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Il. Scope
The present spéfication defines all the requirements for an-CRP $iternal redundant power supply
used in Open Compute Projeabiat could be used in different environmeritke home/office, datacenter,
and high-performancecomputing hence farmonizing theserver poweisupply requirements used in the
industry with the purpose of creamg a standard specification thathe customers and vendorsf
Enterpriseand Hyperscalean use for their products.

Any supplier seeking OCP recognition for a hardware product basedsosphification must be 100%
compliant with any and all features or requirements described in this specification.

1 Overview

TheModular Hardware System Common Redundant Power S@idpyRPEBase Specification addresses
multiple form factorsthat includes 185mm by 73.5mm (Length x width), 185mm by 60amd265mm
by 73.5mm all of them in 1U heighhd having different inputonnectortypesand voltage ranges like
240VA@40VDC277VAC380VDC+54VDC for rack input power using a bus bar connector, adi@\MDC
input for the Telecom industryll the variatiorsof the M-CRPS share the samlectricaloutput interface

Given the necessity of having some differentiation in the industry, MRE€RIS Base Specification can
accommodate the preferens®f different OEMs by choosirtgtails like:

LED blinking pattern

latch finger grip color and design.
Label artwork

FRU content

Packaging options

=A =4 =4 4 =4

Along with the aforementioned customizations the GRP $troduces a new concept of Configuration
Filedescribed irSectionl 2.8, with this feature the OEM cathange the default configuration of most of
the thresholds in the power suppBnd some of its signal timings well as a new serial interfacalled
Data & Sieband Serialization Interface (DS$scribed inSection12.8.3.11with the purpose ofbe
utilizedas an 1/0O expandgoroviding flexibilityfor the side-band signals of the NCRP3hus avoiding the
need ofchangngthe output connector in the future.

2 Mechanical Overview

Thephysical sizeof the power supply enclosusare defined below. The power supply shall contain a fan
for seltcooling The power supply has a card edge output that interfaces whighpower card edge
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connector in the system. The B plugs directlynto the external face of the power supply. Refer to
the following subsectionfor details

2.1 Form Factor Outline

There arethree mainform factors addressed by this specificatitimey differ in widthboth sharing the
samelength and height185x73.5x40mniLxWxH) and 185x60x40mm (LxWpait)d a third onehaving
the following dimensions 265x73.5x40mm (LxWxHyure2-1 shows the 3D models of the three main
form factors.

Figure2-1 Form factors side by sid&ront view) fromleft to right: 185mm by 73.5mpil85mm by 60mm and
265mm by 73.5mm.

2.1.1 185mm by73.5mm Forntactor
Figure2-2 shows the atline for the 185mm by73.5mm M-CRPS form factothe power supply can
support single or dual rotdian depending on the application; single rotor fan is shown in the figure.

Figure2-2 185mm by73.5mm in width form factor outline
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Note: Height of the power supply is 40mm in the fan area and 39mm on the rest of the case, for more
detailsseeSupplemental Material A

2.1.1.1 240VAC/240VDC Input
Figure2-3 showsa front/rear isometric view othe 185mm by 73.5mm form factorusingthe C14 inlet
connector Same representation applies for the 265mm by 73.5mm form factor.

Figure2-3 185mm by73.5mm form factor with IEC32014 inlet connector as example

2.1.1.2 277VAC/380VDC Input
Figure2-4 shows a font/rear isometric view of the 185mm by 73.5mm form factor using Tri#Dinlet
connector.Same representatioapplies for the 265mm by 73.5mm form factor.

4 ™

277VAC/380VDC Input M-CRPS
isometric image

. v

Figure2-4 185mm by73.5mm form factor witt277VAC/380VDi@let connector

2.1.1.3 +54VDC Input (Rack Power Input)
Figure2-5 shows a font/rear isometric view of the 185mm by 73.5mm form factor using TixDbus bar
clipconnector.Same representation applies for the 265mm by 73.5mm form factor.

4 ™)

+54VDC Input M-CRPS
isometric image

. v

Figure2-5 185mm by73.5mm form factor with bus bar connector input

2.1.1.4 -48VDC Input (Telecom)
Figure2-6 shows a font/rear isometric view of the 185mm by 73.5mm form factor using -
48VDC Telecolinlet connector. Same representation applies for the 265mm by 73.5mm form factor.
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-48VDC Input M-CRPS
isometric image

N, v

Figure2-6 185mm by73.5mm form factor with48VDC input connector

2.1.2 185mm by60Omm Form Factor
Figure2-7 shows the outline for the 185mm IB80mm M-CRPS form factor, the power supghallsupport
single rotorfan.

39mm

Figure2-7 60mm in Width form factor outline

Note: Height of the power supply is 40mm in the fan area and 39mm on the rest of the case, for more
details seesuppemental Material B

2.1.2.1 240VAC/240VDC lap
Figure2-8 shows a font/rear isometric view of the 185mm b§Omm form factor using the C14 inlet
connector.
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Figure2-8 185mm by6Ommform factor withIEC326C14 inlet connector as example

2.1.2.2 277VAC/380VDC Input
Figure2-9 shows a font/rear isometric view of the 185mm b@0mm form factor using thelBDinlet
connector.

277VAC/380VDC Input M-CRPS
isometric image

., 7

Figure2-9 185mm by6Ommform factor with Z7VAC/380VDC inlet connector

2.1.2.3 +54VDC Input (Rack Power Input)
Figure2-10 shows a font/rear isometric view of the 185mm by 60mm form factor using ft&Dbus bar
clip connector.

+54VDC Input M-CRPS
isometric image

., o’

Figure2-10 185mm bysOmmform factor with bus bar connector input

2.1.2.4 -48VDC Input (Telecom)
Figure2-11 shows a font/rear isometric view of the 185mm by 60mm form factor using & -48VDC
Telecom inlet connector.
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-48VDC Input M-CRPS
isometric image

. >

Figure2-1160mmform factor with-48VDC input connector

2.2 Handle and Retention Latch

The power supply shall havdizaed water-clearpolycarbonatealluminatedhandle to assisinsertion and
extraction Figure2-13 shows the 3D representation of the handl@heoperator shall be able to insert

and extractthe power supplywvithout the assistance of tools. The power supply shall have a latch which
retains the power supply into the system and prevents the power supply from being inserted or extracted
from the system when the ABCpower cord isnsertedinto the power supply. The handle shall protect
the operator from any burn hazard@he finger grip color and shape can be customized.

Figure2-12 Retention latch example

Note: For detailsabout the dimensionsf the latch and finger gripptionsseeSupplemental
Material G Supplemental Material Fand Supplemental Material |

Figure2-13M-CRPS illuminated handle

Note: For details about thelimensiongplease se&upplemental Material.F

2.3 LED Marking and Identification
The power supply shall use a bicolor LED, Green & Amber. Badtevshowsthe LED states for each

L2 g SNJ adzldLX @ 2LISNF GAy3I adlisdS FyR GKS [95Qa o @St S

Table2-1 LEDCharacteristics
b2YAYylf <R 2| @9 Units
Green 515 nm
Amber 590 nm
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Notes:
2. Amber LED should be biased with a forward current I§mA + 2 mA.
3. Green LED should be biased with a forward current 8if)A £ 2 mA.
4. An example bicolor LED that meets these requirementsis

The handle shall be illuminated by LEDs mounted on a flex PCB in the rear that terminates to the control
board in the front of the power supply as showrFigure2-14 below.

Figure2-14 Flex PCB with LEDs installed in a 185mm by 73.5mm form factor as example

Two sets ofwo LEDgfour LEDs totaBhall be located at the end of the flex P&Bshown irFigure2-15
below; two green and amberat the top bifurcation and twggreen and ambert the bottom
bifurcation.

LEDs /|
8

Figure2-15Flex PCB 3D representation showing the location of the LEDs
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Note: The same flex PCB could be levedafge the fan power and signals connectitimhave a
cleaner solution

TheLEDshallbe controlled byHrmware to easily chargblink rates and colafor the different states

using update to the PSU secondary digienware éonfiguration file as defineth Section12.8.3.1LED

Behavior Configuration Blockhis allow theéV-/ wt { (2 ©S NBLINRINI YYSR (G2 YI 0
LED state requirements.

2.4 Inlet Connector
The power supply can have different inlet connectors depending on the input volagesntratingand
type of connection that could be directly interfacing with a busiba rack or through a power card

2.4.1 240VAC/240VDC Input

To comply withinternational regulationdEC328C14inlet connectorshall be usedvhen a maximum of
10 Amperes is required by the power supplEC3268C16 can be used to support higher exhaust
temperatures in the power supply at 10 Amperesiéture of thelEC326C14inlet connector is shown in
the figure below.

IEC 320 C14
Connector

Figure2-16 IEC320 Cl4lket connectorexample

To comply with international regulation&C3268C20inlet connectorshall be usedvhena maximum of
16 Amperes is requiredy the power Additionally, IEC32322 can be used to support higher exhaust
temperatures in the power suppbt 16 Amperes

IEC 320 C20
Connector

Figure2-17 IEC326C20 Inlet connectaxampe

2.4.2 277VAC/380VDC Input
For 277VAC/380VDC input thidet connector iSTBD
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277VAC/380VDC
Connector

Figure2-18 277VAC/380VDC inlet connector

2.4.3 +54VDC Input (Rack Power Input)

A bus batype connectoishall be usedvhen using alirect bus bar connection for the input of the power
supply to interface with +54VDC rack power delivery, the connector shall be properly sized for the
required input current of the power supply. An example aétlype of connector is shown in the followi
figure.

Bus bar
Connector

Figure2-19 Bus bar connectaxample

2.4.4 -48VDC Input (Telecom)

-48VDC M-CRPS
Connector

Figure2-20-48VDC inlet connectexample(Telecom)

2.5 Label Outlin@nd Artwork

All the supported power supply form factasball have a space @fl5x52mm for the labeln example of
the label artwork is shown in the figure beloRefer to specific OEM artwodad drawingor more details
about the required information like company name, addresses, etc.
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Switching Power Supply

INPUT A @A

100-240V~50/60Hz
/

16A-13.5A

= 11.2A
URRENT 11.2A
i 11.2A

PLUS

UTPUT
Rating ( [z e

TOTAL OUTPUT POWER NOT TO EXCEED 1400W

1 1 AT 100-120V~ INPUT
lnfOl’mﬂthﬂ 100-120V AC A - QU INERAERE 14008
100-120V AC WA - BWETNEREEB1814008
+122V == 196.72A

+12Vsb === 2.0

TOTAL OUTPUT POWER NOT TO EXCEED 2400W
AT 200-240V- OR 240Vdc INPU

This device complies with Part 15 of FCC Rules. Operation is subject to the following
/ two conditions: (1) this device may not cause harmful interference, and (2) this device
must accept any interference received, including interference that may cause

undesired operation.
WARNING: Operation of this equipment in a residential environment could cause 1 1 smm
radio interference.

gy g #

Regulatory ERAEES, ELRERF ERERRER LB RN R

information e\ us Isé}é%f‘n‘w@@ [E c €
EXXXXXX

R-XOOXXXX ZUXXXXX-XXXXX

Www.bi i R-R-XXX-XXXXXX-XX

.bis.gov.in  Mir. Name:XXXO00OxK E [H[
10' &]3} HIPOT

Max. output 3000W

power & efficiency 94% Efficiency

S2mm
Figure2-21 PSU Label artwork example

2.6 Output Connector Interface

The output connector interface for the for&d85mm by 73.5ad the 185mm by 60mrfactorsincludethe
same amount of signal and power connections, the differén¢be 185mm bys0Omm form factor is the
reduced contact area of the Ground and Power connectibiggire2-22 shows 3D representations of the
two different card edge interfaces, mechanical details are showBupplemental Material Bor the
185mm by 73.5mm form factor arfslupplemental MaterigEfor the 185mm by 66hm form factor.
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Figure2-22 185mm by 60mm card edge (left), 185mm by 73.5mm card edge (right)

2.6.1 185mm by73.5mm Form Factor

Table2-2 185mn265mmby 73.5mm MCRPS dimensions and receptacle connector

Dimensions M-CRP88573.5 40mm x 73.5mm x 185mm (H x W) x
Output connector Please refer to connector vendors Bocument TBFor more information
B25 (S14) A25 (S7)

Power supply front view

BL (P7) ALPL)

Figure2-23 185mm265mmby 73.5mmPower supply's output pin numbering
Note: Pin numbering is shown based listed connectors ifable2-2.

The power supply card edge pindat the 73.5mm in width PSU form factisrdefined in the below table.

Table2-3 73.5mm in with PSU pinout definition

Name High pwr | Regular | Regular | High pwr Name
conr? connt connt conr?
GND Al B1 GND
GND P1 A2 B2 P7 GND
GND A3 B3 GND
GND A4 B4 GND
GND P2 A5 B5 P8 GND
GND A6 B6 GND
GND A7 B7 GND
GND P3 A8 B8 P9 GND
GND A9 B9 GND
+12V P4 A10 B10 P10 +12V
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+12V All B11 +12V
+12V Al2 B12 +12V
+12V Al3 B13 +12V
+12V P5 Al4d B14 P11 +12V
+12V Al5 B15 +12V
+12V Al6 B16 +12V
+12V P6 Al7 B17 P12 +12V
+12V Al8 B18 +12V
PMBus SDA S1 Al9 B19 S8 A0 (SMBus addregs
PMBus SC S2 A20 B20 S9 Al (SMBus addregs)
PSON# S3 A21 B21 S10 +12\5B
SMBAlert# S4 A22 B22 S11 Cold Redundancy Bus
Return Sense / PS_KI S5 A23 B23 S12 12V load share bus
+12V Remote sens S6 A24 B24 S13 Imonr®
PWOK S7 A25 B25 S14 VINOK

Notes:
1. Regular 5€pin card edge connectdrable2-2.

High power connectolisted inTable2-2.

3. Imon2 dzi LJdzii &A 3yl f OdNNBYy(d Ay F2NXIGAZ2Y
condition, pleasesee details irtection9.5Imon Output Signa{Output)

4. Al pin shall support ldirectional serialization mechanism describecbittion12.7
Data& Sidebanderialization Interfacé€DSSI)

5. AO pin shall be connected to an ADC inijputhe secondary side MCU to support up
to 6 SMBus addressdsyels are described iBection9.6.1A0 Input Addressing

n

2.6.2 185mmby60mm Form Factor

Table2-4 185mm by60mm M-CRPS dimensions and receptacle connector

Dimensions M-CRP48560: 40mm »0mm x 185mm (H x WL}
Output connector Please refer to connector vendors Bocument TBIfor more information.
s7 Sl4

Power supply font view

PB1 PT1

Figure2-24185mm by 60mnPower supply's output pin numbering
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Note: Pinnumbering is shown based on listed connector§able2-4.

The power supply card edge pindot the 60mm in width PSU form factr defined in the below table.

Table2-5 60mm in with PSU pinout definition

Name Conn. pin| Conn. pin Name
GND GND
GND PT1 PB1 GND
GND GND
GND GND
GND PT2 PB2 GND
GND GND
Empty (no connection Empty (no connection)
Empty (no connection PT3 PB3 Empty (no connection)
Empty(no connection) Empty (no connection)
+12V +12V
+12V PT4 PB4 +12V
+12V +12V
+12V +12V
+12V PT5 PB5 +12V
+12V +12V
PMBus SDA 8 SL A0 (SMBus addregs
PMBus SC D Y Al (SMBus address)
PSON# S10 3 +12\5B
SMBAlert# Si1 A ColdRedundancy Bus
Return Sense / PS_KI S12 $ 12V load share bus
+12V Remote sens S13 $ Imont
PWOK Si4 7 VINOK

Notes:
1. Imon2 dzii Lddzi &aA 3yt f OdzZNNBy (i AYyF2NNIGAZ2Y
condition, please see details $ectior9.5Imon Output Signa{Output)
2. Al pin shall support Hiirectional serialization mech&m described isectionl2.7
Data& Sidebandserialization Interfacé€DSSI)
3. AO pin shall be connected to an ADC inijputhe secondary side MCU to support up
to 6 SMBus addressdsyels are described fBectior8.6.1A0 Input Addressing

3 Thermal Requirements

The following subsectionsdescribethe power supply thermal test conditions. The power supply is
intended tobe installed in a systenm whichthe power supplywill support limited operation up t@n
inlet temperature of 7@Cduring loss of redundancy conditigrsowever the typical maximum operating
ambientLJ2 ¢ S NJ ant tinipekafuie isS5xC.
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3.1 Temperature and Altitude Conditions

Table3-1 Power supply thermal test conditions

PSU configuration Load on a power | AQDCinput Temp / Altitude Texit Max
supply combination

1+0 100%Max load Min nominal to | 50xC / 2286 70xC
Max nominal | 55xC / 2286n 75¢C

1+1 60% max load Min nominal to | 55xC / 2286n® 70xC
Max nominal | goxC / 2286m 75xC

1+0 100% max load Min nominal to | 70xC / 2286 9oxC
Max nominal

2+0 Max load Min nominal to | 50xC / 2286 70xC
Max nominal | 55¢C / 2286 75%C

2+2 70% max load Min nominal to | 55xC / 2286 70xC
Max nominal | eoxC / 2286m 75¢C

2+0 100% max load Min nominal to | 70xC / 2286 9oxC
Max nominal

3+0 Max load Min nominal to | 50xC / 2286 70xC
Maxnominal 55xC / 2286 75%C

3+3 70% max load Min nominal to | 55xC / 2286 70xC
Max nominal | oxC / 2286m 75%C

3+0 100% max load Min nominal to | 70xC / 2286 9oxC
Max nominal

Notes:

This condition shall be supported only once in the life of the power supply for 24
hours straight, and the temperature limit for the components will be based on their
maximum Tim 1 XTé sbpport this condition the PSU will need to have a mylar
coating in d the metal parts in the rear part of the chassis. Over Temperature
Warning and Over Temperature Protection shall be disaivl¢kde configuration file

to support this condition.

All the conditions shall be supported assuming 0 in H20 of back pressure.

For PCBs with SMD power components, the maximum operating temperature shall
be kept below TglOxC, for example an FR4 material with a Tg =xC3hall be kept
below 120C.

20C air temperature rise is allowed for 100% load from the inlet to the exhaust of
the power supply, and 15C air temperature rise is allowed for 70% load.
SMBAlert# shall not assert under any of the operating conditions stated in the
above table urdss configured in the configuration file

A maximum of 3000m might be required fmvme models of power supplies, this
requirement shall be stated in the design specification of a given model.

The power supply shall operate within all specified limits over the full environmental range. All airflow
shall pass through the power supplydanot over the exterior surfaces of the power supply.

In situations when the system cannot maintain the required maximum power supply inlet temperature, it
is acceptable and expected that the power supply assert SMBAlasid in theconfigured thresholdlue
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to inlet temperature and throttle the processors and memory to maintain power supply cooling and
attempt to prevent power supply shutdown due to over temperature. System level throttling under these
conditions is acceptable.

The max load on the power supply may vary based on input voltage. The max load st&sdiam7.1
Output Power/Currents  shall be used when testing at lower input voltages.

Power supply shall meet the thermal requirements under the load and environmental conditiorfiel@nti
in each table. Even though the table addresses only the exhaust air temperature, all other components in
the power supply shall also meet their temperature specifications and lifetime requirements.

The power supply must meet UL enclosure requiremdotstemperature rise limits. All sides of the
L2 6 SNJ adzllL 8¢ gAGK SEOSLIiA2zYy (G2 GKS AN SEKI dza
F2N) AK2NIl LISNA2Ra 2F GAYS 2yfeéo

3.2 Airflow Impedance

The power supply shall be capable of supplying the airflow that is sufficient ferosdifig when installed

in different system airflow impedances. The power supply shall be characterized using the following
figuresin this sectionfor airflow impedanceand fan PWM respectivelAirflow as function of inlet
temperature is characterized for the one or multiple internal critical components (bulk capacitor, primary
core transformer) inside PSU which are thermocouple instrumented such that temperaturekisdras
function of a sweep of airflow, such plot is generated from highest power load to the minimum
operational percentage. As shown Figure3-1 Airflow requirement for thermal compliance for inlet
temperature for different PSU loadke server designer has the means to determine the effective airflow
must move to maintain safe internal temperatures.

Airflow
A 100% PSU load
——————————————————————————— 90% PSU load
CFM I
________________________ I L
I
I | .
| | °
I I
! 20%PSU load
|1~ 10%PSU load
|
— - I I
[ — —— - ! [
! I
0C 5C 10C e o0 55C 60C Inlet Temp

Figure3-1 Airflow requirement for thermal compliance for inlet temperature for different PSU loads

Power supply vendor shalbmpletethe tablebelow with the correspondingdata collected from the test
conducted to generate the previousigure3-1 Airflow requirement for thermal compliance for inlet
temperature for different PSU loads

Table3-2 Airflow requirement for thermal compliance for inlet temperature at different PSU load conditions
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PSU
Load

PSU
Tla

10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

[\Efe]
WMd
[\Efe]
ANMd
[\Efe]
ANMd
[\Efe]
ANMd
[\Efe]
ANMd
W40
AMd
W40
AMd
W40
AMd
W40
AWM
[\Efe]
AWM

cn
pp
pn
np
nn
op
on
Hp
H N
M p
M

The airflow that PSU moves is known through a simple free air wind tunnel characterization, but that is
incomplete PSU characterization as such airflow is affected by each server design and condition in which
own server system fans move air and generatekbpressure toward power supply, either positive and
therefore helping to move higher CFM through PSU or in some instances a negative back pressure fighting
against the effort of the own PSU fan reducing its overall airflow. Complete characteriahtiggower

supply shalconsistof 3 tests, impedance of PSU without fan in place, fan performance curve and the
effective MCRPS performance curve as showRigure3-2 Power supply airflow impedance, fan curve

and equivalent performance curve (Example frameal test). Testsshall be performedat sea level
conditions (test facilities at elevated envinment shallperform altitude correction projections)

«Effective PSU performance curve (PSU with fan)
PSU impedance curve (without fan)
stand alone PSU fan test (or fan spec)

Pressure (in H20)

0 A b 3 10 12 14 16 18 20 22 24 26 28 30
Airflow (CFM)
Figure3-2 Power supply airflow impedance, fan curve and equivalent performance curve (Examphedadrtest)
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Power supply vendor shalbmplete the table below with the corresponding data collected from the test
conducted to generate the previolsgure3-2 Power supply airflow impedance, fan curve and equivalent

performance curvéExample fronarealtest).

Table3-3 Power supply airflow impedance, fan curve and equivalent performance curve

PSU without fan Standalone fan PSU with fan

Airflow (CFM) Pressure (in kD) Pressure (in ED) Pressure (in kD)
0
2
4
6
8
10
12
14
16
18
20

Notes:
1. Maximum CFMs in the previous table shall be based on the maximum airflow for the

standalone fanspecification.

Inaddition,ii KS L322 6 SNJ adzLJL)X @ Q& Tl y & Kidufed3Powdrsufpky FaNPWAi S NA T S|
characterizationlexampleonly) below and complete table

CFM

' + b

Min. 100%
PWM

Figure3-3 Powersupply fan PWNMtharacterization(exampleonly)

Table3-4 Power supply fan PWM characterization
PWM Dutycycle (%) Airflow (CFM)
10%
20%
30%
40%
50%
60%
70%
80%
90%
100%
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Notes:
1. Minimum PWMduty cycle shall béaken from the specific fan being used in the power
supply (either 10% or 208V/M duty cycle)

3.3 Minimal Fan Speed

In some system applications, there is a possibility that the airflow through the PSU will reverse direction
and lead to componestexceeding their thermal limits. To prevent this reverse airflow condition, the PSU
must support the PMBus command to boost the PSU fan speed. System will communicate the minimal
fan speed to the PSU via the FAN_COMMAND_1 (3Bh) PMBus command. ThisP®ts$ tfieimum fan
speed to guarantee positive airflow direction through the PSU.

The power supply shall be able to accept and execute the FAN_COMMAND _1 (3Bh) while in standby or
when the input voltage is not present, for this mode of operation the PSU lsiaalits internal fan from

the main output when it is available or from tiséandbyrail when the power supply is in standby mode.
Writing 0000h to the FAN_COMMAND _1 (3Bh) shall stop the fan operation in standby operation as well
as ON state. The connéat between fan VCC and +12Vmain output of the power supply shall include
necessary isolation and protection circuit as shown in the figure below.

Q1
PBSS302PX D1
12Vmain

Figure3-4 Fan power isolation circuit example

3.4 Fan Speedadntrol

The power supply shall incorporate a fan for cooling the power sugpigairflow direction shall be from
the card edge connector side to th&C/DCinlet side of the power suppljor a regular airflow power
supply and from théC/DGnlet side tothe card edge connector side for reversed airflow power supplies

The Fan speed contrehallhave close loop algorithm based on both the critical component temperature
and the ambient temperature (Inlet temperatureJhus,ensuring the PSU fan will always ramp to
maximum speed under any condition to protect the power supply from overheatingseTtmnditions
include high ambient temperatures, loadingyltageinput, and airflow impedance.

Under any steady state operating condition (steady state power output level and steady state inlet air
temperature), fan oscillation shall be controlled suttait associated sound power level variation falls
within a band of 2.0 dBA (roughly 10% mean speed). This condition may be treated as steady state fan
speed condition.
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The fanis allowed torun in Standby mode as necessary to cool the PSU when the antdepérature
exceeds 35C. In Standby mode, the power supply shall allow to override the fan speed through the PMBus
command.

The PSU shall detect a warning or fault on the PSU fan and report over the PMBus and shall be able to be
configurable for a diff@nce between the Fan Speed Control (FSC) setpoint and the actual fan speed
reading in RPMand the warning/fault timing. A fan fault is defined as fan RPM being less than a
configurable difference in RPM between FSC setpoint and the actual fan speedrdunmay operation

or during standby operation with ambient temperature exceeding 35°C. If the difference of the FSC
setpoint and the measured fan speed is bigger than a configurable value in RPM within 5 seconds, the
GCLY - 21 NYyAy3IE th&kdffdaEnée ofitte FSCaetiNtIar fhe@medastired fan speed is
bigger than a configurable value in RPM within 15 seconds, the Fan X fault should be asserted immediately.
The PSU main rail (+12%hall alsoshutdown when in Normal operation. This fan taghutdown
mechanism shabe activated within 15 seconds after the power supply outputs are first tioredT his

will allow sufficient time for the fan to come up to speed and the fan detect circuitry to stabilize. If the
Fan fault or obstruction is renved when PSU is still 5iTANDBMode, then the fan/ should be able to
recover or latch OFF depending on the selected configurafptionallythe PSU can be configured to try

to restart the fan to see if fault is cleared, and if the fault is cleaBOANDBYbecomes operational
(subject to input being within operational range and there is no other fault in the PSU which could cause
STANDBY shutdown).

When there is a fan fault, no safety issue should occur due to the lack of airflow.

The fan curve ofan speed control will be defined in terms of a fan RPM idle and fan RPM maximum. The
loading conditions for those RPM values will be defined as idle fan loading and maximum fan loading
which are percentages of the rated load (worst case loading in tefmstput power) of the power supply

at the defined idle fan control temperature and maximum fan control temperature in degrees C.

After the new load and/or cooling condition steady state is established, transition to the steady state fan
speed shall takelace within 60 seconds.

The power supply airflow shall fall to the range of minimurmiBb CFMand maximum offBD CFMfer
20% and 1009%°WM to maintain even airflow between two or more power supplies during parallel
operation.

3.4.1 Clamped~an Speed Comt Algorithm
The power supply shall use a PID controller as fan speed control algasingnthe structure shown in
Figure2-1. The parameters for the PID controller are showiiable3-5 PID controlleparametersbelow.

Table3-5 PID controlleparameters

Name Description
Input Name Label global clamp sensor
Input Sensor Input Add sensor(s) list
FFGainCoefficient Feedforward coefficient setting parameter
FFOffCoefficient Feedforward coefficient setting parameter
PCoefficient Proportional coefficient
ICoefficient Integral coefficient
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ILimitMax Integral maximum value limit
llimitMin Integral minimum value limit
OutlimitMax Maximum sensor limit
OutlimitMin Minimum sensor limit

NegativeHysteresis
PositiveHysteresis

SlewNeg Negative rate of change

SlewPos Positive rate of change

Setpoint Temperature control target

Zones Addthe zone(s) the sensor will be driving fan speed
Notes:

1. LSB and MSB need to be added for the second integral gain coefficient and LSB: MSB need
_to be added for the derivative.

B

Figure3-5 Simplified diagram for the Fan Speed Control Clamped Algorithm

OpenBMC

PWM control by
PID CONTROL
i auc Target e PR gl aror Target P
and fn response tme deisy [ Fan REW TTPID
Fan PWM gnd PID Fan PWM to %RPM response
Sampling every 1sec 1]
RPM o dely response:
o gven P
M 1200
= e ==l H = 1]
(R PD) Siew Rate srert 1 term with saturation ‘corm ssis
T Limit (PWM PID) fan ion
-
£F Gain -
WD)
Fr Offst Masared Pl
(RemPID)
FF Ofsat
WP}

Sampling avary 100 ms

Figure3-6 Detaileddiagram for theimplementation of theClamped~an Speed Control Algorithm

Notes:
1. The clampd algorithms cannot drive the fan speed outside the bounds of the lower and
upper clipping curves defined for any sensor
2. All power supplies shall have a minimum a$ehsors, which includes the inlet air and
exhaustair sensors.
3. For power supplies with output power rating beyond 2008¥étal6 sensorss preferred.

3.5 Thermal Sensors

The PSU shall have thermal sensors to measure inlet temperature, exhaust temperature, and two hot spot
component temperatures. These shall be used for asserting over temperature warning condition (OTW),
over temperature protection/shutdown (OTP), reportitegnperatures via PMBus, and for controlling the

fan speed.

Thermal sensors accuracy shall be withifl C.
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Inlet ambienttemperature sensors OTW and OTP levels are definegbation8.1.8 Over Temperature
Warning (OCW§. SectiorB.1.90ver Temperature Protection (OTP)

Both the hotspot thermal sensor(s) and thmbient inlet thermal sensor shall have both OTW level and
OTP level associated with them. The OTW level must be set at [&adower than the OTP level to
guarantee a warning condition is reported to the system before a shutdown condition.

1 OTW: Overa@mperature warning level associated with all thermal sensors. This asserts the
SMBAlert# signal and does not shutdown the PSU. This also asserts the associated PMBus STATUS
warning bits. This suppathe CLST (Closed Loop System Throttling) fealioternal fan speed
control algorithm shall ramp up the fan speed to the maximum prior to the SMBAIlert insertion.

1 OTP: Over temperature protection level associated with all thermal sensorsshtitsdown the
PSU to protect any components from exceeding theiximam temperature. This also asserts
the associate PMBus STATUS bits.

3.6 Power Suppl¥an

The fan shall use either a Hall IC (in addition to hall sensor) OR should have an internal circuit & / or FW
for noise immunityAdditionally the fan shall be certifid by any accredited lab for IEC616863 (radiated
Magnetic Immunity) & IEC6108B8 (Power Frequency Magnetic Field Immunity).

4 Acoustics and Vibration Requirements

4.1 Acoustic Requirements

Each PSU offering shall meet a set of acoustical limits and repogtijogrements to be compliant with

this specification. Information about the acoustical noise of power supplies is useful to manufacturers of
data center equipment for the purposes of product design and to compare power supplies developed
under this standrd.

Several methods need to be developed and leveraged to report or compare againstiefipes limit:

1 Measurement method
ECMA74 is leveraged to provide a uniform and certifiable standard for measurement of sound
power and sound pressure data usedhis specification. This standard defines unique bystander
microphone locations and has additional requirements for the measurement of fan speed.

9 Limit development
Limits applied to acoustical metrics are agreed upon by the participating membersMt@RPS
working group within OCP. Data center IT equipment has a wide breadth of application spaces
and environments; this specification seeks to define a subset ofsiphly deployment
environments to set limits on sound power and sound quality of a given PSU.

1 Presentation of declared acoustical data
Although methods for reporting sound power and sound pressure data are well described by
ECMA74 and ECMAQ9, this standrd defines a unique set of reporting requirements for various
operating conditions and acoustic metrics.
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4.1.1 General, Laboratory, and Sampling Requirements

Acoustical measurements shall be performe@iNVLAP, or equivalent, certifitaboratory qualified to
measure and report in accordance with ECW¥A The test environment should provide an essentially
free field over a reflecting plane. Per EMCA 74 clause 7.3.1.1, criteria for suitable test environments are
defined in ISO 3744 an80 3745.

Samples to be evaluated for acoustical compliance with this specification shall be randomly selected from
alarger batchmanufactured for qualification. At least three power supply samples for each qualified fan
make and model qualified in éhdesign shall be tested to comply with this specification. For example, if
two fan models are to be qualified for use, 6 total power supplies shall be sampled from a qualification
batch, three for each of the fan models.

4.1.2 Test Environment
The test envbnment and meteorological conditions shall meet the requirements of ECMé&lause 7.

4.1.3 Instrumentation
Microphones shall meet the instrumentation requirements of ECMAclause 7 for sound power
measurements and ECMA! Clause 8 for sound pressure aodrsd quality measurements.

A sound power array meeting the qualifications of ISO 3744 or ISO 3745 shall be used for measuring sound
power. Two additional microphones shall be used to measure sound pressure and for the purposes of
evaluating sound qualit The location of these microphones is documente8idntiord.1.5Microphone
Positions

In addition to microphones for measuring acoustical data, fan speed should also be measured and
recorded simultaneously. For simplicity across acoustical and vibration testing, recording the fan
tachometersignal directly is recommended to record fan speed. An optical tachometer may be used for
acoustical testing; however, optical tape may negatively impact fan vibration measurements, and thus
should be removed for vibration tests. NOTE: fan speed measuramstill required for vibration testing.

The optical tachometer shall not be positioned to interfere with acoustic transmission between the fan
and the bystander microphone.

For some constant fan speed tests, describe&dationd.1.5Microphone Positionsa resistive lad is
required to be applied to an energized PSU to evaluate electronic noise. The load shall not be a DC
electronic load or any load that itself produces noise.

4.1.4 Installation and Operation of the Power Supply

PSU should be installed in the test environment in accordance witassgmbly requirements per ECMA

74 clause 5.1.7. The PSU shall be supported 0.25 m = 0.03 m above the reflecting plane by a vibration
isolating stand or fixture, or by appropriate viticm-isolating elements. The method of supporting the
sub-assembly shall not interfere with the propagation of airborne sound from theassembly or
generate any additional sound radiation. Vibration isolation elements should be placed on the bottom of
the PSU at each of the four corners of the device; rubber isolators approximately 20mm in diameter and
12mm in height are recommended.
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For tests which specify operation of the fan, the fan shall be manually controlled through the PSU firmware
or directlywith wires to a power supply and function generator. In these cases, the fan should not be
controlled with a closed loop fan control algorithm.

4.1.5 Microphone Positions
For sound power measurement, the measurement surface and microphone positions sballEGQIMA
74 clause 7.6.

For sound pressure measurement, two microphones, defined as front and rear operator microphones
shall be installed. The operator positions shall be at a horizontal distance of 0.5 m £ 0.03 m from the front
and rear sides of theeference box, as defined in ECMA clause 7.6.1, at a vertical height of 0.25 m £
0.03 m. For the purposes of this acoustical measurement, the front and rear of the PSU are itefined
Figure4-1 Front and rear surface definition for PSU bystanmuérophone positionPSU setup with
operator microphone positions are shownFigure4-2 PSU installation and operator microphone position
locations [side view]in accordance with ECMA4 Clause 5.1.0perator microphones located
downstream of the fan shall have a windscreeacgld on the microphone to prevent wind noise.

Microphone orientation shall follow requirements in ECiviAclause 8.6.4.

FRONT

Figured-1 Front and rear surface definition for PSU bystanderophone position.
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0.5m 0.5m
< e — — >
Up to PSU 0.25 + 0.03m
midline
Y

Figure4-2 PSU installation and operator microphone position locations [side view] in accordance witi/ECMA
Clause 5.1.7

4.1.6 Measurement of Acoustical Data

The following data shall beecorded simultaneously for each operating mode definedattion4.1.7
Operating Modes

w Raw waveform (pressure time history) and associated calibration information

w Rotation speed of the fan.

These signals are then used to calculate the acoustic metrics.
The duration of the recording is outlined by operating mod&éwetiord.1.7Operating Modes

4.1.7 Operating Modes
Acoustical requirements are provided for five primary operating modes:
1. Continuous Fan Speed Sweep
2. Discrete Fan Speed Sweep
3. Constant Fan Speed
4. Transient Event
5. Retaining Latch

Fan sweep requéments provide overall limitations on the fan performance and give integrator designers
data to use for engineering products. Constant speed fan operation modes reflect the efficiency of the
design by reporting and limiting response at simulated opegagtioints at a given PSU inlet temperature,

load as a percentage of maximum PSU outlet wattage, inlet pressure, and altitude. Limits on transient fan
control response are designed to prevent annoying oscillation during steady state operation, overshoot
when the PSU changes load or inlet temperature states, and perceptions of poor product quality during
PSU startup and shutdown. Lastly, limits are set on the mechanical latch noise to prevent annoyance or
perceptions of poor product quality during physicaitail or removal of the PSU.

The 5 operating modes are now outlined in more detail:

4.1.7.1 Continuous Fan Speed Sweep

Fan speed shall be continuously ramped from 10% of the maximum fan speed to 100% of the maximum
fan speed over a period of at least 120 secon&cordings should contain at least 5 seconds at the
minimum and maximum fan speeds to ensure that all fan speeds are contained in the analysis sweep.
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4.1.7.2 Discrete Fan Speed Sweep

The fan speed shall be operated at 10 discrete fan speeds from 10% of #mumafan speed to 100%

of the maximum fan speed. The fan speed shall be incremented by 10% of the maximum fan speed.
Recordings at each discrete fan speed sweep should have an equal measurement duration of at least 10
seconds.

4.1.7.3 Constant Fan Speed

For the duration of the recording, the fan will be manually controlled at a fixed fan speed. The fan should
be operating at the prescribed fan speed for at least 30 seconds prior to beginning a recording to ensure
no transient fan speed fluctuations are captdre Constant fan speed recordings shall be at least 10
seconds in duration.

This standard specifies a set of operating modes that nominally correlate to potentialsendtates of
operation. These operating modes are defined by inletaiperature to the PSU, an operating load
defined as a percentage of the maximum PSU design load, inlet air pressure differential, and altitude. For
acoustical testing, these load conditions shall be simulated by manually setting the fan speed to the
measued performance of the PSU under the default fan speed control algorithm in a thermal test
chamber as performed to satisfy thequirements ofSction3 Thermal Requirementa thisdocument

For several acoustical metrics defined in this section, a maximum fan speed is used to calculate a
percentage of potential fan speed. For acoustical and vibration testing, maximum fan speed is the
maximum fan speed required to cool the PSU at 60°C inlet and 100% of maximum design power as
measured foiSectior3 Thermal Requirements

For some test constant fan speed testing, a load is required to be applied during testing to measure
potential electronic noise. For load testing, a resistive load shall be used aatleihistuch that the
components applying the load do not interfere with the transmission of noise between the PSU fan inlet
or outlet and the bystander microphone positions. The resistive load shall not be a DC electronic load or
any load that is itself aosirce of noise. Equipment used to apply a load should be removed for all testing
that does not require a resistive load.

Nominal operating states are defindelow.

Table4-1 Definition of operating modes 2 NJ O2y adl yad Fly &alLISSR GSadAy3a F2N

Constant Fan Speed Operating Modes
Nominal Emulated Operating Standb dle Operating Operating Maximum, Nor
State y Redundant Non-Redundant Redundant
. . 0 |
Applled/S|muIated % of ma| 10% 2504 30% 60% 100%
Load on singl®ower Supply|
Apply Resistive Load Yes Yes No No No
Simulated Power Supply Inl 250 C 250 C 35° C 35° C 35° C
Temperature
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900 ‘ 900 ‘ 900 ‘ 900 ‘ 900 ‘

Table4d-25 STAYAGAZ2Y 27

2LISN)F GAYy3 Y2RSa

F2NJ O2yadl yi

Hight SNF2NXIF yOS /2YLJziAy3a t{! Qao
Constant Fan Speed Operating Modes
Nominal Emulated Operating Standb Idle Operating Operating Maximum, Nor
State y Redundant Non-Redundant Redundant
. . 0 |
Appl|ed/S|muIated % of ma] 10% 2504 30% 60% 100%
Load on single Power Supp
Apply Resistive Load Yes Yes No No No
Simulated Power Supply Inl¢ 250 C 50° C 55° C 55° C 60° C
Temperature
Altitude, m 900 900 900 900 900

4.1.7.4 Transient Event

For transient mode evaluation, a fully operational PSU shall be used. The fan shall be controlled by the

default fan control algorithm.

The operator applying power should minimize acoustical impact on the measurement by remaining as still

Fly

as possible md standing out of the direct acoustical path between the device and the measurement

microphones.

Two primary operating transient operating modes shall be evaluated:
a) Apply power by inserting the external power plug into the device.
b) Remove power by unpiging the external power plug from the device.

Transient event recordings shall be at least 10 seconds. At least 1 second shall be recorded prior to the

application or removal of the power plug.

4.1.7.5 Retaining Latch

For retaining latch evaluation, a fully operational PSU shall be used. For this operating a mode the PSU

shall have no inlet plug installed.

To perform a latch event, the operator shall place a hand on the PSU to prevent it from moving and with

the thumb of the opposite hand, push the latch open so that it would be fully disengaged when installed

in a system; for most products the latch element should be touching the PSU housing in this mode. To

initiate the latch event, the operator should suddenly e the latch to capture the closure sound of
the retaining latch.
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At least three latch events shall be performed in each recording. At least 10 seconds shall pass between
latch eventsAt least 10 seconds shall be recorded prior to the first latcime\each recording shall be at
least 40 seconds.

4.1.8 Calculation of Acoustical Values by Operating Mode

4.1.8.1 Continuous Fan Speed Sweep
For continuous fan speed sweeps, analysis should focus on the ramped fan speed region of the recording
and thus recordings shubd be edited to include less than 500ms of starting and ending fan speeds.

For continuous fan speed sweep recordings, the following acoustical values shall be calculated:

1 1SO 5321 Loudness vs. % Maximum Fan Speed. In this calculation the recordirgestigided
AyiG2 wta oAya y2 avYItftSNIIGKIY pn wtaQa FyR y?2
an average 1SO 532loudness shall be calculated. The RPM bins should then be scaled to the
maximum thermal fan speed defined in Section 4.4r IBO 532, assume a free sound field for
the purposes of this calculation. A single curve should be calculated for each fan sample tested.

1 Maximum Specific Prominence Ratio vs. % of Maximum Fan Speed. In this calculation the
recording shallbe dividetly 1 2 wt a o0Aya y2 avYltftSN GKIYy pn
In each of these RPM bins, prominence ratio shall be calculated with an average FFT in accordance
with ECMA 418 Clause 12. Next, the maximum measured prominence ratio across all
frequencies per RPM bin shall be calculated. The RPM bins should then be scaled to the maximum
thermal fan speed defined in Section 4.1. A single curve should be reported for each fan sample
tested.

1 Sound Pressure Level vs. % of Maximum Fan Speed. In lthitattan the recording shall be

RAGARSR AyiG2 wta o0Aya y2 avlFfftSNI GKFYy pn wtaQa

RPM bins, unweighted sound pressure level andefghted sound pressure level shall be
calculated. Fast time weighting shall bsed for the time integral duration. The RPM bins shall
then be scaled to the maximum thermal fan speed defined in Section 4.1. One plot for each
operator position and fan vendor shall be generated. Botweighted and unweighted sound
pressure level shiabe included on the plot. All samples tested with the same vendor shall be on
the plot.

