Total of two ADC channels run independently during normal operation.

(3) Total unadjusted error is the maximum error at any one code versus the ideal ADC curve. It includes offset error, gain error, and INL at
any given ADC code.

(4) Two capacitors (1.0 pF and 0.01 pF) connected in parallel.

(5) Internal reference is connected directly between V33A and AVSS.

(6) External reference noise level must be under 12 bit (=74 dB) of full scale input, over input bandwidth, measured at VREFA+ - VREFA—.
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Electrical Characteristics (continued)

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

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
N ADC resolution 12 bits
Total unadjusted_ error, over full input +10 +30
rangea when using internal reference
Er - - LSB
Total unadjusted error, over full input range 425 +4
when using external reference '
DIGITAL INPUTS AND OUTPUTS (GPIO, Logic GPO, EN, AND MARGIN PINS)
" I/0 high-level input voltage " 0.65 x 5.5 v
Vvasp
Vi 1/O low-level input voltage 0 03Xy
V33D
Vhys 1/O input hysteresis 0.2 \%
Vou 1/0 high-level output voltage 2.4 \%
VoL 1/0 low-level output voltage 0.4 \%
lox High-level source current Vou =2.4V® 4 mA
loL Low-level sink current VoL =0.4V® mA
RESET AND BROWNOUT
V33DSlew Minimum V33D slew rate between 2.8 V 0.1 vims
and 3.2V
Supply voltage at which device comes out
VRESET of reset 2 2.3 2.6 v
Veor l[S)upply voltage at which device enters 293 3.02 311 Vv
rownout
VsHDN Supply voltage at which device shuts down 2.7 2.78 2.87 \%
Minimum low-pulse width needed at
tRESET RESET pin 250 ns
tirT Internal reset time ©) 9 11.5 ms
(7) PMBUS_CNTRL, PMBALERT, MARGIN19 and MARGIN20 pins have Vyz33p + 0.3 V as maximum input voltage rating.
(8) o specifications reflect the maximum current where the corresponding output voltage meets the Vou/Vo, thresholds.
(9) If power-loss or brown-out event occurs during an EEPROM program or erase operation, and EEPROM needs to be repaired (which is a

rare case), the internal reset time may be longer.

7.6 Non-Volatile Memory Characteristics
over operating free-air temperature range (unless otherwise noted)

PARAMETER ‘ TEST CONDITIONS MIN TYP MAX UNIT
CONFIGURATION FLASH MEMORY
Number of program and erase
PEcyc cycles before failure 100,000 Cycles
TrReT Data retention —40°C £T;<85°C 20 Years
FAULT AND EVENT LOGGING EEPROM
Number of mass program and erase
EPEcvc cycles of a single word before failure 500,000 Cycles
ETret Data retention —-40°C = T;<£85°C 20 Years
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7.7 1?)C/PMBus Interface Timing Requirements
MIN NOM MAX | UNIT
11 tHD:sTA) Start condition hold time 450 ns
12 tow) Clock low period® 450 ns
13 t, Clock rise time and data rise time @ See®@ ns
14 tHD:DAT) Data hold time 25 ns
15 t Clock fall time and data fall time ©) 1125 125 ns
16 t(HIGH) Clock high time 300 ns
17 t(su:pAT) Data setup time 225 ns
18 tsu:sTA) Start condition setup time (repeated start only) 450 ns
19 t(su:sTo) Stop condition setup time 300 ns
110 tov) Data valid 25 ns

(1) PMBus host must support clock stretching per PMBus Power System Management Protocol Specification Part | General Requirements,
Transport and Electrical Interface, Revision 1.2, Section 5.2.6.

(2) Because the I2CSCL signal and the I2CSDA signal operate as open-drain-type signals, which the controller can actively drive only
"Low", the time that either signal takes to reach a high level depends on external signal capacitance and pull-up resistor values.

(3) Specified at a nominal 50-pF load.

12 110 —» 16 15— —
[2CSCL " \
1 14 l— 17 18» 13 19
I2CSDA /< X >\

Figure 1. 1°C/PMBus Timing Diagram
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7.8 Typical Characteristics

1 1
Z 08 Z 08
0 0
= 06 = 06
z 2
s 04 5 04
2 2
= 0.2 = 0.2
5 0 = |NL Minimum 5 0 == DNL Minimum
(_Zu = INL Maximum (_Zu =—— DNL Maximum
= 0.2 = 0.2
[ [
& 04 & 04
[a} [a}
o 0.6 o 06
a a
< -0.8 < -0.8

-1 -1

-40 -25 -10 5 20 35 50 65 80 95 110 -40 -25 -10 5 20 35 50 65 80 95 110

Junction Temperature (T) Junction Temperature (T)
Figure 2. Figure 3.
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8 Detailed Description

8.1 Overview

Electronic systems such as CPU, DSP, microcontroller, FPGA, and ASIC can have multiple voltage rails and
require certain power-ON and power-OFF sequences in order to function correctly. The UCD90320U device can
control up to 32 voltage rails and ensure correct power sequences during normal condition and fault conditions.

In addition to sequencing, the device can continuously monitor rail voltages, currents, temperatures, fault
conditions, and report the system health information to upper computers through a PMBus interface, improving
long term reliability.

The device can protect electronic systems by responding to power system faults. The fault responses are
conveniently configured by users through Fusion Digital Power Designer software . Fault events are stored in on-
chip nonvolatile flash memory in order to assist failure analysis. A Black Box Fault Log feature stores
comprehensive system statuses at the moment when the first fault occurs. With this feature, failure analysis can
be more effective.

System reliability can be improved through four-corner testing during system verification. During four-corner
testing, each voltage rail is required to operate at the minimum and maximum output voltages, commonly known
as margining. The device can perform accurate closed-loop margining for up to 24 voltage rails. During normal
operation, UCD90320U can also actively trim DC output voltages using the same margining circuitry. This feature
allows tuning rail voltages to an optimal level.

The UCD90320U device supports control environments via both PMBus interface and pin-based interface. The
device functions as a PMBus slave. It can communicate with upper computers with PMBus commands, and
control voltage rails accordingly. In addition to rail enable (EN) pins, up to 32 GPIO pins can be configured as
GPOs and directly controlled by PMBus commands. The device can be controlled by up to 32 GPIO configured
GPI pins. The GPIs can be used as fault inputs which can shut down rails. The GPIs can be also used as
Boolean logic input to control the 16 Logic GPO outputs. Each of the 16 Logic GPO pins has a flexible Boolean
logic builder. Input signals of the Boolean logic builder can include GPls, other GPOs, and selectable system
flags such as POWER_GOOQOD, faults, warnings, and so forth. A simple state machine is also available for each
Logic GPO pin.

The device provides additional features such as cascading, pin-selected states, system watchdog, system reset,
run time clock, peak value log, reset counter, and so forth. Cascading feature offers convenient ways to cascade
up to 4 UCD90320U devices and manage up to 128 voltage rails through one SYNC_CLK pin connection. Pin-
selected states feature allows users to define up to 8 rail states. These states can implement system low-power
modes as set out in the Advanced Configuration and Power Interface (ACPI) specification. The Feature
Description section of this datasheet describes other device features.

8.2 Functional Block Diagram

ITAG PMBus Digital I/0
Slave
Rail Enables(32 max)
Rail Margining (24 max)
32 Sequencing Engine 84
24ch ADC (12bit, Programmable Logic GPO
= x1IMSPS) + 8 (16 max)
Digital Mon

Configurable GPIO( GPI,
GPO, Fault Pin, watchdog/

system reset, 32 max)
Nonvolatile Boolean . )
Event Logic Digital Mon Rail(8 max)
Logging Builder
Sync Clock
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8.3 Feature Description

8.3.1 TI Fusion Digital Power Designer software

The Texas Instruments Fusion Digital Power Designer software allows the user to configure the device. This PC-
based graphic user interface (GUI) offers an intuitive 1°C and PMBus interface to the device. The Fusion Digital
Power Designer software 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, current, temperature, faults, and so forth). This data sheet references the Fusion
Digital Power Designer software is as Fusion Digital Power Designer software and many sections include
screenshots. Download the Fusion Digital Power Designer software from Tl here. After configuration, the device
can perform all designed functions independently without further need for the Fusion GUI.

8.3.2 PMBUS Interface

PMBus refers to a serial interface specifically designed to support power management. The PMBus interface is
based on the SMBus interface that is built on the I2C physical specification. The UCD90320U device supports
revision 1.2 of the PMBus standard. Wherever possible, standard PMBus interface commands support the
function of the device. Unique features of the device are defined to configure or activate via the MFR_SPECIFIC
commands. These commands are defined in the, UCD90320U Sequencer and System Health Controller PMBUS
Command Reference. The most current UCD90320U PMBus™ Command Reference can be found within the Tl
Fusion Digital Power Designer software through the Help Menu (Help, Documentation & Help Center,
Sequencers tab, Documentation section).

This data sheet makes frequent mention of the PMBus specification. Specifically, this document is PMBus Power
System Management Protocol Specification Part II — Command Language, Revision 1.2, dated 6 September
2010. The specification is published by the Power Management Bus Implementers Forum and is available from
www.pmbus.org.

The UCD90320U device meets all of the requirements of the Compliance section of the PMBus specification.
The firmware complies with the SMBus 1.2 specification, including support for the SMBus ALERT function. The
hardware supports either 100-kHz or 400-kHz PMBus operation.

8.3.3 Rail Setup

Power rails are defined under the Pin Assignment tab, as shown in Figure 4. Click corresponding buttons to add
or delete a rail. After a rail is added, AMON, DMON, EN, and MARGIN pins can be assigned to the rail.
UCD90320U has 24 AMON pins, 8 DMON pins, 32 EN pins, and 24 MARGIN pins, thus can support up to 32
rails.

Rails - Monitors & Enables 5 of 24 Assigned

Rail Name Voltage Temperature Current Enable Trim/Margin PWHM Actions
Rail #1 |Rail #1 Pin E1MOMN 01 <Click to Assign: <Click to Assign: PinMSEN 01 Pin J13 PWM 01 Delete Configure
Rail #2 |Rail 22 Pin E2 MON 02 =Click to Assign> <Click to Assign> Pin N9 EM 02 Pin LS PWM 02 Delete Configure
Rail #3 |Rail #3 Pin F2MOM 03 <Click to Assign: <Click to Assign: Pin LIOEN 03 Pin D3 PWM 03 Delete  Configure
Rail #4 |Rail #4 Pin F1 MOM 04 <Click to Assign> <Click to Assign> Pin K10 EN 04 Pin K5 PWM 04 Delete  Configure
Rail #5 |Rail #5 Pin B3 MOMN 05 =Click to Assign: <Click to Assign> Pin L9 EM 05 Pin D4 PWM 05 Delete Configure
Add Rail

Figure 4. Fusion Digital Power Designer software Rail Setup Window (Configure »Pin Assignment tab)
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8.4 Device Functional Modes

8.4.1 Rail Monitoring Configuration

After rails are set up in the Pin Assignment tab, they are visible under the Vout Config tab, as shown in
Figure 5. The initial voltage values are 0.

Select Rail to Edit Review in Larger Window Elﬁ

Rail # | Rail Mame Vout On Delay | Off Delay | Dependendes (Direc...

Rail #1 mm Vin On/Off

0,000 0.0 0.0 Vin OnjOff
Rail #3 0,000 0.0 0.0 Vin On/Off

Rail #4 0.000 0.0 0.0 vin OnfOff
Rail #5 0.000 0.0 0.0 Vin OnfOff

Figure 5. Rail Selection Window (Rail Configuration)

(35 T A R X

Configure the voltage monitoring parameters of the selected rail under the Vout Config tab. Figure 6 shows the
configuration window..

Rail #1
— Voltage Setpoint, Margins, and Limits

Over Fault: 1.725 v 15.0 5] % EditVoutfault
responses inthe Fault

Ower Warn: I'EEDEI W 1|:|,|:|E| o, Responses and Limits
tab

Margin High: 1.575 5] v 5.0 5 %

Vout: 1.500 v

Margin Low: 1,425 =y -5.0 oy Synchronize

@ @ : margins flimits

Under Warn: 1350 v | w00 % PG to Vout

Under Fault: 1275V | -15.0E] %

Power Good On: 1.350 @ W -10.0 @ %h

Power Good Off: 1,275 @ " -15.0 El o4

Vout Exponent: Max: 4.0V Set for me

On/Off Config: 0x00 (Auto Enable)

[ ] Configured as YIN Monitor [ ] Fixed percentage voltages setpoint

Figure 6. Rail Voltage Configuration Window (Rail Configure, Vout Config tab)

When a AMON pin is assigned in Figure 4 to monitor the voltage of a particular a rail, a fault or warn event
occurs when the monitored rail voltage exceeds the voltage window defined by the Over and Under Warn/Fault
thresholds. When a fault is detected, the device responds with user-defined actions. See also the Fault
Responses Configuration section for more details.

