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2. GENERAL SCOPE

This specification describes the performance characteristic of a 800W AC-iBisg redundant power supply. The
power supply shall be able to operate as a single supply, or in patallel hot-plug able operation with active load

sharing in a 1+1 redundant configuration.

2.1 Mechanical Overview

The physical size of the power supply enclosure is intended to accomntioglgiewer range of up to 800W. The

physical size is 83.8mm x 76mm x 250mm (height x width x length)
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Figure 1 - Power Supply Dimension
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2.2 LED Marking and Identification

The power supply shall have two LED for indication of the powpplustatus.

Table 1- LED Status Information

Power supply condition Power supply LED
Output ON and OK Solid Green

No AC power to all power supplies OFF

AC present/only standby output on 1Hz Blink Green

AC cord unplugged or AC power lost; with a second po

supply in parallel still with AC input power. Solid Amber

Power supply warning events where the power supply conti

to operate; high temp, high power, high current, slow fan. 1Hz Blink Amber

Power supply critical event causing a shutdown failure;

OCP, OVP, UVP 1Hz Blink Green

Power supply critical event causing a shutdown failure;

OTP, Fan Fail Solid Amber
Power supply FW update mode of Module 2Hz Blink Green
Power supply FW update mode of Housing 1Hz Blink Green

2.3 Environmental Requirements

The power supply shall operate within all specified limits over specifieditons in 2.3.

The defined operation condition include temperature, humidity, altitudek simal vibration.

2.3.1 Temperature and Humidity Requirements

The power supply shall withstand thermal storage specifiegoiipdwithout any damage.

Table 2— Temperature Requirements

The power supply shall operate within all specified limits ovygrtdmperature range and specified humidity Range. All

airflow shall pass through the power supply and not over the exserifaces of the power supply.

ltem Description MIN MAX Unit
Top Operating temperature range. 0 50 °C
Thonop Non-Operating temperature range. -40 70 °C
Hop Operating humidity range, non condensing 90 %
Huonop Non-Operating humidity range, non condensing 95 %

2.3.2 Altitude Requirements

The power supply shall operate within all specified limits ovgy Adtitude range. The change p

not harm the power supply and the operation within specified regudafail be assured.
The power supply shall withstand Altitude storage specified,inop without any damage.

Table 3— Altitude Requirements

ressure condition shall

ltem Description MIN MAX Unit

Aop Operating Altitude range. 0 5000 m

Aronop Non-Operating Altitude range. 0 15000 m
7
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3. ELECTRICAL PERFORMANCE
3.1 AC power Input Specification

3.1.1 AC Inlet connector

The power supply shall incorporate an AC input connector congplionlEC 320 C-14 power inlet connector

specification. This inlet shall be rated for operation at 10A/250VAC.

3.1.2 Input voltage and frequency specification

The power supply shall operate within all specified limits over the fatigwput range. Harmonic distortions of up to

10% of the rated line voltage must not cause the power supply to gospaaified limits.

The power supply shall power off if the AC input is below V@\Gmiand shall start (auto recover) if VAGover iS
reached. Input of VAC below VAG.eShall not cause any damage to the power supply, including the isgut fu

The power supply shall supply the full output power in the voltaggerah90VAC to264VAC.

Table 4— Rated output power for each input voltage range

Parameter Minimum input Rated Input | Maximum input
115 VAC 90Vims 100-127Vims 140Vims
230 VAC 180Vims 200240V s 264V s
Frequency 47Hz 50/60Hz 63Hz

3.1.3 HVDC Input voltage

The power supply supports High Voltage Direct Current (HVDC) input. Alloeé®C input range as shown in below
table. The power supply shall operate within all specified limits, wheDE&\hput meet requirements defined in this

chapter.

Table 5—- HVDC input voltage range

Parameter
HVDC(240)

Minimum input
180V

Rated Input
240V

Maximum input
310V

3.1.4 Input current

The maximum input current defines the maximum possible inpuémuto ensure the proper function of the power

supply to meet all defined specifications.

Table 6— Maximum input current

Input voltage Input current Max power
90VAC 11A 800W
100-127VAC 10A 800w
180VAC 5.5A 800W
200-240VAC 5A 800w
264VAC 3.5A 800W
240vDC 4A 800W
8
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3.1.5 AC Line Fuse

The power supply shall incorporate one input fuse on the line sidepfat over-current protection to prevent damage
to the power supply and meet product safety requirements. A€hirmurrent shall not cause the AC line fuse to blow
under any conditions. All protection circuits in the power supply shallcaose the AC fuse to blow unless a

component in the power supply has failed. This includes DC olatpdtshort conditions.