4.1.8.2 Discrete Fan Speed Sweep
For discrete fan speed sweep recordings, the following acoustical values shall be calculated:

1 Mean Aweighted Sound Power Level vs. % Maxinfken Speed. For each discrete fan speed
sweep recording, Aveighted sound power level shall be calculated in accordance with EKGMA
clause 7. For multiple samples of the same fan model the linear mean of n, samples shall be
calculated for reporting. Gncurve of mean Aveighted Sound Power Level vs. % of maximum
fan speed shall be calculated for each fan model.

4.1.8.3 Constant Fan Speed
For constant fan speed recordings, the following acoustical values shall be calculated:
1 Mean Aweighted Sound Powdrevel. For each recording:weighted Sound Power Level shall
be calculated in accordance with ECIVKA clause 7. For each operating mode, the mean A
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weighted Sound Power Level shall be calculated for each fan model. One medghted Sound
Power Leveshall be calculated for each operating mode and fan model.

Maximum Specific Prominence Ratio. For each recording, specific prominence ratio shall be
calculated at frequency resolution smaller than 7Hz using the prominence ratio methods of ECMA
4181. The maximum measured specific prominence ratio across all frequencies shall be
calculated for each recording. For each operating mode and fan model, one maximum shall be
calculated as the maximum of the individual maximum values measured.

4.1.8.4 Transient Modes
For transient mode recordings, the following acoustical values shall be calculated:

T

4.1.9

Maximum of ISO 532 Loudness vs. Time. For each recording, loudness should be calculated in
accordance with ISO 53Rvs. time. Next take the maximum value from theoreling to calculate

the maximum loudness for each recording. Finally, the maximum for all transient tests should be
obtained.

Maximum specific prominence ratio. For each recording, specific prominence ratio shall be
calculated at frequency resolution si& than 7Hz using the prominence ratio methods of ECMA
4181. Next, the maximum value across all frequencies and time shall be calculated. Finally, the
maximum value across all samples tested shall be calculated.

Acoustical Requirements

Acoustical equirements include specific limits on sound power, sound pressure, and sound quality
metrics. Acoustical requirements also include some repaty values for the purposes of designing
systems with thes®SUsas components.PSU limits may differ basea dhe intended PSU application

space:
1

1

Limits

1 2YS 9 hF¥FFAOS dza8S t{! Qa INB RSaA3IySR F2NJ dza$
@ £20FGSR Ay K2YS 2NJ 2FFAO0S Sy

YI®d 0SS LIKeaAOkff
low-line AC voltage input @hthat are designed for maximum output of approximately 1400W
(including lowline AC derated power) will likely be required to meet this level of acoustical output.
A PSU vibration limit is also applicable to rotational storage mediaSsegon4.2 Vibration
Requiremets.

/

DSYSNIf RIFGF OSYydSNI s ad2NF3S t{!'Qa FNB RSaArd

specifically for servers that utilize rotational media for storage. Rotational storage media has a
demonstrated sensitivity to excessive noise and vibration levels, the maximum acoustical output

2F (KSasS t{!Qa Aa fAYAGSR G2 LINB@SyliL SEOS&aargds

is also applicable to rotational storage media, Seetion4.2 Vibration Requiremda.

High performanc®2 YLJdzG Ay 3 t {! Q& N8B RS&aA3IySR F2NJ KAIK

unattended data center environments and other areas where power density is prioritized over

52dzyR ldfAGeEd t{!Qa RSAAIYSR G2 VY88i G(KAa

performance of rotational storage devices in some server and storage applications.

are defined according to operating mode for each PSU classification
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In addition to quantifiable acoustical metric limits, two additional sound quatiuirements must be
evaluated by the PSU vendor:

9 The default fan control algorithm should not induce fan oscillation during steady state load and
inlet temperature conditions. Operator position noise levels should not fluctuate more than +2
dBA over a 1@ninute period. A statement indicating compliance to this specification is required.

1 The default fan control algorithm should not induce overshoot over 3dB during fan speed
transients of PSU load change. A statement indicating compliance to this specifisaequired.

1 The PSU should not produce any buzzes, squeaks, or rattles during operation. A statement
indicating no buzzes, squeaks, or rattles shall be included in the report for compliance to this

specification.
Table4-3 Home & Office PSU Acoustical Requirements
Home & Office PSU Acoustical Requirements
Continuous Fan Speed Sweep Requirements
Metric Limit
SPL vs. % of Max RPM Report
Loudness vs. % of Max RPM Report

C2NJ Tl y &LISSRa

Maximum Prominence Ratio vs. % JS
C2NJ Fly &L Ra

Max RPM

6SG6SSy mm: | yR N
Y2NB GKIy hLISNI

Discrete Fan Speed Sweep Requirements

Mean Aweighted Sound Power

Report
Level vs. % of Max Fan Speed epor

Constant Fan Speed Requirements

Operatin Operating Maximum
Nominal Emulated Operating State|  Standby Idle perating Non- Non-

Redundant

Redundant Redundant
- 5 -
Simulated % of max Load on single 10% 255 30% 60% 100%
Power Supply
Apply Resistive Load? Yes Yes No No No
Simulated Power Supply inlet 50 ¢ 50 ¢ 350 C 350 C 350 C
Temperature
Simulated Altitude, m 900 900 900 900 900
Fan Speed (% of Max Fan Speed) Report Report Report Report Report
LwA,m, Bels, limit 3.9 4.4 4.7 6.2 7.1
Maximum Prominence Ratio limit
Transient Mode Requirements

Maximum of Loudness vs. Time 1.0 sone
Maximum Prominence Ratio 9dB
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Retaining Latch Noise Requirements

Maximum of Loudness vs. Time

1.0 sone

Maximum Prominence Ratio

9dB, no prominent tones

General Thermal Control Requirements

Operating Thermal Response

No Oscillation: < 2 dB over-h@in. Report compliance.
No Overshoot: <3dB. Report compliance.

All Operating Modes

Nobuzzes, squeaks, or rattles. Report compliance.

Table4-4 General Data Center & Storage PSU Acoustical Requirements

General Data Center & Storage PSU Acoustical Requirements

Continuous Fan Speed SweRgquirements

Metric Limit
SPL vs. % of Max RPM Report
Loudness vs. % of Max RPM Report

Maximum Prominence Ratio vs. % of Max C2NJ Fly &LISSR 0SiG6SSy wmm I'yR h
RPM C2NJ Fly &LISSR Y2NB GKFy hLISN
Discrete Fan Speed Sweep Requirements
Mean Aweighted Sound Power Level vs. % Report
Max Fan Speed P
Constant Fan Speed Requirements
Operatin Operating Maximum
Nominal Emulated Operating State Standby Idle P 9 Non+ Non-
Redundant
Redundant Redundant
- o -
Simulated % of max Load on single Power 10% 25% 30% 60% 100%
Supply
Apply Resistive Load? Yes Yes No No No
Simulated Power Supply inlet Temperature 25°C 50° C 55°C 55°C 60° C
Simulated Altitude, m 900 900 900 900 900
Fan Speed (% dfax Fan Speed) Report Report Report Report Report
LwA,m, Bels, limit 4.6 4.9 5.2 6.7 7.1
Maximum Prominence Ratio limit
Transient Mode Requirements

Maximum of Loudness vs. Time 1.0 sone
Maximum Prominence Ratio 9dB

Retaining LatciNoise Requirements

Maximum of Loudness vs. Time

1.0 sone
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Maximum Prominence Ratio 9dB, no prominent tones

General Thermal Control Requirements

No Oscillation: < 2 dB over-h@in. Report compliance.

Operating Thermal Response No Overshoot: <3dBReport compliance.

All Operating Modes No buzzes, squeaks, or rattles. Report compliance.

Table4-5 High Performance Computing PSU Acoustical Requirements

High Performance Computing PSU AcoustiRatjuirements

Continuous Fan Speed Sweep Requirements

Metric Limit
SPL vs. % of Max RPM Report
Loudness vs. % of Max RPM Report
Maximum Prominence Ratio vs. % of Max X HpR
RPM P
Discrete Fan Speed Sweep Requirements
Mean Aweighted Sound Power Level vs. % Report
Max Fan Speed P
Constant Fan Speed Requirements
Operatin Operating Maximum
Nominal Emulated Operating State Standby Idle P 9 Norn- Nor+
Redundant
Redundant Redundant
- o -
Simulated % of max Load on sinBewer 10% 25% 30% 60% 100%
Supply
Apply Resistive Load? Yes Yes No No No
Simulated Power Supply inlet Temperature 25°C 50° C 55° C 55° C 60° C
Simulated Altitude, m 900 900 900 900 900
Fan Speed (% of Max Fan Speed) Report Report Report Report Report
LwA,m, Bels, limit 4.6 6.9 7.1 8.6 Report
Maximum Prominence Ratio limit
Transient Mode Requirements
Maximum of Loudness vs. Time 1.0 sone
Maximum Prominence Ratio 9dB
Retaining Latch Noise Requirements
Maximum of Loudness v§ime 1.0 sone
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Maximum Prominence Ratio 9dB, no prominent tones

General Thermal Control Requirements

No Oscillation: < 2 dB over-h@in. Report compliance.

Operating Thermal Response No Overshoot: <3dB. Report compliance.

All Operating Modes Nobuzzes, squeaks, or rattles. Report compliance.

4.1.10 Reporting Requirements
Vendors should provide detailed identifying information about the following items:
1 PSU Make/Model/Serials tested
M Fan make, model, and PPID
9 Laboratory information
For continuous fan sweep mode, the following items shall be reported:
1 Plotof ISO 532 Loudness vs. % of Maximum Fan Speed for each operator position and fan vendor.
1. One front operator position plot per fan vendor
2. One rear operatoposition plot per fan vendor
1 Plot of Maximum Specific Prominence Ratio vs. % of Maximum Fan Speed for each operator
position and fan vendor.
1. One front operator position plot per fan vendor
2. One rear operator position plot per fan vendor
1 Plot of unweighted sound pressure lewagld Aweighted sound pressure leves. % of Maximum
Fan Speed for each operator position and fan vendor.
1. One front operator position plot per fan vendor, includev&ighted and unweighted SPL
2. One rearmoperator position plot per fan vendor, includeweighted and unweighted SPL
For discrete fan sweep mode, the following items shall be reported:
91 Plot of averaged sound powerdsVvs. % of maximum fan speed for each fan vendor. Report only.
For ConstanSpeed Fan testing, the following items shall be reported:
1 Mean Aweighted Sound Power Level for each fan vendor and operating mode
1 Maximum prominence ratio for each fan vendor and operating mode.
For Transient Mode testingfe following items shall be repted:
1 Maximum loudness for all samples
1 Maximum prominence ratio for all samples
For Retaining Latch Noigbg following items shall be reported:
1 Maximum loudness for all samples
1 Maximum prominence ratio and frequency for all samples

4.2 Vibration Requiremdn
Each PSU offering shall meet a set of vibration limits and reporting requirements to be compliant with this
specification.

4.2.1 General, Laboratory, and Requirements
Vibration limits are designed to avoid performance degradation in eleoichanical stage
components in endise PSU applications. This standard is written with the intent that acoustical and
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vibration measurements can be performed concurrently; however, vibration measurements may be
conducted outside of an acoustical facility if backgrouridration noise can be controlled, and
environmental conditions can be satisfied.

Vibration sampling requirements shall be the same as acoustical sampling requirements detailed in
Sectio.1.1General, Laboratory, and Sampling Requirements

4.2.2 Test Environment
The test environment shall be a quiet room with a sufficiently low vibration noise floor to measure the
performance of the PSU. The environmental requirements of section 4 are strongly recommended.

For environments that do not meet the requirementsSsttion4.1Acoustic Requirementmeasurement
of the background vibration levels should be performed to verify no elements of noise are within 15dB of
the measured PSU vibration level at 50% of PSU fan speed in all individual channels.

4.2.3 Instrumentation

Four accelerometers shall be requirtedt vibration testing. Accelerometer shall have a mass equal to or
less than 1 gram and be capable of measuring vibration to an accuracy of 5% over the frequency range
from 10 Hz to 5000 Hz.

A method for measuring fan speed is required for vibratiastitey. Although optical tachometers may be
used, direct measurement of the fan tachometer signal is strongly recommended. Optical tape applied
to the fan may impact the vibration results.

4.2.4 Installation and Operation of the Power Supply
The PSU shall bestalled on a support structure as describediectiord.1 Acoustic Requirementsr at
the center of a standard test table as described in EGMIANnex A.1.

Vibration isolation elements should be placed on the bottom of the PSU at each of the four corners of the
device; rubber isolators approximately 20mm in diameter and 12mm in height are recommended.

4.2.5 Accelerometer Positions

For the purposes of vibration $éing, the front and rear of the PSU shall be defined as in Section 4. The
bottom of the PSU shall be designated as the exterior surface of the enclosure closest to and coplanar to
the primary PCB of the PSU.

Four accelerometers shall be installed e thoottom side of the power supply when measuring vibration
as shown in the figusebelow.
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4.2.6 Measurement of Acoustical Data

The following data shall be recorded simultaneously for all PSU vibration testing:
9 Acceleration time history
9 Fan speed time history

The duration othe recording is outlined by operating modeSectior4.2.7O0perating Modes

4.2.7 Operating Modes
4.2.7.1 Continuous Fan Speed Sweep

Fan speed shall be continuously ramped from 10% of the maximum fan speed to 100% of the maximum
fan speed over a period of at least 120 seconds. Recordings should contain at least 5 seconds at the
minimum and maximum fan speeds to ensure that all fan dpese contained in the analysis sweep.
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4.2.8 Calculation of Vibration Values to Report

4.2.8.1 Continuous Fan Speed Sweep

For continuous fan speed sweeps, analysis should focus on the ramped fan speed region of the recording
and thus recordings should be edited to include less than 500ms of starting and ending fan speeds prior
to calculation of vibration values.

For continwus fan speed sweep recordings, the following vibration values shall be calculated:

1 Mean Pealhold Spectrum. For each accelerometer channel, a spectrum vs. time shall be
calculated using an FFT with the following properties:

0 Window size set to the first &or of two where the frequency resolution is equal to or

less than 6Hz.

0 Hanning window

0o XTpP» 2OSNII LI 2F CC¢ GgAYR264

0 RMS amplitude scaling
Next the maximum value measured in each frequency bin shall define thehpddspectrum for
a single accelerometehannel. Finally, the mean of pehbkld spectrums for four accelerometer
channels shall be calculated as the mean pealkl spectrum. One spectrum shall be calculated
for each fan sample.

1 Mean Acceleration Level vs. % Maximum Fan Speed. In this caloula¢ recording shall be
RAGARSR Ayili2 wta o0Aya y2 avlfttSNI GKIYy pn wtaQa
RPM bins, acceleration level for each accelerometer channel shall be calculateceasngular
(reattime) time weighting The mearof all four accelerometer channels shall be calculated for
each frequency bin to obtain the mean acceleration level. The RPM bins shall then be scaled to
the maximum thermal fan speed defined 8ection4.1.1 General, Laboratory, and Sampling
Requirements

4.2.9 Vibration Requirements

4.2.9.1 Continuous FaB8peed Sweep

PeakHold spectrum response of the continuous fan speed sweep shall be less than a frequency
dependent limit curve defined by vertices listad Table4-6 Mean peak vibration spectrum limit line
vertices A plot of the limit line composed of these vertices is showRigure4-6 Plot of mean peak
vibration spectrum limit.

Table4-6 Mean peak vibration spectrum limit line vertices

Mean Peak Vibration
Spectrum Limit
Frequency Vibration Level

(H2) @

0 0
800 0.7
1250 0.7
1900 0.4
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Figure4-6 Plot of mean peak vibration spectrum limit.

4.2.9.2 Fan Balance Requirements

In addition to PSU requirements, each fan shall m&&1940 Balance Grade G5.2 or bettd&ihis fan
balance grade will help ensure that the PSU meets continuous fan sweep vibration and acoustical
requirements.

4.2.10 Reporting Requirements
Fan and PSU idendfition reporting requirements shall be the same @sction4.1.10 Reporting
Requirements
For continuous fan sweep mode, the following items shall be reported:
1 Plot of Mean Peakold Spectrum with overlay of Mean Peak Vibration Limit indicating
compliance with the spec. Report one plot for eachvandor model tested.
1 Plot of Mean Acceleration Level vs. % of Maximum Fan Speed. One plot per fan model that
includes each mean acceleration level curve.

5 Electrical Input Requirements

5.1 High Voltage AC/DC Input Requirements

5.1.1 Power Factor and iTHD
The powersupply must meet the power factor and current iTHD requirements are stated below. These
requirements are within the Energy Star® Program Requirements for Computer Servers.

Table5-1 Power factor requirements
Output power 10% load 20% load 50% load 100% load

Power factor >0.92 >0.96 >0.98 >0.99

Table5-2 iTHDrequirements

Output power < 5% PR KLY XK| mMmzf LAY|] HE2F LAY pE:ZF LAY
Current iTHR240VAC) 20% 8.5% <7.5% <5% <3.5%
Notes:
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1. Tested at 230Vac, 50Hz
2. Tested according to Generalized Internal Power Supply Efficiency Testing Protocol. This is
posted ahttp://www.plugloadsolutions.com/80pluspowersupplies.aspx

5.1.2 InletConnector

The AC input connector shall be an IEC 32@,GEC 320-20 connector may be used upon request from
the costumer for environment conditions where the exhaust temperature of the power supply will not
exceed 70C. This inletis rated for 16 A/2B@Additionally an IEC 320X3 can be used for input currents

up to 10A/250VAQEC32aC16 can be used to support higher exhaust temperatures in the power supply
at 10 Amperes.

277VAC/380VDC inlet connector is to be defined.

5.1.3 Input Voltage Specificatio

The power supply must operate within all specified limits over the following input voltage sange
Harmonic distortion of up to 10% of the rated line voltage must not cause the power supply to go out of
specified limits.

Table5-3 AC Inputoltageranges

PARAMETER MIN RATED Viaax DTG FlEiaelr
VAC

Voltage(240Vrvy 180Vrums 200-240Vrvs 264 \kms 174\kmsG 169\kmg;
180\kms 175Vkms

Voltage(Wide range)| 90 Vrwvs 120/240Vkrvs | 264Vrvs 84\kwmisq 79VRrusQ
89\kwmis 85Vkms

Voltage(277Vrmy 180 Vims* 200-277Vrws | 305Vrvs 243\kwsC 238VkusC
249\kvis 240N rms

Frequency 47 Hz 50/60 63 Hz

Notes:

1. 277VAC input power supplya S F 3halldd eStgd@e230Vac, 50Hz

Application of an input voltage belathre power off thresholdhall not cause damage to the power supply,
including a blown fuse.

5.1.3.1 Crest Factor

The PSU shall be capable of starting and operating at MinimumQiuioltage and Maximum Operating
Voltage withCrest Factors (C.F.) between 1.1 and 1.5 (both inclusive) of the Input Waveform. In either
case the PSU continues to operate but PSU performance may not meet the specification requirements
such as but not limited tq iTHD, Power Factor, efficiency, outpoltage regulation and ripple, dynamic

load response. Crest factor (§.5 defined as the ratio of Peak Voltage to RMS Voltage of the Input
Sinewave. CF Test should be done using both wavefg@ipped Sinewave and AC Sinewave with Peak

at the top. he input voltage shall be provided by a programmable source capable of providing a clipped
AC waveform and an AC Sinewave with peak at the top shown in the figure. below
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Voltage A
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Time

5.1.3.2 240VDC/380VDC

Figure5-1 Crest factor examples

The power supply must be able to operate normally with 240VDC input.
Operating range: 192VDC to 310VDC
PMBus commands must function normally
Power timing requirements met during power cycling

w

€ eeegeeeg

€

5.1.4 Line Isolation Requirements

Output power requirementsupport for same equivalent RMS AC input voltage
LED functioning correctly

Time

In Always Standby mode in a 1+1 PSU configuration the active PSU will have >95% load, the
Standby PSU will have <5% load
In 1+1 PSU configuration and one PSU Active and the athnvays Standby mode; if the

Active PSU fails the Standby PSU must support the load to maintain output voltage > 11.20V.
Tested with 2,200uF 12V capacitance.

For slow input voltageamp.

turn ON input voltage: 180VDC / 192VDC (MIN/MAX)
turn OFF input vitage: 175VDC / 187VDC (MIN/MAX)

Table5-4 DC input voltage ranges

PARAMETER MIN RATED Vmax StartupVDC | Power Off \DC
Voltage(240Vod 192 Ve 200-240 \bc 310 \be 180\bcg 175\bcq
192\hc 187\bc
Voltage(380Vod 260Voc 336\Voc 400Voc 254\bcG 249\hcG
260\bc 255\hc
Hysteresis 5V 5V

The power supply shall meet all safety agency requirements for dielectric strength. Additionally, power
supply vendor must providéhe customerwith written confirmation of dielectric withstand test which
includesvoltage level, duration of test and idefication detailing how each power supply is marked to

AYRAOLNGS
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primary and secondary windings must comply with the 3000Vac (4242Vdc) dielectric strength cfiteria. |
the working voltage between primary and secondary dictates a higher dielectric strength test voltage the
highest test voltage should be used. dddition, the insulation system must comply with reinforced
insulation per safety standard IEC 950. Sepanabetween the primary and secondary circuits, and
primary to ground circuits, must comply with the IEC 950 spacing requirements.
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Note: This test shall be done only during development.

5.1.5 Line Dropout/Holdup

5.1.5.1 Main output

An ACDCline dropout is defined to be when the AICinput drops to O\Mcpcat any phase of the ABC

line for any length of time. During an /T dropout the power supply must meet dynamic voltage
regulation requirements. An AQCline dropout of any duratioshall not cause tripping of control signals

or protection circuits other than the SMBAlert# signal. If théDXropout lasts longer than the holdup

time the power supply should recover and meet all turn on requirements. The power supply shall meet
the AGDCdropout requirement overrated ADCvoltages and frequencies. A dropout of the/BCline

for any duration shall not cause damage to the power supply.

Table5-5 AC/DC holdup dropout
Loading during AMC dropout / holdup Holdup time / Dropout duratiort
0% to 100% of rated load 10msec

Notes:
4. This must be proven by calculation using the worst capacitance tolerance, variance with
temperature and bus voltage. It shall be tested with a lalgacitor having the minimum
capacitance tolerance, at worst case loading and at worst case AC voltage conditions.

5.1.5.2 Auxiliary (Stanthy) Output

The 12VSB output voltage should stay in regulation under its full load (static or dynamic) during an AC
dropoutof 70ms min (=12VSB holdup time) at 70% of max load and 150ms minimum at 1 Ampere of load
whether the power supply is in ON or OFF state (PSON asserteehsselided).

5.1.6 Line Fuse

The power supply shall have one line fused in the single line fuse oméh@Hot) wire of the AC input.

The line fusing shall be acceptable for all safety agency requirements. The input fuse shall be a High
breaking capacity fast blow type. ACinrush current shall not cause the /ACline fuse to blow under

any conditions All protection circuits in the power supply shall not cause thid&@&ise to blow unless

a component in the power supply has failed. This includes DC output load short conditions.

5.1.7 Inrush Current

AC line inrush current shall not exceed 35A peak iggdhe initial 500us of the EMI filter charge, for up

to one-half of the AC cycle, after which the power supply is allowed to have a secondary inrush event for
up to TBDAmperes and lasting for up to 2500ms, the input current should be no more than éuéisg
maximum input current. The peak inrush current shall be less than the ratings of its critical components
(including input fuse, bulk rectifiers, and surge limiting device).

The power supply must meet the inrush requirements for any rated AC voltagang turn on at any

phase of AC voltage, during a single cycle AC dropout condition as well as upon recovery after AC dropout
of any duration, and over the specified temperature range (Top).

54



Open Compute Proje®l-CRPS Version 0.70

5.1.7.1 Cold Start Inrush Current With PSON# asserted
The PSUnhput Current during a Cold Start event (withOP8fin asserted state) should follow the timing
diagram below

—» la— 500 us MAX
EMI Filter Capacitor Spike

—To be Ignored

Initial Inrush Secondary :
Current I R Inrush Current ===sseesssrecsccccrecsnecncossnnsssnneceanens >
Event :
Maximum Rated RMS Current :
" W Cyce for individual PSU
. 2500ms Max o
ACON

AC OFF

PSON# = Asserted

Figure5-2 Inrush condition at cold start with PSON# asserted

At any point during this evelput current should meet | vs t profile shown below (excluding the charging
OdZNNBy G 2F 9alL /FLA AF GKS RdzNY GA2Yy 2F GKS LIS A
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Figureb-31 vs T profile of the PSU input current

5.1.7.2 Cold Start Inrsh Current With PSON#-deserted
The PSU Input Current during a Cold Start event (witbN2$h DeAsserted state) should follow the
timing diagram below

500 s MAX PSU waiting for PSON# Assertion
EMI Filter Capacitor Spike
—To be Ignored
Initial Inrush Secondary Secondary
Current B ARRRRE Inrush Current  =====-- » refeccccccccccccccccce Inrush Current -
Event : Event
% Cycle - Maximum Rated RMS Current
[ <¢————— 1100ms Max >y - 1400ms Max o
0.4 x Maximum Rated RMS Current
AC ON
ACOFF T
PSON# = Asserted
- PSON# in De-Asserted state —b/

Figure5-4 Cold start inrush current witRSON# dasserted
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5.1.7.3 Rerush Current

In addition to the Inrush Requirements, the-Rash current profile on the PSU should satisfy the following
requirements when the Input Voltage is applied after an Input Brown out / Black Out eventeThe
application of the Input Voltage can happen at the Peak of the Input Waveform at Maximum Specified
Operating Voltage. The values defined below are true over the Operating Input Voltage, Frequency, Load
Capacity and Temperature Range of the PI3id rerush condition shall meet the timing and duration of

the figure below

AC Drop .
duration I | [
| | [
I | I
Vin | | |
\/ | v
1
I
I
I
I
I

I
I
|
|
I

1 I
1 1

| %cyce ! :

lin 1 cjcle |

! I
: | 2 Cycles
| T

3 Cycles
SXPSURating F———————————————, —

I

1

3.5XPSURating o — —— ——————— ————— ] L

2XPSURating F—————————————————————— — —
Ssecondary inrush == — = — — — = — — — — =~~~ — — — - — - — o — s —L
MaxPSURating F———— —— —— — — — — — — — e

Figure5-5 Re-rush current and timing

The RMS Value of the fReish Current will not exceed 5 x Maximum PSU Rating over ¥ Cycletof Inpu
Frequency, 3.5 x Maximum PSU Rating over 1 Cycle of Input Frequency. In addition, the Input Current of
the PSU should settle to a value less than or equal to 2 x Maximum PSU Rating of the PSU within 2 Cycles
of the Input Frequency after the AC Input sphed.

The secondary Inrush Current Event if present should be over within 1000ms after the initial 3 cycles of
re-application of Input. The RMS value of this Secondary Inrush Current should not exceed 2 x Maximum
Rated Input Current of the PSU as measuduring any 100ms interval within the 1000ms period.
Maximum of 2 such intervals are permitted during this 1000ms period. After 1000ms the Input Current of
the PSU should be less than or equal to the Maximum Rated Current Rating of the PSU.

At any pointduring this event, input current should fit under the profile showrrigure5-3 1 vs T profile
of the PSU input current

5.1.8 Line Transient Specification
I/ tAYS GNIYyaaASyid O2yRAGAZ2ya akKlkrftf o6S RSFAYSR | a
O2YyYz2yte NBFSNNBER (2 I a ildbe tefnéd/ad tel ACSlinevéit&ya Goprg y RA U A
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rises above nominal voltag&he power supply shall meet the requirements under the following AC line
sag and surge conditions.
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Figure5-6 AC input browrout behavior

Note: This test shall be done only during development.

Table5-6 ACLine Surgdransient Performance

AC Line Surge

Duration Surge | Operating AC Voltage Line Frequency Performance Criteria

Continuous 10% Nominal AC Voltages 50/60Hz No loss of function or performance
0.5msto % AC | 35% Mid-point of nominal AC Voltages | 50/60Hz No loss of function or performance
cycle

Note: During these tests, the load should be set to 50% of maximum load

Additional requirements are described B Dfile.

5.1.9 Susceptibility Requirements
The power supply shall meet the following electrical immunity requirements when connected to a cage
with an external EMI filter which meets the criteria defined in the SSI document EPS Power Supply

Specification.
Table5-7 Performancecriteria
Level Description
A The apparatus shall continue to operate as intended. No degradation of performance.
B The apparatus shall continue to operate as intended. No degradation of performance beyond spec limit
C Temporary loss of function is allowed provided the function isreelbverable or can be restored by the
operation of the controls.
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5.1.10 Electrostatic Discharge Susceptibility

The power supply shall comply with the limits defined in EN 5502@8/A1: 2001/A2: 2003 using the
IEC 6100@-2: Edition 1.2: 20004 test standard and performance criteria B defined in Annex B of CISPR
24,

5.1.11 Fast Transient/Burst

The power supply shall comply with the limits defined in EN55024: 1998/A1: 2001/A2: &0@3he IEC
610004-4: Second edition; 20047 test standard and performance criteria B defined in Annex B of CISPR
24.

5.1.12 Radiated Immunity
The power supply shall comply with the limits defined in EN550248/A1: 2001/A2: 2008sing the IEC
610004-3: Edtion 2.1: 200209 test standard and performanagiteria Adefined in Annex B of CISPR 24.

5.1.13 Surge Immunity

The power supply shall be tested with the system for immunity to AC Unidirectionalasalewn in the

table belowper EN 550241998/A1: 2001/A22003, EN 6100@-5: Edition 1.1:200D4.

The pass criteria include: No unsafe operation is allowed under any condition; all power supply output
voltage levels to stay within proper spec levels; No change in operating state or loss afudiaig and

after the test profile; No component damage under any condition.

Table5-8 Surge immunity requirements

Condition Surge immunity
Line to ground 3kv
Line to line 2kv
Line to ground (tested falesignmargin) 3.5kV
Line to line (tested fodesignmargin) 2.5kV

Notes: Margin test shall be conducted only during development

The power supply shall comply with the limits defined in EN550248/A1: 2001/A2: 2008sing the IEC
610004-5: Edition 1.1:200104 test standard and performanagiteria Bdefined in Annex B of CISPR 24.

5.1.14 Voltage Interruptions

The power supply shall comply with the limits defined in EN550248/A1: 2001/A2: 2008sing the IEC
610004-11: Second Edition: 200@3test standard and performanawiteria Cdefined in Annex B of CISPR
24,

5.1.15 Power Recovery

The power supply shall recew automatically after an ADC power failure. A{C power failure is
defined to be any loss of AC power that exceeds the dropout criteria stated in sécfighline
Dropout/Holdup
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Although the power supply may power off under conditions described in this section, it must be capable
of restarting,either automatically or under program control after the disturbance. In addition, the power
supply should not be in a latched state such that any of the operator buttons/switches do not operate
correctly after the disturbance. At no time should the ACfid@er cord have to be removed to clear an
error condition.

Auto restart conditions are tested froq#0% to¢100% Input under voltage conditions for time intervals
ranging from 25ms to 8econds

These tests are performed at both the lowest and highestinahoperating voltages of the power supply.
Time intervals: 25ms, 40ms, 60ms, 90ms, 130ms, 200ms, 280ms, 400ms, 600ms, 9 asl 2.8

Under voltage deviation from nominal AC voltagé0%,-50%,-60%,-70%,-80%,-90%,-100%In a
temporary AGnput power outage situation (dropout/brownout/blackout), the power supply will be able
to automatically restart under any load, once the P&®ignal is asserted LOW. This is true even under a
condition such as the PS@Bignal deasserts (HIGH) and thasserts (LOW) during the temporary power
outage period. This toggling of the PSdignal can happen at any interval and may repeat during the
temporary power outage period.

5.2 Low Voltage +54VDC Input Requirements (Rack Power Input)

5.2.1 Inlet Connector
The pover supply shalhave al00A power blade typeonnector modellBD

5.2.2 Input Voltage Specification
The power supply must be able to operate normally with 240VDC input.
w Operating range40VDC to60VDC
PMBus commands must function normally
Power timing reqirements met during power cycling
LED functioning correctly
In Always Standby mode in a 1+1 PSU configuration the active PSU will have >95% load, the
Standby PSU will have <5% load
In 1+1 PSU configuration and one PSU Active and the other in Always Staodiyif the
Active PSU fails the Standby PSU must support the load to maintain output voltage > 11.20V.
Tested with 2,200uF 12V capacitance.
W turn ON input voltageT B/ TBD(MIN/MAX)
W turn OFF input voltageTBD/ TBD(MIN/MAX)

eeegeg

€

Table5-9 +54VDC input voltage specification

PARAMETER MIN Typical Ve SIS R
VAC
Steady state voltage 40 Voc 54 Ve 60 Voc TBD TBD
Transient state 40 Voc 54 \bc 60 \bc NA NA
voltage

5.2.3 Fuse
Input fusing shall be provided at the input of the PSU.

60



Open Compute Proje®l-CRPS Version 0.70

5.2.4 Inrush Current

The power supply input inrush current shall be less thBvat input insertion and shall not cause arcing.
Hot swap/inrushcontroller MOSFET shall be used to avoid arcing at inser@@apacitors in front dfiot
Swap Controlleshall be avoidedSenset/- (short pinsin the input connecto) shallbe used to turn
ON OFFthe Hot Swap Controllerirfrush switch MOSFBT® avoid arcingduring the insertion and
extraction operations

5.2.5 Transients Requirements

Voltage transitions could take place when the power source transitions from/to the backup power. The
input power circuitry must be fully functional during the input voltage transitions, i.e.inet capacitor
should be sized properly, and the hot swap controller protection levels should be set correctly to avoid
protection tripping during voltage transitions. The maximum voltage slew rate during the transitions is
listed below:

Table5-10 Maximum voltage slew rate during input transient events.

PARAMETER Slew rate (V/ms)
Ramp up rate 30
Ramp down rate 10

5.2.6 Susceptibility Requirements
To be defined.

5.2.7 Input Dropout/Holdup

5.2.7.1 Main output

ADCinput dropout is defined to be when thBCinput drops to 0¥cfor any length of time. During dbC
dropout the power supply must meet dynamic voltage regulation requirement®.Citsput dropout of
any duration shall not cause tripping of control sigragrotection circuits other than the SMBAlert#
signal. If theDCdropout lasts longer than thepecifiedholdup timein Table5-11 +54\DCinput power
supplyholdup / dropoutbelowthe power supply should recover and meet all t@hrequirements.The
power supply shall meet thBCdropout requirement overratedCvoltages. A dropout of thBCinput
for any duration shall not cause damage to the power supply.

Table5-11 +54\DCinput power supplyroldup / dropout
Loading during AC/DC dropout / holdup Minimum Holdup time / Dropout duratiort

0% to 10060f rated load 1msec

Notes:
1. This must be proven by calculation using the worst capacitance tolerance, variance with
temperature and bus voltage. It shall be tested with a bulk capacitor having the minimum
capacitance tolerance, at worst case loading ahdorst casédCvoltage conditions.

5.2.7.2 Auxiliary (Stantby) Output
Not applicant for this typeof power supplies.
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5.2.8 Input Ripple Voltage
To be defined.

5.2.9 Isolation Requirements
Isolation between input and output is not requir@dthis type of power supply

5.3 Low Voltage48VDC Input Requirements (Telecom)

This type of power supply is intended to inea Telecom environment, due to theempliance witfiNEBS
specificationsare be required, please seection14.5 Telecommunications DC Mains Powered Power
Supplies

5.3.1 Inlet Connector
To be defined.

5.3.2 Input Voltage SpecificatianNote: Include Ripple

Table5-12-48VDC power supply Input voltage range

PARAMETER MIN RATED Vs Startup \DC P°‘\’/VSEOﬁ
Voltage(-48 Vbg -48Voc -48Vc( -72Vbc -38Voc( 40 -37VWb « -39
-60Vbe Vbc Vbc
Hysteresis 1v v

5.3.3 Minimum Input Inductance
The power supply shall have a minimum input inductafiee specified in TABLE belavwhen operating
with a voltage range defined ifiable5-12 -48VDC power supply Input voltage range

Table5-13 Minimum input inductance fo#d8VDC input power supplies
PARAMETER MIN

11mH/KW

Input inductancel(in)

Note: The ecommended approach to determine the input inductantca)(of the power supply
is show belown Supplemental MateriallC input impedance measurement procedure

Recommended approach to determine the ingrductance Lin) of the PSU is show below.
5.3.4 Input Impedance

5.3.5 Fuse

The power supply must have internal primary over current protection. A fusestypeptable foall safety
agencie® NUB |j dzamdBtiNzBgy higibreakingcapacity must be placed in the input circuit. The fuse

is not to be considered replaceable for the purposes of determining power supply reliability and life as
specified inSectionl3 Reliability The fuse shall not open in atransientcondition butonly inan internal
failure of the power supply.
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5.3.6 Reversed Polarity Protection
Reversed polarity protection is required for48VDC input Telecom power supply.

5.3.7 Input dv/dt

The PSU while operating on a DC input shall be able to sustain a dv/dt defif@ilé®-14 Input dv/dt
during TurnOn and Turn-Off and during input line transients including input voltage sags and surges. The
value of dv/dt should be guaranteed by design (by including data on dv/dt and di&lt components
exposed to input dv/dt).

Table5-14 Input dv/dt
Parameter Max

Input dv/dt 10 V/us

5.3.8 Input Ripple Voltage

While operating on a DC input, the maximum ripple voltage on the inpufderserated from the source

& infrastructure) shall be 1% pegleak of the operating voltage as measured at the PSU terminals. The
frequency of the input ripple voltage is 94 H226Hz. The PSU should consider this ripple as normal
operating range, if theipple is outside this range the performance may begdgaded. If the PSU continues

to operate outside the range, it should operate safely.

5.3.9 Input Reflected Ripple Current

While operating on DC Input, the qpk ripple current as seen on the PSU input frb@% load to 100%

load shall be less than 10% of the maximum DC Input Current specified Deslign Specificatiofor
individual PSU, at loads below 10%, the value is 30% of the maximum DC Input Current specified in the
Design Specificatidior individualPSU with input ripple voltage defined above.

The Input Current ripple will be measured with scope bandwidth limited to 1 MHz.

5.3.10 Surge Immunity
Compliance with NEBS specification is requisegSectionl4.5Telecommunications DC Mains Powered
Power Supplieor more details.

5.3.11 Inrush Current

For power supplies used in telecommunication applications (operatingt®DC nominal), the Initial
Inrush, secondary Inrush and-Reshcurrentthe ratio d the instantaneous inrush current It to maximum
steady state currenim at interface "A", when the switch is closed within the normal service voltage range,
shall not exceed the limits shown kigure5-7 | vs T Profile ford8\VDC Inputpower supplyat nominal
voltage andmaximum load

The parameters are defined as follows:
9 It:inrush current (magnitude of instantaneous value

63



Open Compute Proje®l-CRPS Version 0.70

1 Im: maximum steady state input current forfally equippedequipment under test connected to
interface "A", at nominal voltage.

The power generator for Inrush current test shall be in accordance wiNHECEC EN 610@@9.
Performance criteria:

i Below 0.1 ms, the inrush current is not defined.

Below 0.9 ms thé&/Im ratio shall be lower than 48.

1 Above 1 ms: the curve corresponds to the maximum tripping limit of majority of existing
protective devices.

=

Maximum inrush current characteristics for Telecommunications and Datacom (ICT) equipment at
nominal voltage and maximum load:

W, Inrush Current @ Nominal Voltage
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Figure5-7 1 vs T Profile fod8\VDC Inpupower supplyat nominal voltage ananaximum load

Note: Refer to ETSI EN 300 13%/2.5.1 (2014.0) for measurement satp.

6 Efficiency

6.1.1 High Voltage AC/DC Input Power Supplies

The power supply shalle tested for efficiency to meet efficiency levels wivw.80plus.comfor 230V
Internal power supplies. There is a link to the testing protocol here; Generalized Test Protocol for
Calculating the Enerdsfficiency of Internal ADc and Déc Power Supplies revision 6Qutput shall be

load according to the noportional loading method defined by 80 PlusGeneralized Internal Power
Supply Efficiency Testing Protocol Rev 6.7. In these testing requirements the power supply is tested at
230VAC/60Hz input and does not include the losses of the PSU fan.
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6.1.1.1 240VAC/240VD&nhd Widelnput Range
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Table6-1 Efficiency requirements for 240VAC/240\dD@ wide input rang@ower supplies

Loading

100% of maximum

50% of maximum

20% of maximum

10% of maximum

Titanium efficiencyor PSUs
equal or beyond 2500W

94%

96%

94%

90%

Titanium efficiency for PSUs
below 2500W

91%

96%

94%

90%

Platinum efficiency

91%

94%

90%

85%

6.1.1.2 277VAC/380VDC Input

Table6-2 Efficiency requirements f@77VACB80VDC power supplies

Loading

100% of maximum

50% of maximum

20% of maximum

10% of maximum

Titanium efficiencyor PSUs
equal or beyon®500W

94%

96%

94%

90%

Titanium efficiency for PSUs
below 2500W

91%

96%

94%

90%

Platinum efficiency

91%

94%

90%

85%

Notes:

1. Titanium efficiency certificate is required for 380VDC input power supplies

6.1.2 Low Voltage DC Input Power Supplies
The subsectionsprovide the required minimum efficiency levels at various loading conditpmvger
suppliesfor low input voltage These are provided at different load levels; 100%, 50%, 20%, and 10%.

6.1.2.1 +54VDC Input

Table6-3 Efficiency requirements feit54VDGnput powersupplies
100% of maximum 10% of maximum
95% 96% 94% 90%

50% of maximum 20% of maximum

Notes:
2. Tested att51VDGnd +54VDC
3. Efficiency test shall be conducted excluding libeses of the PSU fan

6.1.2.2 -48VDC Input (Telecom)
Table6-4 Efficiency requirements feA8VD(Telecom)nput power supplies
100% of maximum 50% of maximum 20% of maximum 10% of maximum
91% 94% 90% 85%
Notes:

1. Tested at48VDC.
2. Efficiency test shall be conducted excluding the losses of the PSU fan
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7 Output Requirements
7.1 Output Power/Currents

The following tables define the minimum power and current ratings. The power supply must meet both
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static and dynanti voltage regulation requirements for all conditions.

Table7-1 Load requirements

Output Input Min. PL1 Max. PL2 CLST Peak PL3 Peak PL4 Peak
voltage | (A) Continuous (A) | 20sec duratior? 10msec duratior? 100psec duration
(VAC) %) &) %)
12Vmain 200-240 | 0.0 PSU rating 115% 155% 165%
12V main Wide | g,56, | g9 PSU rating 115% 155% 165%
input range)
12\SB! 100240 | 0.0 3.0 113% NA NA
Notes:
12V SB must provide 6.0A with two power supplies in parallel. The Fan

may work when  Stand by current >1.5A and the ambient temperature is

higher than 35C

CLST Peak load duration is based on thermal sensor and assertion of the

SMBAlert# signal. Minimum peak powe r duration shall be 20 seconds

without asserting the SMBAlert# signal at maximum operating

temperature

PL3 peak duty cycle shall be 25%; 4msec at PL3 / 12msec at CLST Peak. Applying a
PL3 peak load must not trip the SMBAlert# signal. The maximum lentitheothe

PL3 peak must be supported is based on the SMBAlert# signal asserting. The PSU
must support this peak load for 5msec after SMBAlert# asserts.

When applying a repetitive or non  -repetitive transient load profile, the

effective | avg load must never exceed the maximum current rating as

stated on PL1.