Rail Profile is composed of a group of nine thresholds set by: VOUT_COMMAND, VOUT_OV_FAULT_LIMIT,
VOUT_OV_WARNING_LIMIT, VOUT_MARGIN_HIGH, POWER_GOOD_ON, VOUT_MARGIN_LOW,
POWER_GOOD_OFF, VOUT_UV_WARNING_LIMIT and VOUT_UV_FAULT_LIMIT.
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Device Functional Modes (continued)
43 UCDS0320U @ PMBus Address 17d - Rail #1 =l
[Profile #1 [profile #2 [rofile #2 [Profile #a 6]
Over Fault 0.935F]v 1005 % 0900 v 100 % 1045V 100 % L0V w00 %
Over Wam 0.893 v 5.1 % 0.945 v 5.0 % 0.998 & v 5.1 % 1.050 ] v 5.0 %
Margin High 0.857 v 20 % 0.918 v 20 % 0.969 = v 2.0 % 1.020 v 20 %
Vout 0.850 v 0.300 (v 0.950 2 v 1.000 ] v
Margin Low 0.833Fv, 20 % o2y 20 % 0931 v| 20 % 0.980 v, 20 %
Under Warn o.a08fHv 495 % o.8550v 5.0 % 0903 v -5.0F% 0.a50 v, 5.0 %
Under Faukt o750V -10.0] % o810 v 0.0 % 0855 v 10,0 % 0.900 v -10.0] %
Power Good On o.a08fHv 495 % o.8550v 5.0 % 0903 v -5.0F% 0.a50 v, 5.0 %
Power Good OFF 0765 v  -10.0] % 0810y -10.0E] % 0855 v -10.0] % 0.900 v -10.0] %
Sync other voltages to Vout Syne other vokages o Vout Sync other voltages to Vout Syne other vokages o Vout

Figure 7. Rail Profile Configurations (Rail Config » Edit Rail Profiles)

The device offers 50 individual profiles shared among all 24 AMON voltage rails. Each AMON voltage rail can
have at least one but no more than 4 profiles. The profiles are controlled by 2 GPIs as shown in Figure 8. A
programmable block-out period is used to block all voltage related faults on the given rail when profile is
changed.

GPIsusedto  GPL#2 GPI#1 Max glitch time: 0.0 (£ msec
select profile 2 = 1 =

Block out period: 0,000 E MSEeC
Num Profiles 4 3 2 1
GPIZ2 GPI1 Profile Index Used

de-zssart | de-assart |0 0 0 1]
ge-zsEaT | SEserT 1 1 1 0
assarT ge-gssart |2 2 (1] (1]

FEET FEEST 3 2 1 1]

Figure 8. Rails Profile Selection Through GPIs (Rail Config » Edit Rail Profiles)

The device supports digital monitor. If a DMON pin is assigned in Figure 7 to monitor POWER_GOOD of POL.
The DMON rail has no rail profile. If the DMON input is logic HIGH, the rail is POWER_GOOD, otherwise the
rails has UV fault or warns and is at POWER_NOT_GOOD.

'Rail #2- RAIL2
| Voltage Setpoint, Margins, and Limits E
|| Configured as VIN Monitor
Rail uses GPI pin to monitor the two states of the rail: Power Good On
(asserted), and Power Good Off (de-asserted),
[}
Figure 9. Digital Rail Configuration Window
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Device Functional Modes (continued)

Vout Exponent defines the voltage value resolution according to PMBus linear data format. Fusion Digital Power
Designer software can automatically select optimal Vout Exponent value to cover the required voltage range with
the finest possible resolution. For more information regarding PMBus linear data format, refer to PMBus
specification mentioned at the beginning of this section.

On/Off Config defines a rail turn-ON and turn-OFF command:

* None (Auto enable). Rail always seeks to turn-ON as long as UCD90320U is powered.

* CONTROL Pin Only. Rail seeks to turn-ON and turn-OFF according to PMBus CONTROL line (asserted/de-
asserted).

e« OPERATION Only. Rail seeks to turn-ON and turn-OFF according to PMBus OPERATION command (On/
Off).

e Both CONTROL pin and OPERATION. Rail seeks to turn-ON when CONTROL pin is asserted, AND PMBus
OPERATION command sets the rail to On. Rail seeks to turn-OFF when OPERATION command sets the rail
to OFF, OR when CONTROL line is de-asserted.

After receiving a turn ON or turn OFF command, a rail examines a series of conditions before asserting or de-
asserting its EN pin. Conditions include Rail Sequence On/Off Dependency, GPl Sequence On/Off
Dependency, Turn-On/Off Delay, as shown in Rail Sequence Configuration section.

Fixed percentage voltages setpoint, when checked, configures a rail into adaptive voltage scaling technology
(AVS) mode. The Vout Setpoint can be dynamically set by PMBus during operation in order to achieve
energy saving. The rail warn and fault voltage thresholds maintain fixed ratios with respect to the Vout
Setpoint. Due to the fact that the power supply and UCD90320U device may not change Vout Setpoint
simultaneously or with the same slew rate, the device takes the following steps to avoid false-triggering warn
and fault. If the new Vout Setpoint is higher than the current Vout Setpoint , the OV warn and fault thresholds
are immediately set to their respective new levels. Other thresholds are initially maintained, and then increase
by 20-mV step size in every 400 us until the new levels are reached. If the new Vout Setpoint is lower than
the current Vout Setpoint, the UV warn and fault and Power Good On and Power Good Off thresholds are
immediately set to their respective new levels. Other thresholds are initially maintained, and then decrease by
20-mV step size every 400 ps until the new levels are reached. Table 1 summarizes the thresholds
adjustment scheme in AVS mode.. This feature is not available for DMON pin.

Table 1. Thresholds Adjustment Scheme in AVS Mode

TRANSITION IMMEDIATE UPDATE ADJUSTMENT®
UV fault and warn notification, Margin High
OV fault and warn notification and Margin Low, Power Good On and Power
New Vout Setpoint to Current Vout Setpoint Good Off
UV fault and warn notification, Power Good | OV fault and warn notification, Margin High
On and Power Good Off and Margin Low,

(1) Gradual adjustment towards new levels with 2-O0mV step size and 400-ps step interval

Current and temperature monitoring parameters of the selected rail can be configured under the Fault
Responses and Limits tab. First select a rail in the top-right corner of the Fusion Digital Power Designer
software , and then edit the current and temperature monitoring parameters as shown in Figure 10.

IOUT & Temp Limits [+]
Tout OC Fault: 0,000 % A OT Wam: 255 % or
Tout CC Warn: 0,000 % A OT Fault: 255 E 5
Tout LC Fault: U.DUD% A

Figure 10. Current and Temperature Limits Configuration Window
(Rail Config » IOUT and Temperature Limits)

Each rail has a Power Good status determined by the following rules.
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» If rail voltage is monitored by an AMON pin, the Power Good status is solely determined by Power Good On
and Power Good Off thresholds as shown in Figure 6. A rail is given Power Good status if its rail voltage is
above the Power Good On threshold. Otherwise, the rail is given Not Power Good status if the rail voltage is
below the Power Good Off threshold. The rail remains in the current status if its voltage is neither above
Power Good On nor below Power Good Off thresholds.

» If rail voltage is not monitored by a AMON or DMON pin, the Power Good status is determined by the turn-
ON and turn-OFF eligibility of the rail. A rail is immediately given Power Good status when the rail meets all
the turn-on conditions set by the user, such as On and Off Config, dependencies and delays. Similarly, a rail
is immediately given Not Power Good status when the rail meets all the turn-off conditions set by the user.
The behavior is the same regardless whether a physical EN pin is assigned to the rail.

The Power Good status is not affected by any warnings and faults unless the fault response is to turn OFF the
rail.

UV fault and warn notification is ignored when a rail is off. UV fault and warn notification is also ignored during
start up until the rail enters Power Good status for the first time. This mechanism avoids false-triggering UV fault
and warn notification when the rail voltage is expected to be below UV thresholds.

A Graceful Shutdown feature is enabled by checking the Configured as VIN Monitor checkbox. When enabled,
the rail is configured to monitor VIN. When VIN drops below Power Good Off threshold, the device ignores any
UV fault and warn notifications on any other rail.

8.4.2 GPI Configuration

Up to 32 of the 84 GPIO pins of the UCD90320U device can be configured as GPI. The GPI configuration
window is under the Pin Assignment tab. Figure 11 shows an example.

GPIs - General Purpose Inputs 5 of 24 Assigned
GPI Name Pin Polarity Special Behavior Actions
GPI #1 Pin L4 GPIO 01 Active High Delete Configure
GPT #2 Pin N1 GPID 02 Active High Delete Configure
GPI #3 Pin M4 GPIO 03 Active High Delete Configure
GPI #4 Pin N2 GPID 04 Active High - Delete Configure
GPI #5 Pin G3 GPIO 05 Active High Delete Configure
Add GPI

Figure 11. GPI Configuration Window (Hard Configuration » Monitors and GPIO Pins Assignment)

The polarity of GPI pins can be configured to be either active high or active low. Each GPI can be used as a
source of sequence dependency. (See also the Rail Sequence Configuration section). The GPI pins can be also
used for cascading function. (See also the Cascading Multiple Devices section). The first defined 3 GPIs
regardless of their main purpose are assigned to the pin selected states function. (See also the Pin Selected Rail
States Configuration section).

In addition hard configuration functions, four special behaviors can be assigned to each GPI pin using the

dropdown window shown in Figure 12:

* GPI Fault The de-assertion of this pin is treated as a fault, which can trigger shut-down actions for any
voltage rails. (See also the Fault Responses Configuration section).

e Latched Statuses Clear Source This pin can be used to clear latched-type statuses (_ LATCH). (See also
the GPO Configuration section).

e Input Source for Margin Enable When this pin is asserted, all rails with margining enabled enter into a
margined state (low or high). This special behavior can be assigned to only one GPI.

* Input Source for Margin Low and Not-High When this pin is asserted, all margined rails are set to Margin
Low as long as the Margin Enable is asserted. When this pin is de-asserted the rails are set to Margin High
as long as the Margin Enable is asserted. This special behavior can be assigned to only one GPI.

» Configured as Debug Pin When the pin is asserted, the device does not alert the PMBALERT pin, and
neither responds to, nor logs any faults as defined in Table 2. The device ignores the rail sequence ON and
OFF dependency conditions. As soon as the sequence ON and OFF timeout expires, the rails are sequenced
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ON or OFF accordingly regardless of the timeout action. If the sequence ON or OFF timeout value is set to O,
the rails are sequenced ON or OFF immediately. The fault pins do not pull the fault bus low. LGPOs affected
by these events return to the original states.

» Configured as Fault Pin GPI fault enable functionality must be set to enable this feature. When set, if there
is no fault on a fault bus. The FAULT pin is digital input pin and it monitors the fault bus. When one or more
UCD90329 devices detect a rail fault, the corresponding FAULT pin is turned into active driven low state,
pulling down the fault bus voltage and informing all other UCD90320U devices of the corresponding fault.
This behavior allows a coordinated action to be taken across multiple devices. After the fault is cleared, the
state of the FAULT pin reverts to that of an input pin.(See also the Cascading Multiple Devices section).

GFI Polarity: Mote: Polarity defines output voltage level

when the logic evaluation resultis

U Active Low TRUE(active). In open-drain mode,
_ ) i High-evel output means the output pin
(2] Active High is in Hi-Z state; a pull-up resistor is

mH

]

reauired to make the outout level High.

When this bit iz set, the de-assertion of the GPI is treated as
fault and can be used to shutdown rails. Don't set this bit if you
plan to use the GPI to control the state of the rails (Fin Selected
Rail States) since it might cause un-expected behavior.,

Latched Statuses Clear Source

When a GPO uses a latched status type (_ LATCH) , you can
configure a GPI that will dear the latched status.

Input Source for Margin Enable

When the Margin Enable pin is asserted, this pin determines if the
margined state is low or high.

Input Source for Margin Low Mot-High

When this pin is asserted, all rails with margining enabled will be
put in a margined state (Jow or high).