3.1.6 AC line inrush

AC line inrush current shall not exceed 55A peak, for up to oaeteyuof the AC cycle, after which, the input current
should be no more than the specified maximum input current. Theinpeak current shall be less than the ratings of

its critical components (including input fuse, bulk rectifiers, andeslingiting device).

The power supply must meet the inrush requirements for any Affedoltage, during turn on at any phase of AC
voltage, during a single cycle AC dropout condition as well as upowegcafter AC dropout of any duration, and

over the specified temperature range (Top).

3.1.7 Input Power Factor Correction

The input Power Factor shall be greater than 0.98/115Vac and 0.95/238%adlie below Table 7).

Table 7— module Power Factor Correction

Input voltage 20% loading | 50% loading | 100% loading
115VAC/60Hz >0.8 >0.95 0.98
230VAC/50Hz >0.8 >0.95 0.95

3.1.8 AC line dropout

An AC line dropout is a transient condition defined as the AC input to thermmwply drops to 0 VAC at any phase of
the AC line for any length of time. During an AC dropout the powgply must meet dynamic voltage regulations
requirements. An AC line dropout of any duration shall not cause dgigbithe control signals and protection circuits.
If the AC dropout lasts longer than the holdup time, the power sspplyld recover when VAC meets VAG..r and

meet all turn on requirements.
A Input dropout of any length shall not cause any damage to the pop@ly.

Table 8— Hold-up time until Power output goes out of regulations

Loading Main output Standby output
100% 12mS 70mS

3.1.9 Efficiency

The redundant power supply module efficiency should meet at leasit€lSaver 3 / 80Plus Platinum rating, specified
in below table. The efficiency should be measured at 230VAC and with externqaiveer according to Climate Saver /

80Plus efficiency measurement specifications (CS€10)
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Table 9— module efficiency requirements

20% load 50% load 100% load

Efficiency Std. | 15\ is13A,12vsb is 0.42A) | (12V is 32.5A,12vsb is 1.05A] (12V is65A,12vsb is 2.1A)

Platinum 90% 94% 91%

3.1.10 Suspeceptibility Requirements

The power supply shall meet the following electrical immunity requinesn&hen connected to a cage with an external
EMI filter, which meets the criteria defined in the SSI document EPS PowerySpgtification.

Table 10— Performance criteria

Level Description
A The apparatus shall continue to operate as intended. No degradation of perdorman
B The apparatus shall continue to operate as intended. No degradation ohaec® beyond spe
limits.
c Temporary loss of function is allowed provided the function is selfveredle or can be restored

the operation of the controls.

3.1.101 Electrical Discharge Susceptibility

The power supply shall comply with the limits defined in EN 550281%sing the IEC 61000-4-2:1995 test standard

and performance criteria B defined in Annex B of CISPR 24.

3.1.102 Fast Transient/Burst

The power supply shall comply with the limits defined in EN5502€8 using the IEC 61000-4-4:1995 test standard

and performance criteria B define in Annex B of CISPR 24.

3.1.103 Radiated Immunity

The power supply shall comply with the limits defined in EN550298Lusing the IEC61000-4-3:1995 test standard

and performance criteria A defined in Annex B of CISPR 24.

3.1.104 Surge Immunity
The power supply shall be tested with the system for immunity t&Rik@wave and AC Unidirectional wave, both up

to 2kV(Differential mode 2K,Common mode 1K), per EN55024:19986E0D0-4-5:1995 and ANSI C62.45:1992.

The pass criteria include: No unsafe operation is allowed under any condition; eil agply output voltage levels to
stay within proper spec levels; No change in operating state or loss oflwtatg and after the test profile; No

component damage under any condition.

The power supply shall comply with the limits defined in EN5502@8 using the IEC 61000-4-5:1995 test standard

and performance criteria B defined in Annex B f CISPR 24.

10
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3.1105 AC Line Transient Specification

AC line transient condions shall be defined as “sag” and “surge” conditions.

“Sag” conditions are also commonly referred to as “brownout”, these conditions will be defined as the AC line voltage

dropping below nominal voltage conditions.
“Surge” will be defined to refer to conditions when the AC line voltage rises above nominal voltage.
The power supply shall meet the requirements under the followiniinaGag and surge conditions.

Table 11— AC Line SAG transient performance.

AC Line Sag (10sec interval between each saggin
Duration Sag Operating AC voltage Line frequency Performance criteria
0 to 1/2AC cycle 95% Nominal AC voltage 50/60Hz No loss of function or performance
>1 AC cycles >30% Nominal AC voltage 50/60Hz Loss of function acceptable, self recoverable

Table 12— AC Line SURGE transient performance.