Refer toSection8.1.2Averaging Mechanisrfor more details about thaveraging

algorithm,accuracyand timing
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PL4 -
PL3
1 } < 8Qusec
>10msec | }
|
PSU lout at PL: W <2q_lsec — :L%
B 1
| E |
Y |
A |
| |
SMBAlert# | |

Figure7-1 PSU Peak power timing example

7.2 Peak Load Protection

For peak loads above tHelL3peak load level the PSU may assert the SMBAlert# signal to shorten the
duration of the peak load to < 1f8ec. For peak loads up Ri.3peak load level the PSU must not assert
SMBAert# if the peak load duration is <10msethdf peak load last longer than 10msec the PSU may
assert SMBAlert# to throttle the load within 15ms&elow are PSU requirements for peak l@achditions

Table7-2 Peak load ptectiontestingconditions

Peak Load Peak current System capacitancg SMBAlert# Peak load Voltage
timing duration undershoot
PL4 Rated + 169 A 6 x 1,500pF < 20usec 100psec -2%

7.3 Auxiliary (Stantby) Output
The 12VSB output shall be present when an AC input greater than the power supply turn on voltage is
applied. There should be load sharing in the standby rail.

7.4 Voltage Regulation

The power supply output voltages must stay within the following voltagisliwhen operating at steady
state, for dynamic conditiamsee section7.5 Dynamic Loading These limits include the pegleak
ripple/noise. These shall be measd at the output connectors

Table7-3 Voltageregulationlimits
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Parameter Min. Nom. Max. Units
+12V1: +12.11 +12.20 +12.29 Vrus
+12V SB +11.40 +12.00 +12.60 Vrus

Notes:

1. Output voltage set point when the PSUsigndaloneshall be 12.2V -80mV at 50%
loading condition and vary from 12.25¥3®mV at 5% loading condition to 12.15V +
30mV at 95% loading condition measured at the mating connector. The droop bandwidth
shall beequivalent to thet12Vmain voltage regulation loop.

7.5 Dynamic Loading

The output voltages shall remain within limits specified for the step loading and capacitive loading
specified in the table below. The load transient repetition rate shall be tested between 50Hz and 5kHz at
duty cycles ranging from 1690%. The load trasient repetition rate is only a test specification. The

step load may occur anywhere within the MIN load to the Peak load conditions.

Table7-4 Transienfoad requirements

Output D Step Load Size Load Slew Rate Test capacitive Load Regulation limits
+12V 100% of max lodd 2.5 Ahsec 3,3000F 12V-8% / +8%
+12V 70% of max load 2.5Akrsec 3,3000F 12V-5% / +5%
+12V 60% of max load 2.5 Ahsec 1,000n¥ 12V-7% 1 +7%
+12V 60% ofmax load 2.5 Ahsec 1x 2,200nF 12V-6% / +6%
+12V 60% of max load 2.5 Ahrsec 3x 2,200+ 12V-5% / +5%

+12VSB 1.0A 0.5 Ahsec 1,000n+ 12V-8% / +8%

Notes:

1. For 100% step dynamic condition it shall be tested from 5% to 105% loading

2. For gep loadingcondition +12V mimum loading is 5A and can be anywhere between

5A to max load

3. The capacitor type used ftinis test shall be Aluminum Electrolytic.

Additionally, the power supply shall support the transient conditistaded in below table.

Table7-5 Additional transient load requirements

PreilE ;t)artlngl\ligzg O/End Ll(\)/le:)(iie Step Size % Frequency Hz Duty Cycle % Ii‘;:tlg i/k:\;v
A 70 CcC 170 CcC 100 100 20 2.5
B 85 CR 170 CcC 85 40 8 2.5
C 90 CC 140 CcC 50 40 20 2.5
D 63 CR 151 CcC 88 28 40 2.5
E 2 CcC 52 CcC 50 50 50 2.5
F 5 CcC 105 CcC 100 50 50 2.5
G 0 CC 50 CcC 50 50 50 2.5
Notes:

1. CC = Constant Current, CR = Constant Resistance
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7.6 Capacitive Loading
The power supply shall be stable and meet all requirements with the following capacitive loading ranges.

Table7-6 Capacitivdoadingconditions

Output MIN MAX Units
+12VSB 270 4,700 nF
+12V 2,000 70,000 nF

Notes:
1. The minimum capacitive load on 12V output is required to hold regulation during Cold
Redundancy mode PSU failures and PSU hot swapping

7.7 Grounding

The output ground of the pins of the power supply provides the output pawtrn path. The output
connector ground pins shall be connected to the safety ground (power supply enclosure). This grounding
should be well designed to ensure passing the max allowed Common Mode Noise levels.

The power supply shall irovided with a reliable protective earth ground. All secondary circuits shall be
connected to protective earth ground. Resistance of the ground returns to chassis shall not exceed 1.0
mK. This path may be used to carry DC current.

7.8 Closed Loop Stability

The power supply shall be unconditionally stable under all line/load/transient load conditions including
capacitive load ranges specified in Section 4.6. A minimum of 45 degrees phase mardibd&whin

margin over temperature is required using OmF &wdF of capacitance, in addition the test shall be
performed with 70mF for exploratory purposes. The power supply manufacturer shall provide proof of

0 KS dzy AHb@pastability @ith $&al sensing through the submission of Bode plots. Glospd

stability must be ensured at 0%, 10%, 25%, 50% and 100% loading conditions the maximum and minimum
loads as applicable. A gain of 20dB is required at 100Hz and 120Hz for each one of the capacitances and
loading conditions.

Table7-7 Phase and gain margin requirements

Capacitancé Load Phase margin Gain margin
OnH5000n+ 0%, 10%, 25%, 509 npx -10dB
and 100%
70,0000 0%, 10%, 25%, 509 Characterization Characterization
and 100%

Notes:
1. The capacitor typased for this test shall be Aluminum Electrolytic.
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7.9 Residual Voltage Immunity in Standby Mode

The power supply should be immune to any residual voltage placed on its outputs (Typically a leakage
voltage through the system from standby output) up to 500rViere shall be no additional heat
generated, nor stressing of any internal components with this voltage applied to any individual or all
outputs simultaneously. It also should not trip the protection circuits during turn on.

The residual voltage at theogver supply outputs for no load condition shall not exceed 100mV when AC
voltage is applied and the PSON# signal iasierted.

7.10 Soft Starting
The Power Supply shall contain control circuit which provides monotonic soft start for its owiiputst
overstress of the AC line or any power supply components at any specified AC line or load conditions.

7.11 Zero Load Stability

When the power subsystem operates in a-load condition, it does not need to meet the output
regulation specification, but must operate without any tripping of ovesltage or other fault circuitry.
When the power subsystem is subsequently loaded, it must begin to regulate and source current without
fault.

7.12 Hot Swap

Hot swapping a power supply is the process of insertingeaitichicting a power supply from an operating
power system. During this process the output voltages shall remain within the limits with the capacitive
load specified. The hot swap test must be conducted when the system is operating under static, dynamic,
and zero loading conditions. The power supply shall use a latching mechanism to prevent insertion and
extraction of the power supply when the AC power cord is inserted into the power supply.

Note: +54VDC input power supesdo not havehot swap capabily due to the usage model.

7.13 Forced Load Sharing

The +12V output will have active load sharing using average plus droop control methods. The output shall
share within <2% at full load. The failure of a power supply should not affect the load sharing @t outp
voltages of the other supplies still operating. The supplies must be able to load share in parallel and
operate in a hot swap / redundant 1+1, 2+1, 3+1 and 2+2 configurations. TE84aNut is required to
actively share current between power suppligisoop control) The 12\6Boutput of the power supplies

are connectedin the system so that a failure or hot swap of a redundant power supply does not cause
these outputs to go out of regulation in the system.

The Ishare bus signal shall have a voltage settibY @it full load to accommodate a dynamic range of up
to 10V for a2x rated current measurement.

7.13.1 Current Share (Ishare)
The requirements for the Ishare signal are listed below.

9 Vishare Output Accuracy:-8.5% of full scale plus -6/.5% of reading.
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1 Vishare Output Bandwidth: 1 kHz-5%

=

Current Sharingnethod: Voltage Droop + Active Average
9 Current Sharing Accuracy:-2% individual PSU relative to total average (sample averaged over
20ms moving window for 500ms after change in load). The accuracy shall be based on the highest

rating of the PSU (irresptive of at whatinput voltagerange the PSU is operating).
1 Output Voltage Adjusting Range/Clamping due to Current Sharing logf0+mV with +/5%

tolerance

9 Output Voltage Adjusting Resolution due to Current Sharing loop: <1mV, to cover low impedance
Power Distribution Boards

Table7-8 Additional Requirements asurrent share behavior

Transient test for Load Step (Applicable lo
steps up to 100% for the defined profiles)

Settling Time (settling within 2% of final value)}X
10ms

Response - Vishare_error (1V step) tq
12Vmain

Settling Time (settling within 2% of final value)}X
TBD

Parameter Value Remarks
Gain at 1Hz > 25dB
Cross Over Frequency 100Hz £5Hz)
Gain Margin -12dB All parameters validated by Test
Phase Margin 90 Degrees each stage during developme
Output Clamp +200mV £10mV) /-200mV £10mV) using inter PSU board ag00um
Vishare Rippl&o®©t 50mV pkpk

(£10%). In addition, all parameter|
to be verified by calculation
simulation based in inter PS
impedance

Notes:

1. Vishare ripple to be measured with BW limited to iz measured with single PSU. This

specification limit is not applicable when mdtean one PSU is sharing load

The following figure depicts thenplementation of theaverage current share mechanism.
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Current Sensar lout
BW > 100kHz
LPF — |
RC=160us (1KHz BW) |-l { viout )l
5%
LPF  visharec ) i
RC=4us (40 KHz BW)  |-ap———rdt
5% Disconnect Circuitry
(With B ack to Back @
MOSFETs — with
R_yitare Default OFF)
i 10k £ 0.1%
Compensator
BW = SeeTable in
—
Current Sharing -
Section
— @ Imon Block @
Limiter + 200mV
[+5%)
L A
Adjusted
Vref
? +
To DC-DC ks Droop
Controller Regulation
— Gvlz) Update Rate = Update
Rate of Main Voltage
Loop

T+
3
122 +12.2 vref

Vout

Figure7-2 Digital control implementation of average current mode control

lout to Vimoni
Scale: 10V @% Rated Capacity
DC Accuracy: 1% of full scale plus £1% of reading

Time Constant: 4us (40 kHz BW) £5%

Signal Delay:

lout to Visharei

Scale:
DC Accuracy:.

Time Constant: 160us (1 kHz BW) 5%

Signal Delay:

<100ns

10V @D% Rated Capacity
+0.5% of full scale plus +0.5% of reading

= 30us +5%

Implementation Considerations

The voltage across-YAshare should be detected by an analog differential diepliFeeding directly the
two signals into an A/D converter and process the signal digitally requit€sifits resolution for the
Ishare error and would requirE2-bit or moreresolution for direct A/D measurements of Vishare external
and internal.
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Limiter should be implemented with an analog circuit, so the A/D converter will receive a delta signal of
200mV only, so aB¢10-bit converter can be used.

The converter voltage regulation loop must have the capability of adjusting the output voltage with a
resolution better than 1mV for proper current sharing operation with low impedance between the PSUs.
This would equate to minimurid-bit resolution out of the 12.2V output. Depending on details of Voltage
Regulation loop implementation this might require 1%Z.@ut and 12.2V ref to be represented in the MCU
calculation ad4¢16-bit numbers.

Notes:
1. Time Constant is defined as the time it takes for the signal to reach 63.2% of the signal

step.
2. InFigure7-2 Digital control implementation of average current mode coratwve, at
any point of this compensator, the value should not excee@@dmV (antwindup).

7.13.2 Main Output Voltage Regulatiomdop

The main output voltage will have a droop characteristic. Droop is set at 100mV f6%%6f rated load
(1.111mv / 1% load)A standalone PSU will have the output voltage factory set at 12.202.5MmV A
standalone PSU will have a voltage drop@mV with a load change from 5% to 95%, voltage measured
2y GKS t5. Qa YI i BgnawidttiZos theNdroGpsiiayl BeGedud/alant to the main rail
voltage regulation loogFor load transients in arlN" PSU in parallel system, the output voltagesnstay
within Dynamic Regulation band.

7.13.3 Current Sharing Load Step Response
Maximum 20% current deviation from the ideal value, recovering within 4% of the ideal value within 5ms.

7.13.4 Current Shargvith Margining

PSU shall meet all Current Share requireméntduding current sharing load step response) when Margin

is enabled. For test purposes, Margin should be enabled before stating the load step. This requirement is
applicable only when margin is enabled on all PSUs sharing the load. In case when mangimomore

PSUs operating in parallel is not enabled (PSUs arenatished in margin function), PSU/s shall not
shutdown under any load profile (either steady stare or transient load) defined in the specification and
will support a load which within théefined boundary of PSU Load vs Timing Behavior. In such cases PSUs
can operate in Constant Current mode to keep supporting the load.

7.13.5 Current Share Activation

Average Current Sharing must be activated within 10ms from the PWOK signal being asserted

Curent Sharing loop could be deactivated if the PSU output current is below 5% or if the current
unbalance (PSU verstetal loadaverage) is below 1%

7.13.6 Ishare Disconnect Circuitry
Disconnect circuit ON resistance < 50 Ohm. The disconnect circuit showdfigried with 2Backto-
BackMOSFETSs.
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7.13.7 Concurrent Maintenance

CKAA LIR2O6SN) adzldLlx e oAff 6S RS&AAIYSR G2 0SS aKz2i LI
functioning units, or the system, during removal or insertion of a power supply. Output vsltagst

remain within regulation limits on either insertion or extraction. No damage should occur to either the
operating or noroperating power supply.

A fault (UVP, OTP and shaitcuit except OVP) within one power supply while running (synch FET toutpu
cap, etc.) shall not cause output voltage of the system/common bus voltage to go outside regulation limits.
If the current sharing is disabled by shorting the current share bus to ground, the power system must
continue to operate within regulation limifer loads less than or equal to one power supply.

WhenVINOK#as been deasserted and the power supply is shutting down due to the loss @@ put
the outputQla w Q A Vs Bhusthe ttrnedOFRvhen the secondary main converter has turr@@&FRwithin
50us of POK dassertion.

Note: The requests above must be validated during power supply development phase to ensure
concurrent maintenance.

7.13.8 Maximum Power Ratingith Parallel PSUs
The supplies must be able to current share with any combination from 1 to 6 PSUs in the system.
Maximum Output Power for systems with "n" PSU of "W" power each, in parallel: 1*W +0-BB¥h

Figure7-3 Numberof power supplieén parallelvs. maximum system power rating

PSU SKUs Number of Supplies Maximum System Power Rating

1+0 1 100% of One PSU Rating

1+1 2 100% of One PSU Rating

2+0 2 100%+(95% x 1) x PSU Rating
2+1 3 100%+(95% x 1) x PSU Rating
242 4 100%+(95% x 1) x PSU Rating
340 3 100%+(95% x 2) x PSU Rating
3+1 4 100%+(95% x 2) x PSU Rating
3+2 5 100%+(95% x 2) x PSU Rating
3+3 6 100%+(95% x 2) x PSU Rating

7.13.9 Current Share Signal Characteristics

This current sharing section ispgoposed method for achieving load sharing compatibility between
RAFTFSNBY G YIydzFlF OGdzNENRA LI2GSN) adzllL)f ASad ¢KAa asSc
during testing and other investigations to make it a reliable set of requirements. Desospif the

voltage and current share loop stability are shown below.

ltem Description Min Nom Max Units
Isharesink. Amount of current the load share bus of each po - - 15 mA
Ishare =10V supply sinks.
Isharesource. Amount of current the load share bus of each pow - - 15 mA
Ishare =10V supply sources.
Tss Soft startof current sharing loop, count from outpul - 50 100 msec
voltage is rising to its 90% voltage rating
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Tishare

Delay from PSUL1 reaching 90% of its nominal voltag -
PSU1, 2 Currents settling within Current Sh

150

msec

Specification.

A
PSU#1 output voltage

90% of voltage

AN
AN

PSU#2 output voltage

Tlshare

PSU#2 output current

PSU#1 output current

e

Output Voltage

Output current

Time

Figure7-4 TSS and Tlshare timing

7.14 Ripple/Noise

The maximum allowed ripple/noise output of the power supply is definetiainle7-9 Ripple and noise
below. This is measured over a bandwidth of 10Hz to 20MHz at the power supply output connectors.
10nF in parallel with a Orff- ceramic capacitor is placed at the point of measurementélp reduce
switching ripple further, an additional 2,268 low ESR electrolytic capacitor may be placed in parallel.

Table7-9 Ripple and noise
+12V main +12VSB
120mVp-p 120mVp-p
The test seup shall be as shown below.
Vout LOAD MUST BE
Oiég\x‘/gg suppLl T 1T T LoaD | 'SOLATED FROM
THE GROUND
O——AC NEUTRAL |“RETURN T T THE So\?\,léR °©
W 10uF 1 SUPPLY
AC GROUND
\
GENERAL NOTES: A4
1. LOAD THE OUTPUT WITH ITS MINIMUM
LOAD CURRENT.
2. CONNECT THE PROBES AS SHOWN. —
3. REPEAT THE MEASUREMENTS WITH THE
MAXIMUM LOAD ON THE OUTPUT. SCOPE

SCOPE NOTE:

USE A TEKTRONIX 7834 OSCILLOSCOPE WITH 7A13 AND
DIFFERENTIAL PROBE P6055 OR EQUIVALENT.

Figure7-5 Differentialnoise test setup

Note: When performing this test, the probe clips and capacitors should be located close to the

load.
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7.15 Timing Requirements
Thissection describeghe timing requirements for the power supply operation. All outputs must rise
monotonically. Table below shows the timing requirements for the power supply being t@hshd
OFHRntwo different ways; 1) via the ABCinput with PSOKsignalheld low; 2) via the PS@signal with
the ACDCinput applied.

Table7-10 Timing requirements

Item Description MIN MAX Units
Tvout_rise Output voltage rise time for 12V and 12VSB from 10%itioin
e 10 70 ms
regulation limits.
Toff_latch This is the time the PSU must stay off when being powered g
with loss of AC input. Both outputs must meet this OFF time; 500 1000 ms
whenever PWOK is e#sserted for the 12Vmain output; 2)
whenever the 128Boutput drops below regulation limits.
Tsb_on_delay Delay from AC being applied to 12VSBbeing within regulatio 1500 ms
Tac_on_delay Delay from AC being applied to all output voltages being with
- 3000 ms
regulation.
Tvout_holdup Time 12VI output voltagstayswithin regulation after loss of
11 ms
AC.
Tpwok_holdup Delay from loss of AC to dessertion of PWOK 10 ms
Tpson_off_delay | Delay from PSON# desserted to power supply turning off 5 ms
Tpson_on_delay | Delay from PSON# active to output voltages within regulatior|
- 5 400 ms
limits.
Tpson_pwok Delay from PSON# deactivate to PWOK beinrgsserted. 5 ms
Tpwok_on Delay from output voltages within regulation limits to PWOK 100 500 ms
asserted at turron.
Tpwok_off Delay from PWOK dasserted to output voltages dropping out Configurable
L 1 . ms
of regulation limits. via PMBus
Tpwok_low Duration of PWOK being in the-dsserted state during an 100 ms
off/on cycle using AC or the PSON signal.
Tsb_vout Delay from 12VSBbeing in regulation to O/Ps being in regula| 50 1000 ms
at AC turn on.
T12VSB_holdup | Time the 12VSBoutput voltage stays within regulation after Ig
70 ms
of AC.
Tvinok_o# Delay from AC being applied @&gsertion of VINOK Configurable ms
Tvinok_of? Time from loss of AC to eessertion of VIONK Configurable ms
Notes:
1. The -Ewok_holdup and -Ewok_off uUAYSa I NB uKS RSTI dzf G gl t dzS a

3. Additional logic dependencies are descrilfeédure7-7 VINOK assertion logBelow.

energized, however the system now aaonfigure the warning time stablished byidk_of
to have a different value please refer to sectioi6 PWOK Signal Timing Requirements
2. Tox jaenflow diagram is shown iRigure7-8 Toff latchflow diagram
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AC Input
| HT\'mt_hﬁldup :
i . i i
Vout i i | |
i i ! !
i | | i
i TAC o aday I J j : pruk_lw\\' | | T|)suu70ff7deln}'$| ié
DR - R o L
Tomes €3 k1. | T e Tenes eToa 3 & e
PWOK [ | i 9| E Tpsonj\\'c\k

Tywok_boldup i

- .\
12Vsh LS T i Iy /I
i  Tiave_noldwp I
|
I ] Tpson_on_delay
|
i
i

Tvinok_on

i
i
|
i
i
!
< Tvinok_off | €—>
i
|
i
i
|

PSON

Tvinok_on

<> >

VINOK

e AC turn on/off cycle .

j€— PSON tum on/off cycle %I

Figure7-6 Turn ON/OFFTiming (Power Supply Signals)
VINOK = De-asserted (Low) ————

Average Vin RMS(window) > Vin turn-on

_l— VINOK = Asserted (High)
_ I

Vin RMS of the 5th cycle in window > Vin turn-on

12Vstby output within regulation

Figure7-7 VINOK assertion logic

Note: Averaging window can go from 75ms to 120ms depending on the input frequency
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AC L ost Event

PSON#==10?

False False

12Vsb drops
below regulatio:

True ¢ True:

PSU Turned-off
Toff latch (500-1000 mS)

PSU Turn-on

Figure7-8 Toff_latchflow diagram

7.16 PWOK Signal Timing Requirements

The PWOK signal timing shall be as stated in Table 20. Timing requirements when the power supply is
being energized (AC/DC is applied), hearehe warning timeestablished by Juok oishall be configurable

via PMBus command MFR_PWOK_WARNING_TIME (FOh) using linear format it is recommended to use
1ms steps and the power supply shall guarantee at least the minimum warningconfegured, it is
recommended to have a jitter no more than 1.5ms. Figure 8 shows the timing diagrameiValue shall

return to default after an ADC inputcycle only. The figure below shows the timing diagragiex b

value shall return to defauhfter an ACDC inputcycle only.
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AC lost detection

4&

\,

f—————————————11ms holding tim

1ms default warning time

-

F

AC/DC Input

Main output

W

Main output

-5% level

AN

|
T
|
|
|
|
|
I
|
T
I
|
I
|
I
I
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

SMBAlert#
PWOK 1

Configurable PWOK warning time (Tpwok_off)

Figure7-9 Configurable PWOK warning time timing diagrionHigh voltage power supplies

Note: The main output shall have a slope decay BHwhen going dowrior up to TBDms.

8 Protection Circuits

t NPGSOGA2Y OANDdIZAGE AYAARS
If the power supply latche®FFdue to a protection circuit tripping, an AGC inputpower cycle OFF for
15%c and a PSGisignalcycle HIGH for 1sec shall be able to reset the power supply.

iKS

L2 6 SNJ a cthilidibwen & K| £ €

The power supply shall have over current protection (OCP), over current warning (OC\Wegrmver
protection (OPP) limits as defined in in the subsequent sections. These are defined to protect the PSU and
to allow peak currents to power the system witltdhe PSU shutting down.

Fast OCW and Slow OCW levels are defined to assert SMBAlert# to allow the system to throttle power to
protect the PSU; but also, to allow peak current to the system without throttling the system.

When OCP trips; it shall shutda and latch OFF the PSU. This will be cleared onan ®yGDC input
power cycle. The power supply shall not be damaged from repeated power cycling in this condition.

PSON# cycling shall NOT reset the over current fault bit or cause the power sugshato Only a cycle
of the input power shall reset the over current fault bit and allow the PSU to power on again. This is used
to protect the system from overheating due to repeated fast power cycling into a faulted short condition

in the system.

12V B will be auto recovered after removing OCP litmitqup mode).
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8.1 Main Output

8.1.1 Current sense

The PSU shall have the ability to measure output current, which is inclusive of the current delivered by
the output filter capacitance within the PSU. The monitored current shall be used, at a minimum, as the
input into the constant current, peak detect @mvercurrent warning / protection control solution and is
available a$nonoutput from the PSU

+12Vv
Py .
OR'ing Function [——#= Current
+12V Qutput
o t
AC-DC Conversion :r?:r Current sense
! (Note 1)
P +12V
- Return
Imon Block Imon Qutput stage ——— = Imon

Figure8-1 Main output current sense block diagram

Notes:
1. Signal or information that represents the +1®ain output current. derivation of this

signal/information shall be derived via secondary side sensing, post the output filter
stage. Current sense element shall be located on the main positive rail.

2. The honblock and #on Output stage blocks are detailed 8ectior®.5Imon Output Signal
(Output)

8.1.2 Averaging Mechanism

The power supplies shall have the ability to sample output current and perform a block / window average
calculation to support OCW behaviors. Select thresholds shall have the ability to be programmable
inclusive of sampling rate and averaging window dizis.required that the PSU uses an average output
current value when taking action on applicable OCW behaviors. Refatbte8-2 OCW Threshold$he

PSU will be required to utilize one sampling rate that will be used across the OCW levels prescribed in this
specification.
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PSU Peak IOUT >
De-Assertion Set

1 = Initiate Applicable

oo
Point OCW 1 or 2 Avg Window.
: 0= No Action
PSU Average IOUT

> De-Assertion Set
Point

Previous Applicable
OCW Averaging
Window Has
Expired

Figure8-2 OCW1 & OCW?2 average window logic

PSU Peak 10UT >
OCWS3 Assertion Set
Point

1 = Initiate OCW3

Current Pulse Width > Avg Window.
OCWS3 Minimum 0= No Action

Detectable Pulse Width

Previous Applicable

PSU Average IOUT > OCW Averaging

OCW3 De-Assertion Window Has Expired
Set Point

Figure8-3 OCW3 average window logic

Notes:
3. OCW 1 & 2 Minimum detectable pulse width for averaging window assertion = 40uS +5us

4. OCW 3 Minimum detectable pulse width for averaging window assertion = 20uS

8.1.3 OverCurrent Warning (OCW)

8.1.3.1 Over Current Warningevell (OCW1)

This is a programmable output current warning level intended for maintaining an average PSU load. It is
the slower mechanism, compared to that of the peak detects solution of OCW3. The PSUeshall us
average output current, derived over a specified time window, to compare against a programmable
threshold. This OCW level shall haveyateresis (refer tdable8-2 OCW Thresholjidbetween assertion

and deassertion thresholds. The output current averaging window shall start when the PSU (output
current) > (hysteresis dassertion threshold and the previous timer has expired). If the averagenturr
exceeds the OCW1 set point, over the specified averaging window, the PSU shall declare an OCW1 event
and apply the appropriate logic t8MBAlert# Please refer to the timing diagrams for OCW1 for further
details.

8.1.3.2 Over Current Warning Leve(QCW2)

OCW?2 is the fixed overcurrent protection threshold. The assertion-&sdertion threshold levels are

fixed values. If the average current exceeds the OCW?2 assertion set point, over the specified averaging
window, the PSU shall declare an OCW2 eaed apply the appropriate logic ®MBAlert# It will then

start a 50ms average window. If the average output current continues to remain above th&sddion
threshold, over the specified 50ms average window, the PSU shall shutdown due to overchrrdet
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case, which OCW2 has been asserted and the average output currerdisseition threshold over the
second (50ms) averaging window, the PSU shall not shut down. The output current averaging window
shall start when the (PSU output current) > (OChW&teresis deassertion threshold and the previous
timer has expired).

8.1.3.3 Over Current Warning Level 3 (OCW23)

This warning level is intended to be a higeed peak output current detection and reporting solution. It

shall provide the end system with a rapid response logic signal to declare the PSU output current has
exceeded a programmable threshold. The PSAll sleclare an OCW3 event based on peak PSU output
current, which includes the discharging of the internal PSU output capacitance. The PSU shall use a
window averaging method for establishing-dssertion of applicable alert signals. The output current
averaging window for dassertion shall start when the following statement is true:

(PSU output current) > (OCW3 assertion threshold & minimum detectable current pulse width & previous
OCWS3 window has expired).

Table8-1 OCW3 Timing

Specification Description Min Typ Max Units

Represents the minimum output current pulse that sha
be detected by the PSU for OCW3 assertion. Current
Lidzt aS& XX GKS YAYyAYdzy GAY| 20 us
OCWS3 eventOutput current pulses > than the maximurn
time specified shall assert an OCW3 event

OCW3 Detectable Curren
Pulse Width

Report Time represents the time period starting after t
OCW3 Report Time minimum detectable PSU output current pulse to the 0 30 us
assertion ofSMBAlert#

The Detection + Report time is measured from the
OCWS3 Total Detect + | moment theactualPSU output current crosses the

Report Time assertion level, to the moment th@MBAlerttsignal is 0 55 us
asserted.
Represents the output PSU current slew rate
OCW 13 PSU Output measurement location for OCW 1/2/3. It shall be
Current Slew Rate measured directly on the output of the PSU. Please ref 0.2 25 Alus
Measurement Location | to Figure8-4 PSU Output CurremtSlew Rate
Measurement

OCW 1/2/3 PSU Output Current

Slew Rate Measurement Location Output Load

PSU — Load

Test Board or System Load
Capacitance

Figure8-4 PSU Output CurretSlew Rate Measurement

82



Open Compute Proje®l-CRPS Version 0.70

v

v

OCW Peak Detect

OCW Averaging

OCW Sustained

ocwsi

20us @ 140%
(programmable)

ocw?2

5ms @125%
(programmable)

ocwi1
1-250ms @ 100%
(programmable)

!

!

!

[ OCWS3 flag | |

OCW?2 flag [

OCW1 flag |

lout OCW flag = OCW1 flag + OCW?2 flag + OCW3 flag
(OR of all OCW#s. Clearing also clears OCW#s)

STATUS_LATCH_CFG

(Configures whether STATUS flag is latching or non-latching)

SMBALERT_N_MASK

STATUS_FLAGS

l

SMBAlert#
Output Signal

Figure8-5 SMBAlert# flow

Table8-2 OCW Thresholds

Item

OoCw 1

OCw 2

OCw 3

Function / Purpose

OCW Sustained. Slower
mechanism to ensure
average output current
stays below the set

OCW?2 is the OCP thresholg
for the PSU. It will be used
to reduce load and if
warranted shutdown the

OCWS3 represents the highe
speed PSU output current
detection solution. It shall
use a peak current detection

threshold. supply if load is not reduced scheme for fast detection
to below deassertion limits.| and a window average for de
assertion.
Default SetPoint Threshold 100% 125% 140%
Set Point Tolerance -5% /+0% -0% / +5% -0% / +5%
Hysteresis 5% 5% 5%
Programmable Threshold Yes Yes (only below the defaulf Yes

Capability setpoint)
Programmable Range 15%- 120% N/A Assertion 25%- 140%
(Programmable Range Deassertion Set point- 5%
remains unchanged with
input line range).
Programmable Sampling Rate No No No
Capability
Programmable Sampling Rate N/A N/A N/A
Range
Sampling Rate Set Point +/-5% +/-5% For deassertion: +/5%

Tolerance
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Default Sampling Rate (Min) 50kHz 50kHz For deassertion: 50kHz
Default Averaging Window Se] 250mS 5mS (POWER_EVENT_N For deassertion: 1mS
Point Assertion) + (50 ms to PSU

shutdown)
SMBAlert# assertion time post Max = 100uS Max = 100uS N/A. Assertion isriggered on
window average termination a peak reading.
Programmable Averaging Yes No For deassertion: Yes
Window Capability
Averaging Window Range 1mS-250mS N/A For deassertion: 1Im$msS
Averaging Window Set Poinj (+/-50uS) (+/-50uS) (+0150uS)
Tolerance
T_BLNK 1mS(+/-100uS) N/A 1mS (+/100uS)

T_BLNK: Blanking time for programmable averaging window and OCW thresholds thabrlgpihen consecutive windo
averages have been issued. See figure 15.13, 15.14 and 15.15. A system write to change an OCW threshold or windo
during the T_BLNK period, will result in a value change after the completion of the following window period.

Values expressed in %, in this table, are based on the full +12V main rail capacity located in section 1.2 Supply Cuawvi
section Output Current. For those PSU have different capacities for high line and low line, use the higher mairitgifaapath
high line and low line if the difference of power is equal or lower than 50W. For example, an 1100W PSU Main (90.16A)@
and 36W Aux (BA@12V) has a hysteresis of 5% of 90.16A = 4.508A for both high line and low line.

OCW1 Assertion

8.1.4 Over Current Waning Behavioral Timing Diagrams
8.1.4.1 Over Current Warningy (OCW1)

OCW1 Behavior
(Default Condition)

Threshold

OCW1 Dassertion

;

\

Threshold

PSU +12V
lout

OCW1 Averaging

\

250mS

250mS

Timer

PSU +12V

SMB_ALERTY

*Assumes system not clearing fault registers

Figure8-6 OCW1 Timing (Default Setting)
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OCW1 Behavior
(Default Condition)
OCW1 Assertion N A~

Threshold / \

OCW1 Dassertion
Threshold

PSU +12V
lout 250mS 250mS 250mS
OCW1 Averaging .
Timer
PSU +12V

SMB_ALERT

Figure8-7 OCW1 Timing (Default Setting)

OCW1 Behavior
(Average Window = 50mS)
OCW1 Assertion

Threshold

OCW1 Dassertion

Threshold

PSU +12V
lout

50ms 50ms 50ms

OCW1 Averaging
Timer

PSU +12Vv

'\
\l
A
\

Figure8-8 OCW1 Timing (50ms Averaging Window)

OCW1 Behavior
(Default Condition)Assumes All OCW Levels Not Masked
OCW1 Assertion

Threshold ~ ~~ "~ ~"~"~""7° """ TT—T - o — - ——
ocwi bassertion_ 4 BN R A

Threshold

PSU +12V
lout

250ms 250mS

A
Y
A
Y

OCW1 Averaging
Timer

PSU +12V

Rising Edge = Clear Fault Assertion | |

Clear_Faults

SMB_ALERT

Figure8-9 OCW1 Timing (Default Setting)
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OQW_SETTING _WRTE Occurrence In A Middle Of
An Average Window (not consecutive) & During

OCW1 Assertion Blanking Time
1 0T = T T o
OCW1 De-assertion

Threshold x
— ;
T_blnk

. 250mS - 75msS
OQW_SETTING WRITE
for OCQW1 (75mS

Low to High transition represents system
OQW_SETTING_WRITE (250mSto 75mSOCW1 windo
change) command completion and acknowledge by PSJ. If
the acknowledge of OOW_SETTING WRITE ocurrs during
T_blnk & the averaging windows are NOT consecutive, the
initiation of the average window applies the new
programmed window size. (Window +0).

Figure8-10 OCW1 setting

OCW_SETTING _WRITEOccurrence In A Middle Of A

_ Consecutive Average Window & During Blanking Time
OCW1 Assertion

Threshold

OQW1 De-assertion
Threshold

~_blnk

A

> 250ms e 250mS 75msS

OOW_SETTING WRITE
for OOW1 (75mS)

LOw to High transition represents systél
OQW_SETTING_WRITE (250mSto 75mSOCW1 windo
change) command completion and acknowledge by
PSU. If the acknowledge of OOW_SETTING WRITE
occursduring T_bink & the averaging windows are
consecutive, the initiation of the next consecutive
average window remains at its current window size. It is
the following window that applies the new programmed
window size. (Window +1).

Figure8-11 OCW1 setting
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OCQW_SETTING_WRTEOccurrence In A Middle Of A
Consecutive Average Window & Outside Of Blanking Time
OQW1 Assertion

THPESNOIA - - mmmmmmmmimim o oo e /\\ ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
\
OCW1 De-assertion
Threshold N \
T_blnk
- 250mS . 75mS .y = 75msS
OCQW_SETTING WRITE
for OCQW1 (75mS e~
- -

Low to High transition represents system
OQOW_SETTING_WRITE (250mSto 75mSOCW1
window change) commmand completion and
acknowledge by PSU. Snce the acknowledge of
OQW_SETTING_WRTEcame prior to the start of
T_blnk, the next average window reflectsthe
programmed value. (Window + O)

Figure8-12 OCW1 setting

8.1.4.2 Over Current Warning (OCW2)

Assertion = 125%

lout OC Warmning #2

PSU +12V
IoUT

5msS 50ms
OoCcw2

Averaging Timer
PSU +12V-

A

Y
A
Y

SMB_ALERF

*Assumes system not clearing fault registers

Figure8-13 SMBAlert# assertion OCW2 Timing (Default Setting)
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lout OC Warning#2
Assertl'nn=f.1'5%_'_'_g" C— — - . . N ——

lout OC Waming#2 _ _ | o — — C— — C— —
De-assertion = 1208

PSU +12V
1ouT
s5ms 50ms sms
OCW2 Averaging | 1. __ -
Timer - o e -
H Vo
PSU +12V. : _"‘f [ T4
s PN
__________u_____:—:_
E —_— Laf— Td3
' F
POK :
i
B ——————— + _____
SMEB_ALERT

Figure8-14 OCW2 Timing (Default Settingith PWOK deassertion

lout OC Warning #2

De-assertion = 120%

PSU +12Vv

10UT

5mS 5mS 50mS
<

A
A
A
J

\

OCW?2 Averaging

Timer
PSU +12

Figure8-15 SMBAlert# assertio@CW2 Timing (Default Setting)
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lout OC Warning #2

Assertion = 125%

lout OC Warning #2

De-assertion = 120%

PSU +12V IOUT

OCW?2 Averaging
Timer
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5mS

5mS 50mS

Y

PSU +12\-

POK

Figure8-16 SMBAlert# assertio@CW2 Timing (Default Settingith PWOK deassertion

8.1.4.3 Over Current Warning (OCVB)

OCWS3 Assertion

OCW3 Behavior
(ImS Averaging Window)

ssumes all OCW are unmasked

Threshold

OCWS3 Dassertion

9 PSU Output Current > (OCW3 Assertion & longer than
 Assertion of PWR_EVENT_N < 55uS
ew OCWS3 avg window initiated

Threshold

PSU
+12V lout

OCWS3 Averaging

L
L

ol —
ims

55uS —p-

A

Y

Y 1mS average window completed
9 Avg Output Current = < OCW3-Bssertiol
Threshold

New OCW3 avg window not initiated

Timer
PSU +12V

SMB_ALER¥
Clear_Faults

Rising Edge = Clear
Faults Assertion

Figure8-17 OCW3 Timing (Default Setting)
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Threshold

PSU +12V
lout

OCW3 Averaging

OCW3 Behavior
(1mS Averaging Window)

de — — —_- —_- = A

Timer

PSU +12V

*Assumes system not issuing clear faults

Figure8-18 OCW3 Timing (Default Setting)

OCWS3 Assertion_ __ __ __ __
Threshold

OCW3 Dassertion
Threshold

PSU +12V
lout

OCWS3 Averaging

OCW3 Behavior
(5mS Average Window)

5ms

A

A

Timer
PSU +12V

*Assumes system not issuing clear faults

Figure8-19 OCW3 Timing (Default Setting)

90




Open Compute Proje®l-CRPS Version 0.70

OCWS3 Behavior
(ImS Average Window )

OCWS3 Assertion *Assumes All OCW Levels Not Mas

- T =

Threshold

PSU +12V
lout

ims ims
OCWS3 Averaging
Timer

+12V-

A
A
\j

SMB_ALERT: —

Rising Edge = Clear Fault Assertion

Clear_Faults

Figure8-20 OCW3 Timing (1ms Averaging Window)

Programmable Average Window Changes
(OCW1) 250mS Avg Window Changed to 100mS

OCW1 Assertion

Threshold —
ew OCW1 average window initiated
with revised 100mS length,
OCW!1 Dassertion g :

Threshold ™~ f A
/ f 100mS average window completed
PSU +12V / 1 Avg Output Current = < OCW1-Besertio
lout Threshold
250mS Tooms New OCW1 avg window not initiate
OCWI1 Averaging 7
Windo - N >
N

PSU +12V N, 7

250mS average window completed
f  Avg Output Current = < OCW1-Bssertion Threshol
f  250mS window terminates
f 100mS (OCW SETTING WRITE) window change is
implemented on start of next OCW1 window av:

SMB_ALER¥F

OCW_SETTING_WRITE
for OCW1 (100mS) -

Low to High transition represents system
OCW_SETTING_WRITE command completion and
acknowledge by PSU.

Figure8-21 OCW3 Timing (Programmable Averaging Window)

8.1.5 Over Current Protectiof Over Power Protectioqf©@CR. OPP

For purposes of definition, the operational range (over the specified time segmeriigere8-22 PSU
Output Current vs. Timef the power supply has been divided up into 4 categories. The graph is intended
to provide an illustrative means of describing PSU regulation & protection behaviors based on time vs.
load. It does not capture tolerances and or programmaldpegts such as assertion thresholds and
timings.
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1 <100% LoadThis load range represents the sub 100% loading area of the PSU. The voltage
regulation limits, slew rate and capacitance are called othigmspecification

f Extended Voltage Regulatiorthis load range represents load step levels >50% 100%the

PSUDepending on the size of the load step and starting point, will dictate the regulation range
the PSU shall comply witfable7-4 Transientoadrequirements

1 Constant CurrentThis load range represents the PSU transitioning from a voltage controlled
current source to a fixed current source. This mode of operation is considered a protection mode,
for which the PSU shall limit its current to a fixed value.

1 Primary Power LimitPSU shall contain a primary pulse by pulse current / power limit set at the
equivalent output current levels located rable8-3 below. Upon entering thisange,the PSU

shall limit the power until such time as secondary constant current has been asserted.

Specification Description Min Typ Max Units
Initial Constant | Value represents the constant current getint of (% of full
Current Set the PSU. This set point represents the output 145 147.5 150 load rating)
Point current that the PSU will clamp its output to. 9
Constant Value represents the amount of change in the % of full
Current Level output current once it is clamped to iset point +/-2.5 load rating)
Drift value. This is measured over a 5ms time period 9
PSU shall not transition to constant current mode
less time than the minimum time specified. This
Constant L . L
time is used tastablish the amount of time it take
Current L ) 2 3 ms
. . the PSU output to transition from being a voltage
Assertion Time )
controlled current source to a fixed constant curre
source.
The amount of time starting from constant asserti
Constant to the PSU output current reaching the initial
Current Settling put curr N 200 6000 us
Time constant current set point. Measurement made
with minimum output capacitance under section 3

TransitionLimits

Upon the PSU clamping its output current to its
fixed value, the criteria for exiting constant curren

ConstantCurent mode shall be the load falling below the clampeq Refer toSection Table7-4 Transienioad requirements
to Constant output current level. During this transition the PS at location referred to asegulation limits
Voltage shall maintain the extended d¢put voltage

regulation.

Primary Power PSU shall contain a primary pulse by pulse curre (% of
Lirrynit power limit set at the equivalent output current 170 180 full load
levels located to the right. rating)
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PSU OUTPUT CURRENTIWE

Primary Power Limi

Operation is considered a

protection mode for the
PSU PSU shall use a

170% primary side pulse by pulsg
current/ power limi
CONSTANT CURRENT
Constant Current mode of
160%

operation is considered a
protection mode for the PSU
During this mode of operatign
loss of voltage regulation due t
150% output undervoltage or OCP

g may result Voltage regulation

o will be a function of loa&

% system capacitancé& time.

x 140%

0

D

@)

|_

D 130%

(ol

5 125%

@)

o 120% PSU load levels abo1@0% of the PSU
N rating, are considered transient events
o Duty cycle and peak load levels shall not

exceed the average power rating of
100%.If these levels are exceeded the
110% PSU may shutdown due to over
temperature protection

10026

A 4

/ 3.0mS 5mS 55mS 100mS

2ms \ Time

Max Constant Current Note: Values are typical and do not include programrr
Assertion Time set points or hysteresis leveldalues are not to scale

Figure8-22 PSU Output Current vs. Time
8.1.5.1 Constant Current During Start Up into Overcurrent Condition
In an event when output current exceeds constant current thresholds definédlife8-3 PSU vs. Load

Behaviors; GonstantQurrent and Primary Power Limithe power supply shall go into constant current
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mode. In the event of an overcurrent start up condition, in which POK does not assert and the start
condition is valid the PSU shall issue an OC_FAULT and OCW?2 for conditions that triggered a shutdown
due to OCW?2 only, the OCW1, OCW3 anduthder-voltage protection (UVP) shall remain disabled. In

an overcurrent startup condition, in which POK is asserted before the 495ms window has expired, the PSU
shall Turn ON and average value of lout Average should be reset and OCW2 should reset to default value.
In this condition OCW1, OCW3 and Vout_UV shall get enabled before the PSU is Turned ON.