Configured as Sequendng Debug Fin

Input pin can be used to put device in Debug Mode. If pin is
selected and is asserted, device shall not assert PMBus Alert pin
for any faults/warnings, not response to any faults, and not log
any faults {exduding fault reported in STATUS_CML register such
as Invalid Command, PEC Fault, etc.). This function is mainky
used for debugging purpose only. It is not recommended in the
final production

Configure this input pin as faultinfluenced outputs. The state of
the output is determined by any faults occured on selected rails

Figure 12. GPI Configuration Dropdown Window

(Hardware Configuration » Monitor and GPIO Pins Assignment)
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Table 2. List of Events Affected by Debug Mode

Events

Description

VOUT_OV_FAULT

Voltage rail is over OV fault threshold

VOUT_OV_WARNING

Voltage rail is over OV warning threshold

VOUT_UV_FAULT

Voltage rail is under UV fault threshold

VOUT_UV_WARNING

Voltage rail is under UV warning threshold

TON_MAX

Voltage rail fails to reach power good threshold in predefined period.

TOFF_MAX Warning

Voltage rail fails to reach power not good threshold in predefined
period

IOUT_OC_FAULT

Current rail is over OC fault threshold

IOUT_OC_WARNING

Current rail is under OC warning threshold

IOUT_UC Current rail is under UC fault threshold
OT_FAULT Temperature rail is over OT fault threshold
OT_WARNING Temperature rail is over OT warning threshold

All GPI de-asserted

No logging and fault response, but the function of the GPI is not
ignored.

SYSTEM_WATCHDOG_TIMEOUT

System watch timeout

RESEQUENCE_ERROR

Rail fails to resequence

SEQ_ON_TIMEOUT

Rail fails to meeting sequence on dependency in predefined period

SEQ_OFF_TIMEOUT

Rail fails to meeting sequence on dependency in predefined period

SLAVE_FAULT

Rail is shut down due to that its master has fault

SINGLE_EVENT_UPSET

SEU is detected on the configuration SRAM
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8.4.3 Rail Sequence Configuration

Rail sequences can be configured via the Vout Config tab. First, select a rail in the top-right corner of the Fusion

Digital Power Designer software , and then edit the rail sequence as shown in Figure 13.

Sequencing Timeout v |
Timeout Period: Timeout Action:

On Sequence: D@ Msec On: |Wait Indefinitely

Off Sequence: DEI msec  Off: Wait Indefinitely

Sequencing Dependencies EJ]

— Rail Seq On Dependencies—
[Irai #1 [Ral #£2 []Ral #3
[rai #4 [ ]Ral #5 [ |Rai #6
[rai #7 [ ]ral #3
Check All Uncheck Al

— Rail 5eq Off Dependencies—,
[ rai #1 [ ]Ral #2 [ ]ral 23
[rai 24 [ ]ral #5 [ |Rai #6
[rai #7 [ ]ral #3

Check Al Uncheck All

— GPI 5eq On Dependencies—
(] GPr 1 (A2 GPIO_04)

(] GPI #2(C11 GPIO_03)

(] GPI #3 (D11 MARGIN_13)
(] GPI #4 (B13 MARGIN_i£)
[ GPI #5 (E12 MARGIN_13)
(] GPI #6 (M5 MARGIN_23)

Check Al Uncheck Al

— GPO Seq On Dependencies—
[]LGPO #1 (C3LGPO_04)

[ ]LGPO #2 (BILGPO_02)
[]LGPO #3 (CILGPO_01)
(] LGPO #5 (A9LGPO_03)

Chedk Al Unchedk Al

— GPI 5eq Off Dependencies—,
(] GPL 1 (A2 GPIO_04)

(] GPI #2 (C11 GPIO_03)

(] GPI #3 (D11 MARGIN_13)
(] GPI #4 (B13 MARGIN_i£)
[ GPI #5 (E12 MARGIN_13)
(] GPI #6 (M5 MARGIN_23)

Check Al Uncheck A

— GPO Seq Off Dependencies—
[]LGPO #1 (C3LGPO_04)

[ ]LGPO #2 (BILGPO_02)
[]LGPO #3 (CILGPO_01)
(] LGPO #5 (A9LGPO_03)

Chedk Al Unchedk Al

Figure 13. Rail Sequence Configuration Window (Rail Config)
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When a rail receives a turn-ON or turn-OFF command as defined in On/Off Config , it checks its dependency
conditions. When all dependencies are fulfilled, the rail then waits for a Turn ON Delay time or a Turn OFF Delay
time, and then asserts or de-asserts the EN pin.

The device fulfills a Rail Sequence On Dependency status when the rail is in Power Good status. The device
fulfills a Rail Sequence Off Dependency status when the rail is in Not Power Good status. The device fulfills a
GPI Sequence On Dependency status when the GPI pin is asserted. The device fulfills a GPI Sequence Off
Dependency status when the GPI pin is de-asserted. The device fulfills a GPO Sequence On Dependency status
when the logical sate of the GPO is TRUE. The device fulfills a GPO Sequence Off Dependency status when the
logic state of the GPO is FALSE.

After the EN pin of a rail is asserted, if the rail voltage does not rise above Power Good On threshold within the
Maximum Turn-ON time, a Time On Max fault occurs. Similarly, after the EN pin of a rail is de-asserted, if the rail
voltage does not fall below 12.5% nominal output voltage within Maximum Turn-OFF time, a Time Off Max
warning occurs.

Each rail can include a Fault Shutdown Slaves function. When a rail shuts down as a result of a fault, the
associated slave rails also shut down. The device continues to monitor delays and dependencies of the slave
rails during the shutdown process. Fault Shutdown Slaves cannot cascade. In other words, if a rail that is acting
as a slave shuts down, the associated slave rails does not shut down.

Each rail can set Sequencing On/Off Timeout periods. The timeout periods begin to increment when a rail
receives a turn-ON or a turn-OFF command as defined in On/Off Config . When the Sequencing On/Off Timeout
period elapsed, the rail executes one of 3 actions including:

* Wait Indefinitely

» Enable or Disable Rail

* Re-sequence (Sequencing On only)

Re-sequence is a series of actions that shuts down a rail and the Fault Shutdown Slaves, and then re-enables

the rails according to sequence-on delay times and dependencies. The re-sequencing parameters can be
configured in the Other Config tab, as shown in Figure 14.

Re-Seguencing Options

[ | Enable Re-Sequence Abart
If a rail fails to turn off during re-sequending, stop the re-sequencing operation.

Max Re-Sequences: 1 time IEI
Time Between Re-Seguences: 0] I% msec

From O to 32,256 milliseconds.
Re-Sequence Rails Masks:

If set, device will not check rail off status (rail's voltage below POWER. GOOD OFF, and TOFF_MAX_WARN status
bit) when performing resequence

[ lrail #01 [ JRail#02 [ JRail#03 [ |Rail#04 [Ral#05 [ |Ral#06 [ |Ral#07 [ |Rail 08
[ |rail #09 [ JRail#10 [ |Rail#11 [ |Rail #12 [ JRal #13 [ | Rail #14 [ |Rail #15 [ | Rail #16
[ Jrail #£177 [ JRail#18 [ |Ral#19 [ |rail#20 [ |Ral#21 [ Rail#22 [ |Ral#23 [ ]Rail#24
[ 1rail #25 [ |Rail#26 [ |Rail#27 [ |Rail#28 [ |Rail#29 [ JRal#30 [ |Ral#31 [ |Rail#32
Uncheck all Check All

Figure 14. Re-Sequencing Options (Global Configuration » Misc Config)
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A re-sequencing event can be repeated for one to approximately four times or unlimited times. The Time
Between Re-Sequences period begins to increment when all the relevant rails are given Not Power Good
statuses. When the time period elapses, a re-sequence event begins. When the Enable Re-Sequence Abort is
checked, the re-sequence event aborts if any relevant rail triggers a Max Turn Off warning. However, the Max
Turn Off warning does not stop an ongoing re-sequence event. If any rails at the re-sequence state are caused
by a GPI fault response, the device suspends the entire re-sequence event until the GPI fault is physically clear.

It is also configurable to ignore the POWER_GOOD_OFF and TOFF_MAX WARN status of a rail when
performing re-sequencing if the corresponding bits are set.

After the Rail Sequence is configured, the GUI displays simulated sequence timing in the Vout Config tab. It
demonstrates the dependencies among the rails. An example is shown in Figure 15. The rails power-on and
power-off slew rates in Figure 15 are for demonstration purpose only.

[ Sequence On and Off Timing ]
2.00
Rail #5
- Rail #5

Rail #3

1.50-

1.25—

1.00

Yout (V)

0.75—

0.50

0.25—

D'uu T T T T T T T T T T T T T T T
00 05 10 15 20 25 30 35 40 45 50 55 60 65 70 75 8.0

Time (msec)

(select Rail to Edit Review in Larger Window IZI_'

Rail # | Rail Mame Vout OnDelay |PGOn PG Off Off Delay | Dependencies (Direct Only)

1 Rail #1 1,000 0.0 0951  0.850 0.0 CONTROL; Vin On/Off; Turn On
2 Rail #£2 1.200 0.0 1080 1020 0.0 CONTROL; Vin On/Off: Turn On
3 Rail #3 1,500 0.0 1350 1275 0.0 CONTROL; Vin On/Off; Turn On
4 1.650 0.0 1485  1.402 0.0 CONTROL; Vin On/Off: Turn On
Rail £5 1.530 CONTROL; Vin On/Off; Turn Of

Figure 15. Simulated Sequence Timing Window (Rail Config)
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8.4.4 Fault Responses Configuration

In the previous sections, various fault and warn notification thresholds have been configured to monitor voltage,
current, temperature, and turn-ON time and turn-OFF time. When a fault threshold is reached, a fault event
occurs. The device performs the following three actions in response of a fault event.

» Asserts the PMBus ALERT line
» Logs the fault event into nonvolatile memory (data flash), set status register bit
» Executes fault responses defined by users

The Fault Responses can be configured under the Fault Responses and Limits tab. Figure 16 shows an example
configuration window.

Fault Responses

Time between restarts: 1 I% MSEC

Voltage fault max glitch time: 0.4 |§| MSec

Mon-voltage fault max glitch time: 100 % msec
Fault Glitch Filter | Re-Sequence Response Restart
Vout Over Voltage 0.4 msec Yes Shut down immediately Restartup to 5 times Edit
Vout Under Voltage Disabled Mo Ignore MfA  Edit
Tout Ower Current 100 msec Yes Shut down with delay  Restart continuously Edit
Tout Under Current Disabled Mo Ignore MfA  Edit
Cver Temp 100 msec Mo Shut down with delay Do not restart  Edit
Time On Max Disabled Mo Ignore MfA  Edit

Figure 16. Fault Responses Configuration Window (Rail Configure » Fault Responses)

A programmable glitch filter can be enabled or disabled for each type of fault. When a fault remains present after
the glitch filter time expires, the device performs of the three selectable actions:

* Log the fault and take no further action
» Log the fault and shut down the rail immediately
* Log the fault and shut down the rail with Turn Off Delay

After shutting down the rail, the device performs one of the three selectable actions:
* Do not restart the rail until a new turn-on command is received

» Restart the rail. If the restart is unsuccessful, retry up to a user-defined number of times (up to a maximum of
14) and then remain off until the fault is cleared

* Restart the rail. If the restart is unsuccessful, retry for an unlimited number of times unless the rail is
commanded off by a signal defined in On/Off Config .

After the rail exhausts the restart attempts, Re-sequence can be initiated. (See also the Rail Sequence
Configuration section).

Voltage, current, and temperature monitoring are based on results from the 12-bit ADC(AMON) and 8 DMON. All
the voltage monitoring AMON and DMON channels are monitored every 400 ps for up to 32 channels. Current
monitoring ADC channels are monitored at 200 ys per channel. Temperature monitoring ADC channels are
monitored at approximately 4.17 ms per channel. The ADC results are compared with the programmed
thresholds. The time to respond to an individual event is determined by when the event occurs within the ADC
conversion cycle and the configured fault responses (glitch filters, time delays, and so forth).