AC Line Surge
Duration Surge Operating ac voltage Line frequency Performance criteria
Continuous 10% Nominal AC voltage 50/60Hz No loss of function or performance
0to 1/2 AC cycle 30% mid-point of nominal AC voltage 50/60Hz No loss of function or performance

3.1.106 AC line fast transient (EFT) specification
The power supply shall meet the EN61000-4-5 directive and any addigaopélements in IEC1000-4-5:1995 and the

level 3 requirements for surgeithstand capability, with the following conditions and exceptions:

e These input transients must not cause anyobuegulation conditions, such as overshoot and undershoot, nor

must it cause any nuisance trips of any of the power supply protedtinits.
e The surge-withstand test must not produce damage to the powey.suppl

e The supply must meet surge-withstand test conditions under maxiend minimum DC-output load

conditions.

3.1.11 Power Recovery

The power supply shall recover automatically (auto recover) after aqpos@r failure. AC power failure is defined to

be any loss of AC power that exceeds the dropout criteria.

3.1.12 Voltage Brown Out

The power supply shall comply with the limits defined in EN550248Lusing the IEC 61000-4-11:1995 test standard

and performance criteria C defined in Annex B of CISPR 24.
In addition the power supply shall meet the following requirements:

A continuous input voltage below the nominal input range shall notglatha power supply or cause overstress to any
11
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power supply component. The power supply must be able to retumoriteal power up state after a brownout (Sag)
condition. During brownout test from 120VAC to OVAC @080 with 3mins ramp, input current shall never exceed

fuse and shall not blow the fuse.

3.1.13 AC Line Leakage Current

The maximum leakage current to ground for each power supglylbghl.0 mA when tested a64/ad60Hz.

3.2 DC output voltages

3.2.1 Grounding

The output ground of the pins of the power supply providesutmibpower return path. The ground output at the PCB
card edge shall be connected to the safety ground (power supfdgwee). This grounding should be well designed to

ensure passing the max allowed Common Mode Noise levels.

The power supply shall be provided with a reliable protective earth grallrgecondary circuits shall be connected to
protective earth ground. Resistance of the ground returns to cHaalbisas exceed IMmQ (Test Conditions 40A for

120sec). This path may be used to carry DC-current.

3.2.2 Output rating

The following table defines the power and current rating of ti@\8fower supply. The combined output power of all
outputs shall not exceed the rated output power. The power supptymmee$ both static and dynamic voltage

regulation requirements.

Table 13- Output Power and Current Ratings

Output C'\ilj 'rr;gp]ltj(% ch|J a:;:rnntlzg Output Power(W)
+12V 0.5 65 780W
+5V 0 25 160W 780W

+3.3V 0 25 800w
-12V 0 0.3 3.6W

+5Vsb 0 4.5 22.5W

3.2.3 Auxilary Output (Standby)

The 12Vsb output shall be present when an AC input greater thap\6 applied.

3.2.4 No load operation

The power supply shall meet all requirements except for the transsglimdorequirements when operated at no load on

all outputs.

3.2.5 Voltage Regulation

The power supply shall meet the Voltage regulation under all operating coadithd line, transient loading, output
loading ). These limits include the peak-peak ripple/noise. The regulatibabté 14 shall be measured at the output

connector of the power supply, subject to the dynamic loading conditigresagraph 3.2.7.
12
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Table 14— Output Voltage regulation

Output Minimum Nominal Maximum Unit
+12V 11.4 12.0 12.6 Vdc
+5V 4.75 5.0 5.25 Vdc
+3.3V 3.135 3.3 3.465 Vdc
-12v -11.40 -12.0 -12.6 Vdc
+5Vsh 4.75 5.0 5.25 Vdc

3.2.6 Ripple and Noise Regulation

Ripple and Noise is defined in table 15. Ripple and Noise shall be measereal Bandwidth of OHz to 20MHz at the
power supply output connector. A 0.1puF ceramic capacitor and 10uF of tantalum capacitor shall be placed at each point

of measurement. The measurement points shall be as close as possibleitd tfdqaal.

The ripple and noise specification shall be met over all load ranges and A@ltimges with 1+1 power supplies in

parallel operation.

Table 15- Ripple and Noise Regulation

Output Maximum Unit
+12V 120 mV
+5V 50 mV
+3.3V 50 mV
-12v 120 mV
+5Vsb 50 mV

3.2.7 Dynamic loading

The power supply shall operate within specified limits and meet regulatipirements for step loading and capacitive

loading specified below.