In a startup condition where average value of lout is below the OCW?2 threshold, the PSU should follow

normal Turn ON sequencghe reporting of status registegelated with over current conditions and Status
Word are as shown in the flow chathown inFigure8-23 PSU Start up in to Over Current Condition
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| Elow Chart Constant Current During Start p

PSONN
Asserted
PSKILL De
Asserted
Asserted

Disable OCW,
OCWB, Vout UV

Has OC\& 5ms
Window Expired

lout Avgk125%
of Main Rail Currep

Y

Initiate 495ms
Average Window,

—

y

Is POK Asserted

Resume Normal

Initiate
Start Up

Start Up

Y
Set OCW Window
=500(5+499ms

Initiate Main Rail
Soft Start

If lout>x120%

POK New Timin@3) =
380ms to420ms

as495ms Window
Expired

lout Avgk120%
of Main Rail Curre

¢ N T\
Reset lout Average Valuget OCW to A 4
Default

Enable OC\W OCWB. Set OCW, OCW2 to
Default valuesEnable VoutUV.

A

Operation

Status Word0x79)=00

OCW Status(0xDD =00

OCW Counter(OxDB =00 00 00 00 00
STATUSOUT(0x7B) =00

A 4

Status Word0x79)=50 48

OCW Status(0xDD) =02 OR0A

OCW Counter(0xDE =00 01 00 01 0@RO0 01 00 01 01
STATUSOUT(Ox7B) =A3

Figure8-23 PSU Start up in to Over Current Condition

8.1.6 Fast Output Current Sensing for Fast Over Current Warning

The power supply shall have a circuit to quickly assert the SMBAlert# signal when the output current
exceeds the over power protection threshold in the PSU. The SMBAlert# signal must always assert before

95



Open Compute Proje®l-CRPS Version 0.70

the overpower protection threshold is exceeded. SMB# must always latch for about 100msec before
being released.

8.1.7 Over Voltage Protection (OVP)

The power supply over voltage protection shall be locally seasddhardware basedThe power supply

shall shutdown and latch off after an over voltage ctindioccurs. This latch shall be cleared by toggling

the PSONsignal or by an AC power interruption. The values are measured at the output of the power
adzLlL) e Qa O2yySOil2NRA® ¢KS @2t G138 akKltt yS@SNI SEC
comectors of the power supply connector during any single point of fail. The voltage shall never trip any

lower than the minimum levels when measured at the power connector. 12VSBwill beenaeered

after removing OVP limit.

Table8-4 Over Voltage Protection (OVP) Limits

Output Voltage MIN (V) MAX (V)
+12V 14.0 15.0
+12VSB 14.0 15.0

8.1.8 Over Temperature Warning (OCW)

The power supply shall be able to alert the systgrmasserting the SMBAlert# sighattake actiorwhen
the temperature in any of the temperature sensors reach a predefined thresholde Temperature
Configuration Blocksee12.8.3.2Temperature Configuration Blogkof the configuration filgsee12.8
Configuration File

8.1.9 Over Temperature Protection (OTP)

The power supplghallbe protected against over temperature conditions caused by loss of fan cooling or
excessive ambient temperature. In an Oddhdition the PSU will shutdown. OT warning SMB#lert
assertion must always precede the OTP shutdown. When the power supply temperature drops to within
specified limits, the power supply shall restore power automatically, while the 12VSB remains always on
The OTP circuit must have built in margin such that the power supply will not oscillate on and off due to
temperature recovering condition. The OTP trip temperature level shall be at 2dtigher tharOver
TemperatureWarning threshold levelThe Over Temperature Protection threshold shall be configurable,
Seel2.8.3.2Temperature Configuration Bloirksection12.8Configuration Filéor more details.

8.2 Auxiliary (Stantby) Output

8.2.1 Over Current Protection Behavior

During initial power on, 12VSB output OCP is blanked for a p@bpiadk_startupto allow starting into

rated load withthe maximumexternalcapacitive loadingcrosghe auxiliary (Standby) output. At end of

the period Tblank startup M H * { . 2 dz Lddzid akKlI f € 0S Ay NB3Idz I (A2
ISTBY_RATED.12VSB output shall support peaks currents (afteipsgdr2VVSB output in regulation) as

defined in the diagram shown in figure below.
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A
A

ty t

sy px

5By OCPmax [====q====ssemspeccmmcacmaaacaaacanny

lsBy_ocpmin [f====q========n"

STey RATED = = — — = ——— —

D = t1/(t1+t2)
lsrey_nverage =11 + D * (lstey pk = 1)
|5TET_Average s 'STBY_RATED
Figure8-24 Auxiliary (Standby) OCP behavior
Notes:

1. If either the duration of ISTBY_ PK > t1 AND / OR the peak current is > ISTIRZ¥ SRBKitput
shall enter in OCP Mode.

2. StandbyOutput shall be capable of handling repetitive peaks as long as the Average value of
12VSButput current is (Averagedover I0&mMH A Yao X L{¢.  gw! ¢95d LT (I
repetitive peak event exceeds ISTBY_RATER€5%), but falls within tHE2VSBOCP limits,
12VSButput shall enter in OCP Mode.

3. If the Average value di2VSButput current exceeds ISTBY_RATED but is lthaervalue of
ISTBY_OCPE2VSButput is allowed to Droop, but should remain > UVP Limit and shall continue
to operate without hazard OR may shut down due to OTP.

4. Each PSU design shall be tested by disabling OCP8Eand setting thel2VSBoad to 0.95
Max Value of ISTBY_OCP limit of the design (which should be the maximum value of OCP
2001 AYySR o6& 2/9t¢! 0 G2 SyadaNB GKFG GKS t{! ali
above. This test is only a design validation test performed at eagle sharing development.

9 Control and Indicator Functions

9.1 PSON# Input Sigr&hput)

The power supply shall havePSON# signal to remotely turn ON#Othe power supplylt shall be able
to be configued via firmwareto work as awo-state (default)or three-state PSON# signélased in the
configuration provided by theonfiguration file To accomplish the two/threestate modesthe power
supply shall incorporate the circuit below.
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3.3V

10KS)

1KQ

4 A
I 1nF

<{ PSON# >

MCU's A/D input €

MCU's GPO )_Ii

Figure9-1 Required®SON# input signal circtitr two/three-state operation

Notes:
1. Applying a logic @ the MOSFET will configure the PSON# ispgrialas threestate.
2. Applying a logic fo the MOSFET will configure the PSON# input signal astai®

Thespecificationdor these twodifferent configurationsare described in the following subsections.

9.1.1 TwoState Signal

When thePSOM signal isonfigured as twostateit shall beactive lowto turn ONthe +12Vmain power
output. When this signal is not pulled low by the system, or left opentit#/ mairoutput shallbe turn
OFRwhile the 12\6Boutput shall remain ONThis signal is pulled &ostandby voltage by a pulp resistor
internal to the power supplyThe table below lists the required characteristics of the PSON# signal when
configured as twestate input.

Table9-1 Two-state PSON# sighcharacteristics

Signal Type Accepts an open collector/drain input from the system. Rufb
to VSB located in power supply.

PSON# = Low ON
PSON# = High or Open OFF

MIN MAX
Logic level low (power supply ON) ov 1.0v
Logic level high (poweupply OFF) 2.0V 3.46V
Source current, Vpson = low 4mA
Power off delay: Tpson_off_delay 5msec
Power up delay: Tpson_on_delay 5msec 400msec
PWOK delay: T pson_pwok 5msec
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0.3V < Hysteresis < 1.0V

Disabled| In 1.0-2.0V input voltages range is
required
<10V =20V
PSis PSis
enable disable
d d
Enabled
. j ' i
ov 1.0 2.0 3.46V
v v

Figure9-2 Two-state PSON#equiredsignal characteristic.

9.1.2 ThreeState Signal
When configured as threstate input, the PSON# signal shadl able to detect logic 0, logic 1 ahijh
impedance (pin floating)rhethresholdsto detect these three states are depicted in tledlowing figure

Disabled
PSis PSis
enabled disabled
Enabled
1 T I
ov 0.9v 1.3v 2V 2.4V 3.46V

Figure9-3 Threestate PSON# Required signal characteristics

PSON# stage shall be designed to follow the logic as shown in thebigble for assertion and de
assertion states when used tihree-state PSON#hode.

Figure9-4 PSON# transition states when usingt8te mode

# VINOK Stati}g:eI;nSON# Tran':;istigr’1\l gtate e s

1 HIGH Initialization (HHZ, HIGH) Hi-Z, High Remain OFF

2 LOW Stays ON

3 HIGH LOW HIGH Turns OFF

4 HLZ Stays ON

5 LOW Turn ON

6 HIGH HIGH HIGH Remain OFF

7 HLZ Remain OFF

8 Low Turn ON if OFF || Remain ON
9 HIGH HkZ HIGH Turn Off if On || Remain OFF

10 HIZ Preserve Last State

11 LOwW LoOwW LoOwW Remain ON until PWOK drops
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12 HIGH Turn off

13 HIZ Remain ON until PWOK drops
14 LOW Turn ON until PWOK drops
15 LOW HIGH HIGH Remain OFF

16 HLZ Remain OFF

17 LOW Turn ON until PWOK drops
18 LOwW HIZ HIGH Turn Off if On || Remain OFF
19 HkZ Preserve Last State

9.2 PWOK# Input Sign@utput)

PWOK is a power QiGtput signal and will be pulled HIGH by the power supply to indicate that all the
outputs are within the regulation limits of the power supply. When any output voltage falls below
regulation limits or when AC power has been removed for a time sufficientlysionjat power supply
operation is no longer guaranteed, PWOK will beadserted to a LOW state. Stbe table belowfor a
representation of the timing characteristics of PWOK. The start of the PWOK delay tinte gitabited

as long as any power supply output is in current limit.

Table9-2 PWOK signal characteristics

Signal Type Open collector/drain output from power supply. Pulip to VSB
located in the powersupply.

PWOK = High Power OK
PWOK = Low Power Not OK

MIN MAX
Logic level low voltage, Isink=400uA ov 0.4v
Logic level high voltage, Isource=2®0 2.4V 3.46V
Sink current, PWOK = low 400uA
Source current, PWOK = high 2mA
PWOK delayfpwok_on 380ms 420ms
PWOK rise and fall time 100msec
Power down delay: T pwok_off ims
Any PSU fault to PWOK deasertion delay 100msec

Arequired circuiimplementation of the Power Ok circuit is shown bel@lePower Ok circuitshallbe

compatible with 5V pull up resistor (>10k) and 3.3V pull up resistor (>6.8k)
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01
3.3VSB R?
? 2N4401 56
12 S o
o R1 2
. s NJ':Q_.
10k D1 2N4401
1N4148
g R3 ; R4
820
10K

Figure9-5 PWOKcircuitimplementation

9.3 SMBAlert# Output Sign@utput)

This signal indicates that the power supply is experiencing a problem that the user should investigate.
Thissignalshall be asserted due to Critical events or Warning evastsonfigured in the configuration

file. The signal shall activate in the case of critical component temperature reached a warning threshold,
general failure, ovecurrent, overvoltage, undeivoltage, failed fan. This signal may also indicate the
power supply is reaching its end of life or is operating in an environment exceeding the specified limits.
ThisSMBAlert# signas to be asserted in parallel with LE@lor code selected in the configuration file

Table9-3 SMBAlert# signal characteristics

Sl Ty i L lo VS located n sysem. o e PR
Alert# = High OK
Alert# = Low Power Alert to system
MIN MAX
Logic level low voltagésink=4 mA ov 0.4V
Logic level high voltage, Isink=58 3.46V
Sink current, Alert# = low 4 mA
Sink current, Alert# = high 50mA

9.4 VINOK Output Sign@utput)
VINOK signal indicates that the input voltage is within rdiege where the power supply can operate
normally. Details of the operation are described in seclidib Timing Requirements

Table9-4 VINOK Siwpl characteristics

Signal Type (Active High) hLiSy O2ffSOG2NKkRNI Ay 2 dzi it
VSB located in the power supply.
PWOK = High Input voltage is within the operational range
PWOK = Low Input voltage not within theperational range
MIN MAX
Logic level low voltage, Isink=10mA ov 0.4v
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Logic level high voltage, Isource=4mA 3.0v 3.46V
Sink current, VINOK = low 10 mA
Source current, VINOK = high 4mA
VINOK rise and fall time 100msec

Notes:

1. Va Ay 3 loadresisiorin the system side

9.5 ImonOutput SignalOutput)
The power supply shall incorporate an output current monitoring pin which will act as a current mirror of
the main 12V outputlnenSignals from other power supplies in the system can be tied together to provide

a mechanism for the system to measure théaioutput current of all the power supplies combined. The
arayrt aKkkfft AyOfdzRS
entering a power supply that is not energized. The characteristics of the signal are describe table

below.

Iy 2 dzi Lddzi

Table9-5 Imon signal characteristics

Signal type Current source

Sensitivity 0 to 2mA (representing 0 to0P% of rated
current)

Minimum bandwidth 40 kHz

Compliance voltage 10.5V

Time constant 2.9us to 4.0us

Signal delay < 100ns

Note: The Imon Signal shall be able to provide information beyond PL4 levels

The required accuracy for tHgonsignal shall be:

%

16%
14%
12%
10%
8%
6%
4%
2%

0%

¢2t SN yOS I B M206ME:

Read 2 f SN} yOS ' p Mm:

0 ME:?

XK L2dzi X mnm:oT

b k!

X L2dzi X Mnm:roT

0% 10% 20% 30% 40% 50% 60% 70% 80% 9S0% 100% 110% 120% 130% 140% 150% 160% 170% 180% 190% 200% 210% 220% 230% 240% 250%
Table9-6 Imon Signal % of tolerance versus % of loading condition
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9.6 A0 and ABignals (Inputs)

The power supply shall be able to set its SMBildress and FRU address by checking the voltage levels
in the AO and Alnput pins up to 6 SMBus addresses can be set combining logic states and analog voltage
levels in these signalthe characteristics ahesetwo signals are described in the followigsgctions.

9.6.1 AO Input Addressing

The power supplifhe A0 input pin shall be analog and able to measure a voltage from 0 ttoZ8Mct
between logic addressing mode and analog addressing midgepower supply shall sample the A1 and
A0 pinsand averge thevoltage to filter out noise/glitcheas defined in the table below

Table9-7 AO input signal characteristics

Signal Type Analog input 470Y KL% 100ppnPultup resistorto 3.3VSB
located in thepower supply.
MIN MAX
Dynamic range ov 3.3V
Sampling periodT) 0.9ms 1.1ms
Number of sample@N) 8 8

The power supply shall follow the flow diagram showRigure9-6 Flow diagram to detect between logic
and analog SMBus addresstogdetermine if the addressing mode is based on logic levels or analog levels.
| Start |

Y
Wait 10ms

v

N N
1 1
Algyy = HZAU[H] Algyy = ﬁz Al[n]
n=1 n=1

Sample period =T

No . Yes
< . 0.85V = ADavg < 1.95V _‘_:I'
\ 4 \ 4
Set SMBus address Set SMBus address
based on logic states of based on AD analog
A0 and Al levels and ignore A1

Y

End
Figure9-6 Flow diagram to detect between logic and analog SMBus addressing

Note: Refer toTable9-7 A0 input signal characteristifsr N and T values.
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Table9-8 Power supply's SMBus addressing using logic levels (up to 4 addresses)

SMBus Power supply must detect A1/ A0 | System must set A1/ A0 vialge within
address voltage within this range this range
PSU . Nominal . .

Number PSU/FRU | Al state | AOstate Min (V) ) Max (V) Min (V) Nominal Max (V)
0 0xBO / OXxAO | Logic O Logic 0 0/0 - 0.8/0.8 0/0 - 0.5/0.5
1 0xB2 / 0xA2 | Logic O Logic 1 0/2 - 0.8/3.3 0/24 - 05/3.3
2 0xB4 / 0xA4 | Logic 1 Logic 0 2/0 - 3.3/0.8 2410 - 3.3/05
3 0xB6 / OxA6 | Logic 1 Logic 1 212 - 3.3/3.3 24124 - 3.3/3.3

Table9-9 Power supply's SMBus addressing using A0 analog levels (up to 6 addresses)

SMBus Power supply must detect AO voltage| System must set AO voltage within thig

address within this range range

PSU Al ol Nominal
PSU/FRU | Voltage | Voltage Min (V) Max (V) Min (V) Nominal Max (V)
Number V)
() )
0 0xBO/0xAO0 | N/A! 0.9 0.8 0.9 1 0.85 0.9 0.95
1 0xB2 / OxA2 N/AL 1.1 1 1.1 1.2 1.05 1.1 1.15
2 0xB4 / OxA4 N/AL 1.3 1.2 1.3 1.4 1.25 1.3 1.35
3 0xB6 / OxA6 N/AL 1.5 1.4 1.5 1.6 1.45 1.5 1.55
4 0xB8 /0xA8 N/AL 1.7 1.6 1.7 1.8 1.65 1.7 1.75
5 OxBA / OXxAA N/AL 1.9 1.8 1.9 2 1.85 1.9 1.95
Notes:

1. Al pinis used as Data & Sidebands Serialization Intenfaea the addressing mode is
based on analog levglseel2.7Data& Sidebanderialization InterfacéDSSI)

To stablish the address using the AO analog Ien@de the system shall place a 18terance100ppm
resistorfrom the AO pinto ground with the required value for a given SMBus address @srsin table

below.

Table9-10 Recommended 1% tolerance 100ppm temperature coefficient resistosyaiud0 analog addressing

mode
PSU Nominal Required resistor value 1% Tol
Number voltage 100ppm
0 0.9 178K
1 1.1 237K
2 1.3 309K
3 1.5 392K
4 1.7 499K
5 1.9 637K
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9.6.2 Al adata & Sideband Serialization Interface (DSSI)

The Al pin shall be dual purposke first one is to stablish the SMBus address of the power supply base
on the method described in the previous sectii.1A0 Input Addressind’he second purpose is as-a 1
wire communication linkThis communication link is only available when the PSU is using only A0 pin t
stablish the SMBus address, for more details’s2€& Data& Sidebanderialization InterfacéDSSI)

10 Environmental Requirements

10.1 Temperature
Minimum startup and operating ambient:  -5°C

Maximum operating ambient: SeeSction3.1for operating requirements.

Nonroperating ambient: -40°C to +70°C (Maximum rate of change of
20°C/hour)

10.2 Humidity

Operating: To 85% relative humidity-(momdersing)

Non-Operating: To 95% relative humidity (feondensing)

NOTE: 95% relative humidity is achieved with a dry bulb temperature of 55°C and a wet bulb temperature
of 54°C.

10.3 Altitude
Operating: to 3050 m
Non-operating: to 15200 m

10.4 MechanicaBhock
Nonoperating: 50 G Trapezoidal Wave, Velocity change = 170 in. / sec.
Three drops in each of six directions are applied to each of the samples

10.5 Random Vibration

Non-operating

Sine sweep:

5Hz to 500Hz @ 0.5gRMS at 0.5 octave/min; dwell 15 min at each of 3 resonant points;
Random profile:

5Hz @ 0.01g%Hz to 20Hz @ 0.02g?%/Hz (slope up); 20Hz to 500Hz @ 0.02g%/Hz (flat);
Input acceleration = 3.13gRMS; 10 min. per axis for 3 axis cangiles

10.6 Thermal Shock (Shipping)

Non-operating:-40°C to +70°C, 50 cycles, 30*C/min. * transition time * 15*C/min., duration of exposure
to temperature extremes for each half cycle shall be 30 minutes.
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11 FRU Requirements

11.1 FRU Data

The FRU data formatall be compliant with the IPMI v&r0 specification. The current version of these
specifications is available at

https://ww w.intel.com/content/www/us/en/products/docs/servers/ipmi/ipmsecondgeninterface
specv2-revl-1.htmlthe following is the exact listing of the EEPROM content. During testing this listing
shall be followed and verified.

11.2 Device Protocol
The FRU device limplement the same protocols as the commonly used AT24C02 device, including the
Byte Read, Sequential Read, Byte Write, and Page Read protocols.

11.2.1 Data Format
The information to be contained in the FRU device is shown in the following table.

Area Type Description

As defined by the FRU document

Common Header

Internal Use Area Not required, do not reserve

Chassis Info Area Not applicable, do not reserve

Board Info Area Not applicable, do not reserve

Product Info Area As defined by the IPMI FRIdcument. Product information shall be defined as follows:

Field Name Field Description

Manufacturer Name

{Formal name of manufacturer}

Product Name

fal ydzFl Ol dzZNBNDA Y2RSt ydzvyo SNY

Product part/model number

Customer part number

Product Version

Customer current revision

Product Serial Number

{Defined at time of manufacture}

Asset Tag {Not used, code is zero length byte}
FRU File ID {Not required}
PAD Bytes {Added as necessary to allow fobgte offset to next area}

Multi-Record Area

Asdefined by the IPMI FRU document. The following record types shall be used on this
supply:
Power Supply Information (Record Typdp0
DC Output (Record Typel9)l
No other record types are required for the power supply.
Multi-Record informatiorshall be defined as follows:

Field Name (PS Info)

Field Information Definition

Overall Capacity (watts)

Rated power in watts

Peak VA

Peak power

Inrush current (A)

Inrush current in Amperes

Inrush interval (msec)

5

Low end input voltage range 1

Minimum low line voltage

High end input voltage range 1

Maximum low line voltage

Low end input voltage range 2

Minimum high line voltage
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High end input voltage range 2 Maximum high line voltage

A/C dropout total. (msec) 10

Binary flags Set for: HotSwap support, Auto switch, and PFC

Peak Wattage Peak power in watts

Combined wattage None

Predictive fail tach support Supported

Field NamdOutput) Field Description Two outputs are to be defined from #1 to #2, as follows: +12V and +12
Output Information Set for: Standby on +12VSB, No Standby on all others.

All other output fields Format per IPMI specification, using parameters in this specification.

11.2.2 Write Protection

The contents of the FRU shall have write protectiorechanism using the PMBus command
MFR_FRU_PROTECTION with the hexadecimal number DBh using Write Byte and Read Byte types of
commands with PEC. A read value of 00h means the FRU can be written and a value of 01h means the
RSOAOS OF yQi ot&tion atlvatad)SsamedvauedappBy fot INdEe operation.

12 Firmware Requirements

12.1 PMBus

12.1.1 Related Documents
w ta.dzZaxn t26SNI {eadGdSY al yl 3SY §@dneral Reguiremérgsf { LIS O
Transport And Electrical Interface; Revision 1.2

W t a. dzaun t b Mddagendeat iProtocol Specification Part lCommand Language;
Revision 1.2

w System Management Bus (SMBus) Specification Version 2.0

W System Management Bus (SMBus) Specification Version 3.0

12.1.2 Addressing

The PSU PMBus device address locations are shown bélomwredundant systems there are uptieo
signals to set the address location of the PSU once it is installed in the spstérass A1) andAddress0O
(AO0) For noaredundant systems the PSU device address location should be BOh.

Tablel2-1Power supplyPMBugdeviceaddresdocations
Addresses used: X X X X X X
System addressing Address1/ Address 0/0 0/1 1/03 1/13 Note 3 Note 3
PMBus device read / write addresses | BOh/B1h B2h/B3h B4h/B5h B6h/B7h B8h/B9h BAh/BBh

Notes:
1. Nonredundantsystems (single PSWwill use the0/0 address location

2. The addressing method uses the 7 MSB bits to set the address and the LSB to define
whether a device is reading or writing. The addresses defined above use 8 bits including
the read/write bit

3. Seemore details irsection9.6 A0 and AlSignals (Inputs)
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The PSU shall have an IPMI FRU (field replaceable unit) serial EEPROM. It shall be located at the following
addresses. Thishall bea separate physical device from the PMBus device. This is intended to align with
existing IPMI standards.

Tablel2-2 Power supplyPMI FRUdeviceaddresdocations

Addresses used: X X X X X X
System addressing Addressl 0/0 o1 103 113 Note 3 Note 3
Address0

FRU device read/write

AOh/A1ht A2h/A3h A4h/A5h ABh/A7h A8h/A9h AAh/ABh
addresse$d

Notes:
1. Nonredundantsystems (single PSWwill use the0/0 address location

2. The addressing method uses the 7 MSB bits to set the address and the LSB to define
whether a device is reading or writing. Téddresses defined above use 8 bits including
the read/write bit

3. See more details in sectiéh6 A0 and AlSignals (Inputs)

12.1.3 Hardware
The device in the power supply shall be compatibleivk 62 0 K {a. dza& Hdn WKAIK LIRS
Vdd based power and drive (for Vdd = 3.3V). This bus shall operate at 3.3V.

12.1.4 PMBus Power Sourcing

The circuits inside the power supply shall derive their power from the standby output. For redundant

power supplies the device(s) shall be powered from the system side ®R¥A Y3 RS PA OS @ ¢ K
device shall be on whenever AC power is applied to the power supply or a parallel redundant power supply

in the system.

12.1.5 Pull Ups

Only week putup resistas shall be on SCL or SDA inside the power sapplyected to 3.3VSBTrhe main

pull-up resistors are provided by the system and may be connected to 3.3V or 5V. For the system design,
the main puHups shall be located external to the power supply dedve their power from the standby

rail.

12.1.6 Data Speed

The PMbusdevice in the power supply shall operate at the SMBus sgesdd in below tablend avoid

using clock stretching that can slow down the bus. For example, the power supply can clockwtiletch
parsing a command or a power supply servicing multiple internal interrupts or NACK may require some
use of clock stretching. Unsupported commands may respond with a NACK but must always set the
communication error status bit in STATUS_CML.

Tablel2-3 SMBus speed range
Parameter Value
SMBus speed 50 kHzo 400 kHz
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The PMBus device shall support SMBus cumulative clock low extend time (Tlow:sext) if < 25msec. This
requires the device to extend thdock time no more than 25msec between START and STOP for any given
message.

12.1.7 Bus Errors

The PMBus device shall support SMBus elowktimeout (Ttimeout). This capability requires the device

to abort any transaction and drop off the bus if it detects the clock being held low for >25ms, and be able
to respond to new transactions 10ms later.

The device must recognize SMBus START and STOP conditions on ANY clock interval. (These are
requirements of the SMBus specifications but are often missed irifingt hardware designs.) The device

must not hang due to 'runt clocks', 'runt data’, or otheut-of-spec bus timing. This is defined as signals,
logiclevel glitches, setup, or hold times that are shorter than the minimums specified by the SMBus
specification. The device is not required to operatgmally butmust return to normal operation ore

'in spec’ clock and data timing is again received. Note if the device 'misses' a clock from the master due to
noise or other bus errors, the device must continue to accept 'in spec' clocks-agdake with the master

on the next START or STOP condition.

12.1.8 Additional SMBus hardware requirements
w 300ns maximum fall time with a 400pF capacitive load and 2.7Kohm pull up to 3.3V.
W 10ns minimum fall time with a 20pF capacitive load and 2.7Kohm pull up to 3.3V.
w The power supply shall not load the SMBuslifi$ no input power.

12.1.9 Writing to the power supply

When responding to read commands the power supply shall extend the clock until all writing of data to
the command is complete. The power supply must still meet the Tlow:sext max time of 25msec described
in &ction12.1.6Data Speed This is needed tmake sure if the system performs a series of write and
then and immediate read to the same command the power supply returns the value just written to the
power supply.

12.1.10 PAGE
Setting a PAGE value of FFh is used to clear all status bits in all PAGEsQUiBARe FAULT command.

12.1.11 PAGE_PLUS_WRITE and PAGE_PLUS_READ (05h/06h)

The new PAGE_PLUS WRITE and PAGE_PLUS READ commands are used with the STATUS WORD
STATUS_INPUT, STATUS_TEMPERATURE, STATUS_IOUT, and STATUS_CML to create two instances of tl
same command Each instance is set by the same events but cleared by their own master in the system.

The instances at PAGE 00h are controlled by the system BMC and the instances at PAGE 01h are controlled

by the system ME. Below are the protocols used to read a ¢he STATUS_ commands using the
PAGE_PLUS_WRITE and PAGE_PLUS_READ commands.
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Reading STATUS_WORD
Block Write T Block Read Process Call with PEC

1 7 11 8 1 8 1 8 1
Power supply PAGE_PLUS_READ _ PAGE STATUS_WORD
S address WA command code A Byte Count = 2 A 1:; instance = 00h A command A
2" instance = 01h
1 7 1 1 1 8 1 8 1 8 11
Power supply _ STATUS_WORD STATUS_WORD
Sr address RIA Byte count = 2 A Low Byte A High Byte A PEC Al P
Reading STATUS_TEMPERATURE, STATUS_I0OUT, STATUS_INPUT, STATUS_CML
Block Write 7 Block Read Process Call with PEC
1 7 11 8 1 8 1 8 1 8 1
s Power supply W | A | PAGE_PLUSREAD | Bvte Count=2 | A 4. PAGE A A
address command code Yt - 1nd instance = 00h STATUS command
2" instance = 01h
1 7 11 1 8 1 8 11
Power supply _ STATUS_XXX
Sr address R A Byte count = 1 A Byte A PEC AP

Figurel2-1 Writing/Reading STATUS commands with PAGE_PLUS_READ

Clearing STATUS commands (write d6to clear a bit)
STATUS_TEMPERATURE, STATUS IOUT, STATUS_INPUT, STATUS_CML

Block Write with PEC

1 7 1 1 8 1 8 1 8 1
PAGE
S POW:(: supply 1\ | A PASfazzgjg\sgi'TE A| bytecount=3 |A 1% instance = 00h A
address 2" instance = 01h
8 1 8 1 8 1
STATUS_command A Cl,e,armg bits A PEC A|P
d4' =clear

STATUS_WORD cannot be cleared directly It is cleared
based on lower level status commands

Figurel2-2 Clearing STATUS commands using PAGE_PLUS WRITE

12.1.12 Sensors

The following PMBus commands shall be supported for the purpose of monitoring current, voltage, and
power. All sensors shall continue providing real time data as long as the PMBus dpeigerisd. This

means in standby mode the main output of the PSU shall be zero amps and zero volts. Sensors shall meet
requirements from 100VAC to 127VAC and from 200VAC to 240VAZB®C ta75VDC for DC input

power supplies). They shall be tested dowr5% load.

Table12-4 Current/Power/Temperature monitoring PMBus commands

PMBus command Description
New input energy counter described below. Added to PMBus rev 1.2 spec. Uses direct format
READ_EIN - -
- the power accumulator; unsigned integer value for the sample count.
READ_PIN Input power meter based on PMBus rev 1.1 spec. Uses Linear formatting.
READ_IOUT 1%1::1?;: current in amps for the total 12V current. The other outputs are not sensed. libsas
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READ_EOUT

New output energy counter described below. Added to PMBus rev 1.2 spec. Uses direct form
the power accumulator; unsigned integer value for the sample count.

READ_TEMPERATURE_1

Returns the temperature in °C of the inlett@erature. Based on PMBus rev 1.1 spec. Uses line

format.

READ_TEMPERATURE_2

Returns the temperature in °C of the hot spot temperature. Based on PMBus rev 1.1 spec. Us

linear format.

12.1.13

Sensor Functionality in Different PSU States and Configusation
The functionality of READ_EIN and READ_EOUT in different PSU configurations is stated in the below table.
The PSU must continue incrementing the sample counter even if AC power is not present to the PSU but

the PMBus device in the PSU is powediredn the other power supplies in parallel.

Table12-5 READ_EIN & READ_EOUT Functioning in differing states

Number of
PSUs in Oz PEsEi | ResierFel s PSU Power Accumulator PSU Sample counter
(PSW) (PSuW)
system
New power values continue to add to .
1 or more ON & AC All ON & AC present| the power accumulator based on Sample COL.mter Increments every
present . e sample period
loading condition
New power values continue to add to .
1 or more Stby & AC All ON &AC present | the power accumulator based on Sample cognter Increments every
present - o sample period
loading condition
OFF & no AC All OFF & no AC Reset power accumulator values to 00 Reset sample counter to 00 when
1 or more ) - h ;
present present when AC power ige-applied AC power is rapplied
AC power not Rest of PSUs in Continue adding OW to accumulator | Incrementing sample counter
2 or more standby mode & AC - .
present every sample period every sample period
present
2 or more AC power not Rest of PSUs ON & | Continue adding OW to accumulator | Incrementing sample counter
present AC present every sample period every sample period

READ_PIN, READ_IOUT, and READ_TEMPERSHdREDNtiNUe to report accurate values when the PSU
is in standby mode or when it has no AC power but is in parallel with another PSU(s) with AC power and
standby power present.

12.1.14 READ_PIN (97h)

The power supply shall provide input power data in watiEhe data shall be reported using the PMBus
linear format. The data shall be the average input power or filtered input power. If a simple average is
used to provide average input power, the minimum averaging duration shall be 2 seconds. If filtering is
used; the maximum filter bandwidth shall be 0.5 Hz. The accuracy shall be tested by polling with the
READ_PIN command at a rate ranging from 1 sample / second to 10 samples / second.

Tablel2-6 READ_PIkequrementssummary

MIN ‘ MAX Description
Format PMBus linear format PMBus data format; refer to PMBus specification for details
Averaging period 2 seconds 10 seconds The AC input power shall be averaged using a simple averagil
method of a filteringmethod. This defines the max/min period
Filtering bandwidth 0.1 Hz 0.5 Hz if;)russi::‘r:jple averaging and the bandwidth range if the filter meth

Accuracy +/-1%
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(>125Wc Max load/Peak The input power data shall meet these accuresyuirements

Power) over 106240VAC and under the defined system polling rate.

Accuracy +/-1.25W

(50W- 125W load)

Accuracy +/-5W

(<50W load)

System polling rate 1 sample/ second 10 samples / The power supply shall be polled over this rangeatés while
second testing accuracy.

12.1.15 READIOUT (8Ch)

The power supply shall provide output current data in amperes. The data shall be reported using the
PMBus linear format. The data shall be the average output current or filtered output currensinipbe
average is used to provide average output current, the minimum averaging duration shall be 2 seconds.
If filtering is used; the maximum filter bandwidth shall be 0.5 He minimum accuracy is specified in

the table below.The accuracy shall bested by polling with the READ_IOUT command at a rate ranging
from 1 sample / second to 10 samples / second.

Table12-7 READ_|IOUBquirementsummary

MIN ‘ MAX Description

Format PMBus linear format PMBus data format; refer to PMBus specification for details

Averaging period 2 seconds 10 seconds The output current shall be averaged using a simple averaging
method of a filtering method. This defines the max/min period for

Filtering bandwidth 0.1 Hz 0.5 Hz ﬁlsrgzle averaging and theandwidth range if the filter method is

Accuracy +-1% The output current data shall meet these accuracy requirements o

(300W¢ Max load/Peak 100-240VAC and under the defined system polling rate.

Power)

Accuracy +/-3%

(150W- 300W load)

Accuracy +/-0.9A

(40W¢ 150W load)

System polling rate 1 sample/ 10 samples/ | The power supply shall be polled over this range of rates while tes

second second accuracy.

12.1.16 READ_EIN (86h)

The new READ_EIN command is used to allow the system to apply its own input power filtering. This will
allow the system to get faster input power data while preventing aliasing. The command returns an
accumulated power value and an associated sample colintimber of accumulated power values. This
allows the system to calculate its own average power value each time the system polls the PSU.

Table12-8 READ_EINequirementssummary

MIN MAX Description
PMBus Direct format I .
Format PMBus data format; refer to PMBus specification for details.
m = 01h, R =00h, b = 00h
Psampe@veraging period 4 AC cycles Period instantaneous input power is averaged over to calculate®

Period at which the power accumulator and sample counter are

READ_EIN update period 80/66.7ms (50/60Hz) updated

Accuracy +/-1%
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(>125W¢ Max load/Peak
Power)

Accuracy +-1.25W The input power data shall meet these accuracy requirements ove
(125W- 125W load) 100-240VAC and under the defined system polling rate.

Accuracy +/-5W
(<50W load)

Range of System polling
period

IMPORTANT:

The PSU READ_EIN update period MUST always Healegise system polling periodTo make sure the PSU is compatible with all poss
system polling periods; the PSU must update the READ_EIN power accumulator and sample counter at a period less tharetj0getse
period is 4 AC cycles 80/67msec).

1 sec 100 ms The PSU shall be polled over this range of rates while testing accu

12.1.17 READ_EOUT (87h)

The new READ_EOUT command is used to allow the system to apply its own output power filtering. This
will allow the system to get faster output power data while preventing aliasing. The command returns an
accumulated power value and an asgded sample count of number of accumulated power values. This
allows the system to calculate its own average power value each time the system polls the PSU.

Table12-9 READ _EOUE&quirementssummary

MIN MAX Description

PMBus Direct format T .
Format PMBus data format; refer to PMBus specification for details.

m = 01h, R = 00h, b = 00h
Psample@veraging period Nominal 8msec Period instantaneous input power is averaged over to calculatef

. . . Period at which the power accumulator and sample counter are
Sampling period Nominal 8msec
updated

[Paceum/ N] Accuracy The _calculated output power data shall meet thes_e accuracy

+2% requirements over 10240VAC and under the defidesystem polling
(5% to 100% load) rate
System polling rate 1 sample /s ‘ 10 samples /s | The PSU shall be polled over this range of rates while testing accur

12.1.18 READ_EIN & READ_EOUT Formats

The READ_EIN and READ_EOUT commands shall use the PMBus direct fepugtda accumulated

power value and the sample count. The PMBus coefficients m, R, and b shall be fixed values and the PSU
shall report these values using the PMBus COEFFICIENT command. The coefficient m shall be set to 01h,
coefficient R shall be seb 00h, and coefficient b shall be set to 00h.

READ_EIN and READ_EOUT shall use the SMBus Block Read with PEC protocol in the below format.
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1 7 11 8 1 7 11 8 1
5 | Powersupplyadcress | w | A | READEINEOMMAN g | power supply actiress | R | A Byte Court = 6 A
8 1 8 1 8 1 8 1 8 1
Accumulated power — | ow Accumulated power — Accumulated power roll _ Sample count — middle
o A e A L lizt ok A | sample count —low byte | & s A
8 1 g 1
Sample count — high byte | A FEC AlP

Figurel2-3 READ_EIsbmmandformat

READ_EIN anEAD_EOUT Accumulators

The accumulated power data shall be the sum of input power values averaged over 4 AC cycles (or over
50ms for READ_EOUT). The value shall automaticalweslivhen the 15 bit maximum value is reached

(> 7FFFh). The sample couhbsld increment 1 for each accumulated power value. The system shall
calculate average power by dividing the accumulated power value by the sample count. The system must
sample READ_EIN and READ_EOUT faster than theeropieriod to get an accurate p@&wcalculation.

Below is a block diagram depicting the accumulator function in the PSU.

Important note: When the PSU responds to the system requesting READ_EIN or READ_EOUT data; the
data in the sample count must always alignment with the number of sasrggteumulated in the power
accumulator. To achieve this power accumulator, power rollover counter, and sample counter shall be
loaded into a READ_EIN and READ_EOUT register at the same time.

IfPaccum = Prollover, than Paccumin} =
Add to power Psample — [PruHEer-Pﬂccum(nJ |
accumulator (N Add 1 to Paccum_relloever_count >
(Paccumy) IfPaccum_rollover_count =FFh set to 00h Load Paccum,
Power Paccum_rallover_count,
Sampling and N
(Psample) Increment . Inte READ_EIN JEOUT
sample [ If M is greater than FFFFFFh; register
r counter Setto 00h i
Figurel2-4 READ_EINinctionaldiagram
Tablel2-10READ_EIN variables description
Parameter Description
Psample: The sampled power value in linear or direct format
Paccum: 2 bytes inPMBus linear or direct format. The accumulated power values made up of Psample(0) + Psa
b X b talYLX Soyo
N: 3 byte unsigned integer value. The number of accumulated power values summed in Paccum
Prollover: The max value of Paccum before daeér will occur
Paccum_rollover_count: | 1 byte unsigned integer counting the number of times Paccum rolls over. Once this reaches FFh; it wil
automatically get reset to 00h
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12.1.19 COEFFICIENT (30h)
The power supply shall support the PMBus COEFFICIENT comhtenslystem shall use this to read the
values of m, b, and R used to determine READ_EIN accumulated power values.

Tablel2-11m, B, R coefficients

Command COEFFICIENTS support m B R
READ_EIN Yes 01h 00h 00h
READ_EOUT Yes 01h 00h 00h
all other commands Optional X X X
12.1.20 Status Commands

The following PMBus STATUS commands shall be supported. All STATUS commands stated in Table below
as supporting PAGE instances shall support the PAGE_PLUS_WRITE and PAGE_PLUS_READ commands
since they are used by both the BMC and ME. The BMC and MBadfer two instances of the

commands accessed via the PAGE_PLUS WRITE and PAGE_PLUS_READ commands. The status bits shal
assert whenever the event driving the status bit is present. Once a bit is asserted it shall stay asserted

until cleared using one dfie methods shown in section 10.1.21.

The STATUS commands that are supported with the PAGE_PLUS_READ and PAGE_PLUS WRITE
commands shall still support direct access of the base STATUS_ XXX commands using the read word, write
word, read byte, and write bytprotocols.

STATUS_FAN_1 2 command is only accessed by the system BMC. It uses the standard read byte protocol
to read status and write byte protocol to clear bits.

The STATUS events are also used to control the SMBAlert# signal. The new SMBAEKR®nivhand
is used to define which status event control the SMBAlert# signal. Default values for these mask bits are

shown in the table below.

Tablel2-12 PMBus* STATUSmmandssummary

SMBALERT_MASK defauilis
FEEmEs each of the three instances (No|
_ o PAGE, PAGE 00h, PAGE 01h)
Bit PSU state when bitis asserted| b2 t ! B9¢G .
PMBus command location 6 WMOU GE 00h = BMC 0 = causes assertion of
PAGE 00h = BMC| gyigaerts
PAGE O1h =ME 1 = does not cause assertion of|
SMBAlet#
STATUS_WORD No PAGE, 00h, 01h
OFF 6 (lower) | OFF NA
IOUT_OC_FAULT 4 (lower) | Refer to STATUS_IOUT NA
TEMEERATURE 2 (lower) Refer to STATUS_TEMPERATU NA
VIN_UV_FAULT 3 (lower) | Referto STATUS_INPUT NA
CML 1 (lower) | ON NA
VOUT 7 (upper) | Referto STATUS_VOUT NA
IOUT/POUT 6 (upper) | Referto STATUS_IOUT NA
INPUT 5 (upper) | Referto STATUS_INPUT NA
FANS 2 (upper) | Referto STATUS_FANS NA
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STATUS_VOUT b2 t! D9 QA
VOUT_OV_FAULT 7 OFF 1, NA, NA
VOUT_UV_FAULT 4 OFF 1, NA, NA
STATUS_IOUT b2 t! D9QA

01lh
IOUT_OC_FAULT 7 OFF 1,1,1
IOUT_OC_WARNING 5 ON 1,1,0
POUT_OP_FAULT 1 OFF 1,1,1
POUT_OP_WARNING 0 ON 1,1,1
STATUS_INPUT b2 t! D9QA

01lh
VIN_UV_WARNING 5 ON 1,1,1
VIN_UV_FAULT 4 OFF 1,1,0
Unit off for low input voltage | 3 OFF 1,1,1
IIN_OC_WARNING 1 ON 1,11
PIN_OP_WARNING 0 ON 1,1,1
STATUS_TEMPERATURE b2 t! D9QA

01lh
OT_FAULT 7 OFF 1,1,1
OT_WARNING 6 ON 1,1,0
STATUS_FANS_1 2 b2 t! D9QA
Fan 1fault® 7 OFF 1, NA, NA
Fan 1 warning 5 ON 1, NA, NA

Notes:
1.
2.
3.
12.1.21

The Vin Fault bit in STATUS_INPUT shall get asserted if the input power has dropped
0St26 GKS t{! Q& 2 LISNJI lting BverNilthé RS cantindds oy & R dz
operate normally through a momentary input dropout event

Wh2 t ! DAabdartl STATUS Scommands accessed directly without using the

PAGE_PLUS commands

3AlfangotorsAy GKS t{! &aKlFIff 06S hwQSR Ayd2 I &AY
warning conditions

Resetting Status Bits

The STATUS_ commands shall be reset orthyeldyelow methods. If the event is still present that caused
the assertion of the status bit, the bit shall stay assert after clearing.