GPI pins can also trigger faults if the GPI Fault Enable checkbox in Figure 12 is checked. The GPI Fault
Responses options are the same as the Fault Responses discussed earlier in this section, with one exception:
the GPI Fault Responses option does not support the retry action. An example configuration window is shown in
Figure 17.
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GPI Fault Responses
GPlsusedto ~ GPI#2 GPI#1 Man glitch time: 0.0 [5] msec
select profile 2 |:| 1 |j| ) —
= = EBlock out period: 0.000 |§| msec

Num Profiles 4 3 2 1

GPIZ GPI1 Profile Index Used

de-gssart | de-sssert |0 0 o o

de-gssert | assert 1 1 1 o

sssaT de-zssart |2 2 o o

SmmaT zmaT 3 2 1 o

Fault Glitch Filter | Resequence Response Restart 3
GPI #01 Disabled Mo Ignore NfA  Edit
GPI #02 Disabled Mo Ignore NfA  Edit
GPI #03 {Unassigned) Disabled Mo Ignore NfA  Edit
GPIL #04 (Unassigned) Disabled Mo Ignore NfA  Edit
GPI #05 {Unassigned) Disabled Mo Ignore NfA  Edit
GPI %06 (Unassigned) Disabled Mo Ignore NfA  Edit
GPI #07 (Unassigned) Disabled Mo Ignore /A Edit
GPI #08 {Unassigned) Disabled Mo Ignore NfA  Edit
GPI #09 (Unassigned) Disabled Mo Ignore NfA  Edit
GPI #10 {Unassigned) Disabled Mo Ignore NfA  Edit
GPI #11 {Unassigned) Disabled Mo Ignore NfA  Edit

Figure 17. GPI Fault Responses Configuration Window (Rail Configure » Fault Responses)

8.4.5 GPO Configuration

8.45.1 Command Controlled GPO

The UCD90320U device has 84 GPIO pins, all of which can be configured as Command Controlled GPOs.
These GPOs are controlled by PMBus commands (GPIO_SELECT and GPIO_CONFIG) and can be used to
control LEDs, enable switches, and so forth. Details on controlling a GPO using PMBus commands can be found
in the UCD90320U Sequencer and System Health Controller PMBus Command Reference. The configuration
window of Command Controlled GPO is under Pin Assignment tab. An example configuration window is shown
in Figure 18.

Command Controlled GPOs - General Purpose Qutputs with Fixed State 5 of 24 Assigned
GPO Name Pin State Actions
Command GPO £1 Pin D10 GPIO 06 ®Low(m (OHgh() (H-Z Delete
Command GPO #2 PinL11 GFIO 07 ®Low(@ (OHgh() (OHZ Delete
Command GPO £3 Pin N12 GPIO 08 ®Low(@ (JHgh() (H-Z Delete
Command GPO #4 Pin N11 GPIO 09 ®Low(@ (OHoh() (OHZ Delete
Command GPO £5 Pin M11 GPIO 10 ®Low(@ (JHgh() (H-Z Delete
Add Command Controlled GPO

Figure 18. Command Controlled GPO Configuration Window (Hardware Configure » Monitor and GPIO
Pins Assignment)
8.4.5.2 Logic GPO

UCD90320U also has 16 dedicated Logic GPO (LGPO) pins. The configuration window is under Pin Assignment
tab, as shown in Figure 19.
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angiccnntmlled GPOs - General Purpose Qutputs with Programmble State Logic 5 of 12 Assigned

GPO Name Pin Polarity Mode Configuration Summary Actions
[] Legic GPO #1 Pin C9 GFO 01 Active High Actively Driven  Delay=0 ms * <Mo Logic= Delete  Configure
[] Logic GPO #2 Pin B9 GPO 02 Active High Actively Driven  Delay=0 ms * <Mo Logic> Delete Configure
[] Leogic GPO #£3 Pin A9 GPO 03 Active High Actively Driven  Delay=0 ms * <Mo Logic> Delete  Configure
[] Logic GPO #4 Pin C& GPO 04 Active High Actively Driven  Delay=0ms * <No Logic> Delete  Configure
[] |Logic GRO #5 Pin D5 GPO 05 Active High Actively Driven  Delay=0 ms * <Mo Logic> Delete  Configure
Add Logic Controlled GPO Move Selected Pins Up Move Selected Pins Down

Figure 19. Logic GPO Configuration Window (Hardware Configure » Monitor and GPIO Pins

Assighment)

Each LGPO is controlled by an internal Boolean logic builder. Figure 20 shows the configuration interface of the
Boolean logic builder. As shown, each Boolean logic builder has a top-level logic gate, which can be configured
as AND, OR, or NOR gate with optional time delay. The inputs of the top-level logic gate are two AND paths.

Each AND path can select a variety of inputs incl
statuses, as shown in Figure 21. The selectable

uding GPI states, LGPO states, rails' enable pin states,and ralil
rail statuses are summarized in Table 3. In Table 3, LATCH

type statuses stay asserted until cleared by a MFR PMBus command or by a specially configured GPI pin shown
in Figure 12. See the UCD90320U Sequencer and System Health Controller PMBus Command Reference for

complete definitions of rail-status types.

<3 UCD20320U @ PMBus Address 17d

AND Path #1

Output  C3 LGPOD4(GPIC)
Inputs B13MAR15(GPIO)

| AND Path #2

Mo GPIs, rails, or fans have been added to this AND path. Click the
Configure link to edit.

e
Configure
SE— Ve e
change gate
Configure
PWRGD_SYS_PWROK (Pin 100)
D Enzble State Machine Maode
Delay Time: 0.0 @ msec
D Delzy when Assarting
D Delzy when De-zsserting
I:‘ Ignore Inputs during delsy
( Palarity: Cutput Mode:
() Acive Low (®) Acivehy Driven
() Active High () Open-Drain
Mote: Polarity defines output voltage level when the
logic evaluation result is TRUE{active), In
open-drain mode, High-level output means the
output pin is in Hi-Z state; 3 pullup resistor 5
requined to make the output level High,
oK ]

Figure 20. Boolean Logic Builder Interface
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Enabled?

GPI State

GPI#1 |:|

GPI #2 ]

GPI =3 |:|
Check All Check All
Uncheck All Uncheck All
GPO State Enabled?

LGPO #1 D

LGPO #3 D

LGPO #4 D
Check all Check &l
Uncheck All Uncheck All
Enable State Enabled?

EN1 ]

ENZ |

EN3 |

ENg ]
Check All Check All
Uncheck All Uncheck All
Rail Status: POWER_GOOD
When LGPO status is set to POWER_GO0D, this POWER_GOCD state is bazed on the actual
voltage measurement on the monitor pin assigned to those rails. For a rail that does not have
a monitor pin, or have a manitor pin but does not monitor voltage, its POWER GOOD status is
used by sequencing purpose only, and is not be used by LGPO evaluation. For LGPO
evaluation, such a rail does NOT have POWER GOOD status

Enabled?

Rail #1 |:|

Rail #2 ]

Rail #3 |:|

Rail 4 |:|
Check All Check &l
Uncheck All Uncheck All

Figure 21. AND Path Configuration

Click to change to NAND gate

Table 3. Selectable Rail Statuses in Boolean Logic Builder

Rail-Status Types

POWER_GOOD IOUT_OC_FAULT

TON_MAX_FAULT

MARGIN_EN IOUT_OC_WARN

TOFF_MAX_WARN

MRG_LOW_nHIGH IOUT_UC_FAULT

TON_MAX_FAULT_LATCH

VOUT_OV_FAULT IOUT_OC_FAULT_LATCH

TOFF_MAX_WARN_LATCH

VOUT_OV_WARN IOUT_OC_WARN_LATCH

SEQ_ON_TIMEOUT

VOUT_UV_WARN IOUT_UC_FAULT_LATCH

SEQ_OFF_TIMEOUT

VOUT_UV_FAULT TEMP_OT_FAULT

SEQ_ON_TIMEOUT_LATCH

VOUT_OV_FAULT_LATCH

TEMP_OT_WARN

SEQ_OFF_TIMEOUT_LATCH

VOUT_OV_WARN_LATCH

TEMP_OT_FAULT_LATCH

SYSTEM_WATCHDOG_TIMEOUT
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Table 3. Selectable Rail Statuses in Boolean Logic Builder (continued)
Rail-Status Types
VOUT_UV_WARN_LATCH TEMP_OT_WARN_LATCH SYSTEM_WATCHDOG_TIMEOUT_LATCH
VOUT_UV_FAULT_LATCH SINGLE_EVENT_UPSET

The POWER_GOOD status used by GPO evaluation is based on actual monitoring result from AMON or DMON
pins. For a rail that does not have a voltage monitor pin, the POWER_GOOD status is used by sequencing
purpose only, and is not used by GPO evaluation. Therefore during GPO evaluation, a rail without an AMON or
DMON pin never reports POWER_GOOD status.

Each LGPO can be also configured as a simple state machine, as shown in Figure 16. In state machine mode,
the top-level logic gate is omitted and only one of the two AND paths is evaluated. The output of the state
machine is the result of the active AND path. The evaluation initially starts with AND Path #1. If the evaluation
result is TRUE, AND Path #1 remains active until its evaluation result becomes FALSE. When the output
associates with AND Path#1 becomes FALSE, AND Path #2 becomes active in the next evaluation cycle. AND
Path #2 remains active until its evaluation result becomes TRUE, then AND Path #1 becomes active in the next
evaluation cycle. An evaluation cycle is triggered when any input signal to the state machine changes state.

GPOL1 to GPOS8 outputs are internally synchronized to the same clock edge to enable them to change states
together. GPO9 to GPO16 outputs are internally synchronized to enable them to change states together. GPO1
through GPIO8 and GPO9 through GPIO16 outputs status are updated within an time window between
approximately 1 pus and 3 ps.

8.4.6 Margining Configuration

The UCD90320U device provides accurate closed-loop margining for up to 24 voltage rails. System reliability is
improved through four-corner testing during system verification. During four-corner testing, the system operates
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. Margining can be controlled via the PMBus
interface using the OPERATION command or by configuring two GPI pins as margin-EN and margin-UP/DOWN
inputs. The MARGIN_CONFIG command in the UCD90320U Sequencer and System Health Controller PMBus
Command Reference user guide describes several margining options, including ignoring faults while margining
and using closed-loop margining to trim the rail output voltage.

The device provides 24 PWM output pins for closed-loop margining. Figure 22 shows the block diagram of
margining circuit. An external R-C network converts the PWM pulses into a DC margining voltage. The margining
voltage is connected to the power supply feedback node through a resistor. The feedback node voltage is thus
slightly pulled up or down by the margining voltage, causing the rail output voltage to change. The UCD90320U
device monitors the rail output voltage. The device adjusts the margining PWM duty cycle accordingly such that
the rail output voltage is regulated at the margin-high or margin-low voltages defined by the user. Effectively,
margin control loop of the UCD90320U device overwrites the DC set point of the margined power supply. The
margin control loop is extremely slow in order in order to not interfere with the power supply control loop.

UCD90320U \Igwer Supply
R4 R3
MARXX []—M/\/I\/W -
C1

Vout

VREF VIN
¥

Cc2

:I AMONXX

VEs

Figure 22. Block Diagram of Margining Circuit

Margining pins can be configured under the Pin Assignment tab, as shown in Figure 23. When not margining,
the margin pin can operate in one of three modes:
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e fri-state

* active trim
» active duty cycle

Tri-state mode sets the margin pin to high-impedance. Active Trim mode performs a continuously trim the DC
output voltage. Active Duty Cycle mode provides a user-defined fixed PWM duty cycle as shown in Figure 23.

— Rail #1 Trim /Margining
PWWM Config:

Duty Cyde: 100 £ %

Frequency: EDD.DDD@ kHz IEI

Frequency can be 1 kHz to 1 MHz
Margin Mode:

() Tri-State
When not margining, the PWM pin is tri-stated.

() Active Trim
When not margining, the PWM duty-cyde is continuously
adjusted to keep the voltage at VOUT_COMMANMD,

() Active Duty Cyde
When not margining, the PWM duty-cyde is set to a fixed
duty-cyde.

[ ] Ignore faults
When margining is enabled with a pin, this determines if faults
(over-voltage and under-voltage) are ignored or not.

[] Increase Duty Cyde increases Voltage
When margining, this determines if increasing duty cyde will
increase or decrease voltage

Figure 23. Margining Configuration Dropdown Window (Hardware Configuration » Monitor and GPIO Pin
Assignment)

8.4.7 Pin Selected Rail States Configuration

UCD90320U allows users to use up to 3 GPI pins to control up to 8 rail states. Each rail state enables and
disables certain rails. This feature is useful to implement system low-power modes, such as those compliant with
the Advanced Configuration and Power Interface (ACPI) specification. The Pin Selected States function can be
configured under the Pin Selected States tab, as shown in Figure 24.

When a new state is presented on the GPI pins, and a rail is commanded to turn ON, it does so according to its
sequence-on dependencies and delays. If a rail is commanded to turn OFF by a new state, it can be configured
either immediately turn-OFF (Immediate OFF), or turn-OFF with its sequence-off dependencies and delays (Soft
Off). If a rail is commanded to remain in the same ON state or OFF state, no action occurs.