The load transient repetition rate shall be tested between 50Hz to 5kHz at duty aggieg r The load transient

repetition rate is only a test specification. The A step load may occur anywhere within the MIN load and the MAX load.
This shall be tested with no additional bulk capacitance added to the load.

Table 16— Transient Load Requirements

Output A Step size Slew Rate | Capacitive Load
+3.3V 30% OF MAX. 0.25A/us 2200pF
+5V 30% OF MAX. 0.25A/us 2200uF
+12V 60% OF MAX. 0.25A/us 4700pF
+5Vsb 25% OF MAX. 0.25A/us 100uF

Note: For dynamic conditions +12V min. loading is 1A.

3.2.8 Capacitive load

The power supply shall operate within specifications over the capacitivedaadiges defined below in taklé&.

13
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Table 17— Capacitive Loading Conditions

Output Min Max
+3.3V 10puF 12,000puF
+5V 10puF 12,000uF
+12V 10puF 11,000uF
-12V 1uF 350uF
+5Vsh 1pF 350uF

3.2.9 Close loop stability
The power supply shall be unconditionally stable under all line/load/transientdoditions including capacitive load

ranges. A minimum of: 45 degrees phase margin 82dB-gain margin is required.

Closed-loop stability must be ensured at the maximum and minimumdsamplicable.

3.2.10 Residual Voltage Immunity in Standby mode

The power supply should be immune to any residual voltage placedanptgs (typically a leakage voltage through
the system from standby output) up to 500mV. There shall beditioadl heat generated nor stressing of any internal
components with this voltage applied to any individual or all outputsiltineously. It also should not trip the

protection circuits during turn on/off.

The residual voltage at the power supply outputs for no load conditainnsth exceed 100mV when AC voltage is

applied.

3.2.11 Soft starting

The power supply shall contain control circuit which provides monoswficstart for its outputs without overstress of

the AC line or any power supply components at any specifiede®li load condition.

3.2.12 Hot Swap Requirements
Hot swapping a power supply is the process of inserting and emgyacgower supply from an operating power system.

During this process the output voltages shall remain within theslimith the capacitive load specified.

The hot swap test must be conducted when the system is operatingtatidedynamic, and zero loading conditions.
The power supply shall use a latching mechanism to prevent inserti@xtaction of the power supply when the AC

power cord is inserted into the power supply.

3.2.13 Load sharing control

The +12 V output shall have active load sharing. When operating at 5098 fafl, the output current of any 1+1
power supplies shall be within (£8%). For example, if power supply #1 is operating at 20A, then adir ggbwer
supplies within the system shall be operating between 18A to 22A% of 20A).

All current sharing functions shall be implemented internal to the paveglysby making use of the SBus signal. The

power distribution board (Housing Back Plane), must connect the S&uasls between the power supplies together.

14
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The power supply shall be able to share with up to 1+N supply allglar

The failure of a power supply shall not affect the load sharing oubutitages of the other supplies still operating.

The power supplies must be able to load share with 100mV of drop between different power supply’s output.

If the load sharing is disabled by shorting the load share bustmdyrthe power supply shall continue to operate

within regulation limits for loads less than or equal to the rating opomer supply.

Table 18 - Load share bus output characteristics

ltem Description Min | Nominal | Max | Units
Vehare lou=Max. Voltage of load share bus at specified max output curre 8 \%
AVshard Al out Slope of load share bus voltage with changing load 8/l outmax VIA

3.3 Timing Requirements

These are the timing requirements for the power supply operation. T ooltages must rise from 10% to within
regulation limits (Tou ris9 Within 5 to 70ms. For5Vsh, it is allowed to rise from 1 to 25ms. All outputs must rise
monotonically. Table below shows the timing requirements for theepsupply being turned on and off via the AC

input, with PSON held low and the PSON signal, with the AC input applied.

3.3.1 Output Voltage Timing

The timing of signals and outputs are specified in below TE®bknd illustrated in Figure 2.

Table 19 - Turn on/off timing

Turn on Description Min | Max [Units
Tuoutrise |OuUtput voltage rise time for all main output 5* | 70* |Msed
Tsb_on_delay|Delay from AC being applied th2Vsb being within regulation 1500 mseq
Tac_on_delay|Delay from AC being applied to all output voltage being within regulation 2500 msed
Tvout_hotdup | TiIMe all main output 12V1 voltages stay within regulation after loss of AC. 13 mseq
Towok_hodup [D€laY from loss of AC to de-assertion of PWOK 12 mseq
Tposon_on_dela| D€lay from PSORactive to output voltages within regulation limits 5 | 400 |msed
Toson_pwok [Delay from PSORdeactivate to PWOK being de-asserted. 50 [mseq

Towok on  |Delay from output voltage(12V) within regulation limits to PWOK asserted aboturn| 100 | 500 | mseq

Towok ot |Delay from PWOK de-asserted to output voltages dropping out of reguliatios | 1 mseq

T Duration of PWOK being in the de-asserted state during an off/on cynbp AS or the
pwok_low IpSON signal

Tsh vour  |Delay from 12Vsb being in regulation to main output being in regulatiofCaus on.| 50 (1000]mseq

100 msedq

T12vsh_noldup| TiMe thel2Vsb output voltage stays within regulation after loss of AC 70 msed

*T vout_rise- The 12Vsb output rise time shall be 1ms to 25ms.