1

eNAGAYI | WmQ (G2 Fye IAGSY oAl t20FGA2y AK€

f Sendinga CLEAR_FAULTS comman&toth{ ! akKIff NBasSd Ittt {¢! ¢! {y

= =

CLEAR_FAULTS shall clear all STATUS commands at a given PAGE if PAGE command is supported.

If the PAGE is set to FFh; all STATUS bits in all PAGEs shall be cleared.

Cycling input power OFF for 1 second or mé&ésty hb akKIlFff NBaSaG Fftft {¢! ¢
Systems with redundant power supplies where only one of the supplies yc p et
ONOFA (GKS LR oSN OeOft SR t{! akKkff NBaSt GKS {¢! ¢

pow

If the PSU is kept OFF, the $UA&__ bits shall not be reset.
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f Cycling the PSON# signal fromldét 8 SNIISR G2 | 2aaSNISR akKl ff
bits shall be reset only on the assertion of PSON#; not thasdertion.

Note: Exception for Over Current Fault shutdown; PSOj&tiieg shall NOT reset the over

current fault bit or cause the power supply to restart. Only a cycle of the input power shall reset

the over current fault bit and allow the PSU to power on again

12.1.22 Default Limits for Warning and Faults

Warning limits shall be set with enough margin to guarantee no false warnings will occur is PSU operates
within the specified requirements, but before the PSU shuts down. Fault limits shall be set at limits equal

to or greater than the level at which tHeSU shuts down.

12.1.23 Resetting to Default Limits
The PSU shall reset the warning and fault limits to default values for the following case.

W Input power cycling
W PSON power cycling

12.1.24 Faults and Error Checking
The PSU shall support PEC per the SMBusp2dification.

12.1.25 Packet Error Checking
The PSU shall support packet error checking to support error checking and handling.

12.1.26 Capability and Inventory Reporting
The follow commands shall be supported for discovery of the power supplies capabilities

Tablel2-13PMBus PSthpability &inventorycommandssummary

PMBus command Value Description

PEC = supported
CAPABILITY Bus speed = 400kHz
SMBAlert# = supported

Defines the power supplies PEGpport, bus speed,
and support of SMBAlert

Used to determine if the PSU supports a specific

. command.
Linear formats for all but READ_EIN / . .
QUERY READ EOUT which is Direct It should return the proper information about any
- commands listedni Table12-18 Summary of PMBus
commands

Used to verify the PMBUS_REVISION the PSU is bg

PMBUS_REVISION 00100010 on. This shall be set to revision 1.2.

Defines the maximum inlet temperature to generate
warning condition in the STATUS_TEMPERATURE
command.

Trip threshold for the ambient temperature

MFR_TEMP1_MAX sensor (TEMP1) @ssert SMBAlert#

Defines the maximum hotspot temperagito
generate a warning condition in the
STATUS_TEMPERATURE command.

Trip threshold for the hot spot temperature

MFR_TEMP2_MAX sensor (TEMP2) to assert SMBAlert#

Defines the maximum rated output current on the 12

MFR_IOUT_MAX Rated output current using the linear formg rail

MFR_POUT_MAX Rated output power using the linear forma{ Defines the maximum rated output power of the PSU
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‘ APP_PROFILE_SUPPORT ‘ 05h ‘ Defines that the PSU supports this application profil4

12.1.27 SMBAlert# Signal

The SMBAlert# signal may be asserted by the PSU for any of the supported STATUS events. The events
that control SMBAlert# can be masked using the SMBALERT_MASK command. Default masking is shown
in sectionO.

By default, the SMBAlert# signal is asseé for the following cases

1. STATUS_INPUT (UV Fault bit): input voltage drops below the fault threshold of the PSU for >
2ms.

2. STATUS_IOUT (lout OC Warning bit): Output current exceeds tleapediiity,but PSU has not
shutdown.

3. STATUS TEMPERATURE (OT Warning): Thermal sensor for PS inlet temperature or on a hot spot
inside the PSU has exceeded its warning temperature.

Tablel2-14 PSU SMBAlert#ming requirements

ltem Description PMBus command MIN MAX
Taer Timing from input voltage dropping to OVAC t{ STATUS_INPUT 2 msec
alertinput SMBAlert# going low UV Fault
) Timing from output over current warning to
Toc_warning SMBAlert# going low STATUS_IOUT 10 msec 20 mseé
) Time the PSU holds the SMBAlert# signal
Toc_waring_tatcn asserted after an over current warning event STATUS_IoUT S0sec
Toc_pmaxprotection Timing from output tipping None 20usec
. STATUS_TEMPERATURE
Tover_temp Hot spot temp > warning threshold - 1 sec

Over temp warning

Minimum time PSU must continue to operate
within voltage regulation limits and PWOK

Tembalert shutdonn asserted after the SMBAlersignal has been NA 1sec
asserted due to an over temperature event.
Tmax_warning Hot spot temperature inside the PSU that MFR_TEMP2_MAX Tmax_continuous Tshutdown

causes SMBAlert# to assert.

Notes:
1. This time must be shorter than OCP trip delay.

2. 2msec Max Talert_input only applies to load higher than 10% of the rated load where
SmarRT is meaningful

12.1.28 SMBAlert# Operation in Standby Mode
The PSU shall assert the SMBAlert# signal only when the main outputs are ON. SMBAlert# shall stay de
asserted wherthe PSU is in standby mode when any bits in the STATUS commands get asserted.

12.1.29 SMBALERT_MASK (1Bh)
This allows the system to mask events from asserting the SMBAlert# signal and to read back this
information from the PSU. SMBALERT_MASK command can be used with any of the supported STATUS

events. The events are masked from asserting SMBAlert# by writingPm Q G2 GKS aaz2O0Al
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The SMBALERT_MASK command is used in conjunction with the PAGE_PLUS command and STATUS _
commands. It is not supported for maskingthe Moh D9 QR { ¢! ¢! { ¢y O2YYlIyRa® . St

Reading mask values using PAGE_PLUS
Block Write i Block Read Process Call with PEC

1 7 11 8 1 1 8 1 8 1
Power supply PAGE_PLUS_READ PAGE SMBALERT_MASK
S address WA Command code A Byte count =3 A 15; instance = 00h A command code A
2" instance = 01h
8 1 1 7 1 1 1 8 1 8 1 1
STATUS command | A | sr| Fowersueply | o Fal Briecount=1 | A | Maskvalues PEC AlP
address 1 = masked

Figurel2-5 PAGE_PLUS_READ command

Writing mask values using PAGE_PLUS
Block Write with PEC

1 7 11 8 1 8 1 8 1
5| Poutswl wla| erueinte (Al eyecount=4 [A|  rione-on A
2" instance = 01h
8 1 8 1 8 1 8 1
SMBALERTMASK | A | STATUS command [ A | faskvalies | PEC AlP

STATUS_WORD is not used with SMBALERT_MASK. Only the gootdevent
bits are used to control the SMBAlert signal

Figurel2-6 PAGE_PLUS_ WRITE command

12.1.30 Alert Response Address (ARA)

The PSU shall not support ARA. After asserting the SMBAlert# signal tekalEeep its address at it
standard address; not change to 18h.

12.1.31 Setting and Resetting the SMBAlert# Signal

The SMBAlert# signal shall be asserted whenever aayagsked event has occurred. This is a level
detected event. Whenever the event is pres@NIBAlert# shall be asserted. The SMBAlert# signal shall
not de-assert at any time if the event that has caused the assertion is still present.

The SMBAlert# signal shall be cleared andrmeed by the following methods

1 Clearing STATUS bits causing tbeeeted SMBAlert# signal.
1 Power cycling with PSON or with input power
1 Masking the event with SMBALERT_MASK

12.1.32 Fan Speed Control
¢KS t{! aKlIff &dzLJR NI (KS ta.dz&a O2YYlIyR& (2 |ftf2s
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12.1.33 FAN_CONFIG_1 2 (3Ah)
The FAN_CONFIG_1_2 command is used to define the presence of a fan and the method it is controlled
(by duty cycle or RPM).

Table12-15FAN_CONFIG_1c@mmand

Bits Value Meaning
7 1 Fan in position 1
6 0 Fan 1 commanded in Duty Cycle
5:4 Not used
3 0 Far orNo fan in position 2
Not used
1.0 Not used

12.1.34 FAN_COMMAND _1 (3Bh)

Thesystem may increase the power supplies fan speed through using the FAN_COMMAND_1 command.
This command can only increase the power supplies fan speed; it cannot decrease the PSU fan speed
below what the PSU commands.

The control is configured to be dutycle controlled using the linear format of the PMBus protocol.
The exponent N is fixed to a value of 0 (N = 0).

12.1.35 READ_FAN_SPEED_1 (90h)
The system will read the fan speed by using the READ_FAN_SPEED_1 command. This data shall return
the fan speed in th®MBus linear format.

12.1.36 PSU Commands Supported For Testing Purposes
The PSU shall support the following (optional but recommended) commands for PSU testing purposes
only (such as PMBus test, CLST & SmaRT test).

12.1.37 OT_WARN_LIMIT (51h)

The PSU shall allow tlsgstem to set new values to the warning threshold for the hot spot temperature
sensor using the READ_TEMPERATURE_2 command, in degreel@elsis data bytes are formatted

in the Linear Data format.

This may be used by the system test FW to simudateassertion of the SMBAlert# signal due to a
temperature warning event. This value shall be reset to the default value with any input power cycle or
PSON power cycle.

12.1.38 IOUT_OC_WARN_LIMIT(4Ah)

The IOUT_OC_WARN_LIMIT command sets the value of the outparitdhat causes an output over
current warning. The two data bytes are formatted in the Linear Data format. This may be used by the
system test FW to simulate an assertion of the SMBAlert# signal due to agwvent warning event.
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12.1.39 Modification to 102.6 and 10.3 of PMBus Part Il revision 1.2
Some changes/clarifications to the PMBus revision 1.2 specification as stated in this section to allow
compatibility with server systems.

12.1.40 PMBUS_ REVISION
This is a correction to the table in the PMBus part Il gpation regarding the PMBUS_REVISION
command.

Table12-16 PMBUS_REVISI@mmand

Bits [7:4] Part | revision Bits [3:0] Part Il Revision
0000 1.0 0000 1.0
0001 11 0001 1.1
0010 1.2 0010 1.2
12.1.41 Continuous Assertion After Clearing If Condition Is Still Present

If the warning or fault condition is present when a bit is cleared, the bit and associated SMABLERT# signal
stays asserted with no momentary transition to aakserted state.

12.1.42 Conceptual \éw of How Status Bits and SM&#&¢ Work

Figurel2-7 andFigurel2-8 show conceptual schematics of how the status bits and SMBALERT# are to
function. When a warning or fault event is detected a latch is set. The output of this latch becomes the
status bitintts £ 26 SNJ £ S@St adl Gdza NBEIAAGSNI 6adzOK a {¢! ¢
status bits in this command to create the corresponding bit in STATUS_BYTE or STATUS_WORD. The
output of the latch is also used to drive the SMBALERT# circuitrpuijet of the latch passed through

a gate controlled by the corresponding SMBALERT_MASK bit. If this bit is set, the output of the latch is
blocked from driving the SMBALERT# circuit. If the SMBALERT_MASK bit is cleared, the latch output is
allowed to pas and drive the SMBALERT# circuit. When the SMBALERT# sees the rising edge of the latch
output it asserts the SMBALERT# signal (output goes low). The SMBALERT# signal remains asserted until
it is cleared. Note the behavior of the latch output and the SMBAL MASK. If the latch output is set,

and the SMBALERT_MASK bit is changed from set to clear, the latch output is passed to the SMBALERT#
circuit and will cause the SMBALERT# signal to assert. If this not desired, the latch must be cleared before
clearingthe SMBALERT_MASK bit. As described above, the latch can be cleared by writing a 1 to
corresponding bit in the status register. It can also be cleared with the CLEAR_FAULTS command.

Commands to clear a bit are gated by the PAGE command. CLEAR_FAUbLETSacknto clear all faults

on all pages by setting the page command to FFh. Conceptually the bit clearing commands act as pulses,
driving the reset pin on the latch only momentarily. This means that if the event is ongoing (the event
detector is still adve) the output latch will stay asserted (1). This will cause the SMBALERT# to also stay
asserted (or stay low) if the event is ongoing and the SMBALERT_MASK bit is not set. This also means that

I K2ald 62yQi 0SS lo0ftS (2 nost®ndstkeSconimand foddgar dstatus b3 S Of
and then reads the bit as set, it should interpret that to mean that the event is still happening.
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Current Event_1 state Bit in PAGE_A STATUS_Event_1

Clear attempt by — s Q —
Write 1 to STATUS_X bit

Bitin PAGE_A STATUS_BYTE &
PAGE_A STATUS_WORD

Other status bits that can
set the same bit in
STATUS_BYTE/STATUS_WORD

JU

CLEAR_FAULTS

PAGE_FFh

SMBALERT_MASK Event_1 bit
for PAGE_A E }—Masked event_1
PAGE_A
GE_ SMBAlert#

Masked event_2

Latch Logic Masked event_n
Set(S) | Clear(R) | Q
0 0 No change
1 0 1
0 1 0
1 1 1

Figurel2-7 Conceptual Schematic of STATUS bits and SMBflea#gmmands that support PAGE_PLUS _

Current Event_1 state Bit in STATUS_Event_1
SET
Clear attempt by L > s Q L >
Write 1 to STATUS_X bit Latch
i D/_E>7 RuQ Bitin

STATUS_Event_2

Bitin STATUS_BYTE &
STATUS_WORD

CLEAR_FAULTS
ﬂ . o>— Bitin
STATUS_Event_n

Masked event_1

1

. SMBALERT_MASK event_1 bit
Latch Logic FDG/

Set(S) | Clear(R) | Q DS/SJ%I;”#
Masked event_2 —
0 0 No change D—’i
1 0 1 Masked event_n
0 1 0
1 1 1

Figurel2-8 Conceptual schematic of STATUS bits and SMBAlert# without PAGE_PLUS _

12.1.43 MFR_MAX_IOUT_CAPABILITY (F1h)

The PSU shall provide the Current levels thatstgaport along with their durations for the system to read

using a Block Read command with a length of 14 bytes + PEC. The contents of each field are described in
the following table.

Table12-17 MFR_MAX_IOUTCAPABILIT&¢ommand

Field name Size (Bytes) Magnitude
Irating (PL1) 2 Amperes
Ipeak (PL2) 2 Amperes
Ipeak (PL2) duration 2 ms
Ipeak.pl3 (PL3) 2 Amperes
Ipeak.pl3 (PL3) duratio 2 ms
Ipeak.pl4(PL4) 2 Amperes
Ipeak.pl4 (PL4) duratior 2 us

Note: Fields with O as value means not supported for a given.level
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7 11 8 1 1 7

11 8 1

Ls]

Address | Wr [A] command: Fin[AT] sr |

Address | Rd [ A]Byte Count=14] A | ...

8 1 8 1 8 1

8 1

[irating: Tow byte | A [irating: High byte] A | Ipeak: lowbyte | A [ Ipeak: highbyte JA|

8 1 8 1 8

1 8 1 8 11

| Ipeak.max: low byte| A [ipeak.max: high byte| A | Duration: low byte | A | Duration: high byte | A |

PEC [AlP]

Figure12-9 MFR_MAX_IOUT_CAPABILITY command

12.1.44 Summary of PMBus commands
Table12-18 Summary of PMBus commands
Code Pages Command SMBus Transaction Type
Status bit mapping

00h PAGE

01lh OPERATION

02h ON_OFF_CONFIG

03h NA CLEAR_FAULTS Send Byte w/PEC

05h NA PAGE_PLUS_WRITE (used with Block Write w/PEC
STATUS_WORD, STATUS_IOUT, Used with STATUS_INPUT, STATUS_TEMPERATU
STATUS_INPUT, STATUS_IOUT
STATUS_TEMPERATURE)

06h NA PAGE_PLUS_READ (used with Write Block Read Block PraseCall w/PEC
STATUS_WORD, STATUS_IOUT, Used with STATUS_INPUT, STATUS_TEMPERATU
STATUS_INPUT, STATUS_IOUT, STATUS_WORD
STATUS_TEMPERATURE)

10h WRITE_PROTECT

11h STORE_DEFAULT_ALL

12h RESTORE_DEFAULT_ALL

15h STORE_USER_ALL

16h RESTORE_USER_ALL

19h NA CAPABILITY Read Byte w/PEC

1Ah NA QUERYused with any command) Block Write Block Read Process Call w/ PEC

1Bh NA SMBALERT_MASIKéd with Reading: Write Block Read Block Process Call w/PE
STATUS_INPUT, STATUS_TEMPERA Writing: Write Word
STATUS_IOUT)

20h VOUT_MODE

21h VOUTCOMMAND

22h VOUTTRIM

24h VOUT_MAX

25h VOUT_MARGIN_HIGH

26h VOUT_MARGIN_LOW

27h VOUT_TRANSITION_RATE

28h VOUT_DROOP

29h VOUT_SCALE_LOOP

2Ah VOUT_SCALE_MONITOR

30h NA COEFFICIENT (used with READ_EIN)| Block Write Block Red@focess Call w/PEC

33h FREQUENCY_SWITCH
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35h VIN_ON
36h VIN_OFF
38h IOUT_CAL_GAIN
3%h IOUT_CAL_OFFSET
3Ah NA FAN_CONFIG_1_2
3Bh NA FAN_COMMAND_1
40h VOUT_OV_FAULT_LIMIT
41h VOUT_OV_FAULT_RESPONSE
42h VOUT_OV_WARN_LIMIT
43h VOUT_UV_WARN_LIMIT
44h VOUT_UV_FAULT_LIMIT
45h VOUT_UV_FAULT_RESPONSE
46h IOUT_OC_FAULT_LIMIT
47h IOUT_OC_FAULT_RESPONSE
4Ah NA IOUT_OC_WARN_LIMIT Write Word / Read Word w/PEC
4Fh OT_FAULT_LIMIT
50h OT_FAULT_RESPONSE
51h NA OT_WARN_LIMIT (used to support Write word w/PEC
testing CLST)
55h VIN_OV_FAULT_LIMIT
56h VIN_OV_FAULT_RESPONSE
57h VIN_OV_WARN_LIMIT
58h VIN_UV_WARN_LIMIT
59h VIN_UV_FAULT_LIMIT
5Ah VIN_UV_FAULT_RESPONSE
5Dh IIN_OC_WARN_LIMIT
6Bh PIN_OP_WARN_LIMIT
78h STATUS_BYTE
79h 00h, 01h STATUS_WORD Read Word w/PEC
(Low) 6 OFF PS off
4 IOUT_OC Indeterminate (Use STATUS_IOUT)
2 TEMPERATURE Indeterminate (UsSTATUS_TEMPERATURE)
3 VIN_UV Indeterminate (Use STATUS_INPUT)
1 CML
(High) 7 VOUT Failure
6 IOUT/POUT Indeterminate (Use STATUS_IOUT)
5 INPUT Indeterminate (Use STATUS_INPUT)
4 MFR_SPECIFIC (Incompatible Power
Supply)
3 POWER_GOOD#
2 FANS Indeterminate (Use STATUS_FANS)
7Ah NA STATUS_VOUT Read Byte w/PEC
7 VOUT_OV_FAULT Failure
4 VOUT_UV_FAULT Predictive failure
7Bh 00h, 01h STATUS_IOUT Read Byte w/PEC
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7 lout OC fault Failure
5 lout OC warning Pedictive failure
1 Pout OP fault Failure
0 Pout OP warning Pedictive failure
7Ch 00h, 01h STATUS_INPUT Read Byte w/PEC
5 Vin UV warning Predictive failure
4 Vin UV fault AC Loss
3 Unit off for insufficient input AC Loss
1 lin overcurrent warning Predictive failure
0 Pin over power warning Predicitve failure
7Dh 00h, 01h | STATUS_TEMPERATURE Read Byte w/PEC
7 OT fault Fault
6 OT warning Predicitve fault
81h 00h STATUS_FANS_1 2 Read Byte w/PEC
Fan 1 fault Failure
Fan 2fault Failure
Fan 1 warning Pedictive failure
Fan 2 warning Predicitive failure
7Eh STATUS_CML
7Fh STATUS_OTHER
80h STATUS_MFR_SPECIFIC
81h STATUS_FANS_1 2
86h NA READ_EIN Block Read w/ PEC
87h NA READ_EOUT Block Read w/ PEC
88h READ_VIN
89h READ_IIN
8Ah READ_VCAP
8Bh READ_VOUT
8Ch NA READ_IOUT Read Word w/PEC
8Dh NA READ_TEMPERATUREmbient) Read Word w/PEC
8Eh NA READ_TEMPERATURE_2 (Hot Spot) | Read Word w/PEC
8Fh READ_TEMPERATURE_3
90h NA READ_FAN_SPEED 1 Read Word w/PEC
91h READ_FAN_SPEED 2
94h READ_DUTTY_CYCLE
96h READ_POUT
97h NA READ_PIN Read Word w/PEC
98h NA PMBUS_REVISION Read Byte w/PEC
99h MFR ID
9Ah NA MFR_MODEL Block Read
9Bh NA MFR_REVISION Block Read
9Ch MFRLOCATION
9Dh MFR_DATE
9Eh MFR SERIAL
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9Fh NA APP_PROFILE_SUPPORT Read Byte w/PEC

ACh MFR_VIN_MIN

Alh MFR_VIN_MAX

A2h MFR_IIN_MAX

A3h MFR_PIN_MAX

Adh MFR_VOUT_MIN

A5h MFR_VOUT_MAX

A6h NA MFR_IOUT_MAX Read Word w/PEC

A7h NA MFR_POUT_MAX Read Word w/PEC

A8h MFR_TAMBIENT_MAX

A%h MFR_TAMBIENT_MIN

ADh IC_DEVICE_ID

AEh IC_DEVICE_REV

BOh USER_DATA_00

Blh USER_DATALO

B2h USER_DATA20

B3h USER_DATA30

B4h USER_DATA40

B8h USER_DATA80

COh NA MFR_MAX_TEMP_1 (Ambient) Read Word w/PEC

Ci1h NA MFR_MAX_TEMP_2 (hot Spot) Read Word w/PEC

C2h MFR_MAX_TEMP_3

DOh NA MFR_COLD_REDUNDANCY_CONFIF Read/Write Byte w/PEC

Di1h MFR_SPECIFIC_01 To be used by this spec

D2h MFR_SPECIFIQ 0 To beused by this spec

D3h MFR_SPECIFIG 0 To be used by this spec

D4h NA MFR_HW_COMPATIBILITY Read Word w/PEC

D5h NA MFR_FWUPLOAD_CAPABILITY Read Byte w/PEC

Déh NA MFR_FWUPLOAD_MODE Read/Write Byte w/PEC

D7h NA MFR_FWUPLOAD Bloack Write w/ PEC (sizédblack size from image
header)

D8h NA MFR_FWUPLOAD_STATUS Read Word w/PEC

D9h NA MFR_FW_REVISION Block Read w/PEC (3 bytes)

DAh MFR_SPECIFIC_10 To be used by this spec

DBh NA MFR_FRU_PROTECTION Read/Write byte w/PEC

DCh NA MFR_BLACKBOX Block Read WPEC (230 byes)

DDh NA MFR_REAL_TIME_BLACK_BOX Block Write/Read w/ PEC (4 bytes)

DEh NA MFR_SYSTEM_BLACK_BOX Block Write/Read w/ PEC (40 bytes)

DFh MFR_SPECIFIC_15 To be used by this spec

EOh MFR_SPECIFIC_16 To be used by this spec

Elh MFR_SPECIFIC_17 To be used by this spec

E2h MFR_SPECIFIC_18 To be used by this spec

E3h MFR_SPECIFIC_19 To be used by this spec

E4h MFR_SPECIFIC_20 To be used by this spec
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E5h MFR_SPECIFIC_21 To be used by this spec
E6h MFR_SPECIFIC_22 To be used by this spec
E7h MFR_SPECIFIC_23 To be used by this spec
E8h MFR_SPECIFIC_24 To be used by this spec
E9h MFR_SPECIFIC_25 To be used by this spec
EBh MFR_SPECIFIC_27 To be used by this spec
ECh MFR_SPECIFIC_28 To be used by this spec
EFh MFR_SPECIFIC_31 To be used by this spec
FOh MFR_SPECIFIC_32 To be used by this spec
Fih MFR_SPECIFIC_33 To be used by this spec
F2h MFR_SPECIFIC_34 To be used by this spec
F3h MFR_SPECIFIC_35 To be used by this spec
F4h MFR_SPECIFIC_36 To be used by this spec
F5h MFR_SPECIFIC_37 To be used by this spec
EDh MFR_SPECIFIC_29 To be used by this spec
FOh NA MFR_PWOK_WARNING_TIME Read/Write Word w/PEC
Fih NA MFR_MAX_IOUT_CAPABILITY Block Read w/PEC (14 bytes)

12.2 ThermalClosed Loop System ThrottlifdhérmalCLST)

The power supply shall assert the SMBAlesignalwhenever any component in the power supply
selectedby the configuration filereaches @emperature warning threshold. Upon reduction of the load
within 2msec after the SMBIlert# signal is asserted if the load is reduced to less than the power supply
rating; the power supply shall continue to operate and not shutdown.

Output Load

PSU component
temperatures

SMBAlert# !

SMBAlert# trip time

Figurel2-10 ThermalCLSTiming requirements

12.3 Smart Ridél'hrough (SmaRT)
The power supply shall assert the SMBAesignalin less than the specified time in table belafter
AQDCinput voltage is lost to OVAQ@/DCto throttle the systenfload and allow longer holdip time.

Table12-19 SMBAlert# input lost delay time
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Power supply input type SMBAlert# delay
High voltage AC/DR40VAQ®40VDC or 277VAC/380VD( >500us and&2ms
Low voltage +54VD®Rack power) <100us
Low voltage48VDC (Telecom) < 100us

Note: The SMBAlert# assertion due to input lost condition can be enabled/disabtbe
configuration file.

12.4 Cold Redundancy

This is a common specification defining Cold Redundancy requiremeutiuseundant power supplies.

It covers both power supply argystem requirements supporting redundant configurations of 1+1, 2+2,

and 3+1. Cold Redundancy uses the PMBus manufacturer specific command area to define SMBus
commands for the system to communicate with the power supplies for enabling, configuration, and
monitoring.

When configured as Cold Redundant, the power supply shall have a maximum inputgsospercified in
table below.

Table12-20 Maximum input power when configured as Cold Redundant mode
| 4 Watts |

Note: Input power shall be measured at the lowest nominal input voltage.

12.4.1 Overview

Below is a block diagram showing the Cold Redundancy architecture. When the power subsystem is in
Cold Redundant mode; only the needed power supply to support the best power delivery efficiency are
ON. Any additional power supplies: including the redumiglewer supply, is in Cold Standby state.

Each power supply has an additional signal that is dedicated to supporting Cold Redundancy; CR_BUS.
This signal is a common bus between all power supplies in the system. CR_BUS is asserted (pulled low)
when there is a fault in any power supply OR the power supplies output voltage falls below the Vfault
threshold. Asserting the CR_BUS signal causes all power supplies in Cold Standby state to power ON.

Enabling power supplies to maintain best efficiency iseaed by looking at the Load Share bus voltage
and comparing it to a programmed voltage level via a PMBus command.

Whenever there is no Cold Redundant active power supply on the Cold Redundancy bus driving a HIGH
level on the bus all power supplies ar&l@o matter their defined Cold Redundantedghctive or Cold
Standby). This guarantees that incorrect programming of the Cold Redundancy states of the power supply
will never cause the power subsystem to shutdown or become over loaded. The defaulbisthee

power subsystem is all power supplies ON. There needs to be at least one power supply in Cold Redundant
Active state or Standard Redundant state to allow the Cold Standby state power supplies to go into Cold
Standby state.
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12Vmain
DC/DC Stage iy
CR_BUY CR_BS
Vout fay N drive ckt

Cold Redundancy Bus

- Load Shar8us
+ Load Shar /
PMBus configurable CR State

dd/dc_active#
Low = active]
High = cold stb

I~ A=

4%

PWOK
PSON4

CR_BU$

Load Shar¢
PWOK]
PSON4

Figurel2-11 Cold Redundancy 1+fdnctionalblockdiagram

CR_BU$

Load Shar
PWOK
PSON

CR_BUs——A

Load Sharg
PWOK
PSON

CR_BU$

Load Shar
PWOK]
PSON4

CR_BU$

Load Shar
PWOK
PSON#4

Figurel2-12 Cold Redundancy 2+2 & 3ftihctionalblockdiagram
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Table12-21 Logicmatrix for Cold Standbgower supplies

CR_BUS Load Share dc/dc_active# Cold Standby Power Supply State(g
High < Mr_oN High Cold Standby
Low < \Er_oN Low Active
High > \Er_oN Low Active
Low > \Er_oN Low Active

12.4.2 Cold Standby Power Supply Operating State

A power supply is put into Cold Standimhenever PSON# is asserted, CR_ON# -ssslerted, and
COLD_RED_CONFIG value is set to 02h, 03h, or 04h. In the cold standby mode, the power supply must:

1.

2.

3.

4. Keep PWOK asserted

5.

6. Power off any internal fans

7.

from slowing up the turn on process)

8.

charged

Disable its output slow start circuit
9. Keep the PFC stage ON at lowest possible operating frequency and its output bultocapaci

Power ON in < 1@&ec when Cold_Red bus is driven LOW
Turn off its outputORMA Yy 3 C9 ¢
Keep its interal output capacitor before the outp®@RRA Yy 3 C9¢ OKI NHSR

10. No PMBus fault or warning conditions reported via STATUS commands

12.4.3 Powering on Cold StandBypplies toMaintainBestHficiency
Power supplies in Cold Standby state shall monitor the shared voltage level of the load share signal to
sense wherit needs to power on. Depending upon which position (1, Zt8) the system defines that

power supply to be in the cold standby configuration; will slightly change the load share threshold that

G2

Disconnect any output dummy loads to prevent discharging of the recharged output capacitor

Prebias its voltage error amplifier to maximum duty cycle (preventing the loop compensation

the power supply shall power on at. The CR_BUS of anyrpavpply may be in one of three different

states; pulled low, pulled high, or #stated. In tristate the CR_BUS is a high impedance to ground; only a

high impedance resistor pulling tlségnalto ground.

Tablel2-22 Exampldoad sharethreshold foractivating supplies

Enable Threshold for 34 on en

Disable Threshold for 8 _on_pis CR_BUS Dasserted / Asserted

States

Standard Redundancy | NA; Ignore dc/dc_ active# signal; power supply is always ON OK =Tri-state
Fault = Low
Cold Redundant Active | NA; Ignore dc/dc_ active# signal; power supply is always ON OK = High
Fault = Low
Cold Standby 1 (02h) | 3.2V (40% of max) 90% x (3.2V x 1/2) = 1.44V OK = Testate
Fault = Low
Cold Standby 2 (03h) | 5.0V (62%f max) 90% x (5.0V x 2/3) = 3.01V OK = Trstate
Fault = Low
Cold Standby 3 (04h) | 6.7V (84% of max) 90% x (6.7V x 3/4) = 4.52V OK = Testate
Fault = Low
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Notes:
1. Maximum load share voltage = 8.0V at 100% of rated output power

2. These are example load share bus threshold; for any power sopadglthese
thresholds coulde customized to maintain the best efficiency curve that specific
model

3. Thedefined thresholds can be change using the configuration file.

12.4.4 Powering on Cold StandByppliesDuring aFault or Over Qurrent Condition
When an active power supply asserts its CR_BUS signal (pulling it low), all parallel power supplies in cold
all yRoe& Y2RS akKlff LRoSNI 2y gAGKAY mMnn>aS0o

12.4.5 Cold Redundancy SMBus Comdsan

The PMBus manufacturer specific command MFR_SPECIFIC_00 is used to configure the operating state of
the power supply related to cold redundancihe command shall bmlled COLD_REDUNDANCY_CONFIG
(DOh). Below is the definition of the values used wlidn ReadWrite Byte SMBus protocol with PEC.

The power supplies setup to be the cold standby power supplies; shall change to standard redundancy
mode (DOh = 00h) whenever the CR_BUS is pulled low.

Table12-23COLD REDUNDANCY_CONFIG (DOh) values
Value State Description

00h Standard Redundancy Turns the power supply ON into standard redundant load sharing more. The pow
(default power on state) adzlLx e Qa [/ w Y. | { -statdbatysthl pulthée Kus bv if adadlt ofcyrs to
activate any power supplies still in Cold Standby state.

01lh Cold Redundant Active Defines this power supply to be the one that is always ON in a cold redundancy
configuration.
02h Cold Standby 1 Defines thepower supply that is first to turn on in a cold redundant configuration asg

the load increases.

03h Cold Standby 2 Defines the power supply that is second to turn on in a cold redundant configuratiq
the load increases.

04h Cold Standby 3 Defines he power supply that is third to turn on in a cold redundant configuration a|
the load increases.

05h Always Standby Defines this power supply to be always in cold redundant configuration no matter
the load condition.

06h-¢ FFh | reserved

Notes:
1. When the CR_BUS transitions from a high to a low state; each PSU programmed to be in

Cold Standby state shall be put into Standard Redundancy mode
(COLD_REDUNDANCY_CONB@R). For the power supplies to enter Cold Redundancy
mode the system must rprogram the power supplies using the
COLD_REDUNDANCY_COgbiftenand.
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12.4.6 Cold Redundant Signals

There is an additional signal defined supporting Cold Redundancy. This is edntteet bus shared
between the power supplies; the CR_BUS.

12.4.7 Cold Redundancy Bus (CR_BUS)

This is a testate output signal of the power supply used to communicate a fault or over current has
occurred in one of the power supplies. This is used to powetlldhe power supplies in the system via

the CR_BUS. When the signal is pulled high it allows all power supplies in cold standby mode to go into
cold standby state when the load is light enough. When the signal | left open on all power supplies it

forcesthem all cold standby power supplies ON.

Tablel2-24 CR_BUS state table

Cold Redundant Config Operating State PSU Fault State CR_BUS
Active On OK High
Cold Standby 1,2,3 On OK Tri-state
Cold Standby,2,3 Cold Sthy OK Tri-state
Always standby Cold Stby OK Tri-state
Active Off Fault Low
Cold Standby 1,2,3 On Fault Low
Cold Standby 1,2,3 Cold Sthy Fault Low
Always standby Cold Stby Fault Low
Vih_pullup
Standard Red = high
Active CR = low
Cold Stby = high
CR_BUS
Standard Red = tri-state
Active CR = high
Cold Stby = tri-state
Standard Red = low Fault = low
Active CR = low
Fault = high
Figurel2-13 CR_BUS signeilcuit
Tablel2-25 CR_BUS signal characteristics
Parameter Value
Signal type Custom
MIN MAX
Logic level low (power supply ON) ov Vil_cr_bus
Logic levehigh (power supply OFF) Vih_cr_bus
Source current, Cold Red = high loh_cr_bus

132




Open Compute Proje®l-CRPS Version 0.70

Sink current, Cold_Red = low lol_cr_bus
Cold_Red fault delay Mna >a
Cold_Red turn on delay MAan >a

12.4.8 System BMC Requirements
The BMC uses tteOLD_REDUNDANCY CONRE Y| YR (2 RSFAYSkO2y FAIdzNB 0|
cold redundancy and to turn on/off cold redundancy.

The BMC shall schedule a rolling change for which PSU is the Active,aBdiy5tCold tndby 2, and
Cold Sandby 3 powersupply. The allows for equal loading across power supply over their life.

Events that trigger a reonfiguration of the power supplies using tt@&OLD_ REDUNDANCY_CONFIG
command.

1 AC power ON

T PSON power ON

1 Power Supply Failure

1 Power supply inserted intsystem

12.4.9 Power Supply TurnNOFunction

PoweringODNand OFFof the cold standby power supplies is only controlled by each PSU sensing the Ishare

bus. Once a power supply turns on after crossing the enable threshold; it lowers its threshold to the
disable tNBa K2 f R® ¢tKS ae2aidiSY RSTAySa (KS WLRaAGA2YQ
operation. It will do this each time the system is powered on, a power supply fails, or a power supply is
added to the system.

The system is relied upon to tell eggbwer supply where it resides in the Cold Redundancy scheme.

When load ramps up and crosses the CR threshold module wake up time must be <3ms (tbd)
When load ramps down and crosses the CR threshold modttie-gjeep (sdby) time must be <bms

Tablel2-26 Cold Redundancy reaction delays

Parameter Value
CR Threshold for wakep < 3ms
CR Threshold faleepmode (Standby) <5m$
Notes:
1. When loadrepresented by the Ishare buamps up and crosses th€R wakeaup
threshold
2. When the loadepresented by the Ishare busmps down and crosses the g&to-sleep
(standby) threshold.
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4xPSU Cold Redundancy Function (750W)

PSU 4 Tum On

PSU 3 Tum On —%\‘ /

PSU 2 Tum On 5 oV /{ J/

/ / 4,52V <-~_ PSU 4 Turn On
__é / 3.01V

3.2V
/f\ / X ——Increase Load

i ] Z PSU 3 Tum OFF  [7]— Decreasing Load

PSU 2 Turn Off ; , , ,

0 500 1000 1500 2000 2500 3000

Total Load
Figurel12-14 Power OV OFFexampleof power supplies in Cold Redundardde (4x750W PSUSs)

12.5 In-System Firmware Upload

This specification defines the common architecture fesystem power supply firmware updates. It is
required that the FW in the main microcontroller on the secondary sfdbeopower supply must be able
to be updated in the system using the3iystem Firmware Update feature while in the ON state (i.e. with
AC power present and PSON# assertéay othemicrocontroller in the power supply alstallbe able

to be updated wth this same process (example: primary side microcontroller)

12.5.1 FW Image Mapping

The power supply firmware image shall be made up of two partBpdj loader; 2) Main program. The
system shall contain a backup of the power supply image in its \BM@ever updating the FW to the
power supply.

1.

Boot Loader: This is the part of the power supply firmware that is never updated by the system.
The power supply shall always be able to recover and power ON into the boot loader mode no

matter the state of tl5 L2 4 SNJ a dzLJLX @ Qa Y I Ay LINE S\steMi®BW ¢ KA &

update code and basic power supply functions to power ON/OFF, fan cooling, and protections
(UV, OV, OC).

Main Program: This is the fully functional power supply program space. Bhaoaéquirement

to keep a backup image of this code in the power supply since a copy of the power support FW
AYF3S aKrftt Ffglea F2NI 1SN Ay GKS aeaidsSvyQa

12.5.2 Summary of Commands & Capabilities Supported in Bootloader Mode
When the power supply is in FWpldad mode the following commands shall be supported.

Tablel2-27Supported commands during FW upload mode

Code Command SMBus Transaction Type
19h CAPABILITY Read Byte w/PEC
1Ah QUERY (used with angmmand) Block Write Block Read Process Call w/ PEC
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98h PMBUS_REVISION Read Byte w/PEC

9Ah MFR_MODEL Block Read

D4h MFR_HW_COMPATIBILITY Read Word w/PEC

D5h MFR_FWUPLOAD_CAPABILITY Read Byte w/PEC

D6éh MFR_FWUPLOAD_MODE Read/Write Byte w/PEC

D7h MFR_FWUPLOAD Bloack Write w/ PEC (size = block size from image
header)

D8h MFR_FWUPLOAD_STATUS Read Word w/PEC

D%h MFR_FW_REVISION Block Read w/PEC (3 bytes)

Basic Operating Capability

Function

Fan control | Fan can run at a high fixed speed to make sure
power supply is cooled in the system for the
duration of the FW update.

PWOK The PWOK signal must still function properly
during power on / off cycles to reset the system

PSON# The PSON# signal must 41él able to power
ON/OFF the power supply.

uv Under voltage protection

ov Over voltage protection

oC Over current protection

12.5.3 LED Status
While the PSU FW image is being updated the PSU shallibiintka pattern selected in tHeED behavior
configuration block of the configuration file, s&8.8.3.1LED Behavior Configuration Bldok details

12.5.4 Power Supply Operating Mode During an@®™firmware Update

Firmware update mode in ON state with no power cycle needed:

Power supply may be able to support FW upload in the ON state. The new FW will take effect once it is
taken out of FW upload load.

Bad image after firmware update:

The power supply must always be able to power on in the boot loader mode with minimal operating
capabilities even if the FW image sent to the power supply is bad or corrupt. If mdhis,the power
supply must be able to still enter the FW upload méale@pload a proper FW image to the PSU.

12.5.5 Firmware Image Header
¢KS LIRGSNI &adzLlL) eQa C2 AYlF3AS akKbktt O2ydlAy | KSIRS
below.

Tablel2-28 PSU FW Image header
Byte 1 CRC LowByte
Byte 2 CRC HighByte
Byte 3 Image Information
Byte 4 Image Information
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Byte 5 Image Information

Byte 6 Image Information

Byte 7 Image Information

Byte 8 Image Information

Byte 9 Image Information

Byte 10 Image Information

Byte 11 M

Byte 12 -

Byte 13 C

Byte 14 R

Byte 15 P

Byte 16 S

Byte 17

Byte 18 M

Byte 19 O

Byte 20 D

Byte 21 E

Byte 22 L

Byte 23

Byte 24 FW_MAJOR (Bit 7: down revisi
control bit, Bit 06: Major version).

Byte 25 FW_MINOR_PRIMARY (not used
system)

Byte 26 | FW_MINOR_SECONDARY

Byte 27 HW_COMPATIBILITFIRST

Byte 28 HW _COMPATIBILITSECOND

Byte 29 BLOCK SIZE LowByte

Byte 30 | BLOCK SIZE HighByte

Byte 31 Write Time LowByte

Byte 32 Write Time HighByte

12.5.6 Firmware Update Process
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BMC uses these commands to
determine of FW needs updating:
MFR_FW_REVISION
MFR_MODEL
MFR_FW_UPLOAD_MODE
MFR_HW_COMPATIBILITY
MFR_FW_UPLOAD_CAPABILITY

BMC determine
PSU FW needs
updating?

BMC put PSU into Boot Load mode

Increment retry
sends 0x01 to MFR_FWUPLOAD_MODE count

v

PSU starts to run off of Boot Loader code No

(PSU may erase application memory at this time but itis

preferred to wait for the MFR_FW_UPLOAD command
1o start erasing the application program)

BNC reads
MFR_FWUPLOAD_
ODE = 0x012

lax retry reached?
(default = 3)

Yes

BMC reads FW
image header in
BMC for block size
and delay time

BMC sends
MFR_FWUPLOAD & 1%
block of image

PSU writes CRC16 (byte 1 &
2 of image) to memory

PSU erases part of
application memory &
write the 1% image block

Write time delay

IMPORTANT!