The Pin Selected Rail States function is implemented by modifying OPERATION command. Therefore, in order
to use this function to control rail states, the related rails must be configured to use OPERATION command in
On/Off Config (shown in Figure 6).

The Pin Selected States feature always uses the first 3 configured GPI pins to select system states. When
selecting a new system state, state changes on GPl pins must be completed within 1 ps, otherwise an
unintended system state may be selected. See the UCD90320U Sequencer and System Health Controller
PMBus Command Reference for complete configuration settings of Pin Selected States.
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Pin Selected Rail States Config
GPFI 2 GPI 1 GPIO
GPIO_03 GPIO_02 GPIO_01
GPI #3 GPI #2 GPI #1 State Enabled Turn Off Mode Rail #1 Rail #2 Ral £3 Rail #4 Rail #5
De-Asserted  De-Asserted  De-Asserted 0 Immediate Off IEI Off |E| off |E| off |E| off |E| Off |E| Al on Al Off
De-Asserted  De-Asserted  Asserted 1 Soft Off IEI on |E| on |E| on |E| on |E| on |E| Al on all Off
De-Asserted  Asserted De-Asserted 2 ] All On All Off
De-Asserted Asserted Asserted 3 ] Al On All Off
Aszerted De-Asserted De-Asserted 4 ] Al On All Off
Aszerted De-Asserted Aszerted 5 O Al On All Off
Asserted Asserted De-Asserted [} O Al On All Off
Asserted Asserted Asserted 7 O All On All Off

Figure 24. Pin Selected States Configuration Window (Global Configuration »Pin Selected Rail States)

8.4.8 Watchdog Timer

The UCD90320U device provides a watchdog timer (WDT). The WDT can be reset by toggling a watchdog input
(WDI) pin. If WDI is not toggled within a programmed period, the WDT times out. As a result, a watchdog output
(WDO) pin is asserted (generates a pulse) in order to provide a system-reset signal.

The WDI and WDO pins are GPIO pins and are only optional. The WDI can be replaced by
SYSTEM_WATCHDOG_RESET command sent over PMBus. The WDO can be manifested through the Boolean
Logic defined GPOs, or its function can be integrated into the system reset pin (RESET) configured in the system
reset function. See also the System Reset Function section.

The WDT timer is programmable from 0.001 s to 258.048 s. See also the UCD90320U Sequencer and System
Health Controller PMBus Command Reference user guide for details on configuring the watchdog timer.

After a timeout, the WDT can be restarted by toggling the WDI pin or by writing a
SYSTEM_WATCHDOG_RESET command over PMBus. Figure 25 shows the watchdog timing waveforms.

| |
WDI < <tWD|_> <« <tWD| — > | <« <tWDI_> < tWDl ;I [ <tWD|_>
{ .

WDO

Figure 25. Watchdog Timer Operation Timing Diagram

The WDT can be active immediately at power up or after an initial wait time. These are the programmable wait
times options that determine when the WDT operation begins.

e 100 ms

e 200 ms

* 400 ms

« 800 ms

 16s

e 32s

* 64s

« 128s

e 256s
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e 51.2s
e 102.4s
e« 2048s
e 409.6s
+ 819.2s
e 16384s

8.4.9 System Reset Function

The system reset function can generate a programmable system reset signal through a GPIO pin. The system
reset signal is de-asserted when the selected rail voltages reach their respective Power Good On thresholds and
the selected GPIs are asserted, plus a programmable delay time. These are the available options for the system-
reset delay times.

e Oms

e 1ms

e 2ms

e 4ms

e 8ms

e 16 ms
e 32ms
e 64 ms
e 128 ms
e 256 ms
e 512 ms
e 1.02s
e 205s
e 4.10s

e 8.19s
e 16.38s
e 328s

The System Reset signal can be asserted immediately when any of the selected rail voltage falls below Power
Good Off threshold, or any selected GPI is de-asserted. Alternatively, the System Reset signal can be configured
as a pulse once Power Good On is achieved. An example in Figure 26 illustrates the difference of the two
configurations. The pulse width can be configured between 0.001 s to 32.256 s. See the UCD90320U Sequencer
and System Health Controller PMBus Command Reference for pulse width configuration details.

l Power Good On \ Power Good On
POWER GOOD / Power Good Off "~ 7

Delay Delay

/

SYSTEM RESET Delay

configured without pulse Pulse Pulse

SYSTEM RESET

configured with pulse

Figure 26. System Reset With and Without Pulse Setting (Active Low)

The System Reset signal can also integrate watchdog timer. An example is shown in Figure 27. In Figure 27, the
first delay on System Reset is for the initial reset release that would enable the CPU once all necessary voltage
rails are Power Good. The watchdog is configured with a Start Time and a Reset Time. If these times expire and
timeout occurs, it means that the CPU providing the WDI signal is not operating. The System Reset signal is then
toggled either using a Delay or GPI Tracking Release Delay to determine if the CPU recovers.
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l Power Good On
POWER GOOD /
/
WDI / Watchdog Watchdog Watchdog

Start Time Reset Time Start Time
D Bm—

>
< Delay Watchdog
Reset Time
SYSTEM RESET
<«
Delay or

GPI Tracking Release Delay

Figure 27. System Reset With Watchdog

The default state of the system reset pin (RESET) is assert. When the system reset function is configured in-
circuit through PMBus commands during normal operation, the (RESET) pin is briefly asserted by default, even if
conditions for de-assert are present. This is because the firmware requires a finite time to examine the de-assert
conditions.

8.4.10 Cascading Multiple Devices
Multiple UCD90320U devices can work together and coordinate to determine fault notification.

Up to 4 GPI pins can be configured as Fault Pins . Each Fault Pin is connected to a Fault Bus . Each Fault Bus
is pulled up to 3.3 V by a 10-kQ resistor. All the UCD90320U devices on the same Fault Bus are informed of the
same fault condition. An example of Fault Pin connections is shown in Figure 28.

When there is no fault on a Fault Bus , the Fault Pins are digital input pins and listen to the Fault Bus . When one
or multiple UCD90320U devices detect a rail fault, the corresponding Fault Pin is turned into active driven low
state, pulling down the Fault Bus and informing all other UCD90320U devices of the corresponding fault. This
way, a coordinated action can be taken across multiple devices. After the fault is cleared, the state of the Fault
Pin is turned back to an input pin.

Any of the 24 rails can be assigned to one or multiple Fault Pins . The configuration window is shown in
Figure 29.

UCD90320 UCD90320
Fault  Fault Fault  Fault Fault  Fault Fault  Fault
Pinl1 Pin2 Pin 3 Pin 4 Pinl1 Pin2 Pin 3 Pin 4
3.3V
<> <> <>
Fault Bus 4 *
Fault Bus 3
Fault Bus 2
Fault Bus 1
Fault  Fault  Fault Fault Fault  Fault  Fault Fault
Pinl Pin2 Pin3 Pin4 Pinl  PpPin2 Pin3 Pin4
UCD90320 UCD90320
Figure 28. Example of Fault Pin Connections
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Fault Pins Config
Fin # Enable Pin Selection Fin Polarity System Watchdog Timeout Reseguence Error
Pin B11 GPIODL Ol
1 22 21 20 19 18 1¥ 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 10
Pages 0] [0] [0] | [0] [0] [0] ] | [o] [o] [o] [o] | [0] [0] [e] (o] | [o] [o] [o] [o] | W KW W EN
Pin B12 GPI ] ]
2 22 21 20 19 18 17y 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Pages 0] [0] [0] | [0] [@] [@] [@] | (0] [0] [0] [0] | [@] [@] (@] (@] | N KX KN KX | [0] (0] [0] [0]
P 1 GPI O]
3 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 F &8 5 4 3 2 1 0
Pages 0] [0] [0] | [o] [0] [0] [0] | [o] [o] [o] [o] | [0] [0] [0] (0] | [o] [o] [o] [o] | [o] (o] [o] [o]
Bin D5 LGPOSGPETO I:‘ I:‘
4 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 1 0
Pages [IIEI@IEIIE@@ﬂl@@@@l@ﬂ@@l@@@@l@@@@
This ReadMWirite block command configures the function of a given fault pin. This command allows pins to be configured as fault-influenced
outputs. The state of the output pin is determined by a selection of GPIs and any faults of a selection of rails. The same fault pin could also be
configured as GPI pin. In this way, when there is no fault, the pin behaves as a GPI and once there is fault inside the system, this pin is
changed to a fault pin and output a signal based on the configuration

Figure 29. Example Fault Pins Configuration Window (Global Configuration »Fault Pins Config)

These listed page-related faults have impact on the fault pin output. SYSTEM_WATCHDOG_TIMEOUT and
RESEQUENCE_ERROR are optional to have impact on the fault pins.

 IOUT_OC_FAULT

* IOUT_UC_FAULT

o OT_FAULT

» SEQ_OFF_TIMEOUT

* SEQ_ON_TIMEOUT

* TON_MAX_FAULT

* VOUT_OV_FAULT

* VOUT_UV_FAULT

A SYNC_CLK pin is used as a single-wire time synchronization method. A master chip constantly drives a 5-kHz
clock to the slave devices. This function offers a precise time base for multiple UCD90320U devices to respond
to the same fault event at the same time. The configuration window is shown in Figure 30. If the system uses

only one UCD90320U device, it is recommended to configure this pin as master clock output. The SYNC_CLK
output can be used as a time base for other purposes if needed.

Sync Clock

[ ] configured as Slave Device

When this bit is set, the device is a slave to take external sync dodk. This
bit is only valid if it is under multi-chip user case

Figure 30. SYNC_CLK Pin Configuration (Global Configuration » Misc Config)
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8.4.11 Rail Monitoring

UCD90320U monitors up to 24 analog inputs including voltages, current, and temperature and eight digital inputs
for POWER_GOOD. Use either the Fusion GUI or a PMBus interface host to poll data from UCD90320U. The
Fusion GUI displays monitored rail voltage, current, and temperature information on the Monitor page, as shown
in Figure 31. Use polling to debug system-level issues.

File Device Tools Help Rail #1
Monitor [Readi (Vout - Output Voltage | [Tout - Output Current Gl
Sh iide Plots: .
S IC Temp 15°C 4= OCF: 0.000 A ocws 0.000 5 A
Vout [ vout(ally
oot [ outfal) Vout #1 055V REGULATION UCF: 0.000 F A [ write
[ Pout(calc [] Ext Temp || | Vout #2 0728V RAMP_UP 1.00 1.20
[t Temp [Tl Temp || | yout a3 0SMYV  RAMP_UP 0.959 vV
GPIO
Vout #4 0420V RAMP_UP 1.00
; 0.80
(=) Fit All Plots on Screen T E 035V RAMPLP
() Scale Plots to Screen
Width Vout #6 023V RAMP_UP o
2 Vout £7 025V RAMPUP 0.60
400
Vout #8 0208V RAMP_UP 0.50
Show Warn & Fault
Limit Editors Vout #9 0BOEV  RAMP_UP _|| oao
Show Value Labels Vout #10 0E23V  RAMP_UP 0.40
on Plots
Vout #11 0487V RAMP_UP
Poling Rate: 500 0.20
‘E"::g:}a Vout #12 0405V RAMP_UP 0.20
Vout #13 030V RAMP_UP
- 0.00A
Stop Peliing Vout #14 024V RAMP_UP 0.00 0.00
03:20 03:40 04:00 04:20 03:20 03:40 04:00 04:20
Device Dashboard Vout #15 0205V RAMP_UP
[ yEtan Do ] Vout #16 0205V RAMP_UP Temperature [x]| [ GPIO - Monitor [
Vout #17 0205V RAMP_UP OT Fault: 255 °c OT Wamn: 255 c [ write [ select/Deselect GPIO pins to manitor |
Vout #18 0201V RAMP_UP 300.00 1.20
Vout #19 0205V RAMP_UP
Vout #20 0210V RAMP_UP T AT
Vout #21 0205V RAMP_UP
Vout #22 013V RAMP_UP
200.00 0.80
Vout #23 0201V RAMP_UP
Vout £24 0207V RAMP_UP
150.00 0.50
Vout #25 0DV RAMP_UP
Vout #26 0000V RAMP_UP
00
Vout #27 0000V RAMP_UP 100 040
Vout #28 00DV RAMP_UP
i, Configure Vout #29 0000V RAMP_UP EILD e
) ) Vout #30 000V RAMP_UP
-/ Monitor HRoe MARO1(GPIO
Vout £31 0.000 V RAMP_UP 0.00 0.00
¥ 03:20 03:40 04:00 04:20 03:20 03:40 04:00 04:20
e Vout #32 D00V RAMP_UP ]
1) Security 3 New PMBus Log Messages Show PMBus Log Unigue open/dose settings for Configure, Monitor, Status, and Security E |
Figure 31. Fusion Digital Power Designer software Monitor Page
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Table 4. Rail State Value Descriptions

RAIL STATE VALUE CONDITION FOR ENTERING RAIL STATE
When a turn-ON condition is not met, or when rail is shut down due to a fault, or when the rail is waiting for
IDLE 1 )
the turn-ON period to resequence
SEQ_ON Waits for the dependency to be met to assert the enable signal
START_DELAY TON_DELAY to assert the enable signal
RAMP UP 4 Enable signal is asserted and rail is approaching the power good threshold. If the power good threshold is
- set to 0 V, the rail stays at this state even if the monitored voltage is higher than 0 V.
When the monitoring voltage is higher than the power good threshold when the enable signal is asserted,
REGULATION 5 rails stay at this state even if the voltage is below the power good threshold and continues as long as there
is no fault action taken.
SEQ_OFF Wait for the dependency to be met to de-assert the enable signal
STOP_DELAY TOFF_DELAY to de-assert the enable signal
The enable signal is de-asserted and rail is ramping down. This state is available only if
RAMP DOWN 8 TOFF_MAX_WARN_LIMIT is not set to unlimited, or if the turn-off sequence is triggered by a fault action.