PSU may be in standby mode or ON mode during FW
update process

q  If the FW update process is interrupted at any point during
the process; the PSU must always be able to return to the
boot loader code.

The PSU must always check that the application program is
not corrupted before starting to run from the application
program

f During the FW upload process the PSU must always
respond to any communication on the bus; acknowledging
its address and the supporting commands without holding
the bus. For unsupported boot loader commands the PSU
may respond with Not Acknowledge or 00h.

BMC must configure correct addresses into ME at BMC
startup to avoid bad PSU address config if AC power is lost
or BMC is reset while the PSU update is in progress

EXIT

BMC sends
MFR_FWUPLOAD &
next' block of image

PSU erases part of application memory
&uwrites the next block of image

Write time delay

(optional) BMC reads
MFR_FW_UPLOAD_STATUS

Gptional) Block
eceived OK?

Last data
block?

]

BMC sets fconfig
erroroffset of PSU
status sensor

BMC reads

_MODE =0

PSU verifies that the image has
been transferred properly by
checking the CRC16 value

BMC reads
W_UPLOAD_STATUS

Full image received No

BMC writes 00h to BSU/stays i boot Plsrgmgzgsirc‘:l‘::r': .
MFR_FW_UPLOAD_MODE loader mode program
No No

lax retry reached
Default =3

successfully?

Yes

PSU application
program OK?

PSU verifies Application Program is
not corrupted with CRC16 value

Y

BMC writes 00h to

¥ MFR_FW_UPLOAD_MODE

Figurel2-15FW update process
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12.5.7 Power Supply Commands

Name:MFR_HW_COMPATIBILITY
Format:Read Word

Code:D4h
Tablel2-29 MFR_HW_COMPATIBILEBYWmMand format
Bytes Value Description
low ASCI code for first letter/number of the | This is a COMPATIBILITY value used to tell if there are any char
PSU HW compatibility. the FW that create amcompatibility with the FW. This value only
high ASCI code for second letter/number of th changes When.the PSU HW is changed creating an incompatibili
- with older versions of FW.
PSU HW compatibility.

Name:MFR_FWUPLOAD_CAPABILITY

Format:Read Byte

Code:D5h

¢tKS aeadsSy OFly NBIR (KS LR6SN adzllL) e Qa C2 dzLJX 2 R
power supply,more than one FW upload mode may be supported. The supported FW upload mode(s)
must suppet updating all available FW in the power supply.

Table12-30 MFR_FWUPLOAD_CAPABItdmmand format

Bit Value Description
0 (for future use) 1 = PSU support FW uploading in standby mode | Forfuture use
only
1 (for future use) 1 = PSU supports FW uploading in ON state; but| For future use
the new FW will not take effect until a power cycl
with PSON.
2 1 = PSU supports FW uploading in the ON state { Method used for updating the application program in
no power cycle needed the power supply
3-7 Reserved

Name:MFR_FWUPLOAD MODE
Format:Read/Write Byte
Code: D6h

Table12-31 MFR_ FWUPLOAD_ MO@&inmand format
Bit Value Description

0 0 = exit firmware upload mode Writing a 1 puts the power supply into firmware upload mode anc
1 = firmware upload mode gets it ready to receive theimage block via the
MFR_FW_UPLOAD command. The system can use this commg
any time o restart sending the FW image.

Writing a O puts the power supply back into normal operating mo
Writing a 1 restarts

This command will put the PSU into standby mode if the PSU
supports FW update in standby mode only.

If the power supply image passtathe PSU is corrupt the power
supply shall stay in firmware upload mode even if the system
requested the PSU to exit the FW upload mode.

1-7 Reserved
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Name:MFR_FWUPLOAD
Format:Block Write (block = size as defined by the image header)

Code:D7h
Tablel2-32 MFR_FWUPLOAIDmmand format
Bytes Value Description
Block size Image header & image data Command used teend each block of the FW image.
defined in Header should follow the format describedSaction12.5.5
header

Firmware Image Header

The image shall contain block sequencing numbers to make Isere
PSU puts the right data blocks into the right memory space on th
PSU MCU.

Name:MFR_FWUPLOAD_STATUS
Format:Read Word

Code:D8h

At any time during or after the firmware image upload the system can read this command to determine
status of thefirmware upload process.

wSasSay Fff oAGa&a 3ISH NBaSh (2 wnQ 6KSy (GKS LIR2oSNI
Tablel2-33MFR_FWUPLOAD_STATOi8mand format
Bit Description
0 1 = Full image receivesliccessfully
1 = Full image not received yethe PSU will keep this bit asserted until the full image is received by the H
2 M ' CdzZt AYF3IS NBOSAGSR o6dzi AYIF3IS A& 6FR 2N O2

minimal operating capability.

3 (for future use)

1 = Full image received but image is bad or corrupt. Power supply can power ON and support full featur

4

1 = FW image not supported by PSU. If the PSU receives the image header and determines 8iattive P
does not support the image being sent by the system; it shall not accept the image and it shall assert th

5¢15

Reserved

Name:MFR_FW_REVISION
Format:Block Read, 3 bytes

Code:D9h

Table12-34 MFR_FW_REVISIOGdmmand format

Byte Value Description

0 0-255 Minor revision; secondary

1 0-255 Minor revision; primary

2 0-255 Bit 7: 2> Down grading of PSU Fist

be avoided. System BMC can elect to
ignore this bit ineeded but
recommended to follow.

O0A No restriction in downgrading the
PSU FW. BMC can update the PSU FW
be in sync with its known version.

Bit 0-6: Major revision
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Name:MFR_MODE(existing PMBus command)
Format: Block Readylaximum of 12byte value; ending in terminator character
Code:9Ah

Name: MFR_REVISION (existing PMBus command)
Code:9Bh

12.6 Black Box

This specification defines the requirements for power supplies RiitBus capability to store PMBus and
other data into norvolatile memory inside the power supply. The data shall be saved tevolatile
memory upon a critical failure that caused the power supply to shutdown. The data can be accessed via
the PMBus inteflace by applying power to the 138pins. No AC power need to be applied to the power

supply.

12.6.1 Whenis DataSaved to the Black Box?
Data is saved to the Black Box for the following fault events:

= =4 =4 =8 -8 -8 =9

General fault

Over voltage on output
Over current on output
Loss of AC input

Input voltage fault

Fan failure

Over temperature

12.6.2 Black Box Events
There are two types of data saved in the Black Box; 1) System Tracking Data, 2) Power supply event data.
System tracking data is saved to the Black Box whenever the spstears ON or when a power supply
is added to the system.

12.6.3 Black Box Process

=4 =4 =4 =4 -4 -8 -8 9

System writes system tracking data to the power supply RAM at power ON

System writes the real time clock data to the PSU RAM once every ~5 minutes

Power supply tracks number of PI$@nd AC power cycles in EEPROM

Power supply tracks ON time in EEPROM

Power supply loads warning and fault event counter data from EEPROM into RAM

Upon a warning event, the PSU shall increment the associated counter in RAM.

Upon and fault event the PS$hall increment the associated counter in RAM

PLRY | FlrdA G S@Syd GKFG OFdzaSa GKS t{! G2 a
SPSyid RIEGIE £20F0A2Y b Ay (GKS LR 6SNI adzLlL)x @ Q&
number of AC & PSONwer cycles, PSU ON time, warning event counters and fault event
counters.

12.6.4 Commands
Command mame: MFR_BLACKBOX
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Format:Read Block with PEC (238 bytes)

Code:DCh

Table12-35 MFR_BLACKB®@2¢tord format

Field

Item

Number
of Bytes

Description

System Tracking Data

System top assembly number

10

The system will write its part number for the
system top assembly to the power supply
when it is powered ON. This is 9 ASCI
characters.

System serial number

10

The system shall write the system serial
number to the power supply when it is
powered ON. This include the serial numbe
and date code.

Motherboard assembly number

10

The system will write the motherboard part
number for the assmbly to the power supply
when it is powered ON. This is 9 ASCI
characters.

Motherboard serial number

10

¢KS aeadsSy akKhkftt @NA
serial number to the power supply when it is
powered ON. This includes the serial numb
and date code.

Present total PSU ON time

Total on time of the power supply with PSON
asserted in minutes. LSB = 1 minute.

Present number of AC power cycles

Total number of times the power supply
powered OFF then back ON due to loss of A
power. This is onlgounted when the power

adzliLxX eQa t{hbl aaayt
shall stay at FFFFh once the max is reached

Present number of PSON power cycles

Total number of times the power supply is
powered OFF then back ON due to the PSO
signal deassering. This is only counted whe
AC power is present to the power supply. Th
counter shall stay at FFFFh once the max is
reached.

Power supply event data (N)

38

Most recent occurrence of saved black box
data

Time Stamp

The power supply shall track these time and
power cycle counters in RAM. Whallack
Box eventoccursthe data is saved into the
Black Box.

Power supply total power on time

Total on time of the power supply in minutes
LSB = 1 minute.

RealTime Clock Data from System
(Reservedor future use)

This time stamp does not need be
generated by the power supply. The system
rights a real time clock value periodically to
the power supply using the MFR_REAL_TIM
command.

Format is based on IPKIO. Time is an
unsigned 3it value representing the local
time as the number of seconds from 00:00:0
January 1, 1970. This format is sufficient to
maintain time stamping with-second
resolution past the year 2100. This is based
alongstandingUNIX-based standard for time
keeping, which represents time as the numb
of seconds from 00:00:00, January 1, 1970
GMT. Similar time formats are used in ANSI

Number of AC power cycles

Number of times the power supply powered
OFF then back ON due to loss of AC power
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the time of the event. This is only counted

6KSy GKS LJ2éSNJ adzLILi
asserted.

Number of PSON power cycles 2 Number of times the power supply is powere
OFF then back ON due to the PSON# signal
asserting at the time of the event. This is on
counted when AC power is present to the
power supply.

PMBus The power supply shall save these PMBus
values into the Black Box when a black box
event occurs. F& events may be missed due
to the filtering effects of the PMBus sensors.

STATUS_WORD 2

STATUS_IOUT 1

STATUS_INPUT 1

STATUS_TEMPERTATURE 1

STATUS_FAN_1_2 1

READ_VIN 2

READ_IIN 2

READ_IOUT 2

READ_TEMPERATURE_1 2

READ_TEMPERATURE_2 2

READ_FAN_SPEED 1 2

READ_PIN 2

READ_VOUT 2

Event Counters The power supply shall track the total numbe
for each of the following events. iBhvalue
shall be saved to thBlackBox when aBlack
Box event occurs. Oncevalue has reached
15, it shall stay at 15 and not reset.

AC shutdown due to under voltage on | Lower % | The power supply shall save a count of thes

input critical events to nofvolatile memory each
time they occur. The counters will incremen
1,

Thermal shutdown Upper 2 eachtime the associated STATUS bit is

Over current or over power shutdown o| Lower Y2 | asserted.

output

General failure shutdown Upper %2

Fan failure shutdown Lower %2

Shutdown due to over voltage on outpu| Upper %2

Input voltage warning; no shutdown Lower ¥2 | The power supply shall save into RAM a cou

Thermal warning; no shutdown Upper ¥ of these warning events. Events are count

! only at the initial assertion of the event/bit. I

Output current powemwarning; no Lower %2 | the event persists without clearing the bit the

shutdown counter will not be incemented. When the

Fan slow warning; no shutdown Upper % power supply shuts down it shall save these
warning event counters to newolatile
memory. The counters will increment each
time the associated STATUS bit is asserted.

Power supply event data (I) 38

Power supply event data (R) 38

Power supply event data (B) 38

Power supply event data (4) 38
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Command mme:MFR_REAL_TIME_BLACK_BOX
Format: Write/Read Block with PEC (4 bytes)
Code:DDh

The system shall use this command to periodically write the real time clock data to the power supply.
Format is based on IPMI 2.0. Time is an unsigndut3zlue representing the local time as the number

of seconds from 00:00:00, January 1, 1970. This format is sufficient to maintain time stamping with 1
second resolution past the year 2100. This isebasn along-standingUNIXbased standard for time
keeping, which represents time as the number of seconds from 00:00:00, January 1, 1970 GMT. Similar
time formats are used in ANSI C.

Command mme:MFR_SYSTEM_BLACK_ BOX
Format: Write/Read Block with PEC)(#ytes). Low byte first.
Code:DEh

The system uses this command to write the following data to the PSU.

Table12-36 MFR_SYSTEM_BLACK_&iXnand format

Iltem Bytes Comments
System top assembly number 1-10 Low bytes
System serial number 11-20
Motherboard assembly number 21-30
Motherboard serial number 31-40 High bytes

Command mme: MFR_BLACKBOX_CONFIG
Format:Read/Write Byte with PEC

Code: DFh
Tablel2-37 MFR_BLACKBOX_CONfeimand format
Bit Value Description
0 0 = disable black box function Writing a 1 enables the power supply with black box
1 = enable black box function function. Writing a 0 disables the power supply black box functiol
The state of MFR_BLACKBOX_CONFIG shall be saveddtatitn
memory so that it is not lost during power cycling.
The customeshal receive the power supply with the black box
Fdzy OiiAz2y Syl ofSRT oAl n ' WwWm(
1-7 reserved

Command nameMFR_CLEAR_BLACKBOX
Format: Send Byte with PEC
Code: EOh

The MFR_CLEAR_BLACKBOX command is used to clear all black box records simultaneously.
This command is write only. There is no data byte for this command.
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12.6.5 Hardware Requirements

The SMBus interface shall be used to access the Black Box data. It magdsedaehen the power
supply is ON or in standby mode. It also may be accessed when no AC mppiiedand power is only
applied at the standby output pins by an external source 88V

12.7 Data& Sidebanderialization Interfacé@SSI)

This specificatin defines the requirements for a Modular Common Redundant Power SuppGRIRS)

Data & Sideband Serialization Interfg@5SSl communicatiorprotocol along with its different profiles.

DSSis a onewire bidirectional protocol created to avoid the neeflahigher pin counbutput interface
connector in thepower supplylnstead of using individual pints in tleeitput interfaceconnectorDSSis

used to serialize those 1/0O signals and have a host interface in which a MCU or FPGA can be placed to send
andretrieve this information and execute the appropriate action.

12.7.1 Physical Layer
The DSSProtocol requires a physical layer that comprises an UART element, and the input/out circuit
shown in below figure, for both the host and the cliest shown in the fige below.

3.3v
O

330 470K
UART-TX

(AL
UART-RX

Figurel2-16 Required physical layar the power supplfor data serialization interface
The connection between a Client and a Host is shown below

3.3ySB 3.3v

330 470K0 470K0 330

CLIENT (PSU) HOST (PDB or HPM)

Figurel2-17 Physical layer and connections for peioipoint communication between Host and Client

12.7.2 Defaultconfiguration
The UART module used for tli¥SSiprotocol shall be configured by default at boot time with the
parameters showmi the table below

Tablel2-38 DSSI UART configuration

Parameter

Signal type Bidirectional 3.3V ToterfPole Logic
Communication protocol Halfduplex UART
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Port settings 1 Databits: 8

1  Parity:0dd

1  Stopbits: 1

1  Flow control: None
Link speed 250,000 bps

Note: UART shall be capable of enable/disable its transmitter when is in listening mode.

12.7.3 Electrical Characteristics

Tablel2-39 DSSI electrical characteristics

Parameter Value
Source/Sink current TBD
Rise time TBD
Fall time TBD
Maximum load capacitance TBD

12.7.4 Protocol

At boot time theSWIRE signal shall be sustained in logic 1 stablishing an IDLEDSStmmmunication
is always initiated by the Host deviadaen data needs to bsent'retrieved The Host deviceouldset the
proper communication settings if the default settings do satisfy the communication preference of the
Host

Profile configuration shall be done after communication settings,abailable profiles are described in
Section12.7.6Profiles

To provide a deterministic behavior the dagtransferredfrom and to the Host folloimg the timing
diagramsshown belav.

PACKET FROM CLIENT PACKET FROM CLIENT
v \ Refresh rate N \I
K =4 4l
| |20us| | e e | |20us| I e e e
PACKET FROM HOST PACKET FROM HOST

Figurel2-18 Timing diagram for bdirectionalDSSprotocol.
Note: The Hosshall always initiate the communication to send/retrieve data from the Client.

The protocol is divided in configuration commandsply packetsand data packetsThe @nfiguration
commandis depicted in the following figure.

1 7 8 8 8
o] cOMMAND | PARAM.LSB | PARAM.MSB | CHECKSUM |

Figurel2-19 Configuration command packet strucéur
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Note: MSb of the first byte is always 0 in a configuration command since the Host is the only one
allowed to send a command to a client

The Client shall reply to theonfiguraton commands from the Hostith the reply packet structuras
shownin the figure below.

1 7
[1] REPLY |
Figurel2-20 Reply packet structure.

12.7.5 Command Set
The total amount of commands is 127 ((JRhe definedcommands are listed in the following table.

Figurel2-21 Configuration commands set.

Command Parameter Reply Description
(Hex)
BREAK SEQ None 00h=OK Restarts the communication to allosgconfiguration.
00h [15:0] 00h=OK Change communication batrdte
0 =62,500 bps 01h = Not supported
1 =125,000 bps 02h = Checksum Error
2 = 250,000 bps
3 =500,000 bps
4 = Reserved
X
01h [15:8] 00h=OK Communication and connection type selection
0 = bidirectional 01h = Not supported
1 =Reserved 02h = Checksum Error
2 =Reserved
4 =Reserved
X
[7:0]
0 = Pointto-point
1 =Reserved
2 = Reserved
X
02h [15:0] 00h = OK Profile selection
0 = Simple GPIO expander 01h = Not supported
1 = GPIO expander with 02h = Checksum Error
addressing capabilities
2 =Reserved
X
03h [15:0] 00h=0OK Bytes to send from the Host
0 = Reserved 01h = Not supported
1 = one byte 02h = Checksum Error
2 = two bytes
X
04h [15:0] 00h=OK Bytes to receive at the Host side
0 = Reserved 01h = Not supported
1 = one byte 02h = Checksum Error
2 =two bytes
X
05h [15:0] 00h=0OK Communication refresh rate
0 =500us 01h = Not supported
1 =750us 02h = Checksum Error
2=1ms
X
7Eh [15:0] 00h=OK Start communication
All zeroes 01h = Not supported
02h = Checksum Error
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Notes:
1. Bold characters shall be the default options

2. 2 KSy (KS IesaioSsyppdired it NidSKedp the previous configuration

12.7.6 Profiles

12.7.6.1 Basic GPIO Expander Profile
The datapackets shall be divided in two types: ebgte and multibyte, the structure of the ondyte
data packet is shown in figure below.

7 1 7 1
| DpATA Jo] DATA |O]

Figurel2-22 One-byte data packet structuer

Notes:
1. O bit: 0 = Hostriginated packet, 1 = Client originated packet
2. Onebyte data packet sends the same byte twice to reduce error probability

3. Host must send a packet to the Cliexst specified in the configuration comma@ahto
retrieve a Onebyte packet.

The structure ofhe multi-byte data packet is shown in the following figure.

1 7 8 3
o] paTa1 | | DATAN | CHECKSUM |

Figurel2-23 Multi-byte data packet structure

Notes:
1. O bit: 0 = Host originated packet, 1 = Client originated packet

2. Onebyte datapacket sends the same byte twice to reduce error probability
3. Host must send a packet to the Client as specified in the configuration command 03h to
retrieve a Onebyte packet.

12.7.6.1.1 Data and Sideband Selection
Define how to select the signals and data to beazed

12.8 Configuration File

12.8.1 Overview
Thissectiondefines the requirements for a Modular Common Redundant Power SuppyRRS) that
provides the ability to modify the behavior of the Power Supply based in the following main areas:

W Thresholds for all theimplemented protections like Over Current Protection, Over
Temperature Protections, etc.
() LED behavior based in different events.
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w Embedded executable code like Fan Speed Control algorithms.
W Data tables.

The configuration file shall be in bindigrmat and shall be transferred at the factory line or on field by
using the PMBus of the Power Supply and shall be able to update its configuration file in run time mode
(live update). Figure 1 shows the four main areas that the configuration file ghalhte of: 1) File header,

2) Configuration area, 3) Embedded code area, 4) Data table area.

1. File HeaderThis area contains general information about the file like CRCL16, file size, customer
name and offsets to other areas.

2. Configuration areaThis is the part where all the thresholds and timings for the protections and
warnings are defined along with the LED behavior based on different events that can happen in
the power supply.

3. Embedded code aredhis area contains executable code to be loyrthe MCU, this area can be
used to have specific fan speed control or debug algorithms.

4. Data table areaThis area contains customer specific data to be used by the power supply like
extra FRU data

LED Behavior Matrix

OTW, OTP (Ambiet/Critical ¢.)

Header
. : Others
Algorithm 1 Configuration .
area *
® o
™
®
] Embedded code
Algorithm n
area
Table 1
Data table
b area
®
®
Tablen

Figurel2-24 Main areas of the configuration file.

The entire configuration file shall be made of an array obit@unsigned values using Little Endian
encoding otherwise noted, and the addressing is represented in bytes, as an example the valuis 1234
stored at address 0x0020 as follows:

Figurel2-25Endianess (Little Endian example)

Address Data
002Ch 34h
0021h 12h
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The configuration file header shall include the offsets for the beginning ofaaeheach one of the areas
shall be made of a linked list of blocks, each block shall contain an offset to point to the next block, this
offset is always an unsigned -b& value. A graphical representation of this structure is shown in the

following figue.

LED config. block

Offset to next block
Contig block type Temperature config. block
UVPinput -
Offset to next block
OVPmain PRSI
OCWmain - Cor I_E ock type Main output config. block
OTWCritical Component1
OCPmain Offset to next block
OTPCritical C. il
Others hica - omponent Config. block type
Config. file header OTWCriticalComponent2 . -
[ ] — OverVoltageProtection
CRCL6 . OTPCritical Componeni2
! OverVoltageWarning
pp— Others 'YX}
configFileVersion . UnderVoltageProtection
. .
fileSizelnBytes L) UnderVoltageWarnimg
configAreaOffsct Embedded code block 1 Others
codeAreaOffset ,—\—) Offset to next block :
N Code block type *
dataTableArcaOffsct il Embedded cede block 2
Others TaskNa 16
Y iskName[ 16] Offset to next block
L ]
. FxecRateMs Code block type .
RAMScratchpadSize Embedded code block 3
TaskName[ 16]
TaskSize Offset to next block
Others meluding exec. code ExccRateMs Code block type
RAMScratchpadSize
. laskName[16]
. TaskSize ExccRatehd:
Others mcluding exec. code Secharetls see
[ RAMScratchpadSize
L]
L TaskSize
Data table 1 Others meluding exec. code
Offset to next block M
[ )
Data table t
il Data table 2
Offset to next block
Data table type
Data i Data table 3
.
. Offset to next block
L]
Data Data table tvpe
L]
L
L ]
Data soe
[
Ld
L]

Figurel2-26 Representation of the file header and the different configuration blocks that make the areas

12.8.2 Configuration File Header
The header area shall contain the information shown in the tableviel

Tablel2-40Header area

Offset Element Description
000Ch CRC16 16-bit CRC, the calculation must exclude the CRC16 field in the file
0002h configFileVersion Configuration file version
000 fileSizeLow Size of the entire configuration file in bytes. Least significadtit&ord
0006h fileSizeHigh Size of the entire configuration file in bytes. Most significanrbit@vord
000&h customerinfo[16] / dzZa G2YSNJ ALISOAFTAO AYyTF2NNIGAZ2Y FASEtRD ¢K
default configurations from the power supply vendor. Null terminated.
001&h configAreaOffset Offset in bytes from this location to the beginginf the configuration area
001/ codeAreaOffset Offset in bytes from this location to the beginning of the executable code area
001Ch dataTableAreaOffset Offset in bytes from this location to the beginning of the data table area
X X X
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Note: CRC16 Polynomiali8D

12.8.3 Configuration Area Definition
Theconfigurationarea shall contain the information shown in the table below.
Tablel2-41 Configuration block types

Configuration block type Value
LED Behavior 0001h
Temperature 0002h
Main output 000

Standby output 000t
Input 0005h
Fans 0006h
Timing 0007
Latch on Fault condition 000&h
Data serialization 000%h

X X

12.8.3.1 LED Behavior Configuration Block

Tablel2-42 LED descriptor

Parameter Bitfield Options Comments
Style 0-2 0=OFF
1=0N
2 = Blinking
3 =Blink N times then OFF
4 = Blink N times then ON
Color 35 0=OFF
1 =GREEN
2 = AMBER
Flashing Times 6-8 0 = Zero time
1 =One time
2 = Two times
X
Frequency 9-11 0 =ZeroHz
1=1Hz
2=2Hz
X
Reserved 12-15 Reserved
Tablel2-43 Power supply event table
Offset Event Description
000Ch offsetToNextBlock Offset inbytes from this location to the beginning of the next configuration blog
0002 configBlockType Configuration block type based dmble12-41 Configuration block types
0004 UVPinput Input Under Voltage Protection
0006h OVPmain Main Output Over Voltage Protection
000&h OCWmain Main Output Over Current Warning
000Ah OCPmain Main Output Over Currerferotection
000Ch OTWerit
000Eh OTWamb
001Ch OTPamb
0012 NonCompatible
001 FWUpgrade
X X X

Note: Values in each one of the events are basedtwnprevious tableLED descriptor.
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12.8.3.2 Temperature Configuration Block

Tablel2-44 Power supply temperature thresholds

Offset Event Description Resolution
000Ch offsetToNextBlock Offset in bytes from this location to the beginnin

of the next configuration block
000h configBlockType Configuration block type based drmble12-41

Configuration block types

000 OTWCriticalComponent1 M X/
0006h OTPCriticalComponentl M X/
000&h OTW(CriticalComponent2 M X/
000A OTPCriticalComponent2 M X/
000C OTWAmbient M x/
000 OTPAmbient M x/
001Ch OTWEXit Mo x/
0012h OTPEXit Mo x/

X X X

Note: The power supply will use a default value depending on its design for any value in the previous
table that go beyond the physical limits to avoid damage.

12.8.3.3 Main Output Configuration Block

Tablel2-45PowerstlJLI @ Y I Ay 2dzillzi Qa GKNBakKz2ft Ra

Offset Event Description Resolution
000Ch offsetToNextBlock Offset in bytes from this location to the beginnin

of the next configuration block
0002h configBlockType Configuration block type based drmble12-41

Configuration block types
0004 Over Voltage Protection 0.1 Volt
0006n Over Voltage Warning 0.1Volt
000&h Under Voltage Protection 0.1 Volt
0004h Under Voltage Warning 0.1 Volt
000 Over Power Protection 1 Watt
000Eh Over Power Warning 1 Watt
001Ch Over Current Protection 0.1 Ampere
0012 PL4 Level 0.1 Ampere
0014 PL4 Duration 1us
0016n PL3 Level 0.1 Ampere
001&h PL3 Duration 1ms
001/ PL2 Level 0.1 Ampere
001 PL2 Duration 1ms
001Eh PL1 Level 0.1 Ampere
002Ch PL1 Duration 1ms
Notes:

1. The power supply will use a default value depending on its design fovadug in the
previous table that go beyond the physical limits to avoid damage

2. Avalue of 0 (Zero) in any of the Duration fields will indicate that the power supply shall
not wait to trigger the event

12.8.3.4 Standby Output Configuration Block
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0 KNBaK?2

Table12-46t 2 g SNJ adzLJLJX & ail yRoe& 2dzilLdziQa
Offset Event Description Resolution
000Ch offsetToNextBlock Offset in bytes from this location to the beginnin
of the next configuration block
000h configBlockType Configuration block type based drmble12-41
Configuration block types
000t Over Voltage Protection 0.1 Volt
0006n Over Voltage Waing 0.1 Volt
000&h Under Voltage Protection 0.1 Volt
000Ah Under Voltage Warning 0.1 Volt
000G Over Power Protection 1 Watt
000Eh Over Power Warning 1 Watt
001Ch Over Current Protection 0.1 Ampere
001%h PL2 Level 0.1 Ampere
0014 PL2Duration 1ms
0016n PL1 Level 0.1 Ampere
001&h PL1 Duration 1ms
X X X X
Notes:
1. The power supply will use a default value depending on its design for any value in the
previous table that go beyond the physical limits to avoid damage
2. Avalue of 0(Zero) in any of the Duration fields will indicate that the power supply shall

not wait to trigger the event

12.8.3.5 Input Configuration Block

Tablel12-47 Power supply input thresholds

Offset Event Description Resolution
000th offsetToNextBlock Offset in bytes from this location to the beginnin

of the next configuration block
0002h configBlockType Configuration block type based dmmble12-41

Configuration block types
000t Over Voltage Protection 0.1 Volt
0006n Over Voltage Warning 0.1 Volt
000&h Under VoltageProtection 0.1 Volt
000Ah Under Voltage Warning 0.1 Volt
000G Over Power Protection 1 Watt
000Eh Over Power Warning 1 Watt
001Ch Over Current Protection 0.1 Ampere
0012 Over Current Warning 0.1 Ampere

X X X X
Notes:
1. The power supplwill use a default value depending on its design for any value in the
previous table that go beyond the physical limits to avoid damage
2. Avalue of 0 (Zero) in any of the Duration fields will indicate that the power supply shall
not wait to trigger the evet.
12.8.3.6 Fans Configuration Block
Table12-48 Power supplyansthresholds

Offset Event Description Resolution
000Ch offsetToNextBlock Offset in bytes from this location to the beginnin

of the nextconfiguration block
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000h configBlockType Configuration block type based drable12-41
Configuration block types

000t FanlFaultLowRPM 1 RPM
0006n FanlFaultLowRPMDelay 1ms
000&h Fan1MinRPM 1 RPM
000A FanlMaxRPM 1 RPM
000Ch Fan2FaultLowRPM 1 RPM
000Eh Fan2FaultLowRPMDelay 1ms
001Ch Fan2MinRPM 1 RPM
0012h Fan2MaxRPM 1 RPM

X X X X
Notes:

1. The powersupply will use a default value depending on its design for any value in the
previous table that go beyond the physical limits to avoid damage

12.8.3.7 Timing Configuration Block

Tablel2-49 Power supplyiming configuration

Offset Event Description Resolution
000Ch offsetToNextBlock Offset in bytes from this location to the beginnin

of the next configuration block
0002h configBlockType Configuration block type based dimble12-41

Configuration block types
000 Toff _latch 1ms
0006n Tpson_on_delay 1ms

000&h Tpwok_on
000Ah Tpwok_off
000Ch Tpwok_low

000Eh InputLostToSMBAlertDelay 1ms
001Ch InputLostToVINOKDelay 1ms
0012h InputRegainToVINOKDelay 1ms
0014 InputTurnONVoltage 0.1 Volt
0016h InputTurnOFFVoltage 0.1 Volt
001&h InputAvrgCycles AC cycles

X X X X
Notes:

1. The power supply will use a default value depending on its design for any value in the
previous table that go beyond the physical limits to avoid damage

12.8.3.8 Latch on Fault Condition Configuration Block

Table12-50 Power supplyatch on fault conditiorconfiguratian block

Offset Event Description Resolution
000th offsetToNextBlock Offset in bytes from this location to the beginnin

of the next configuration block
000h configBlockType Configuration block type based dmable12-41

Configuration block types

0004 MainOutputOCP
0006h MainOutputOVP
000&h MainOutputUVP
000/ MainOutputOPP
000Ch StbyOutputOCP
000 StbyOutputOVP
001Ch StbyOutputUVP
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0012h StbyOutputOPP

0014 InputOCP

0016n InputOVP

001&h InputUVvP

001Ah InputOPP

001 AmbientTempOTP

001th CritComponentlTempOTP
002Ch CritComponent2TempOTP
0022h ExitTempOTP

002 FanFault

12.8.3.9 Black Box Save &ault/Warning Condition Configuration Block
To be defined

12.8.3.1Miscellaneous Configuration Block
To be defined

12.8.3.11Data& SidebandserializationnterfaceConfiguration Block
To be defined

12.8.4 Embedded Code Area Definition

The configuration file shall have ambedded executable code area so the udefined code can be run.

¢tKS SyRAIFIyyS&aa 2F (GKS SESOdzitotS FINBIF gAtf RSLISYR
code blocks shall include an offset pointing to the next block and the type of embeddecdase in the

following table.

Tablel2-51 Embedded executable code block types

Executable code block type Value
Fan speed control 0001h
Over temperature 0002h

Output over current 000
Inputvoltage 000
Data serialization 0005
Debug 0006h

X X

Depending on the type of embedded executable code listed in the previous table the return structure will
change accordingly, the definition of each return structure is defined on each one oblibeihg
subsections.

12.8.4.1 Executable Code Block Definition

Tablel2-52 Power supply event table

Offset Event Description

000Ch offsetToNextBlock Offset in bytes from this location to the beginning of thext configuration block

0002h codeBlockType Configuration block type based dmmble12-51 Embedded executable code block types
000 TaskName[16] String with the code block name, null terminated

0006h ExecRateMs Execution rate of the task in miieconds

000&h RAMScratchpadSize Amount of RAM needed by thexecutable code block in bytes
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000Ah TaskSize Size of the executable code block in bytes
000C executableCode Beginning of the executable code
X X X

12.8.5 Data Table Area Definition
To be defined

12.8.6 Configuration File Creation

algl.c alg2.c algN.c config.csv

CJ.
C:|.
C:|.
<:|.

compiler compiler compiler csv2bin

algl.hex alg2.hex sse algN.hex config.bin

L
l.¢

hex2bin hex2bin hex2bin

algl.bin alg2.bin algN.bin

Configuration file and algorithms merger

l

Figurel2-27 Configuration file creation graphical representation

12.9 Security
The MCRPS shall support Firmware attestation and signed images usif@b&akyorithm as well as
measurements.

12.9.1 Measurement
To be defined
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12.9.2 Firmware Attestation
To be defined

13 Reliability

13.1 Component DdRating

A component derating analysis shall be compldtedccordance with internal derating procedure which
based on Electronic Derating for Optimum Performance by Reliability Analysis Center (RAC). A limited life
component identification and analysis shall be performed on all aluminum electrolytic capauitany

20KSN) LRGSYGAlLffte fAYAGSR fAFS O2YLRyYySyGa dzaSR A
equation shall be used to calculate capacitor life expectancy. Internal tool maybe utilized with an NDA in
place, access will be monitored and catied by tool administratar
https://didtweb.com/login.aspx?ReturnUrl=%2fdefault.aspx
Test Conditions
9 Multiple sources shall be included in this analysis
1 All components used in PSUall be qualified in accordance with the appropriate JEDEC
standard as well as Internal Component Engineering qualification procedures and
requirements
1 Input Voltage: Nominal (HL 208¢ 240Vag LL 100\ 120VaQ
9 Output current: 80%, 100% full load ah rails including standby.
1 Inlet Ambient Temperature: Max Ambient (per Safety submittal conditiotiseoDesign
Specificatioi
1 Altitude: Sea Level
T .1 01 tNB&a#DIINBY né¢ 27F |
1 Pass/Fail Criteria
o PSU shall comply with internal Component DerafingS OA FA OF GA 2y | G Xy n
o /2YLRyYySyiGa akKhkfft y2i SEOSSR aLlSda tAYAGa

The following component deating guidelines shall be followed. Any exceptions are subject to final
approval.

Table13-1 Component deating guidelines

Component Type Parameter Derating Criteria

Capacitors

Aluminum Liquid Capacitor (Fixed

Aluminum Liquid Electrolyte Type) DC Voltage 85%
Ambient Rated Temperature XxMnpec/
Minimum life determined using/orst-case operating See below for detail
condition for the capacitor and 100% System Duty
Cycle.
Rated Ripple Current (no adjustment for frequency of 80%
temperature factors)
Minimum Life 7 years
High Voltage Bulk Storage Cap Max Voltage (>200V) 100%
peak steady state conditions.
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Component Type

Parameter

Derating Criteria

Aluminum Solid Capacitor (Fixed
Aluminum Solid Electrolyte Type
(includes Organic Seroonductive
(OSCON), Conductive Polymer, Solid
Aluminum))

Applied DC Voltage (Working Voltage)
AC Ripple + DC (Operating Voltage)

Voltage Type Definitions

A

Ripple Voltage |

L |

|

& v |

Rated
Voltage

|

Voltge (V)

Operating Working
Voltage Voltage |
T
|
v ¥

Time (s)

Ambient Rated Temperature

Maximum measured Case Temp below Ambient
Rated Temperature

Minimum life calculated using worsiase operating
condition for the capacitor and 100% System Duty
Cycle.

80%
95%

Xxmnpc/
Tmax- 15°C

See below for detail

Ripple Current 80%
Minimum Life 7 years
Aluminum Hybrid Capacitor (Fixed
Aluminum Hybrid Electrolytic Type) DC Voltage 85%
Ambient Rated Temperature XxmMnpec/

Minimum life determined using worstase operating
condition for the capacitor and 100% System Duty
Cycle.

See below for detail

Rated Ripple Current (no adjustment for frequency 80%
temperature factors)
Minimum Life 7 years
High Voltage Bulk Storage Cap Max Voltage (>200 100%
at peak steady state conditions.
Tantalum Capacitor (Fixed Sol
Tantalum Type) Working DC Voltage: 30%
Ambient Rated Temperature xmnpec/
Maximum Case Temperature below Max Ambient Tmax- 20°C
Limit
Ripple Current 70%
Reverse Voltage (% of Forward Voltage) 2%
Ceramic Capacitor (Fixed Ceramigin | DC Voltage 85%
Through Hole (PTH)) Ambient Temperature Tmax-10°C
MLCC (Fixed Multilayer Ceram All Applications and Temperature Ratings
Capacitors¢ Surface Mount Devicd Requirements:
(SMD)) DC Voltage 85%
Ambient Temperature Tmax- 10°C
AdditionalPower and Critical Function Applications
Requirements:
Ambient Rated Temperature Xxmnpc/
Surface temp Max
105°C Ambient rated 90°C
125°C Ambient rated 110°C
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Component Type

Parameter

Derating Criteria

MLPC (Multilayer Polymer Aluminum
Capacitor)

Applied DC Voltage (Working Voltage)
AC Ripple + DC (Operating Voltage)

Voltage Type Definitions

Ripple Voltage
&

» A1

Working
Voltage
I

v

Voltge (V)

Operating
Voltage

[y
|

|
|
|
Rated
Voltage
|

L 2

Time (s)

Ambient Rated Temperature

Maximum measured Case Temp below Ambient

Rated Temperature

Minimum life calculated using worsiase operating
condition for the capacitor and 100% System Duty

80%
95%

xmnpec/
Tmax-15°C

See below for detail

Cycle.
Ripple Current 80%
Minimum Life 7 years
Plastic Film Capacitor (Fixed Film Voltage (% of Max rated) 90%
(Paper/Plastic) Capacitor) Ambient Temperature Tmax-10°C
XY Capacitor (Fixed X and Y Capaci| Voltage (% of Max rated) 90%
(Ceramic or Film, including Safety Ambient Temperature Tmax- 10°C
Agency certified))
Tantalum Polymer Capacitor (Fixed
Tantalum Polymer Type (includes PC  Applied DC Voltage (Working Voltage) 80%
CAP, KOCAP, Neocap, SP caps)) Applied AC Ripple + DC Voltage (Operating Voltag 95%
Voltage Type Definitions
A
Ripple Voltage |
% |
v |
s ) w
%"’ | Rated
> Vclt‘age
Operating Working
Voltage Voltage |
! : i
Time (s)
Ambient Rated Temperature XMnpc/
Measured Case (surface) Temp rise above Measu 10°C
Ambient Operating temperature
Surge Current 10 Amp peak

Reverse Voltage

Minimum life calculated using worsiase operating

condition and 100% System Duty Cycle.
Ripple Current
Minimum Life

5% or 0.5V (Whichever is smaller)

See below for detail

80%
7 years
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Component Type

Parameter

Derating Criteria

EDLC Capacitor (EDLC radial lead
(includes Supercaps))

Applied DC Voltage

Case Temp below Max Case Operating Limit
Charge / Discharge Current

Minimum life calculated using worsiase operating
condition and 100% System Duty Cycle.
Regarding the selection of the life formula used,
FrAfdz2NSE Aa RSTAYSR Ia 4
changes +30% from its initial value. LiterRula used
shall apply this definition.

G9ELFYLX SY LT 95[/ Q& AYA
then failure is when the measured capacitance is l¢
than 7F or greater than 13F.)

80%
20°C
90%
See below for detail

Minimum Life 7 years
Resistors
Fixed Film Resistor (Fixed Film (Chip| Power Dissipation 70%
Discrete and SMD)) Ambient Temperature Tmax- 24°C
Zero Ohm Resistor (Zero Ohm Current 84%
Resistor)
Composition (Composition) Power Dissipation 70%
Ambient Temperature Tmax- 18°C
Variable Resistor (Variable) Power Dissipation 70%
Ambient Temperature
Non-wirewound Tmax- 31°C
Wirewound Tmax- 19°C
Thermistor Resistor (Thermistor) Power Dissipation 50%
Ambient Temperature Tmax- 50°C
Wirewound Power Resistor Power Dissipation 70%
(Wirewound Power) Voltage 70%
Ambient Temperature Tmax- 10°C
Miscellaneous
Metal Oxide VAR Resistor (Metal Power Dissipation 60%
Oxide Varistors (MOV)) Max Steady State Operating VoltageClamping 35%
Voltage
Max Current 90%
Module (Module) (includes Flash Ambient Temperature 100%
Memory devices)
Non-certified Circuit Breakers (Circuit| Current 90%
Breakers)
Certified Circuit Breakers (Circuit Current 100%
Breakers with Safety Agency Rating)
Non-certified Fuses (Fuses) Current 90%
Current (time delay fuse) 85%
CertifiedFusegFuses with Safety Current 100%

Agency Rating)

PTC (Polymeric Positive Temperatur
Coefficient (PTC) Overcurrent
Protector)

5SNIGAy3 A& G2 F2ft26 UK
recommendations. Key parameters to consider in
derating are current (lhold, Imax) and component
ambient temperature.