The rail must not be under fault retry sequence to show this RAMP_DOWN state. Otherwise, the IDLE
state is present.

8.4.12 Status Monitoring

The UCD90320U has status registers for each rail. Faults and warnings are logged into EEPROM memory to
assist system troubleshooting. The status registers (Figure 32) and the fault log (Figure 33) can be accessed
from Fusion Digital Power Designer software as well as the PMBus interface. See the UCD90320U Sequencer
and System Health Controller PMBus Command Reference , and the PMBus Specification for detailed
descriptions of each status register and supported PMBus commands.
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J Status Registers [Logged Faults ][Peak Readings ]fMisc Status ]rBIadenx Info ]

[ STATUS_VOUT Rail #1

GLR

-
-—

(MFR_STATUS Rail #1

R oul OV Fault - 29 | GPI 14Fault "
&  Vout OV Warning (STATUS_WORD 28 |GPI 13 Fault
5 | Vout UV Warning - 27 | GPI 12 Fault
4 | Vout UV Fault VOUT 26 | GPI 11 Fault
P — : 14 |10UT / POUT 25 | GPI 10 Fault
3 |VOUT_MAXY Warning —l—
2 | TON_MAX Fault 5 24 | GPI 3 Fault
1 | TOFF_MAX Warning :_ 23 | GP18 Fauit
» ) 11 m_m-’ 22 |GPI7F FEUIt
0 [VoutTracking Error -
10 |FANS 21 |GPI6 Fault —
[STATUS_IOUT Rail #1 ol |2 O 20 |GPL 5 Fault
El Bty 19 | GPI 4 Fault
7 |I0UT OC Fault -
6 | 1OUT OC Fault with LV 7 |Busy 18 |GPI 3 Fault
ault with LV
Shutdown 6 |Output Off 17 | GP1 2 Fault
5 | I0UT OC Warning Gl Vout OV Fault 16 | GPT 1 Fault
4 | IOUT UC Fault 4 | T0UT OC Fault 15 |Reserved
3 |Current Share Fault 3| Vin UV Fault 14 | SINGLE_EVENT_LUPSET
2 |Power Limiting Mode 2 |TEMPERATURE 13 | STORE_PARM_VALUE_ERROR
1 |POUT OP Fault S New Logged Fault Detail
0 |POUT OP Warning 0 More faults in high byte 11 | System Watchdog Timeout =
10 |STORE_DEFAULT_ALL Error
-
- STATUS_(ML 9 |STORE_DEFAULT_ALL Dane
STATUS_TEMP Rail #1 = =
. 7 | Invalid Command & |Watchdog Timeout
7 | OT Fault & | Invalid Data 7 |Reserved
& | OT Warning 5 | PEC Fault 6 |LOGGED_FAULT_DETAIL Full
5 |UT Fault 4 |Memory Fault 5 |Reseguence Error
4 [T Warning 3 | Processor Fault 4 |PKGID Mismatch
3 |Reserved C 3 |Hardcoded Parms
2 |Reserved 1 | Other Comms Fault 2 | Sequence Off Timeout
1 |Reserved 0 | Other Memory/Logic 1 |Sequence On Timeout
0 |Reserved Fault 0 | Slaved Fault e
! Clear Faultsmi Key: m Warning See other register  Bit not set Bit not implementead

Figure 32. Fusion Digital Power Designer software Rail Status Registers (Status P Status Registers tab)
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( Status Registers | Logged Faults | Peak Readings || Misc Status || Blackbox Info |

-

-

GPIs Rail #1 Faults

GPI 24 Fault GPI 16 Fault GPI 8 Fault SEQ OFF_TIMEQOUT

GPI 23 Fault GPI 15 Fault GPI 7 Fault SEQ _ON_TIMEOUT

GPI 22 Fault GPI 14 Fault GPI 6 Fault OT Fault
Single_Evt_Upset GPI 21 Fault GPI 13 Fault GPI 5 Fault I0UT UC Fault
Watchdog Timeout GPT 20 Fault GPT 12 Fault GPI 4 Fault TOUT OC Fault
Re-Sequence Error GPT 19 Fault GPT 11 Fault GPI 3 Fault TON_MAX Fault
System Watchdog GPI 18 Fault GPI 10 Fault GPI 2 Fault Vout UV Fault
Timeout GPI 17 Fault GPI 9 Fault GPI 1 Fault Vout OV Fault
Log Not Empty

Rail #2 Faults | [Rail #3 Faults Rail #4 Faults | [ rail #5 Faults )

SEQ _OFF_TIMEOUT
SEQ _ON_TIMEOUT
OT Fault

TOUT UC Fault
TOUT OC Fawlt
TON_MAX Fault
Vout UV Fault

Vout OV Fault

SEQ _OFF_TIMEQOUT
SEQ _ON_TIMEOUT
OT Fault

TOUT UC Fault
T0OUT OC Fault
TON_MAX Fault
Vout UV Fault

Vout OV Fault

SEQ _OFF_TIMEOUT
SEQ_ON_TIMEOQOUT
OT Fault

I0UT UC Fault
I0UT OC Fault
TON_MAX Fault
Vout UV Fault

Vout OV Fault

SEQ OFF_TIMEOUT
SEQ _ON_TIMEOUT
OT Fault

TOUT UC Fault
TOUT OC Fault
TON_MAX Fault
Vout UV Fault

Vout OV Fault

[ Rail #6 Faults

(Rail #7 Faults

(Rail #8 Faults

[ Rail #9 Faults

SEQ _OFF_TIMEOUT
SEQ _ON_TIMEOUT
OT Fault

TOUT UC Fault
TOUT OC Fawlt
TON_MAX Fault
Vout UV Fault

Vout OV Fault

SEQ _OFF_TIMEQOUT
SEQ _ON_TIMEOUT
OT Fault

TOUT UC Fault
T0OUT OC Fault
TON_MAX Fault
Vout UV Fault

Vout OV Fault

SEQ _OFF_TIMEOUT
SEQ_ON_TIMEOQOUT
OT Fault

I0UT UC Fault
I0UT OC Fault
TON_MAX Fault
Vout UV Fault

Vout OV Fault

SEQ OFF_TIMEOUT
SEQ _ON_TIMEOUT
OT Fault

TOUT UC Fault
TOUT OC Fault
TON_MAX Fault
Vout UV Fault

Figure 33. Fusion Digital Power Designer software Logged Faults(Status »Logged Faults tab)

8.4.13 Data and Error Logging to EEPROM Memory

The UCD90320U provides fault log, device reset counter, and peak readings for each rail. To reduce stress on
the EEPROM memory, a 30-second timer is started if a measured value exceeds the previously logged value.
Only the highest value from the 30-second interval is written from RAM to EEPROM.

Faults are stored in EEPROM memory and are accessible over PMBus. Each logged fault includes the following

information:
¢ Rail number
* Fault type

» Fault time since previous device reset
» Last measured rail voltage

The total number of device resets is also stored to EEPROM memory. The value can be reset using PMBuUSs.
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The run time clock value is logged into EEPROM when a power down is detected. This allows UCD90320U to
preserve the run-time clock value through resets or power cycles.

It is also possible to update and calibrate the UCD90320U internal run-time clock via a PMBus host. For
example, a host processor with a real-time clock could periodically update the UCD90320U run-time clock to a
value that corresponds to the actual date and time. The host must translate the UCD90320U timer value back
into appropriate units, based on the usage scenario chosen. See the REAL_TIME_CLOCK command in the
UCD90320U Sequencer and System Health Controller PMBus Command Reference for more details.

8.4.14 Black Box First Fault Logging

The first fault in a system failure event is usually critical to diagnose the root cause. An innovative Black Box
Fault Logging feature is introduced in UCD90320U to accelerate the debugging process. When UCD90320U
detects the first fault, the device records and saves the status of each rail and 1/O pin in a special area of the
EEPROM reserved for this function. The device does not save the subsequent faults and monitoring statuses
into the Black Box Fault Log, but instead records them into the standard fault log. The Black Box Fault Log must
be cleared in order to acknowledge the next fault.

|' Status Registers || Logged Faults || Peak Readings || Misc Status ] Blackbox Info |

~— Fault Info
Fault ID: WOUT WV Fault on Rail # 25 Fault Value: 0V
Time Stamp:  Sunday, January 09, 2000 7:06:15 PM
— GPI Statuses -
GPI #: 1 2 3 4 =1 [ 7 B ] Mm 1n 12 13 14 15 18 17 18 1% 20 21 2 23 24 25 X X B 2»® W 2 2
L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L
— GPO Statuses -
GPo# 1 2 3 4 5 8 7 B 8 10 1 12 13 14 15 18
L L L L L L L L L L L L L L L L
0
Rail # OVWARN UV WARN OCWARN TOFF WARN OT WARN Voltage Current Temperature
| 1 02778V NfA NfA |
| 2 0.2158 V NJA NJA | 2
| 3 0.1973V NfA NfA |
| 4 0.1997 V NfA NfA |
| 5 02007V NfA NfA |
| 3 02070V NfA NfA |
| 7 02063V NfA NfA |
| 8 0.2046 V NfA NfA |
| g 02134V NfA NfA |
| 10 02039V NfA NfA |

Figure 34. Black Box Fault Logging Window (Status »Blackbox Info tab)

8.4.15 PMBus Address Selection

Three digital input pins are allocated to decode the PMBus address. At power up, UCD90320U detects the logic
inputs of the three address pins to determine the configured PMBus address.
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Table 5. PMBus Address Configuration
PMBUS_ADDR2 PMBUS_ADDR1 PMBUS_ADDRO PMBus Address Selected

L L L 17d 0010001b

L L H 19d 0010011b

L H L 23d 0010111b

L H H 49d 0110001b

H L L 51d 0110011b

H L H 113d 1110001b

H H L 115d 1110011b

H H H 119d 1110111b

8.4.16 ADC Reference

Using the V33A pin as ADC reference voltage by default provides a cost-effective solution. However, internal
voltage reference has a higher Total Unadjusted Error. Also, voltage variations on the V33A pin affect ADC
readings, such as when the device is powered down. In order to achieve better ADC accuracy, an external
voltage reference can be connected to the VREFA+ and VREFA- pins. Ensure that the external reference
voltage stays in regulation whenever V33D is above VBOR threshold. This limitation allows accurate ADC
readings in full V33D operating range.

The external reference voltage level must be configured into the Fusion Digital Power Designer software to give
correct ADC readings.

ADC Reference

Use External ADC Reference

When this bit is set, the external ADC reference (between 2.4V to 3V) is
used for ADC. A device reset is required after this bit is changed. Itis
application’s responsibility to make sure external reference is in place
before setting this bit

External ADC Reference Voltage: 3.00 % ¥ (Min=2.4V, Max=3V)
Figure 35. ADC Reference Configuration Window (Global Configuration » Misc Config)

8.4.17 Device Reset

The UCD90320U device has an integrated power-on reset (POR) circuit which monitors the supply voltage. At
power up, the POR detects the V33D pin voltage rise. When the V33D voltage is greater than Vgeset, the device
comes out of reset.

The device can be forced into the reset state by an external circuit connected to the RESET pin. A logic-low
voltage on this pin for longer than tgeset Sets the device into reset state. The device comes out of reset within tjgt
after RESET is released to logic-high level.

Any time the device comes out of reset, it begins an initialization routine that lasts typically 40 ms. A data flash
checksum verification is performed at power up. If the checksum verification does not match, the device
configuration settings are cleared , the PMBALERT pin is asserted, and a flag is set in the status register. A fault-
log checksum verification in the EEPROM is also performed at power up. Each log entry includes the checksum
verification status. Only a corrupted log entry is discarded. During the initialization routine, all I/O pins are held at
high impedance state. At the end of initialization, the device begins normal operation as defined by the device
configuration.

8.4.18 Brownout

The UCD90320U device triggers brownout event when the V33D pin voltage drops below the brownout threshold
voltage, (Vgor). During a brownout event, the device continues to write fault logs into the EEPROM that occurred
before the brownout event. As the supply voltage continues to drop, the device fully shuts down when the V33D
pin voltage is below the shutdown threshold voltage (Vsypn)- Any fault event that has not been written into the
EEPROM before the device shutdown is lost.
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In the scenario where several faults happen immediately before the brownout event, the device requires a
capacitance of 500 us in order to write the first fault event into the EEPROM. The write function requires an
additional 4 ms to write the Black Box fault log into the EEPROM. Therefore, in order to preserve at least the first
fault log, user must provide enough local capacitance to maintain the V33D rail above VSHDN for 500 us (or
4.5ms with the Black Box fault log). Longer holdup time allows more fault events to be written into the EEPROM
during brownout.

NOTE
The hold-up time is affected by V33D rail capacitance, the UCD90320U supply current
and external circuits that source current from the rail (such as LEDs, load current on I/O
pins, and other devices powered by the same ralil).

A

Vv33D(min) — — —

3.3-V Supply Voltage (V)

[ |
))
Time

Figure 36. Reset and Brownout Thresholds

8.4.19 Internal Fault Management

The UCD90320U device verifies the firmware by using a checksum algorithm at each power up. If the checksum
does not match, the device resets. If the device continues to reset, the SYNC_CLK pin outputs repeated pulses
with an approximate 250-ms pulse width that can be observed externally.

The device performs a configuration checksum verification at power up. If the checksum does not match, the
device discards all the configuration data. The PMBALERT pin is asserted and a flag is set in the status register.

A fault-log checksum verification in EEPROM is also performed at power up. Each log entry has a checksum.
The device discards corrupted log entries.

If the internal firmware watchdog timer times out, the device resets. If the firmware program is corrupted, the
device returns to a known state. This return function is normal, so all of the I/O pins are held in high-impedance
while the device is in reset. The process confirms each parameter to ensure it falls within the acceptable range.

8.4.20 Single Event Upset

A single event upset (SEU) is a change-of-state caused by the free charge created by the ionization. The
UCD90320U device uses ULA particle emission mold compound to reduce the soft errors - FIT(failure in time)
number caused by the Alpha Particles. Moreover the following algorithm is adopted to detect SEU in the SRAM
containing the static user configuration configured from Fusion Digital Power Designer software. Both ULA mold
compound and SEU detection provide higher reliability for the applications.

The device scans configuration memory within approximately six seconds. When the device detects an SEU, the

device takes these actions.

* A device attempts to correct this change-of-state by copying the data stored in the data flash. But if the
customer changes the settings on-the-fly and has not saved those changes into the data flash, the correction
may not be successful.

e The device uses MFR_STATUS bit 14 to indicate an SEU event and a PMBUS_ALERT bit triggers when it
detects an SEU. The Fusion Digital Power Designer software has an option to prevent this event from
triggering a PMBUS_ALERT signal.
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* The SEU bit in the MFR_STATUS does not clear automatically even after the SEU state corrects. The bit
clears only when the device is resets, when the device cycles power or when the host issues a clear fault
command. The device sets the status bit again if the SEU remains present after the host issues a clear fault
command.

» The device logs an SEU event with the corrupted memory address. The application has the option to disable
the detail logging for an SEU event.

» The device logs one SEU event per device reset or device reboot. The device does not re-log an SEU event
after the application issues clear fault command to clear existing fault log.

8.5 Device Configuration and Programming

UCD90320U devices include factory-installed sequencing and monitoring firmware. All 1/O pins are pre-
configured ad high-impedance, with no sequencing or fault-response operation. Use the Fusion Digital Power
Designer software to configure the device on-line or off-line. Generate a configuration file after configuring the
device and import that configuration into other UCD90320U devices.

The Configuration Programming of UCD Devices section of the Documentation & Help Center offers
configuration and programming details and can be accessed under the Fusion Digital Power Designer software
Help menu. In general, UCD90320U supports two programming methods:

« The PMBus command over PMBus and 1°C method uses a PMBus host to program the device. The PMBus
host can be either a host microcontroller or Fusion Digital Power Designer software tools. Each PMBus
command sends a corresponding parameter(s) into the device. The new parameters are stored in its
associated memory (RAM) location. After all the parameters are sent into the device, the PMBus host issues
a special command, STORE_DEFAULT_ALL, which writes the RAM data into nonvolatile memory (data
flash). Fusion GUI normally uses this method to configure a device. If using Fusion Digital Power Designer
software tools for on-board programming, the Fusion Digital Power Designer software tools must have
ownership of the PMBus/I’C bus of the target board. This method may cause unexpected behaviors on GPIO
pins which can disable rails that provide power to device. It is not recommended for production programming.

« The data flash image over PMBus and 1°C method uses the Fusion Digital Power Designer software to
export a data flash image in Intel Hex, CSV or S-record format. The image file can be directly downloaded
into the device’s data flash via PMBus and I1°C using Fusion Digital Power Designer software tools or a
dedicated device programmer. The new configuration takes effect after a device reset. It is recommended to
use for production programming since GPIO pins are under controlled state.
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Device Configuration and Programming (continued)

3 Device Export - UCD90320U @ PMBus Address 17d |

J' Export Multiple Formats [ Global Options || Device Report || Project File || Data Flash File || Data Flash Script |

Use this tab to export multiple formats with a single dick. All formats you check below will be exported when you dick the "Export All Checked Formats™ button. Click the links below or tabs
above to review options for each export format or export just a single format.

O Device Report

An Excel or HTML report on basic device configuration. Only supported for UCD92xx and
UCD90xxx device families.

O Project File

¥ML file describing configuration. Generally equivalent to "Save as Project.”

O Data Flash Hex File

Hex file used to write entire configuration via the Fusion tools and some dedicated EEPROM
programmers.

O Data Flash Write Script

Defines writes that must be performed to download this device's current configuration via
data flash. Similar to the PMBus script, but dones the device's data flash completely.

— Output Destination

Output Folder: | C:\Users | Select ... | | Browse ... |
Filename: {PM} {DV} Address {DA} {EF}.{EXT} Reset o Default Filename Token Help
Preview: UCD90320U 3.0.0.3263 Address 17 Text.csv

— Log

16:07:04,573: Stopped background polling

I Copy Log | | ClearLog | | Close |

Figure 37. Fusion Digital Power Designer software Configuration Export Tool

The UCD90320U must be powered when it is being programmed via the PMBus or I1°C interface. The PMBus
clock and data pins must be accessible and must be pulled high to the same V33D supply that powers the
device, with pullup resistors between 1 kQ and 2 kQ. Do not introduce additional bus capacitance less than 100
pF. When programming multiple UCD90320U devices over 1°C, programming must be done individually.
Specifically, the clock and data lines must be multiplexed such that only one device is written by the programmer
at a time.

To update the device configuration in an operating system, the PMBus command method can be used to update
thresholds, timeout periods, and dependencies while the system is operating. Because the new configuration is
written into RAM, it takes effect immediately. However, pin-function-related configurations (change of rails,
change of GPI/GPO functions for example) may not work correctly until after a device reset. This delay may
indicate a problem in an operating system. For example, undesired states in the GPIl, GPO, or RESET pin may
disable rails that provide power to the UCD90320U, and thus terminate the programming process before it is
completed. Using the data flash image method can overcomes this problem by directly writing new configuration
into the data flash. This method allows a full configuration while the system is operating. It is not required to reset
the device immediately but the UCD90320U continues to operate based on previous configuration until a device
reset.
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Device Configuration and Programming (continued)

The JTAG port is compatible with IEEE Standard 1149.1-1990, Test-Access Port and Boundary Scan
Architecture specification. The UCD90320U device supports boundary scan. The UCD90320U device supports
does not support configuration programming via JTAG.
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9 Application and Implementation

NOTE
Information in the following applications sections is not part of the TI component
specification, and Tl does not warrant its accuracy or completeness. Tl customers are
responsible for determining suitability of components for their purposes. Customers should
validate and test their design implementation to confirm system functionality.

9.1 Application Information

The UCD90320U device can be used to sequence, monitor up to 32 rails and margin up to 24 voltage rails. With
the cascading feature, up to four UCD90320U devices can manage up to 128 rails and record synchronized fault
responses. Typical applications include automatic test equipment, telecommunication and networking equipment,
servers and storage systems. Device configuration can be performed using the Fusion Digital Power Designer
software provided by TI. No coding skill is required.

9.2 Typical Application

Figure 38 shows a simplified system diagram. For simplification, this diagram shows only three rails, but each
UCD90320U device can manage up to 32 rails.
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Typical Application (continued)

12V 12-v OUT
ouT -
v __,
Cur N
12-V Supply (Recommended)
ouT | [ | GATE
V33A V33D % & Hot Swap Control
s i £
-
AMON r
Vour 1.8V —{ AMON EN Vour
33V < Vour0.8V — AMON o 3.3V
ouT Cur 12V — AMON VOUT
——Temp 12V —] AMON en |—IEN
Temp 0.8 V —{ AMON DC-DC1
AMON VFB
UCD90320U
POL’s PWRGD — DMON !——
= VIN Vour
EN  vour}X8VY
WDI from main EN LDO1
processor —» GPIO
-
WDO «4— GPIO -
0.8V
POWER_GOOD 44— LGPO ,—~l>emp IC
WARN_OV_ 0.8V VIN v,
-V out
or WARN_OV_12v 47| GPI0 en gy vout 08V
SYSTEM_RESET «4—{ GPIO DC-DC2
VFB
Other sequencer
done (cascade input) —» GPIO J__
I°C/PMBus  MARGIN AN I
3.3-v
JTAG
GPIO GPIO
UCD90320U (Cascaded)
SYNC-CLK SYNC_CLK

Figure 38. Simplified System Diagram
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Typical Application (continued)
9.2.1 Design Requirements

UCD90320U requires decoupling capacitors on the V33D, V33A, BPCAP, and (if applicable) VREFA+ pins. The
capacitance values for V33A, BPCAP and VREFA+ are specified in the Electrical Characteristics table. Consider
these capacitor design configurations as options.

» Three 1-pF X7R ceramic capacitors in parallel with two 0.1-uF X7R ceramic capacitors for BPCAP decoupling

* Two 1-uF X7R ceramic capacitors in parallel with four 0.1-uF X7R ceramic capacitors and two 0.01-uF X7R
ceramic capacitors for V33D decoupling

e One 1-uF X7R ceramic capacitor in parallel with one 0.1-uF X7R ceramic capacitor and one 0.01-uF X7R
ceramic capacitor for V33A decoupling. A 1-Q resistor can placed between V33D and V33A to decouple the
noise on V33D from V33A.

e One 1-uF X7R ceramic capacitor in parallel with one 0.01-uF X7R ceramic capacitor for VREFA+ decoupling
(if used)

» Place decoupling capacitors as close to the device as possible.

« If an application does not use the RESET signal, the RESET pin must be tied to V33D, either by direct
connection to the nearest V33D pin (Pin F10), or by a R-C circuit as shown in Figure 39. The R-C circuit in
Figure 39 can be also used to delay reset at power up. If an application uses the RESET external pin, the
trace of the RESET signal must be kept as short as possible. Be sure to place any components connected to
the RESET signal as close to the device as possible.

e TI recommends to maintain at least 200-Q resistance between a low-impedance analog input and a AMON
pin. For example, when monitoring a rail voltage without resistor divider, it is recommended to place a 200-Q
resistor at the AMON pin, as shown in Figure 40.

* PMBus commands(project file , PMBus write script file) method is not recommended for the production
programming since GPIO pins may have unexpected behaviors which can disable rails that provide power to
device. Data flash hex file or data flash script file shall be used for production programming since GPIO pins
are under controlled state.

e It is mandatory that the V33D power shall be stable and no device reset shall be fired during the device
programming. Data flash may be corrupted if failed to follow these rules.