Manufacturer recommendation

Signal Connectors (Connectors, Sign

Ambient Temperature
Note: Wire size used in application shall comply with
connector specification and rated current.
Voltage (% of Dielectric Withstand Voltage)
Current

Tmax- 25°C

80%
85%
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Component Type

Parameter

Derating Criteria

Power Connectors (Connectors,

Power) AmbientTemperature Tmax- 25°C
Note: Wire size used in application shall comply wit
connector specification and rated current.
Voltage (% of Dielectric Withstand Voltage) 80%
Current (per pin, single or parallel pin configuration 85%
Current (per pin, parallel pin configuration with one 100%
broken pin)
Dual Connector (Connectors, Signal pins and power pins shall be derated separate
Combined (Signal and power pins in | using the worsicasepower pin and wast-case signal
same connector housing)) pin stresses.
Signal pins, use same criteria as Connectors, Signa | See above
Power pins, use same criteria as Connectors, Power See above
Certified ConnectoréConnectors, Only power or combined connectors may have a safg 100%
Power or Combined with Safety agency rating. Rating shall include current, voltage, a|
Agency Rated) temperature.
Application Specific Connectors Derating not required for connectors developed and N/A
(Connectors, Application Specific) qualified for a specific application and are being used
that application (for example, processor sockets and
DIMM sockets)
2-30 Conductors Bundled Wire 2-5 Conductors, Current 70%
Conductor (Bundled Wire Conductor) 6-15 Conductors, Current 60%
(Rack level cabling only) 16-30 Conductors, Current 50%
Relay (Relays) Resistive Load Current 90%
Capacitive Load Current 90%
Inductive Load Current 75%
Ambient Temperature Tmax- 20°C
Motor Load Current 30%
Filament (Lamp) 20%
Contact Power 70%
General Purpose Switch / Power
Switch (Switches (General Purpose Contact Current
and Power)) Resistive Load 90%
Capacitive Load 90%
Motor Load 30%
Filament (Lamp) Load 20%
Contact Current
Inductive Load 75%
Contact Power 70%
Contact Surge Current 80%
Certified Power Switch (Switches Contact Current 100%
(Power) with Safety Agency Rating) | Ambient Temperature 100%
ESD Device (ESD & Surge Suppress C2 NJ | £ f LJ N} YSGSNA dzasS U -
components) Note: These are components that are used to protect|
system or circuit elements from transient stresses
beyond those encountered during normal opevati
Crystals / Oscillators (Crystalsand | { K £ £ YSSG Fff LI N} YSGSN -
Oscillators) specifications considering all modes of operation
including fan fault condition
Diodes
Diode General Purpose
General Purpose (Signal, Switching, | Reverse Voltage 80%
Power Rectifier) Maximum Tj 0.75(Tjmax 25°C) + 20°C
Forward Current <100%
Diode SiC
Silicon Carbide (SiC) Power Rectifier] Reverse Voltage 80%
Note: Do not avalanche SiC diodes Maximum Tj 0.75(Tjmax 25°C) + 20°C
Forward Current <100%
Diode Regulator / Zener Maximum Tj 0.75(Tjmax 25°C) + 20°C
Voltage Regulator / Reference Maximum Power Dissipation 100%

(including Zener)
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Component Type Parameter Derating Criteria
DiodeThyristor / SCR On-State Current (It) 90%
Thyristor, SCR, and Triac Off-State Voltage (Vr) 70%

Maximum Tj

0.75(Tjmax 25°C) + 20° C

Microcircuits

IC DrMOS (Driver MOS (DrMOS),
Power Stage, Smart Power Stage)

The parameters stated in the component

ALISOAFTAOIGA2YQa a'!oaztd
shall be used in conjunction with the derating criteri
presented herein to determine maximum allowable

stress levels.

For the specific functions/pins (Vbogsw, VCC,
VCCP)

DC voltage only (Working Voltage)

AC + DC (Operating Voltage)

For all other noAogic pins not listed above
(NOTE: Logic pins require no derating)

AC + DC voltage (Operating Voltage)

When only be)is specified (with no visible sign of
Avalanche)

Maximum duration of AC voltage excursion above

derated Vdc (when only V(DC) is specified.)

Voltage Type Definitions

7Y
Ripple Voltage |
% |

|
A x |

Voltge (V)

! Rated
Voltage
Working |
Voltage |
0

| |

Time (s)

Operating
Voltage

Maximum Junction Temperature (Tj)
With worstcase steady state application loading

90%
95%

95%
95%

25ns

0.75(Tjmax; 25°C) + 20°C

When stressing witlapproved thermal virus Tjmaxg 30°C
DC voltage only (Working Voltage) 95%
IC POL (Point of Load Voltage Derating criteria is the same as for DrMOS N/A

Regulator, Voltage Controller IC, Mul|
Chip Module (MCM), Monolithic
devices)

IC Digital / Linear / Linedfixed
Voltage

{AtAO2y SB5AIAGET 4
Bipolar)

Maximum Junction Temperature (Tj)
Max rated Tj > 125°C

alE wliSR ¢2 X MHpc/

The greater of 115°C and 0.75(Tjma)
25°C) + 20°C
Tj (rated) 10°C
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Component Type

Parameter

Derating Criteria

Transistors

Transistor Silicon FET (Silicon FET)

Maximum Junction Temperature (Tj)
Avalanche Energy
ESD Rating, Human Body Model (HBM)

Voltage Type Definitions

Ripple Voltage
¥

" 2

Working
Voltage
0

v

Voltge (V)

Operating
Voltage

)
|

|
|
|
Rated
Voltage
|

L 2

Time (s)

Gateg Source Voltage (Vgs)

DC voltage only (Working Voltage)
AC + DC voltage (Operating Voltage)
Draing Source Breakdown Voltage (Vds)

DC voltage only (Working Voltage)
AC + DC voltage (Operating Voltage)

0.75(Tjmax; 25°C) + 20°C
50%
TBD

85%
95%

80%
95%
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Component Type

Parameter

Derating Criteria

Dual Silicon FET (Dual MOSFET)

The same derating criteria applies to Dual FET as for
single FET. The derating on both FETs shall require
stress data entry for each one individually.

See Silicon FET derating criteria

Transistor Silicon Bipolar (Silicon
Bipolar)

CollectorEmitter Breakdown Voltage (Vce)
Maximum Junction Temperature (Tj)

80%
0.75(Tjmax 25°C) + 20°C

Transistor Gallium Nitride (GaN)

Maximum Junction Temperature (Tj)

0.75(Tjmax; 25°C) + 20°C

Avalanche Energy 50%
ESD Rating, Hum&wody Model (HBM) TBD
Voltage Type Definitions
Ripple Voltage ‘I
£ |
v |
s E w
g:" | Rated
> VcItPge
Operating Working
Voltage Volt‘age |
} !
Time (s)
Gateg Source Voltage (Vgs)
DC voltage only (Working Voltage) 85%
AC + DC voltage (Operating Voltage) 95%
Draing Source Breakdown Voltage (Vds)
DC voltage only (Working Voltage) 80%
AC + DC voltage (Operating Voltage) 95%
Transistor Silicon Carbide (SiC) Maximum Junction Temperature (Tj) 0.75(Tjmaxg 25°C) + 20°C
Avalanche Energy 50%
ESD Rating, Human Body Model (HBM) TBD
Voltage Type Definitions
Ripple Voltage ‘I
L |
v |
s A ‘
;:“ | Rated
> Vol‘age
Operating Working
Voltage Valt‘age |
| \
Time (s)
Gateg Source Voltage (Vgs)
DC voltage only (Working Voltage) 85%
AC + DC voltage (Operating Voltage) 95%
Draing Source Breakdown Voltage (Vds)
DC voltage only (Working Voltage) 80%
AC + DC voltage (Operating Voltage) 95%
Magnetics
Transformer (TransformeisPulse & | Current Surge (% of max rated) <100%
Power) Voltage Surge (% of max rated) <100%
Current (Continuous) 90%
Hot Spot temperature: (measured on hotspot of core
surface)
For transformers with UL60950 class rating
Class 105 (A) 90°C
Class 120 (E) 105°C
Class 130 (B) 110°C
Class 155 (F) 130°C
Class 180 (H) 155°C
For transformers not covered by UL 60950
Temp below Max Rated Hot Spot 25°C
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Component Type

Parameter

Derating Criteria

Inductor Iron Powder (Inductar Iron

Powder Core with Organic binders) Max peak current (including ripple, transient, and 100%
unbalance, where applicable) as % of rated Isat at
100°C defined with20% inductance rolbff
(Excluded are inductors when used in high frequen
/ noise decoupling applications)
Maxoperating Temperature (measured on hotspot Tmaxg 35°C
core surface)
Inductor Ferrite (Inductog Ferrite Max operating Temperature (measured on hotspot of] Tmaxg 25°C
Core) core surface)
Max peak current (including ripple, transient, OCP an| 100%
unbalance, where applicable) as % of rated Isat at 10
defined with-20% inductance robff
(Excluded are Ferrite Core InductqrRod and Bead
Type when used in high frequency / noise decoupling
applications)
Inductor Other (Inductog Other Max operating Temperature (measured on hotspot of] Tmaxg 25°C
[Hightemp powder alloys, Coql, core surface)
Sendust, MPP, Metaglas, etc.]) Max peak current (including ripple, transient, and 100%
unbalance, where applicable) as % of rated Isat at 10
defined with-20% inductance rolbff
(Excluded are inductors when used in high frequency|
noise decoupling applications)
Inductor Wound (Inductor, Wound) Current Surge (% of max rated) 85%
Voltage Surge (% of max rated) <100%
Current (Continuous) <100%
Temp below Max Hot Spot (measured on hotspot of 90%
core surface)
Max peak current (including ripple, transient, and 100%
unbalance, where applicable) as % of rated Isat at 10
defined with-20% inductance rolbff
(Excluded are inductors when used in high frequency|
noise decoupling applications)
Optoelectronics
LED (Light Emitting Diode) Average Forward Current 90%
Ambient Temperature <100%
Opto Coupler (Optocouplers) Power Dissipation 80%
Current 75%
Voltage 75%
Maximum Tj 0.75(Tjmax 25°C) + 20°C

13.2 Life Requirement

The power supply shall suppdityearscalculated life under the following conditions:

200-240VAC input

=A =4 =4 =9

950m altitude

55xC inlet temperature
100% othe time at 80% load

The power supply shall suppattyearscalculated life under the following conditions:

200-240VAC input

= =4 =4 =4

950m altitude

55xC inlet temperature
100% of the time at 50% load

13.3 Meantime Between Failures (MTBF)
MTBHFprediction shall be completed in accordance with Telcordi@®R Method 1 Case 3, 40°C.
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Input Voltage: Nominal (HL 200VAC40VAC; LL 100VAQ20VAC)

100% average power (Dynamic loading per profile defined in Design Specification)

Airflow: as specifig in the PSU product specification

Temperature: Maximum operating temperature

Quiality Level Il parts required

Greater than 400K Hours unless otherwise specified in PSU product specification

Correction factor may be applied with supporting evidence atR@lA f A G& 9y IAYy SSNDa

13.4 Reliability Demonstration Test

A Reliability Demonstrated Test may be conducted as an audit to demonstrate an MTBF goal of 400k hours
(or greater if specified by the PSU Product Specification) at 90% Confidence Leveirbsiniggtand Chi

Square Statistical methods. Audit criteria shall be based on new design and/evdhighe products.
Suppliers identified for RDT audit shall be communicated during RFQ.

Input Voltage: Nominal (HL 20Q8¢ 240Vag LL 100¥%:¢ 120\A9

Load 80%

Power Cycling: 45 minutes On, 15 minutes Off

Temperature: UOB, may disable OTPrieeded

Sample Size: 42 (total samples collected from selected suppliers)

Test duration: 2,160 hours

Test shall be time terminated (Type | Censori@geSided Lower Confidence Level
Monitor output voltages and/oPWOksignal

Record time to fail when failure occurs

=4 =4 =4 =4 =4 -8 -8 -8 9

Other LOBs may require RDT be demonstrated to their predetermined MTBF goal. Consult Reliability
Engineer or Power System Engineering fodauice.

13.5 FanReliability Qualification

1

=A =4 =4 A

Derating- Electronic Derating for Optimum Performance (RAC)

Reliability predictiorg Telcordia SR32

Worst Case Electrical Parts Tolerance Analysis (WCEPTA)

Fan L10 Bearing Life: 43,200 hours at max system ambient

Probability Ratio Sequential Test (PRST): 128, 70C, Max RPM, 1000 hours
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High —
temperature

Low
temperature

Power Cycling (PC)

/' Parametric J

Testing (PT)

Initial Parametric (PC + PT) Cycle = 1 wk Next cycle
Testing (PT)

Figurel3-1 Fan accelerated life test (FALT) profile

1 Combined Temperature Humidity Test (refer to TH profile below)
1 Design Verificabn Test (DVT)
Test shall use 12 random samples with the same bearing, lubricant, and lubricant seal as
production level fans. DVT report shall include the following test sequence:
0 RPM, current and dBA measureme&ntO
Hot /cold and humid storage tegFour corners)
RPM, current and dBA measurementl
Hot /cold operation test (Four corners)
RPM, current and dBA measuremepit?2
Thermal shock tes#l0oC to 700C, 50 cycles, 20 minutes dwell time.
RPM, current and dBA measuremenit3
o0 RPM, current and dBshall be within the specification at each stage
1 Shock and Vibration
The following tests shall be performed per Fan Shock and Vibration Test Procedure
0 A NonOperational Vibration test shall be completed.
0 A NonOperational Half Sine Shock test shall be plated.
0 A NonOperational Square Wave Shock test shall be completed.

O O 0O O O O

Tablel3-2 TH profile

Test Specification Test Parameter Margin Test Parameter

Operational Random Vibration 1 0.5 Gwsusing break points listed N/A
below inTable13-3
All 6 sides tested

1
1 30 minutes per side
1

Non-Operational Random 2.2 Grmsusing break points listed 1 3.12 Gususing break points listed
Vibration belowin Table13-4 below inTable13-5
15 minutes per side 1 15 minutes per side
1  All 6 sides tested 1 Al 6 sides tested
Operational Half Sine Shock 1 82 G +5% with pulse duration of 2 1  Increase iM0Gincrements until
msec +10% (equivalent to 40 in/sec failure or202G (2ms)whichever
[102 cm/sec]) occurs first
1  All 6 sides tested 1 Al 6 sides tested
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Non-Operational Half Sine Shock i 142 G 5% with pulse duration of 2 1 Increase ir60Gincrements until
msec +10% (equivalent to 70 in/sec failure or322G (2ms)whichever
[178 cm/sec)) occurs first
1  All6 sides tested 1  All6 sides tested
Non-Operational Square Wave 1 40 G Faired Square Wave w/Velocity 1 Increase irR0OGincrements until
Shock Change @ 200 In/Sec [508 cm/sec] o failure or80G (200in/sec),
greater whichever occurs first.
1 Al 6 sides tested 1  All6 sides tested

Table13-3 Operational random test 0.5wsprofile

Frequency (Hz) GIHz
7 0.00015
20 0.014
140 0.014
312 .000065
400 .000035
600 .000035
800 .000023

Tablel3-4 Nonoperational random specification test 2.2Msprofile

Frequency (Hz) GIHz
5 0.01

20 0.01

500 0.01

Tablel3-5 Nonoperational randonmargin Test 3.12 gmsprofile

Frequency (Hz) GIHz
5 0.02
20 0.02
500 0.02

13.6 Solder Assembly Qualification
Shall be completed in accordance with Level 2 of Internal Sélseembly Reliability Qualification
Requirements. The geneleladfree qualification procedure is as described below:

1. Obtain component information (BOM, heat resistance, moisture sensitivity level).
2. Obtain printed circuit board assembly (PCBA), solder paste and process information (including
measured reflow profd)
3. Ensure board assembly process, profile and factory conditions are compatible with PCB &
component specifications.
4. Conduct board (PCBA) level test
1 Assemble boards at specified conditions
1 Perform GSAM, Xray on selected components
1 Perform thermakycling
1 Perform post thermal cycling cross section analysis
5. Compile results and review with Reliability Engineer

PSU suppliers shall conduct a full léegk qualification at least once per PCBA production site. An ECR
need to be submitted for approvaldiny changes in the production site, solder paste, eftoe profile.
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13.7 Worst Case Electrical Parts Tolerance Analysis

The purpose of a Worst Case Electrical Parts Tolerance Analysis (WCEPTA) is to evaluate the performance
of an electrical circuit under e@ected operating conditions considering component environmental
variances, temperature effects, and degradation over product expected lifetime.

Typically for component sources of variation include:

Initial tolerance

Temperature Coefficient of Resistance
Load Life Stability (Aging)

Short Time Overload

Effects of Soldering

Temperature Cycling

Moisture Resistance (Humidity Exposure)
Low Temperature Operation

High Temperature Operation

Terminal StrengtiBend (Manufacturing Associated Stress)
Thermal Shock

Vibration

=4 =4 =4 4 =4 4 -4 -4 8 -8 -8 -

The WCEPTA applies to all Voltage Regulation (VR) and Over Current Protection (OCP) circuitry. However,
if any circuit is considered critical it may be evaluated by Reliability Engineering, or at the request of any
Product Development Engineering. The WTARBses a Monte Carlo simulation approach to evaluate an
electrical circuit.

13.7.1 Circuit Schematic Example
The circuit schematic shown below is for a 1.5V voltage regulation with a specification toleran&®af +/
therefore, the lower specification limis 1.455V and the upper specification limit is 1.545V:

1.5v

R1
R4

R2 R5
V feed back

R3 R6

Figurel3-2 Voltage Regulation Circuit
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The component assignments for the above circuit are as follows:

wMY T SNB -B% igtatoledddel b K

WH Y H H-WHinitEl toterance

wo Y H n-iPpminitial totenance

wnY mIPaitialtolerance

wp Y H H-WainkE] tolenance

wc Y H n-i¥minkiEl totenance

V feedback: Single Phase PWM Controller, 0.69,8%

=4 =4 =4 =4 -4 4 4

13.7.2 Collect Componeribatasheets

The analyst must review the current RiftMaterials (BOM) to determine which component vendors have
been approved for use in the circuit identified for analystee WCEPTA will evaluate each of the approved
component vendors for suitabilitgf use given the voltage regulation specification limits 68%. In
addition, the analyst will confirm that the component nominal values and initial tolerances specified in
the schematic are identical to the BOM values for each given reference designébe component
datasheets for the thick film 1/16W resistors are as follows:

13.7.3 Quantify Component Sources of Variation

A compilation of the appropriate component initial and environmental tolerances is required to develop
O2YLRYySYyld YSIYy FyR adlyRFNR RS@GAFGAZ2Y SadAayldadSao
case component electrical stress analysis (electdeakating) are used to determine the temperature

coefficient of resistance (TCR) effects. Thealimg analysis provides the worsase temperature which

Ay O2Yo0AYylGA2Y SAGK GKS LINRPRAZOGQa f2¢ (SYLISNI G dzN
spread or delta. Components identified in the circuit schematic that will be used to develop the circuit
transfer function are grouped in a summary matrix. The matrix affords a means of collecting all
environmental component variances to develop summaryigias (mean and standard deviation) for

each circuit componentTable13-66 St 2 ¢ Aff dzZAGNI 1S4 GKS O2Y0AYSR o |
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Tablel3-6{ dzY Y NBE 2F o' O2YLRYySyd G2t SNIyOSa
[Reference Designator F*****m
Zero Thick Thick Thick Thick Thick Phase PWM
Part Description Ohm Jumper Film Resistor | Film Resistor | Film Resistor | Film Resistor | Film Resistor | Controller
Applicable Parameter Resistance Resistance Resistance Resistance Resistance Resistance Voltage
Nominal Parameter Value 0.05 2210 2490 10 2210 2490 038
Derating Report Component Tc, deg C 77 77 77 77 77 77 7
[3 Sigma Sources of Vanation
Initial Tolerance 5.00% 1.00% 1.00% 1.00% 1.00% 1.00% 0.80%
Tolerance of Bvalue
Tolerance with VKA vanation
Temp Coefficient (350ppm/C) or 0.035%/C 235%
Temp Coefficient (200ppm/C) or 0.02%/C 1.34% 1.34% 1.34% 1.34% 1.34%
Temp Coefficient (100ppm/C or 0.01%/C)
Temp Coefficient (4041ppm/C or 0.4041%/C)
Long Temm Voltage Stability
Load Life Stability 5.00% 3.00% 3.00% 3.00% 3.00% 3.00%
Short time overload
Effect of Soldering 1.00% 1.00% 1.00% 1.00% 1.00% 1.00%
Temp Cycling 1.00% 1.00% 1.00% 1.00% 1.00% 1.00%
Moisture Resistance 5.00% 3.00% 3.00% 3.00% 3.00% 3.00%
Low Temp Operation
High Temp Operation
Teminal Strength-Bend 1.00% 1.00% 1.00% 1.00% 1.00% 1.00%
Thermal Shock
Vibration
3o Total Standard Deviation, 0.0914 0.0488 0.0488 0.0488 0.0488 0.0488 0.0080
10 0.0305 0.0163 0.0163 0.0163 0.0163 0.0163 0.0027
1o in terms of parameter 0.00152 3593514 40.48801 0.16260 3593514 40.48801 0.0021

13.7.4 Circuit Transfer Function Determination

C2NJ |

IAPSY OANDdzA

dzy RSNJ 2/ 9t ¢!

SOlLtdz GAZ2Y |

required in ordetto conduct a Monte Carlo Analysis (MCA) and assess circuit compliance to specification
limits. The formulation of the transfer function (1st order) is the responsibility of the Electrical Engineering
Design Team or original equipment manufacturer (ODM)applicable. For the electrical schematic

aK2gy 0620S=>

iKS

Monte Carlo Analysis (MCA)Syntax:

ac.

B wlyYR2Y pnannn
SUBC> Normal 0.05 0.00152.
MTB > Random 5008wH QT

SUBC> Normal 2210 35.93514.

ac.

B wl yR2Y pnann

SUBC> Normal 2490 40.48801.

ac.

ac.

B wl yR2Y pnann
SUBC> Normal 10 0.16260.
B wlkyR2Y pnnn

SUBC> Normal 2210 35.93514.

ac.

B wlkyR2Y pnnn

SUBC> Normal 2490 40.48801.
Wt QT

MTB>RYR2Y pnnn

SUBC> Normal 0.8 0.0021.

YwmQT

Ywo QT
Ywn QT
Ywp QT

Ywe QT
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MTB > let c8=(c7/c6)*(c4+c5+c6)+((c7/c6)+(((c7/c6)*(cd+c5+c6))/(c2+c3)))*cl

95% Confidence

LSL Target USL
Process Data Qverall
LsSL 1455 ¢y 4 R i [Hi===== Within
Target 15 3
usL 1.545 \ Overall Capability
Sample Mean  1.51359 1.32
Sample N 5000 Cl for Pp (1.29, 1.35)
StDev(Overall)  0.0170456 PPL 172
StDev(Within)  0.0170582 PPU 0.92
Ppk 0.92
Cl for Ppk (0.90, 0.94)
Cpm 1.03
Cl for Com  (1.01, 1.05)
Potential (Within) Capability
Cp 132
Cl for Cp (1.29,1.34)
CPL 1.72
CPU 0.92
Cpk 0.92
Cl for Cpk  (0.90, 0.94)
‘ \
| Im‘n-k

1456 1472 1.488 1504 1520 1.536 1552 1.568

Performance
Expected Overall Cl
293.88 ( 224.01, 383.63)
32682.27 (29493.71, 36149.85)
32976.15 (29771.39, 36512.90)

Observed
PPM < LSL 200.00
PPM > USL  32000.00
32200.00

Expected Within (d]
296.66 ( 226.20,
32781.99 (29586.74, 36256.49)
33078.64 (29866.95, 36622.66)

387.12)

PPM Total

The actual process spread is represented by 4 sigma.

Figurel3-3 Monte Carlo analysis output example

13.7.5 Non-Conforming Circuit

The circuit shown above falls below the required Cpk, Ppk=1.33. Consequently, the overall circuit
performance is noncompliant to circuit specification limits. From a visual perspective the circuit is off
nominal target with an obvious shift to the right adminal. The overall circuit performance, in this case,

is falling below the lower specification limit and above the upper specification limit. Thegezantsillion
noncompliant to the lower specification limit is approximately 293 events and above piperu
specification limit approximately 32,682 events.

he next step(s):

1.

Conduct a sensitivity analysis on the circuit transfer function to affect a component value change
(standard value) that would significantly affect the MCA circuit output.

Evaluate a+/-1% resistor with tighter environmental tolerances in the circuit, for example,
migrating to a 0.5% tolerance passive device.

Given the above step(s) do not produce a fully capable circuit, evaluate the use of a tighter initial
tolerance resistowith reduced environmental tolerances.

In some cases, the active device in the circuit, for example, a precision voltage reference would
require a tighter tolerance.

All proposed circuit component value, tolerances, etc. changes must be approved by duetpro

electrical engineering (EE) design team prior to implementation.

{AyOS GKS 2/9t¢! Aa O2yRdZOGSR RdNAYy3I GKS Sy3a
cycle some of the active devices suggested for use may have preliminary data sheets. All
WCEPT Q& VYdzad 06S NBOAASR LINA2N) (2 LIAf2G I dzyOKSa
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13.8 Stress Life Test (STRIFE)
Output Overload Testd OTP enable

1.
2.

3.

4.

Sample size = 5 (the test units shall have passed all functional tests)

Do not disable any protections. Critical componenlighermal sensors and hot spot areas within

the PSU shall be therramoupled. (Shall verify IR image)

Run the supply at the maximum operating ambient temperature, low AC input voltage, and 100%
load for two hours. Evaluate for any functional failures.

Repat the test with a 5% of full load increments until the system shuts down due to OTP or OCP.
At each load point, prior to the PSU shutting down, the junction temperature and electrical
parameters of each thermooupled component shall be verified to enswal components are
within specification. Design team shall provide confirmation of which protection triggered. (OCP
and OTP WCEPTAs shall be reviewed and approved prior to start of strife test)

Output Overload Test ¢ OTP disable

1.

Sample size = 5 (thedt units shall have passed all functional tests, recommend using the units
that went through Output overload test I)

Disable all temperature and over current protection circuits

Set output load to the point at which the PSU protected itself in line itexhale. A reduction of

load by 10% shall be the starting load for this test.

Repeat the test at a 5% incremental rate.

When failure occurs, a complete FA shall be performed and provided to the respective reliability
and power engineer for review and appalv

Pass / Fail Criteria:

1.

All 5 PSU(s) shall be able to operate up to the max OCP 3 sigma limit as calculated from the
WCEPTA.

Test units that do not meet the max OCP 3 sigma limits shall demonstrate that the failure occurs
above the max OTP 3 sigma lisrdis calculated from the WCEPTA.

Vendors shall ensure that prior to OTP or OCP protecting the PSU, all components are below their
max rated junction temperature Tj.

Failure Reporting:
Any failures observed for the tests described in this sedfail have the following information provided:

1.

2
3.
4.
5

During what test did the failure occur?

What time during the test did the failure occur?

What was the failure symptom?

What was the failure mode (failure mechanism)?

What change(s) could be made to correct greblem? Change(s) to increase design margin shall
be evaluated by Power Engineer.

13.9 Reliability Validation
Baseline test a 2liour bench test at ambient to verify UUT stability shall be performed prior to Reliability
Validation testing.
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13.10 Temperature Hundiity
A Temperature Humidity Test shall be completed in accordance with Internal Procedure.
1 Temperature Humidity Testincludes, operating, neoperating, low and high humidity elements.
Operating temperatures (typically 5°C to 45°C) based on product ASétRAstom classification.
Non-operating temperatures from 65°C @ 8% and 90%RHEOC

90%

t<10°C : fe10c l w10°C Lo
Humidity (%RH) : Humidity : Humidity @ sHumidity @ ¢ Humidity .
: Control OFf : Control Off Control Off} : Control Off

Ambient—

8% e . —r1 e H :

65°C (149°F)

Hot Operating Temp.——
Temperature (*C/*F)
25°C (77°F) Ambient  — : i : s ] . —

Cold Operating Temp. <+

-40°C (-40°F) 1~

on (1) L I —
Power
off (0)

13 Hrs. . 15Hrs, 0% 18 Hrs. * TgHes, 't Tt 18Hms . 10Hrs, '] Tel 13Hrs. . 15 Hrs.
2Hrs. Variable 2 Hrs, 1Hr. or 1 2 Hrs. Variable 2 Hrs.

Test Cycle
Time (Hours)

*.Actual time based on transition rate of 20°C (36°F) per hour maximum. [——" 2 Hour Power Off — 2 Hour Standby

Window Window

Figurel3-4 Temperature humidity profile

13.11 Mechanical Life
A Mechanical Life Test shall be completed in accordantelmiernal Procedure.

1 Mechanical Life TegtAll mechanical elements or field replaceable unit (FRU) customer has access
to. Cycles based on assembly, deployment, and typical customer utilization models. Supplemental
to element,component,or subsystem qualification testing.

9 Based on features that are customer can interface. For PSU the most common features are:

0 PSlk 60 Cycleg 4 samples
0 Power Connectog 55 Cycleg 2 samples

13.12 Power Cycling
Power Cycling test shall be completed:

Input Voltage: Nominal (HL 200VAC40VAC; L 100VAG 120VAC)

Load: 100%

Temperature: A4 Category per Climatic & Airborne Contaminant Specification
Sample Size: 3

Test profile: 45 minutes On, 15 minutes OFF

Test duration: 42 cycles each at high and low temperature

All samples shall passnctional test before and after power cycling

= =4 =4 4 -4 A 4
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13.13 Shock and Vibration
The following tests shall be performed per Power Supply Shock and Vibration Test Procedure

Test Specification Test Parameter

Margin Test Parameter

Operational
Random Vibration

0.5Gruisusing break points listed below in
Tablel3-7

All Sides except AC connector down

30 minutes per side

N/A

Non-Operational
Random Vibration

2.2 Grususing break points listed below in
Table13-8

15 minutes per side

All 6 sides tested

1  3.12Gewmsusing break points
listed below inTable13-9

1 15 minutes per side

1 Al 6 sides tested

Operational Half

82 G +/ 5% with pulse duration of 2 msec

1 122 G + 5% with pulse

Half Sine Shock

+/- 10% (equivalent to 70 in/sdt78
cm/sec))
All 6 sides tested

Sine Shock +/- 10% (equivalent to 40 in/sec [102 duration of 2 msec +/10%
cm/sec]) (equivalent to 60 in/sec [152
All sides except A€nnector down cm/sec))
1  Allsides except AC connectd
down
Non-Operational 142 G + 5% with pulse duration of 2 mse 1 202 G +/5% with pulse

duration of 2 msec +/10%
(equivalent to 100 in/sec
[252 cm/sec])

1 Al 6 sides tested

Non-Operational
Square Wave
Shock

40 G Faired Square Wave w/Velocity
Change @ 200 In/Sec [508 cm/sec] or
greater

All 6 sides tested

1 60 G Faired Square Wave
w/Velocity Change @ 200
In/Sec [508 cm/sec] or
greater

1 Al 6 sides tested

Tablel3-7 Operational random test 0.5#aS profile

Frequency (Hz) G/Hz
7 0.00015
20 0.014
140 0.014
312 .000065
400 .000035
600 .000035
800 .000023

Tablel3-8 Nonroperational random specification test 2.2¥sprofile

Frequency (Hz) G/Hz
5 0.01
20 0.01
500 0.01

Table13-9 Non-operational random margin test 3.12 GRMS profile

Frequency (Hz) GIHz
5 0.02
20 0.02
500 0.02
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14 Regulatong EcologyrRequirements

Intended Applicationg This product was evaluated as Information Technology Equipment (ITE), which
may be installed in offices, schools, computer rooms, and similar commercial type locations. The suitability
of this product for other product categories and environments (swash medical, industrial,
telecommunications, NEBS, residential, alarm systems, test equipment, etc.), other than an ITE application,
may require further evaluation.

14.1 Scope

Thissectioncovers the design requirements for integral (internal) enclosed pewpplies, including het
swappable supplies for use in servers, networking and storage products with ac or dc or mix mode ac/dc
input. This document specifies standard industry requirements for use during the development and/or
gualification of internal powr supplies.

14.2 EMC Requirements and Standards

The PSU shall be designed, tested, and certified to comply with the latest version of CISPR 32 Emissions
standards for Class A or Class B as applicable, CISPR 24 and CISPR 35 Immunity standardsS:2EC 61000
or IEC 6100@-11 Current Harmonics standarddeC 61003-3 or IEC 61008-12 Voltage
Fluctuations/Flicker standards and applicable national differences.

Test setup and methodology shall address ANSI C63.4 and CISPR standards and notet¢heemwghstre
applicable in test reports. It is recommesdithe certification include applicable country requirements

for each country where placed on the market including US CFR Title 47, FCC Part 2 and 15, and Canada
ICES®03, and to the standards under the European Union Directive 2014/30/EU.

14.3 Safety Requireants and Standards

The PSU shall be designed, tested, and certified to comply with the latest version GFIEEL and
IEC/EN/UL/CSA 62388nd applicable national differences.

It is recommended that the PSU shall be certified to the latatibnal standard based on IEC 6236By

the same agency issuing the CB Certificate or at least one EU Notified Body with a factory surveillance
program

The following shall be addressed:

a) The declared maximum ambient temperature for safety certificatioallanot be less than 45
degrees C, including staiiy mode.

b) If the power supply can be removed from the end product without disconnecting the power
cord, investigation that no energy hazard (below 240 VA) exists at the PSU outputs in the
removed conditiorshall be considered.

c) The power contact receptacle portion of output connectors of removable power supplies must
be investigated for the interruption of current in accordance with the Overload, Temperature
and Resistance to Arcing Test sequence in UL 18& Btandard for Component Connectors
for Use in Data, Signal, Control and Power Applications in accordance with the output ratings of
the power supply.

d) Proper engineering consideration should be made for operatidhesltitude as defined for
the product
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Creepages and Clearancddt. 623681l Clause 5.4.2.5 should be used to show creepage and
clearance compliance to altitudes higher than 2000 m.

Clearances: Clearances must meet the requirements for an altitude of 5000 m for use in many
countries.

e) Fa power supplies with a voltage selector switch, abnormal testing of the voltage selector
switch should be conducted.

For a power supply rated with dual voltages and with auto range circuitry, a statement in the
abnormal test section of applicable reguay reports that the auto range circuit does not
constitute a hazard should be included.

f) For power supplies for use in multi power supply systems, the touch current from ac mains to
safety ground should not exceed 3.5 mA divided by the number of powetisspysed in the
system measured at 254 Vac 60Hz

g) Humidity conditioning for tropical climates must be conducted at a temperatud®et + 2°C,
and humidity of 93% +2%3%. The humidity conditioning duration is 5 days (120 hand)
the rated ambient temprature of such equipment must be 35° C or higher.

h) The type test for ground continuity must be done at 40 A minimum for all products having
protection up to 20 A with less than 0.1 ohm from the safety ground (third wire) input pin to
the power supply chassfor 2 minutes. The voltage drop shall be less than 2.5 V.

For protection exceeding 20 A, this test shall be conducted at double the branch circuit for it
will be utilized.

i) Output returns must be grounded within the power supply chassis. Outputs caerfidating
and must be referenced to ground.

For dedc PSU, the power supply chassis shall also be provided with a grounding terminal, e.g.,
a metal stud secured to the chassis that is to be connected to dc mains supply earth
connection. A dc return piar additional grounding pin integrated in the dc input connector is

not acceptable to NEBS.

i) There shall not be any Condition of Acceptability (CoA) and/or Engineering Consideration(s)
requiring design requirements or testing on the end product.

14.4 Fire ancElectrical Enclosure
A power supply must provide fire and electrical enclosures. Surface of the enclosure exposed to the user
(nonservice persons) when installed in the end system must comply with the opening requirements with
respect to its orientation (top, side, bottom) defined in the safety standarad IEC609501, IEC 62368
1, EN 62364, and UL/CSA 62348
1) Minimize the possibility of entry of a foreign object into the power supply and contacting
hazardous voltages
2) Minimize the possibility of emission of burning regal from the power supply
3) 30 N and 250 N testdests in accordance witkC 6095 standard, and IEC 623@8EN
623681, and UL/CSA 623d8standardshall be conducted and reported in the product safety
certification and CB test reports.
4) Impact testshould be conducted per thiEC 60954 standard and IEC 62388EN 62364, and
UL/CSA 62368 standards
5) Accessibility:All covers that will serve as enclosures in the end product shall comply with
accessibility requirements addressed®C 60954 stardard and IEC 62368 EN 62364, and
UL/CSA 62368 standardsand comply with various mechanical tests as applicable.
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14.5 Telecommunications DC Mains Powered Power Supplies
Power supplies to be used in telecommunication applications shall comply with thé&eswents of IEC
609501 standard and IEC 62388 EN 62364, and UL/CSA 623d8standardsAn input power of-48
Vdcfor USA and Canada arD \Wc for EU member countries is used for equipment used in the central
office in the telecommunications applitans. Under float conditions these voltages may go ugbt5
Vdc and75 Vdc respectively.
In addition, the following shall be considered:

1) UL 891Switchboards

2) CSA C22.2 no. 33witchgear Assemblies

3) IEC TR 62108ectrical safety Classification ohterfaces for equipment to be connecté¢d

information and communications technology networks
4) Telcordia GR089

Notes:

1. Some customers, such as telecommunication utilities or other customers, may equire
compliance to NEBS standards specifications. Such requirements should be
considered for the specific use for the particular power supply and end product.
NEBS requires that the equipment must be UL certified before the utilities consider it
for NEBS evaluation.

14.6 Components

Any or all of the components listed in this specification may be used in the power supply. Components
deemed critical other than those listed in this specification may be used if they meet and are certified per
the requirements of the country of use. Componentsstnmeet the safety, EMC/EMI, energy efficiency
standards, mandatory environmental requirements and be certified as applicable for the country of use.
All components must meet the requirements of restricted materials as applicable in the countries of use.

14.7 Flammability requirements
Minimum flammability ratings for the following components per the test methods in the Annexes of
UL/CSA 60950 and UL/CSA 623@3standard.
a) Printed circuit boards, including all daughter cardg: &t better.
b) Power connectors othe Motherboards to be \) for hot swappable power supplies
c) All other PSU connectors to bel\ér better
Flammability of other components should be considered for the location and use of the component.

14.7.1 Capacitors

14.7.1.1 Tantalum Capacitors
Tantalum capacitorare not allowed in the Power Supply.

14.7.1.2 X Type Capacitors and Y Type Capacitors

Line to line or line to neutral X Type capacitors, or line to ground or primary to secondary Y Type capacitors
must be certificated to IEC 60384 or equivalent national standdrand bear the Mark of the certifying
agency.
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14.7.1.3 X Type Capacitors

The voltage rating of -Kapacitors must not be less than the rated voltage of the intended end use
equipment. The peak impulse test voltage e¢apacitors must not be less than the applieaktquired
withstand voltage. The peak test voltage of an X1 capacitor is 4 kV peak and that of an X2 capacitor is 2.5
kV peak.

The endurance test must not be less than 21 days and the temperature during the endurance conditioning
shall be 40 + 2 Deges C. The relative humidity during the endurance conditioning shall be 93% + 3% RH.

14.7.1.4 Connectors

Designer must carefully select the connector that has adequate voltage, current and temperature ratings
for the intended purpose. The location of tikennector within the product will determine the required
safety certification requirements. Safety Certification and certifying agency Marks shall be considered
depending on the final end product market. If size of the connector allows, the manufactwaldsh
provide required Safety Approval Marks and ratings on each part

Tablel4-1 Minimum Flame Rating of Plastics used in connectors.

Connector Characteristics Flame Rating of Plastic
Connectorgarrying Mains Voltage V-2
High Voltage/Power Connectors V-2
Low Voltage/Power/Data Connectors V-2
Hot swap power connectors V-0
I/0 Connectors V-1

14.7.1.5 Fuses

The designer must use extreme care when selecting the type andatéd fuse to ensure that fuse opens
under abnormal conditions. At a minimum, the fuse must be certified to UL and CSA standards as
applicable The following guidelines shall be followed:

1 DO NOBubstitute IEC 60127 (Miniature Fuseg)e fuses for UL 198G (Fuses for Supplementary
Overcurrent Protectionjype fuses, or vice versa. They are radically different in blow
characteristics.

1 For fuses certified to IEC 60127, it is recommendags®high breaking capacity fuses (HBC).

1 If fuses are located on a printed wiring board, then the fuse rating must be provided on the PWB
via label, silklscreen, stamp or etching. Rating must include voltage, current, and type if the type
is special (sl blow, fast blow, etc.).

9 Fuse type and rating selection must ensure that the fDEES NOBlow under normal operating
conditions butbOESlow under abnormal conditions. It is recommended that failure/abnormal
conditions be simulated to ensure that tfeult current and power source cause the fuse to open.
The fuse must not shatter when it opens.

Primary Circuituse:For Pluggable Type A PSUs, the primary circuit fuse of greater tham.6ating
generally are not permitted.
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14.7.1.6 Inductors and Filters

These types of devices are typically located in the power supply in the AC input stage and are designed to
filternoised6 ST2NB A G OFy 380G 2dzi 2F (G4KS LINRRdJzOG® b2 NXI f
Ensure the wire size is adequate for carrying the current in normal and abnormal conditions without
burning open.

Plastic materials used to provide isolatioetlween the two windings must be able to withstand extreme
temperatures without softening or deforming. All headers/bobbins must be molded fromettgnized
plastic with a flame rating of-¥ or better.

Toroidtype inductors must be securely mounted subht the core cannot break loose from base/header
during use or shipment. Torotglpe cores must be insulated.

14.7.1.7 Metal Oxide Varistor

All Metal Oxide Varistors (MOVs) used from Himveine must be UL recognized; and comply with IEC
6105k1 and IEC610524 (i I Y Rl NR & @ ah+Q& Ydzad 0SS LINRPBLISNIe& LXIO
of safety insulation in the event of a failure. A MOV must be selected with a high enough voltage trip point

that it cannot operate with the normal variation of input voltage.

MOVs and gas discharge tubes cannot be used in any application where either lead is connected to ground.

If the MOV is subjected to lorigrm overvoltage conditions, the MOV either reaches an excessive
temperature or explodes. Place a fuse betweenM@V and the power inlet of the equipment to reduce

the risk of fire or explosion (heat shrink tubing is required on MOVs in primary circuits).

If used in the primary circuit from line to ground, then a protective device (such as a fuse) must be
provided to protect the MOV, and the equipment must be pluggable type B or permanently connected
equipment. If used in a Pluggable type A equipment, then a separate earthing terminal must be provided
on the outside of the equipment and this terminal mus bonnected to building earth by a separate
protective earthing conductor.

An MOV shall not be used to bridge double or reinforced insulation.

14.7.1.8 Plastics Including Foam
Covers plastic and foam parts not used within a critical component otherwise spewitieid this
specification.

Plastic parts inside a fire enclosure are required to be a minimur2ofiMess it is located above bottom
openings. Plastic parts located above bottom openings must be a minimush.of V
Foam parts inside a fire enclosure aeguired to be a minimum of HE unless it is located above bottom
openings. Foam parts located above bottom openings must be a minimumX<f HF

Plastic and foam parts should be UL Recognized unless they are decorative only. It is recommended that
material identification be molded into all parts that are large enough to bear the markings. An optional

method of providing traceability is to print the information on each box or provide a certificate of
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compliance in each box of parts. Traceability makimgclude: (a) manufacturer of plastic; (b) UL
designation for the plastic; Y@artnumber and date of manufacture.

It is recommended that / & NI AFAOF GS 2F [/ 2YLIX Al yOSé 065 NBIj dzi NB |
plastics.

Plastic parts over 25 gms or 200 mm2 planar area must be labeled according to ISO 11469:2016 which
includes ISO 1048, 2, 3, & 4.

Externally Accessible Parts used in GS certified products may also be subject to Polycyclic Aromatic
Hydrocarbon requirements per GS speciféafi ! ¥t { D{ wuwamdYam t!Y GE9ElYAY
L2 f 20 0fA0 INRPYIGAO KE@RNROFNDB2ya ot! 1 a0v F2N I gl NR
Decision0dny € @

Do not contain a metal insert or fastener that is 1) moldie@) heat or ultrasomially inserted, or 3) glued

in unless the metal component is either separable from plastic jeesimpellers are excluded)

Do not contain adhesive, coating, paint or finish that impedes recycling (unless plastic part contains at
least 25% PCRJXcludng Printed circuit board, wires, cables, connectors, electronic component, optical
component, acoustic component, ESD component and EMI component. If plastic is painted or coated
supplier shall provide 1ZOD testing reports.

14.7.1.9 Printed Wiring Boards

All printed wiring boards (PWBs) must be-té¢cognized and contain a minimural\or better flame rating

and a minimum 108C temperature rating. Depending on application, the temperature rating and CTI
rating may need to be rated higher.

Each PWB should be markactording to UL approval: manufacturing identification and type designation.
During the design of a PWB, consider the voltage between adjacent etch runs ensuring adequate electrical
isolation. If etches are too close, arcing, tracking and carbonizatithe @WB material might occur.

If the PWB is provided with a fuse location(s), the location must be provided with the reference designator
and voltage/current rating of the fuse. If any supply voltage (AC or DC) is provided at external port, limit
the current to less than 8 amps. If the current is more than 8 amps, then provide a current limiting device,
such as a famp fuse or equivalent PTC. Current limiting device must be UL and CSA approved. All
input/output ports must comply with the requirements limited power sources. PWB assembly suppliers

use Ukrecognized PWBs.

DO NOT use PWBs manufactured using chemicals called out in the Montreal protocol.

Printed wiring boards should support the requirements of EPEAT as a recommended design practice.
Printed Circuit Board Laminates should not contain greater than 1000 ppm chlorine or greater than 1000
ppm bromine at the homogenous level.
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14.7.1.1®Bwitches

14.7.1.10.1.1 Main Disconnect

Power switches require safety approvals as applicable in the country of use. The most chtarkerare

UL, CSA, and a European Mark such as VDE, TUV, FIMKO, DEMKO, SEMKO, NEMKO or SEV, but depending
on the country where sold, the product may require more.

The power switch must bear the required agency approval marks. Mark the power switcholt@bes

and current rating. The rating for USA/Canada might be different for Europe; therefore, there can be one
set of markings associated with European approvals and another set of markings associated with UL/CSA
approvals.European approvals require thhe power switch bear a marking indicating the maximum
operating ambient temperature. This marking is the temperature in degrees CéalSiutllowed by the

f SGGSNI G¢ceés O0APSPTI ypcecod

Power switches must have tt@Nand OFF positions indicated by ISOlsgls. According to Standard IEC

60417cp nnT>X GLé AYRAOFGSa (GKS hpnhl@aAdh@yAVRERORUSEGD
These markings may be stampsidk-screenedpr affixed with a permanent adhesive label.

AC mains disconnect powswitches must have a minimum 3 mm gap between contacts when the switch

is in the open position.

14.7.1.10.1.2 Standby

A standby power switch is a switch that deactivates part of a system but does not completely remove
power from some part of the circuitry. A standpgwer switch is not considered the mains disconnect
switch and the marking required indicating the position is different. Certification requirements for a
standby switch located in the primary circuit are similar to the mains disconnect switch excefitdtaat

mm contact gap is not requiredarking of a standby power switch is found in Standard IEC 65409,
GDNI LIKAO {eyvyoz2fa FT2N) ! aS 2y 9ljdALIYSy(¢ o

14.7.1.1ITransformers

The three most common configurations are linear (metal laminations), switcher (ferrite DEubtae),

and switcher (toroidal ferrite core). Each of these performs step voltage functions and provides electrical
isolation between primary circuits and secondary circuits. The transformer may have UL, CSA and VDE
certification depending on the req@ments of the power supply certification.

Ensure that the materials do not adversely interact chemically, causing a failure of the insulation. UL has
evaluated many combinations of insulating systems for use in transformers. The dielectric of this
insulation system is dependent on a maximum temperature rating. If the operating temperature is above
class A limits, then the insulation system must be UL recognized. Use a designated mark to identify the UL
insulation system.

The manufacturers are reqed to perform production line (routine testing) dielectric strength tests. Test
voltage settings depend on the electrical ratings of the transformer, and whether its construction includes
a grounded metal barrier between primary and secondary circiRefer to UL Standards or IEC Standards
for appropriate test voltages.
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Consider electrical isolation concepts when designing a transformer: Creepage distance, clearances, and
the distance through insulation and types of insulation (i.e., functional, basic, supplementary, reinforced,
and double).

14.7.1.12Wire and Cable
Use greerwith-yellow-stripe of a suitable wire size wires to provide safety ground.

 Color:2 ANB dzaSR (2 LINRPGARS al FSG& 3INRdzyR Aa (2 o
NEASNBSR FT2NJ dzaS hb[, Fa a{lFSGe 9 NIK DNRdzyRE¢

1 Insulation: CN, PVC, TPE, PTFE, FEP or Neoprene.

Minimum Rating: 80xC, 30/ AVLV2) and a minimum flame rating of MW

1 Marking: The wire insulation surface shall depict UL and CSA Approval Marks and required
markings: voltage, temperature, AWG, flamating, UL F& Number and CSA File Number. The
spool of wire must have UL and CSA approval marks and the following required markings: voltage,
temperature, AWG, flame rating, UL file number, and the CSA file nufibeiground conductor
shall be as short as possiblin no case shall the ground conductor be smaller than the power
adzLJLX eAy3 O2yRdzO0G2NBEET AyOf dzZRAYy3d O2-goankdRENI (A 2Y
equipment.

1 Routing: Wire and Cable shall be routed away from mechanically moving parts, sharp keges,
source, and shall be managed to prevent any damage to insulation.

=

14.7.1.13Niring Harness
A Wiring Harness is an individual wire or matinductor cable that has one or more terminating devices
provided (connectors).

1 Material: During material selection @mnectors/wire/cable/insulating tubing or sleeving)
designer must consider the application to ensure adequate voltage, current, temperature and
flame ratings and appropriate safety agency certifications and meet all Marking requirements

1 Insulating tubing @ Sleeving: Insulating tubing or Sleeving shall be rated at a minimum:x@p5
300V. The material may be FEP, PTFE, PVC, TFE or Neoprene, and shall have a flame rating of VW
1.

1 Manufacturer Selection:Manufacturer must have UL Wiring Harness Factomréyal.

1 Routing: Wire harness shall be routed away from mechanically moving parts, sharp edges, heat
source, and shall be managed to prevent any damage to wire/cable insulation, insulating tubing,
or sleeving.

14.8 Testing

All testing for safety and EMC/EMirapliance for the PSU and all critical components where necessary
shall be conducted with the relevant test reports issued from a test lab that has been accredited by an
internationally recognized thirgharty testing laboratory accreditation authority sual APLAC, A2LA, ILAC

or NVLAP.
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14.8.1 Wireless GSM Test

¢KS LJzN1}2asS 2F (GKS GSad Aa G2 S@rfdd dS + aegadsSvyQa
device (e.g., GSM/GPRS PCMCIA Card) when placed in close proximity to the system under test. This
requirement is in addition to the legal requiremarget forth in CISPR 35 and IEC 64580

The following test method was developed A NSt Saa LYYdzyAidée a2l yR ¢Sade 7
"Wand Test" utilizes a small test antenna (Wand Antenna) to create-figideclosely matching the

frequency, feld level, and modulation characteristics generated by the wireless device in question. The

dzaS 2F (GKS a2l yR ¢Saidé ft2ga GKS G§SadadSNI G2 NBLX A
well as to replicate the typical maximum output drive theich GSM devices might produce when
attempting to communicate with a remote cell tower.

The preferred equipment is:
w Boonton 4232A RF Power Meter
IFR 2032 10kHz5.4 GHz Signal Generator
Amplifier Research 10S1G4A;\Matt (0.84.2GHz) Power Ampkf
HP8566B Spectrum Analyzer (Used for monitoring of field tewet calibrated measurement.)
Amplifier Research DC7420 Directional Coupler18.6Hz)
Boonton 51011(4B) Power Sensors
Small Vertical Antenna (Log periodic dipole)
Wirelessimmy A ié a2l yRé 1 yiSyyl

eEegegeeee

The Wand antenna is a stub antenna which is fixed in length to the wavelength for the frequency band of
concern. For the GSM band 850/900 and 1800/1900 bands, the antenna stub length has been set to 8.4

cm, which closelynatches thd /4 andl /2 wavelengthsof these bands, respectively. A 3if&ch dielectric

aLJ OSNJ A& LXIFOSR I NRdzyR GKS 2FyR FyaSyylF G2 YIFAyal
The antenna stub portion is created by stripping back the outer shield pafiarsemirigid coaxial cable

and leaving a stub of length as defined above.

The test setup is as illustratedfigurel4-12 A NS Saa L YYdzy A (0 BSU®e?elanydRiguteS a ¢ {
1422 ANBf S84 LYYdzyA(Gé& a2 yR ¢S &iguteldl B thedest setpfar 8 NI/ | £t
system level testFigurel5-2 is the test setup for an external power supply test. The signal generator is

set to the signal characteristics as describe the Procedure Section and the forward power is monitored to
ensure the correct field level is applied.
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In performance of the "Wand Test", the wand antenna is used to createfieidEo match the frequency,
field level, and modulation characteristics generated by a wireless device. The actual forward power
applied to the Wand antenna is dependent on th8NEband.

For the GSM 850/900 bands the forward power is set teVBdits CW.

Test Frequencies:

w GSM 85@; 824, 836, & 849 MHz
w GSM 90 880, 900, & 915 MHz
Forward Power: 5.5 Watts (37.4 dBm) CW. (Forward power set without modulation).
Modulation: Pulsed with rep rate at 220 Hz and pulse width at 500 us (11% Duty Cycle).

For the GSM 1800/1900 bands the forward power is set te/lahts CW.

Test Frequencies:
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w GSM 180@ 1710, 1750, & 1785 MHz

w GSM 190@ 1850, 1880, & 1910 MHz
Forward Power:1.5 Watts (31.8 dBm) CW. (Forward power set without modulation).
Modulation: Pulsed with rep rate at 220 Hz and pulse width at 500 ps (11% Duty Cycle).

Forward power to the wand is initially set without modulation applied. After the proper forwardepow
drive level is established, the modulation is then applied.

Modulation shall be set to pulse modulation with a repetition rate of 220Hz and a pulse width of 500 us.
These levels and modulation characteristics were obtained from both product techpasfications and
empirical data taken in the lab.

In general, the Wand antenna is swept across the system/power supply (front, back, sides, top and
bottom) in two orthogonal planes and the system is monitored for susceptibility.

14.8.3 Severity Levels arterformance Criteria

For System Level Testing:

The system under test should be immune to the frequencies, modulation and field levels listed above.
After the test, the EUT shall continue to operate as intended without operator intervention (i.e.,
Performance Criteria B).

For External Power Supplies:
The performance criteria for the external power supply test is given below:
A Power good signal: Test with PS_ON high (inactive) and low (active). Power good signal should
not change from high to low or fromoto high.
A All DC output voltages: Test with PS_ON low (active). All DC output voltages should stay within
the power supply specification.

Environmental Conditions

The environmental conditions for this testing are the same as specified in EN-3000
w Ambient temperature: 15°C to 35°C
w Relative humidity: 30% to 60%
w Atmospheric pressure: 86 kPa (860 mbar) to 106 kPa (1060 mbar)

14.9 Energy Efficiency Requirements and Standards
The power supply must meet the following energy efficiency requirements agcabla for its useThe
following are mandatory.

Tablel4-2 Mandatory regulation requirements

Regulation Version Comments
ErP Lot 3
ErP Lot 9 Tier | orTier 1l
ErP Lot 9 Tier NI For products shipping after the effective dai®1/1/2023
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Phase |
Implementation, voluntary disclosure

Power supply to support the end product compliance

(JEL)

Phase Il
mandatory disclosure

Power supply to support the end product compliance

Phase Il
mandatory compliance

Power supply to support the end product compliance
For products shipping after the effective date of 4/1/2022

Tablel4-3 Voluntary regulation requirements

Consider the intended use of the power supply in fimal end product to comply with the following
voluntary requirements.

Regulation Version Comments

China CEC -

China CECP -
ENERGY STAR ® Server 3.0
EPEAT for servers NSF426 Allowable temperature and humidity specifications
Brazil INMETRO Small scale servers

Figure1l4-3 Brazil INMETRO Efficiency Requirements for Internal Power Supplies (te2@¥/@0Hz)

Smalt scale server

Loading Condition (Percentage of
Nameplate Output Current)

Minimum Efficiency

M

inimum Power Factor

20% 0.82 -
50% 0.85 -
100% 0.82 0.90

Tablel4-4 European Union ErP LoE#iciency Requirements for Internal Power Supplies (tested @ 230V/50Hz)

Computer Servers (1 March 2020Computer servers all single output (AQC) power supplies
10% Load 20% Load 50% Load 100% Load
Efficiency| Power Factor| Efficiency | PowerFactor | Efficiency | Power Factor| Efficiency | Power Factor
- - 90% - 94% 0.95 91% -
Computer Servers (1 January 2028omputer servers all siﬁgle output (ADC) power supplies
10% Load 20% Load 50% Load 100% Load
Efficiency| PowerFactor | Efficiency | Power Factor| Efficiency | Power Factor| Efficiency | Power Factor
90% - 94% - 96% 0.95 91% -
Tablel4-5 ENERGY STAR RequiremfntServers 3.0
ENERGY STAR ServersEifigiency Requirements for PSUs
Power Supply Type |Rated Output Power 10% Load | 20% Load | 50% Load | 100% Load
Singleoutput (AGDC) |All Output Levels 83% 90% 94% 91%
ENERGY STAR Servers 3.0 Power Factor Requirements for PSUs
Power Supply Type |RatedOutput Power 10% Load | 20% Load | 50% Load | 100% Load
hdzi Lddz wl GAy3a X p N/A 0.80 0.95 0.95
AGDC Singleutput S‘gsgtgztzigg >V£V5?O JNA "’;;‘OE'I W w06 0.80 0.95 0.95
Output Rating > 1,000 watts 0.80 0.90 0.95 0.95
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Table14-6 ENERGY STAR Requirements for Data Center Storage 2.0
ENERGY STAR Data Center Storage 2.0 Efficiency Requirements for PSUs
Power Supply Type Rated Output Power 20% Load| 50% Load| 100% Load
Singleoutput (AGDC) All Output Levels 90% 94% 91%
ENERGY STAR Data Center Storage 2.0 Power Factor Requirements for PSUs
Singleoutput (AGDC) ‘Rated Output Power ‘ 20% Load‘ 50% Load‘ 100% Load

Power consumption requirements for the followisgould be considered as a best design practice as part
of an ecolabel.

1 Energy efficiency for internal power supplies:
o 1 full 80 Plus efficiency level above minimum efficiency level U.S. ENERGY STAR
specification
o 2 full 80 Plus efficiency levelbove minimum efficiency level U.S. ENERGY STAR
spedfication.
1 Make use of energegfficient components and techniques to reduce power consumption
whenever possible.
1 Consider low power components and design options as well as efficient power supply
componerts.
Properly specify the power supply rating to match the loading profile for an energy efficient design.
Ensure power supplies and components meet requirements for energy efficiency.
Consider design options to automatically switch from one power mo@addher where practical.
/| 2YyaARSNI ! {L/Qa&d YR 20KSNJ L/ Qa (KIF{i KIF@S 06SSy
Consider selection of silicon device technologies noted for higher power efficiencies (CMOS over
linear, etc.).
Keep clock frequencies as low as gibke to achieve a given functional task.
For noncritical impedance circuits, keep bias currents to a minimum+{mitiown resistors as
high as possible for instance).
9 Utilize drive spin down in storage systems when data on those drives is not in udemyédle
periods.
Make use of trstate conditions during idle periods as much as possible.
Utilize the proper cabling in power distribution paths to minimize supply loss.
PGAEAT S KAIK DAIWErHd@arsS efcdwhenpverpassibie. f 2 4
Place he main power switch in a location the customer can easily locate and utilize whenever
possible.
1 Provide system power monitoring capabilities for the customer whenever possible.

= =4 =A =4 =4 =8 =9

= =4 =4 =

14.10 Environmental Requirements and Standards
The following is required by law arandated in ecolabel criteria

1 Power supply must comply with applicable restriction on hazardous substances as referenced in
RoHS, REACH, or other environmental and material requirements, including relevant national,
regional, andnternational requirements.

1 Consideration must be given to supporting the TCO and EPEAT declarations for the platform
f S@St O2YY2RAUGASa® ¢KS LR6SNI adzllLJ & Ydzad YSSi
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criteria at a minimum and any requirementsposed by the platform level declarations. Refer
to the latest TCO anBPEATNSFANSI426 latest edition) standards for a full list of the
requirements.

9 Plastic parts exceeding 25 g shall not contain greater than 1000 ppm chlorine or greater
than 1000ppm Bromine. Reduction of Br/Cl content of plastic parts > 25 g(Rek
EPEAT 6.1.3)

1 Halogenated flame retardants and plasticizePsoduct housing above 0.5 grams and
the power PCB laminate of the internal/external power supply unit must not contain
intentionally added (additive or reactive) flame retardants or plasticizers with
halogenated substances. Exempted are all other parts, such as electronic components,
other PCB laminates and all kinds of cable insulation. Maximum concentration values
tolerated for a restricted substance (including decaBDE) is 0.1% by weight of the
material in homogeneous materials. (Ref TCO 7.2.1)

9 The power supply must not contain Polybrominated biphenyls (PBB), polybrominated
diphenyl ethers (PBDE) and Hexabromocyclodode@dB€DD) (No parts of the product
are exempt). (Refto TCO 7.2.1)

1 NonHalogenated flame retardantsProduct housing above 0.5 grams and the power
PCB laminate of the internal/external power supply unit must only contain intentionally
added (additive or reative) norhalogenated flame retardants that have been assigned
a GreenScreen benchmark score of 2, 3 or 4 by a licensed GreenScreen Profiler and
appear on the public TCO Certified Accepted Substance List. All substances of a mixture
must be accounted foNonraccepted substances must not exceed concentration levels
of 0.1% by weight of the flame retardant. (Ref TCO 7.3.1)

1 Plasticizerg Plasticizers used in product housing and cable insulations must have been
assigned a Green Screen benchmark score 06243y a licensed Green Screen
profiler and appear on the public TCO Certified Accepted Substance List. The product
must not contain Bis (thylhexyl) phthalate (DEHP), Butyl benzyl phthalate (BBP),
Dibutyl phthalate (DBP), and-Bbbutyl phthalate (BP). No parts of the product are
exempted. All substances of a plasticizer mixture must be accounted foradéepted
ingredients must not exceed concentration levels of 0.1% by weight of the plasticizer.
(Ref TCO 7.4.1)

The following materials are re@tted by the EU RoHS Directive (2011/65/EU) and cannot be used in
Power Supplies unless used as described in the exemptions.

Lead and its compounds (0.1% w/w)

Mercury and its compounds (0.1% w/w)

Cadmium (0.01% wi/w)

Hexavalent Chromium (0.1% wi/w)

Polybominated Biphenyls (PBB) (0.1% w/w)
Polybrominated Diphenyl Ethers (PBDE) (0.1% wi/w)
Bis(2Ethylhexyl) phthalate (DEHP) (0.1% wi/w)
Benzyl butyl phthalate (BBP) (0.1% w/w)

Dibutyl phthalate (DBP) (0.1% w/w)

Diisobutyl phthalate (DIBP) (0.1% w/w)

=8 =4 =8 =8 =8 -8 -8 -8 -9 9
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Plastic parts over 25 grams or 200 fptanar area must be labeled according to 1ISO 11469 standard
which includes 1ISO 10413 ISO 1042, ISO 1043, and ISO 1043 standards.

Materials restricted under multiple country RoHS rules include but not limded
Lead and it compoundsnot detectable

14.11 Applicable RoHSxemptions
Only the following ROHS exemptions can be used

Tablel4-7 RoHS Exemptions

Exemption Number Exemption
4(f) Mercury in other discharge lamps for special purposes not specifically mentioned in this Annex
6(ayl Lead as an alloying element in steel for machining purposes containing up to 0.35% lead by weigh
batch hot dip galvanized steel components canitag up to 0.2% lead by weight
6(b)! Lead as an alloying element in aluminum containing up to 0,4 % lead by weight, provided it stems fro
bearing aluminum scrap recycling
6(b)HI Lead as an alloying element in aluminum for machining purposes with a lead content up to 0,4 % by
6(c) Copper alloy containing up to 4 % lead by weight
7(a) Lead in high melting temperature type soldere.(lead based alloys containing 85 % by weight or m(
lead)
7(c) Electrical and electronic components containing lead in a glass or eeath@r than dielectric ceramic il
capacitorsge.g.,piezo electronic devices, or in a glass or ceramic matrix compound
7(cHl Lead in dielectric ceramic in capacitors for a rated voltage of 125 V AC or 250 V DC or higher
13(a) Lead in white glasses used for optical applications
15(a) Lead in solders to complete a viable electrical connection between the semiconductor die and carrier|
integrated circuit flip chip packages where at least one of the following criteria applies:
W w | éSY)\OgYF:de(:)GENJ i Slégery 2t 238 y2R§A2¥ dn
W w I'é)Sy'EAIfVSVRéS 2T onn YYH,ENJJOHeI:AN.EISNJ AY |
W Ww aulO1lSR RAS LI O1lF3Sa 6AUK RAS 2F onn Y
larger.

14.12 Sustainable Materials

Consider the criteria in IEEE 1680.1 (2009 & 20183k 426 for percentages of R@insumeRecycled
plastics. The use of pesbnsumer recycled materials in plastic components is recommended. (reference
EPEAT conformity packets.) Supplier must provide declaration when any part contains recycled content
or other sustainable material.

The power supply shall support the end product qualification for the TCO process and product
sustainability certification for servers. The specific TCO criteria for the end product type is available at

https://tcocertified.com/files/certification/tco-certified-generation8-for-servers.pdf
https://tcocertified.com/files/certification/tco-certified-generation9-for-serversedition-2.pdf

14.13 EPEAT

Consideration must be given to supporting the EPEAT declaration for the platform level commodities, th
power supply must meet the following criteria at a minimum. Refer to the EPEAT criteria for a full list of
the requirements.
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are at the system level).

Powe Supply vendor should declare conformance in writing on company letterhead and signed
by the appropriate authority within the company.

Power supply vendor should make available the EPEAT material declaration template.

Power supply vendor should makeailable upon demand third party Analytical Test Reports
from a reputable lab.

14.14 Design for Recyclability

All products shall be designed with the following recyclability elements. Designing products with specific
features, materials, or manufacturing pragses that support ease of disassembly and reuse, recovery, or
recycling efforts can meet these criteria.

The following is required by law or mandated ecolabel criteria

T
T
1

=a =

= =4

Ease of disassembly by one person using commonly available tools. (Ref EPEAT)

Ease bupgrading and/or reuse of original hardware. (Ref EPEAT)

Ease of separation of different commodity types (i.e., minimizing fused mktsiic parts). (Ref
EPEAT)

Elimination of moldedn or glued parts. (Ref EPEAT)

Paints and coating on plastics parositd be compatible with recycling process (1ZOD impact.
Reference ASTMD256). (Ref EPEAT)

All large chassis plastics should be composed of a single plastic type. (Ref EPEAT)

Information identifying thepresence and locatioaf all materialsand componentshat require
selective treatment. (Ref EPEAT)

Mark all plastic components weighing 25 g or more with material code in accordance with ISO
11469:2016 labeling scheme. (Ref EPEAT)

WEEE Documentation: Demonstrate compliance to EU WEEE directive Articleegpibg k

WEEE End of life Instructions available on a website accessible to recyclers for guidance on the
presence of materials and components at the product / family level that need to be removed for
treatment including disassembly instructions via ownegsygce manual. Disassembly

instruction must show all parts and material as required per Annex VIl of the European WEEE
Directive, Directive 2012/19/EU. To meet the NSF 426 standard for Server the WEEE End of life
instruction must be kept for at least 7 ges following end of products of the product. (Ref

EPEAT)

All products shall be designed with the following recyclability elements considered:

T
1
T

=a =4

Choose materials which are commonly accepted in recycling programs or are easily recyclable.
Utilize a modular echitecture that allows upgrades or repairs to occur easily.

Provide ease of access to parts or components containing hazardous materials that should be
removed before mechanical processing.

Minimize adhesive backed materials on recoverable components.

Postconsumer recycled content of rare earth elements in hard drive(s) in preBuctiucts that
contain a hard drive(s) with actuator/voice coil or spindle magnets shall contain 5% or more PCR
content neodymium or dysprosium by weight of neodymium or dgsjpum in the magnet (Ref
EPEAT NSF 426)
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Optional (as part of an ecolabel or a recommended design practice.
All products shall be designed with the following recyclability elements in mind.

1
T
1

= =

Choose materials which are commonly accepted in recycling@mogjor are easily recyclable.

Utilize a modular architecture that allows upgrades or repairs to occur easily.

Provide ease of access to parts or components containing hazardous materials that should be
removed before mechanical processing.

Minimize adheise backed materials on recoverable components.

Postconsumer recycled content of rare earth elements in hard drive(s) in preBuatiucts that
contain a hard drive(s) with actuator/voice coil or spindle magnets shall contain 5% or more PCR
content neodynium or dysprosium by weight of neodymium or dysprosium in the magnet (Ref
EPEAT NSF 426)

The power supply design and manufacturing processes should support the certification/registration of the
end product for the following:

=A =4 =4 -4 -4 A -4

EU WEEE

EU RoHS

EPEAT

ISO 11469:2016

China RoHS

CECP

China Environment Certification

14.15 Batteries
The following is required by law or mandated ecolabel criteria

1

Batteries must comply with applicable restriction on hazardous substances as referenced in RoHS,
WEEE, EBattery Directive or other environmental and material requirements, including relevant
national, regional, and international requirements.

The main battery must withstand a minimum of 300 charging cycles with at least 60% of the initial
capacity. The miniomm amount of charging cycles with at least 60% of the initial capacity for the
main battery must be detailed on the certificate. (Ref TCO Certified Generation 8)

The main battery must be replaceable by the ars#r and/or technician. Instructions on how to
replace the battery must be available.

Recommended Design Practice

il
il

Batteries should be easy to identify and remove.

Battery documentation is available to the customer

0 Type of battery,

0 Locations within the product,

0 Proper & safe handling

Include battey management features that prolong the durability of batteries in the design have
The product shall contain a lo#ife battery (Ref. EPEAT 168Q.2018)
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1 The product shall contain a minimum number of product upgrade or repair features (Ref EPEAT
1680.1¢ 2018)
9 Lithiumlon batteries shall be easily removable (Ref EPEAT 162018)

14.16 Production Testing
Reference EN 50514: Audio, video, and information technology equipment i Routine electrical
safety testing in production.

14.17 Dielectric Strengtfiesting

14.17.1 Dielectric Strength for AC Input Power Supplies

Each unit of production must pass a 2150 Vdc productigpohiest between primary to chassis ground.
The voltage must be ramped up to 2150 Vdc within 1 second and must be maintained at thatdevel fo
minimum of 1.2 second without failure.

For a PSU that will be used in an ungrounded system, each unit of production must pass a 4250 Vdc
production hipot test between primary to chassis ground. The voltage must be ramped up to 4250 Vdc
within 1 secad and it must be maintained at that level for a minimum of 1.2 second without failure. Each
unit must be marked to indicate it passed the test.

14.17.2 Dielectric Strength for DC Input Power Supplies
14.17.2.2nput voltagex 60 Vdc
Each unit of production power suppligsth an input voltagex 60 Vdc supplied from a battery system

having float voltag® 75 Vdc and with Protective Earth Connection must be tested by applying a minimum

of 1400 Vdc between the input DC circuit and th&J8und or chassis. The test voltagalsbe ramped
for a minimum of 1 second and then maintained at the Test Voltage for at least 1.2 seconds.

14.17.2.2nput voltage 75 Vdc to 240 Vdc

Each unit of production power supplies with an input voltage between 75 Vdc to 240 Vdc with Protective
Earth Connedbn must be tested by applying a minimum of 2150 Vdc between the primary circuit and the
system/product ground or chassis. The test voltage shall be ramped for a minimum of 2.8 second and
then maintained at the Test Voltage for at least 1.2 seconds.

14.17.2.3npu voltage 240 Vdc to 400 Vdc

Each unit of production power supplies with an input voltage between 240 Vdc to 400 Vdc with Protective
Earth Connection must be tested by applying a minimum of 2700 Vdc between the primary circuit and the
system/product grouncbr chassis. The test voltage shall be ramped for a minimum of 2.8 second and

then maintained at the Test Voltage for at least 1.2 seconds.

192



Open Compute Proje®l-CRPS Version 0.70

14.18 Ground Continuity Testing

Each unit of production must pass a production ground continuity test at 25 A forsitlemawith less

than 0.1 ohm from the safety ground (third wire) input pin to the power supply chassis. Each unit must be
marked to indicate it

14.19 Expectation of the Supplier

14.19.1 Change Notification

If the material, component, assembly, or product besngplied to purchaser does not meet one or more

of the applicable requirements of this specification, the supplier must immediately notify the purchaser.
This notification also applies if the supplier or a subcontractor(s) makes changes in their opetattons
will cause a material, component, assembly, or product to no longer comply with this specification.

If a restricted substance is used in a nonexempt application above the threshold limit, the following
actions may be required to resolve any deviaidrom this specification:
A Requalification of parts to comply with specification/ phase out and replacement of use, which
may result in removal of nenompliant suppliers from the approved vendors list.
A Delay of product launch

A Stop ship of product to affected regions

14.19.2 Required Documentation
The supplier shall provide copies of the latest version of the following items submitted to$ardupon
request:
1 All agency approval certificates and supporting test reports for EMC, HécedEnergy and
Product Safety
9 UL Descriptive and CB Test Reports
9 List of any End User approved Conditions of Acceptability (CoA). While CoA are expected to be
detailed in UL report, this list is the documentation showing End Useo$igmd
approvallacceptance of the PSU CoA.
1 Schematics
1 BOM (Bill of Material)
1 Copy of the PSU label

14.19.3 Regulatory Model Designation

PSU vendor shall utilize a separate Regulatory Model designation for their PSU and should not use their
manufacturer part designation/ marketing name/ etc for Regulatory Agency certification purposes. The
Regulatory Model designation should not change ttueon-Regulatory/ Safety design related features

such as firmware updates, etc.

The Regulatory Model designation may include variables, e.g. XXYYZZ to preserve possible Regulatory
concerned changes, and the naming scheme shall be approved by the Erffedsdatory staff.

14.20 Compliance Certifications
The power supply shall comply with the following safety and EMC/EMI agency approvals.
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Table14-8 Country approval and marking requirements

Certification Requirement | Deliverables
Country Agent/AgencyMark R C=Cert Comments
C=Cer® D=DoC
D=DoC
Canada SCC Accredited Agen M. C c
(Safety)

Canada ISED (EMC) M, D D
China does not require safet|

China CNCA (Safety, EMC) M, C C certifications for PSUs rated more thg
1300 Watts.

CE Marking. For Class A PSU, the |
aKlLtt |tftaz adalkas

European Union | CE (Safety, EMC) M, D D this equipment in a residentia
environment could case radio
AYGSNFSNBy OS¢

International CB

certificate and| NCB (Safety) CB report and certificate C, CB report

report

National authority Recommended to use the same authori

with factory | AHJ M,C C issuing the CB Certificate. Must havq

surveillance factory surveillance program.
Apply to detachable power supply (s{
Note 1) used for the host systems in B
ndi BI " M BI scope, e.g. server, storage, workstatig
ndia S (Safety) ,C C, BIS report AIO. etc.
Standalone Switch Mode Power Suppli
(SMPS) with output voltage 48 V(max).
Morocco DoC based on Safety and EM
Morocco Morocco (Safety, EMC) M, D D required for PSUs.
KC certification (EMQ KC mark for EMC applies to H
Safety) Swappable power supplies offered
Korea, Republic 0 Customer orderable kits. Also applies
(South Korea) EMCc MSIP, Ministry of M, C c internal power supplies if shipped 4
Science. ICT. and Futu customer orderable kit or spare parts.
Planning

Eurasia Economi Hot Swappable power supplies that a|

Commission (EEQ Eurasia Economi offered as Customer orderable Kkif

(Armenia, Belarus| Commission (EEC) AHK require agency certification and markin

Kazakhstan, Customs Union marl M, C C Alsoapplies to internal power supplies

Kyrg/zstan and| and certificate (Safety. shipped as customer orderable kit

Russian EMC) spare parts.

Federation)

Adc-to-dcpower supply does not requirg
BSMhBpproval.

Taiwan BSMI (Safety, EMC) M, C c NOTE: Mixed modg hlg‘h voltage DC H
that may operate with either an ac orcd
input is required to
obtain BSMI approval.

UKCA Marking

United Kingdom UK CA (Safety, EMC) M, D D

For Class A PSU, the label shall also g
az2! wbLbDY

h LIS NI A 4
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Certification Requirement | Deliverables
Country Agent/AgencyMark R C=Cert) Comments
C=Cer® D=DoC
D=DoC
in a residential environment could caus
NI RA2 AYGSNFSNBy O
United States NRTL (Safety) M, C C
. The 2part FCC statement on all PSU.
United States FCC (EMC) M, D D

a  Pursuant to respective Agency certification requirements, it ca@®@ (certificate of compliance); LoA (letter of authori®g;
product certificate; RC: Registration certificate; TER: Technical Evaluation.Report

NOTES
1) Definition of detachable power supply for India BIS:
a) The power supply which is obviously removable/replaceable by the user directly from outside of the host product.
b)  The power supply which is with a mechanism or instructions to lead thetmsemove/replace the power supply from
outside of the host product simply.
2) The Korea kGafety regulates PSU Safety certification installed in a Sé&weexample:
a) If PSU used for server and storage at the same time, it is und8efey scope.
b) If PSU used for storage only, ihist under KESafety scope.
3) Korea MSIP (KEMC), regulates certification if PSU is sold alone, separate from system, regardisgstendthat PSU is used for. H
example:
a) Factory installed PSU used for server, network switch or storage is certified with MERIQ{@s component of the host
system. PSU that are shipped for service purpose of host is exempted to purfiMerficate on PSU.

b) PSU used for desktop, workstation, server, network switch or storage that are certified with MER (Y @s component
of the host systenand are marketed/sold/shipped separately from host systesrspare part or expansion part shall havg
its own KEEMC certificate for the PSU.

c) For any redundant or heswappable PSU must obtain-E®IC certification

15 Quality Assurance

15.1 Vendor Responsibility

When the power supply vendor takes orders for units to this specification, this vendoatisemes the
responsibility of maintaining a standard of quality that meets or exceeds that of units originally qualified
in the Design Verification Test.

15.1.1 General

The power supply manufacturer shall establish and maintain an effective quality prograenstbimitted

and approved byhe customer which will assure adequate quality in all phases of design, procurement,
fabrication,and test of power supplies procured in accordance with this specification. The manufacturer
shall provideo the customemith all quality program data upon request.

15.1.2 Scope

The power supply manufacturer's quality program shall control all aspects of the acquisition, inspection,
storage, and handling of all materials, and the process of fabrication, assembly, test and inspection,
packaging, and shipment of power supply assemblies. The program should include, but not be limited to
the following elements:
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Change control of drawings and specifications.

Review and control of procurement of parts, materials, and services.
Control of venlor/supplier quality.

Inspection and test of received parts and materials.

Control of norconforming materials.

Material review.

Calibration control of tools, gauges, and test equipment.

In-process control of test and manufacturing processes.
Failure/norrconformance detection, analysis, and correction.

10. Inspection/Test planning.

11. Final inspection/test.

12. Control of packaging and packing.

13.  Workmanship standards in conformance wilidza (4 2 YS N & . NS Ij dzZA NBYSy (i a
14. Corrective action program.

CONOIO~WDE

The vendor documentation will be evaluated Bhe customerto ensure that the documentation is
complete and accurate. The power supply will not be fully qualified theilcustomerapproves the
documentation. The vendor may be provisionally qualifieddiegO dza ( 2 d6&iNddtation approval.

The vendor must provide updated information that accurately reflects any changes or modifications to
the power supply.

15.2 Inspection

15.2.1 Responsibility for Inspection/Test
The power supply manufacturer is responsible for performing all inspections and tests required to verify
conformance of the power supply to the requirements of this specification.

15.2.2 Inspection and Test Procedure

Inspections or tests which are required verify that the performance of the power supply assembly
complies with the performance requirements of this specificatidrne customemust approve these
procedures prior to incorporating the procedures for production power supply inspection or test.
Approval of procedures will include approval of any special test equipment used to verify conformance to
the requirements of the specification.

15.2.3 Qualification Inspection/Test Procedures

When qualification is required, the power supply manufacturer will preadetailed procedure for the
qualification of the power supply to be produced in conformance with this specification. The procedure
will specify the test routines, test conditions, number of test units, and duration of tests, test data to be
recorded,and the criteria for establishing qualification of the power supply. Qualification procedures are
subject to approval bthe customerprior to beginning the qualification program.

15.2.4 Acceptance Inspection/Test

The power supply manufacturer shall prepareletailed procedure specifying the inspection and test
routines that will verify that each production power supply conforms to the performance requirements
of this specification. The acceptance procedure is subject to approvhkebsustomer Thecustome
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reserveghe right to 100% screening or testing for lot acceptance/rejection based upon sampling per MIL
STD105K, LEVEL Il, per parameters specified in paragraphs 3 through 9 of this specification.

15.3 Final Test Data
The vendor shall ship final test datdth each supply until full product qualification.

15.4 Rejection and Retest

Failure of a power supply during acceptance testing to comply with the requirements of this specification
shall be cause for rejection. Rejected items will be returned tosérelor for full credit. Rejected items
may be reworked and retested for acceptance.

15.5 Corrective Action Program

The power supply manufacturer shall prepare and maintain a corrective action program to be approved
by The customerfor the correction of incofimg inspection, in process, and field problems when failures
are in excess of 0.2%.

15.6 Failure Analysis
The power supply vendor shall provide failure analysis data on all units returned. All units returned to the
vendor, shall be at full credit.

15.7 Vendor BurAn

Minimum initial operating bursn at 40°C + 5°C and maximum load is to be included as part of the power
supply manufacturing programThe customeimay permit fewer hours upon mutual agreementhe
customermay require a longer burim on anew product. Burdn must be followed by a final test and
inspection. Final test shall include functionakpdi, ground continuity, and AC polarity testing of 100%
of units after burnin.

15.8 Enhanced BuHn
Enhanced Burin test must be performed by welor in stage€VT & DVas mandatory and iRV Tstage
when is required using the following conditions:

AC input 230-240VAC

Temperature 40°C

AC cycling and DC cycling 1 per minute

Slow slew rate dynamic loadin@case 1) D = 5@6; Load%-100% (5sec at zero, 5 sgamp up to 100%, 5 se
at 100%,5 sec; ramping down)

Fast slew rate dynamic loadin@ase 2) D = 50% load-80%; 40100% di/dt=max

Run time 4 hours each condition

Pass criteria no PWOK dassertion whenever AC is appliadd PSON is asserte!

197



Open Compute Proje®l-CRPS Version 0.70

DC Cycling AC Cycling
1min PS-ON 1min PS-OFF 1min AC-ON 1min AC-OFF
& LN i N
~ 7 Y 7
AC-ON PSON Asserted

Figurel5-1 AQDCinput ¢/cling pattern.

5s
100%
5s 5s 5s
0% 5s

Figurel5-2 Slow slew rate dynamic loading.

100%
eoo

40%

0%

Figurel5-3 Fast slew rate dynamic loading, case 1.
60%
0%
Figurel5-4 Fast slew rate dynamic loading, case 2.
15.8.1 Preparation for Delivery

Each power supply shall be packaged to enable darrageshipping and handling by commercial carriers
to assure safe delivery the customerfacilities worldwide.
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Supplemental Material AL85mm by 73.5mm MCRPS mechanical drawing
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Supplemental Material BL8Smm by60mm M-CRPS mechanical drawing
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Supplemental Material 265mm by73.5mm M-CRPS mechanical drawing
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Supplemental Material Dz3.5mm in widthM-CRP$ardedgemechanical
drawing
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Supplemental Material BEOmm in widthM-CRP$ard edgemechanicatirawing
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Supplemental Material AM-CRP&andlemechanical drawing
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Supplemental Material GM-CRP$tchmechanical drawing
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Supplemental Material HM-CRP$atch plastic gripption 1(snapin versior)
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Supplemental Material IM-CRP$tch plastic grip optio& (over molded
version
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Supplemental Material J185mm by 73.5mm +54VDC inptGRP $echanical
drawing
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185mm by 73.5mm +54VDC input
M-CRPS mechanical drawing
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Supplemental Material KL85mm by 73.5mm48VDC input MCRPS mechanical
drawing
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185mm by 73.5mm -48VDC input
M-CRPS mechanical drawing
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Supplemental Material LDC input impedance measurement procedure
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Test SetUp

The setup circuit is shown kigurel-1, NMOS are used in parallel (number of devices in parallel depend
on the maximum input current rating current of the P@hHer test. Resistor R2 can be picked at IOk
that capacitor could be 1uF (needs to >> MOSFET Cgs), RXKis 100

The NMOS selection depends on input voltage, if input is fronD8& 72\DC this MOSFET needs to
have a voltage rating of 10@0Ctypically. One example is IPBO25N10N8)ltiple NMOS transistors could

be used in parallelThe power loss on these NMOS is significantly high, for example, if the DC operating
point is 20A, and the voltage drop on those NMOS are samg,dsnéxample, 4\this will give 80W loss.

You need attach suitable heaink to these MOSFETSs and recommend using a Fan to cool it.

For G4-B, you need check the probe attenuation (10:1 or 100:1) to make sure the signal is within the safe
range of Analyzer, you can alsceudifferential probe.

For G4-A, current probe can be used with a bandwidth at least 1IMHz. Instead use of suitable shunt resistor
(with low ESL) can be made to measure the current.

AVAV
L Switching
R2 Power
| Sense suPply
= =
R1
L
ISOLATOR A8
CHA CHB
AVAV Cg—r_ O
SOURCE ' ’

FREQUENCY RESPONSE ANALYZER
Figurel-1. Input Impedance Measurement Setup

The excitation level shadi be set at 50mV ~100mV. The excitation level should be as small as possible
while still being able to get a clean plot. The scanning frequency span should be from 10Hz to 100kHz
typically.

Once the seup is finalized, PSU under test is ready to beegst

The test is to be performed at following Input and Load conditions:
Input Voltageg Minimum, Typical, Maximum
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Typical Examples:

1 240Vdc Input PSUs192Vdc, 240Vdc, 288Vdc.
1 -48Vvdc Input PSUs40Vdc (or36Vdc as the case may be&)8vdc,-72Vdc.
1 400Vdc Input PSUs192Vdc, 240Vdc, 336Vdc, 400Vdc.

The aitput load shall be swept from @ Load to 100% load in steps of 10fbpedance and phase plots
shall befrom 10Hz to 100Kz. Typical plot looks like (recommended method is to have both plot
impedance and phase data in one plot):

PSU Input Impedance, Phase Plot

PSU Input

Impedance (dB)
(ssai8aq)
aseyd nduj nsd

Input Impedance (Zin) at
Phase Cross Over

Phase Cross Over @ -90°

--{ -90°

Frequency (Hz)

Figurel-2. Sample Impedance / Phase Plot

Once the plot is done, obtain valuefaf, the frequency at which the phase cross@8° point. Then note
the value ofZ, and after converting the value to Ohmes, calculate the inductance at this point with:

Value ofLi, is to be calculated at each input and load condita@efined above. From the data, determine

the lowest value ofins G KA A @I fdzS 200GFAY SR aK2 dgecRnmd3SHnpit YA Y A Yd
ImpedanceThe data shall be submitted and laecompanied by raw Data from Analyzer and all plots. A

sample is shown below:

Table dL.-48VDC or 240V/380VDC input power supply input impedance
Load (%) Frequency (Hz) Impedance K) Lin(mH)
0%
10%
20%
30%
40%
50%
60%
70%
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80%
90%
100%

Note: One table per DC input condition shall be provided

The main outputs of the power supply must turn off per {furn-off) of the applicable line status range.
Standby output shall turn on within the turn on thresholds of the lowest operational input voltage range

and shall continue to operate at input voltages below minimum Vin (aifp threshold of lowest
operational input voltage range.

Power supply design must assure no tamoff cycling occurs for DC line impedance defined in the
Design Specification.
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Appendix A-  Checklist for IC approval of this specification

(To becompleted by contributor(s) of this Spec)

Complete all the checklist items in the table with links to the section where it is described in this spec or
an external document.

Note: This will be filled out at v1.0
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