V33D Analog Input
10 kQ 200 Q
| ReseT :| AMONX
1nF

Figure 39. RESET Pin With R-C Network Figure 40. Example of Analog Inputs

9.2.2 Detailed Design Procedure

The Fusion Digital Power Designer software can be used to design the device configuration online or offline (with
or without a UCD90320U device connected to the computer). In offline mode, the software prompts the user to
create or open a project file (.xml) at launch. In online mode, the software automatically detects the device via
the PMBus interface and extracts the configuration data from the device. A USB Interface Adapter EVM available
from Tl is required to connect Fusion Digital Power Designer software to PMBus.

The general design steps include. Details of the steps are described in the Detailed Description section, and are
easily accessed within the Fusion Digital Power Designer software .

1. Rail setup

Rail monitoring configuration

GPI configuration

Rail sequence configuration

Fault response configuration

GPO configuration

o oA~ wN
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Typical Application (continued)

7. Margining configuration
8. Other configurations including but not limited to
— Pin Selected Rail States
— Watchdog Timer
— System Reset
— Sync Clock
— Fault Pins

Click Write to Hardware to apply the changes. In online mode, the then click Store RAM to Flash to
permanently store the new configuration into the data flash of the device.

9.2.3 Application Curves

Tek Step [ — 1 ] TeksStop | — | 1
. = ey | ]
PMBus control pin assertion PMBus control-pin de-assertion 4
i [E]
Rail 1 EN with 5-ms turn-on delay | : Rail 1 EN with 5-ms turn-off delay "
" ; : 2
Rail 2 EN with 10-ms turn-onidelay _ _ Rail 2 EN with 10-ms turn-off delay
& B
m
Rail 3 EN with 15-ms turn-on delay : Rail 3 EN with 15-ms turn-off delay : ]
e . /- i : : 4 _6 2.00V By 2.00n SO0MS/ S
2.00V By 2.00ms S00MS/s 1 .00ms s
200% & 200% & ][ 10M points 2.20 v J 200% A 200% A ][ 10M points 2.20V T
Time Time
Figure 41. Start-Up Waveforms Figure 42. Shut-Down Waveforms

10 Power Supply Recommendations

Power the UCD90320U device from a 3.3-V power supply.

If internal reference is used, V33A acts as ADC reference and is assumed to be exactly 3.3 V. Any input voltage
deviation from 3.3 V introduces an error to ADC reference and to the ADC results. Therefore, the 3.3-V power
supply must be tightly regulated and allow only a very small voltage fluctuation (including voltage ripple and
voltage deviation caused by load transients).

If external reference is used, the 3.3-V power supply needs to meet only the minimum requirements specified in
the Recommended Operating Conditions table and the Electrical Characteristics table.

11 Layout

11.1 Layout Guidelines
» Place the decoupling capacitors as close as possible to the device.
e Connect the BPCAP decoupling capacitors as close as possible to pin D6.

« MARGIN pins output PWM signals that have fast-edges. Route these signals away from sensitive analog
signals. It is a good practice to place resistor R4 and capacitor C1 (as shown in Figure 22) as close as
possible to the MARGIN pin, minimizing the propagation distance of the fast-edge PWM signals on the PCB.

» Resistor R3 can be placed near the power supply feedback node to isolate the feedback node from noise

sources on the PCB. If resistor R4 and capacitor C1 cannot be located close to the MARGIN pin, add a
termination resistor in series with a value between 20-Q and 33-Q. Locate it near the MARGIN pin.

Copyright © 2018, Texas Instruments Incorporated Submit Documentation Feedback 47
Product Folder Links: UCD90320U


http://www.ti.com/product/ucd90320u?qgpn=ucd90320u
http://www.ti.com
http://www.ti.com/product/ucd90320u?qgpn=ucd90320u
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLUSDC1&partnum=UCD90320U

i3 TEXAS
INSTRUMENTS
UCD90320U
SLUSDC1 -SEPTEMBER 2018 www.ti.com

11.2 Layout Example

The UCD90320U device is available in a 169-pin BGA package. If the design calls for the device to be mounted
on the top layer, decoupling capacitors can be placed on the bottom layer to allow room for top-layer trace
routing. The layout example below describes this strategy. Figure 43 shows bottom-layer component placement
from top-view. In addition to Figure 43, consider these important suggestions.

1. Use a uniform ground plane to connect DVSS, AVSS, and VREFA- pins.
2. Connect all four BPCAP pins to a common internal-layer copper area.
3. AVSS and VREFA- pins can be connected to a common internal-layer copper area.

Figure 43 shows a typical application with the UCD90320U device mounted on the top layer and the components
placed on the bottom layer.

.V33D . V33A O BPCAP . VREFA+

. BPCAP to be connected to decoupling capacitors through an internal-layer copper area

Figure 43. Layout Example
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12 Device and Documentation Support

12.1 Community Resources

The following links connect to TI community resources. Linked contents are provided "AS IS" by the respective
contributors. They do not constitute Tl specifications and do not necessarily reflect Tl's views; see TlI's Terms of
Use.

TI E2E™ Online Community TI's Engineer-to-Engineer (E2E) Community. Created to foster collaboration
among engineers. At e2e.ti.com, you can ask questions, share knowledge, explore ideas and help
solve problems with fellow engineers.

Design Support TI's Design Support Quickly find helpful E2E forums along with design support tools and
contact information for technical support.
12.2 Receiving Notification of Documentation Updates

To receive natification of documentation updates, navigate to the device product folder on ti.com. In the upper
right corner, click on Alert me to register and receive a weekly digest of any product information that has
changed. For change details, review the revision history included in any revised document.

12.3 Trademarks

TI Fusion Digital Power, E2E are trademarks of Texas Instruments.
PMBus is a trademark of SMIF, Inc..
All other trademarks are the property of their respective owners.

12.4 Electrostatic Discharge Caution

A These devices have limited built-in ESD protection. The leads should be shorted together or the device placed in conductive foam
“: '\ during storage or handling to prevent electrostatic damage to the MOS gates.

12.5 Glossary

SLYZ022 — TI Glossary.
This glossary lists and explains terms, acronyms, and definitions.

13 Mechanical, Packaging, and Orderable Information

The following pages include mechanical, packaging, and orderable information. This information is the most
current data available for the designated devices. This data is subject to change without notice and revision of
this document. For browser-based versions of this data sheet, refer to the left-hand navigation.
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PACKAGING INFORMATION

Orderable Device Status Package Type Package Pins Package Eco Plan Lead finish/ MSL Peak Temp Op Temp (°C) Device Marking Samples
@ Drawing Qty @ Ball material ®3) (4/5)
(6)
UCD90320UZWSR ACTIVE NFBGA ZWS 169 1000 RoHS & Green SNAGCU Level-3-260C-168 HR -40 to 85 UCD90320U
UCD90320UZWST ACTIVE NFBGA ZWS 169 250 RoHS & Green SNAGCU Level-3-260C-168 HR -40 to 85 UCD90320U

® The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

LIFEBUY: Tl has announced that the device will be discontinued, and a lifetime-buy period is in effect.

NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in a new design.
PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: Tl has discontinued the production of the device.

@ RoHS: Tl defines "ROHS" to mean semiconductor products that are compliant with the current EU RoHS requirements for all 10 RoHS substances, including the requirement that RoHS substance
do not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, "RoHS" products are suitable for use in specified lead-free processes. Tl may
reference these types of products as "Pb-Free".

RoHS Exempt: Tl defines "RoHS Exempt" to mean products that contain lead but are compliant with EU RoHS pursuant to a specific EU RoHS exemption.

Green: Tl defines "Green" to mean the content of Chlorine (Cl) and Bromine (Br) based flame retardants meet JS709B low halogen requirements of <=1000ppm threshold. Antimony trioxide based
flame retardants must also meet the <=1000ppm threshold requirement.

@ MSL, Peak Temp. - The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.
® There may be additional marking, which relates to the logo, the lot trace code information, or the environmental category on the device.

® Multiple Device Markings will be inside parentheses. Only one Device Marking contained in parentheses and separated by a "~" will appear on a device. If a line is indented then it is a continuation
of the previous line and the two combined represent the entire Device Marking for that device.

© ead finish/Ball material - Orderable Devices may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead finish/Ball material values may wrap to two
lines if the finish value exceeds the maximum column width.

Important Information and Disclaimer: The information provided on this page represents TlI's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information
provided by third parties, and makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and
continues to take reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals.
Tl and Tl suppliers consider certain information to be proprietary, and thus CAS numbers and other limited information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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TAPE AND REEL INFORMATION

REEL DIMENSIONS TAPE DIMENSIONS
4 |+ KO
i |
& go W
Reel | | l
Diameter
Cavity +‘ A0 M
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
\ 4 W | Overall width of the carrier tape
i P1 | Pitch between successive cavity centers

1 Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE

|
T
Q1 : Q2
H4-—-—
Q3 I Q4 User Direction of Feed
[ 8
T
A
Pocket Quadrants
*All dimensions are nominal
Device Package|Package|Pins| SPQ Reel Reel AO BO KO P1 w Pin1
Type |Drawing Diameter| Width | (mm) [ (mm) | (mm) | (mm) | (mm) |Quadrant

(mm) |W1(mm)
UCD90320UZWSR NFBGA | ZWS | 169 | 1000 330.0 244 1235|1235 2.3 | 16.0 | 24.0 Q1
UCD90320UZWST NFBGA | ZWS | 169 250 330.0 244 1235|1235 2.3 | 16.0 | 24.0 Q1
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i3 Texas PACKAGE MATERIALS INFORMATION

INSTRUMENTS
www.ti.com 22-Sep-2018
TAPE AND REEL BOX DIMENSIONS
At
4
-
// S
/\g\ /)i\
. 7
\\ /
. P -
e e
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
UCD90320UZWSR NFBGA ZWS 169 1000 336.6 336.6 41.3
UCD90320UZWST NFBGA ZWS 169 250 336.6 336.6 41.3

Pack Materials-Page 2



PACKAGE OUTLINE
NFBGA - 1.4 mm max height

PLASTIC BALL GRID ARRAY
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NOTES:

1. All linear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing
per ASME Y14.5M.

2. This drawing is subject to change without notice.
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EXAMPLE BOARD LAYOUT
ZWS0169A NFBGA - 1.4 mm max height
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NOTES: (continued)

3. Final dimensions may vary due to manufacturing tolerance considerations and also routing constraints.
For information, see Texas Instruments literature number SSZA002 (www.ti.com/lit/ssza002).
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EXAMPLE STENCIL DESIGN
ZWS0169A NFBGA - 1.4 mm max height
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BASED ON 0.15 mm THICK STENCIL
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4221886/C 05/2021

NOTES: (continued)

4. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release.
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IMPORTANT NOTICE AND DISCLAIMER

TI PROVIDES TECHNICAL AND RELIABILITY DATA (INCLUDING DATASHEETS), DESIGN RESOURCES (INCLUDING REFERENCE
DESIGNS), APPLICATION OR OTHER DESIGN ADVICE, WEB TOOLS, SAFETY INFORMATION, AND OTHER RESOURCES “AS IS”
AND WITH ALL FAULTS, AND DISCLAIMS ALL WARRANTIES, EXPRESS AND IMPLIED, INCLUDING WITHOUT LIMITATION ANY
IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT OF THIRD
PARTY INTELLECTUAL PROPERTY RIGHTS.

These resources are intended for skilled developers designing with Tl products. You are solely responsible for (1) selecting the appropriate
TI products for your application, (2) designing, validating and testing your application, and (3) ensuring your application meets applicable
standards, and any other safety, security, or other requirements. These resources are subject to change without notice. Tl grants you
permission to use these resources only for development of an application that uses the Tl products described in the resource. Other
reproduction and display of these resources is prohibited. No license is granted to any other Tl intellectual property right or to any third party
intellectual property right. Tl disclaims responsibility for, and you will fully indemnify Tl and its representatives against, any claims, damages,
costs, losses, and liabilities arising out of your use of these resources.

TI's products are provided subject to TI's Terms of Sale (https:www.ti.com/legal/termsofsale.html) or other applicable terms available either
on ti.com or provided in conjunction with such Tl products. TI's provision of these resources does not expand or otherwise alter TI's
applicable warranties or warranty disclaimers for Tl products.

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2021, Texas Instruments Incorporated


https://www.ti.com/legal/termsofsale.html
https://www.ti.com
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