15
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Figure 2 - Turn On/Off Timing (Power Supply Signals)
3.3.2 Overshoot

Any output overshoot at turn on shall be less than 10% of the nomipait @alue.

3.3.3 Undershoot

Any output shall not undershoot at turn on or off cycle under any céteunes.

3.3.4 Temperature coefficient

After operating for 30 minutes or longer at 25° C ambient, the outtatges shall not change by more thaf.05 %

per degree C for any given line and load conditions.

3.4 Control and Indicator functions

The following section define the input and output signals from the pswpgly.

Signals that can be defined as low true use the following convention:

Signaf = low true.

3.4.1 PSON Input Signal (Power supply enable)

The PSON signal is required to remotely turn on/off the main output of tiveep supply.

PSON is and active low signal that turns on the main output power rdierWhis signal is not pulled low by the

system or left open, the outputs (except the Standby output) turn off.
PSON is pulled to a standby voltage by a pull-up resistor internal to the popplys

See Table 20.
16
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Table 20— PS ON signal characteristics

Accepts an open collector/drain input from the system.

Signal Type Pul-up to +3.3V located in the power supply
PSON = Low ON
PSON = High or Open OFF

MIN MAX
Logic level low (power supply ON) ov 1.0v
Logic level high (power supply OFF) 2.0v 5.25Vv
Source current, Mo,= low 4mA
Power up delay: Eon_on_gelay 5ms 400ms
PWOK delay: Fson_pwok 50ms

3.4.2 Power OK (PG or PWOK) Output Signal

PWOK is a power good signal and shall be pulled HIGH by the powerystpjrdicate that all outputs are within
regulation limits. When any output voltage falls below regulation limits, anakéailure or when AC power has been
removed for a time sufficiently long, so that power supply oper&ion longer guaranteed, PWOK will be de-asserted

to a LOW state. The start of the PWOK delay time shall inhibited as long as any ppaigrautput is in current limit.

See Table 21.
Table 21- PWOK signal characteristics
PWOK=High Power Good
PWOK=Low Power Not Good
MIN MAX

Logic level low voltage, ¢, =400pA ov 0.4V
Logic level high voltage shurce= 200pA 2.4V 5.25V
Sink current, PWOK=Ilow 400pA
Source current, PWOK=high 2mA
PWOK delay: Fuok_on 100ms 500ms
PWOK rise and fall time 100us
Power down delay: ok off 1ms 200ms

3.4.3 SMBAlert’ (PSAlert) Output Signal Pin

This signal indicates that the power supply is experiencing a pnothlat the user should investigate. This shall be
asserted due to Critical events or Warning events. The signal shall actitheecase of critical component temperature
reached a warning threshold, general failure, over-current, over-voltadg;-woltage, failed fan. This signal may also

indicate the power supply is reaching its end of life or is operatiag environment exceeding the specified limits.

This signal is to be asserted in parallel with LED turning solid amber dirgimmber/green.

See Table 22.

17
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Table 22— SMB Alert” signal characteristics

Ope ctecran vt o pove oy
Alert"=High Power OK
Alert’=Low Power Alert to system

MIN MAX
Logic level low voltage, n=4mA ov 0.4v
Logic level high voltage ¢hx = 50uA 2.4V 5.25V
Sink current, Aleft=low 4mA
Source current, Aléfthigh 50pA
Rise and fall time 100us

3.4.4 12Vgsand Return Sense

The power supply has remote sense return (Return Sense) to regulgt®eund drops for all output voltages. The
power supply uses remote sense to regulate out drops in the sgstéma fmain outputs. The +12V output only uses
remote sense with reference to the Return Sense signal. The remote ehisep@dance to the power supply must be
greater than 10Q on the main outputs and is 10Q on Return Sense. These are the values of the resistors connecting the
remote senses to the output voltage internal to the power supply. Rems¢eis able to regulate out a minimum of
300mV of drop on the +12V output. The remote sense return ist@bégulate out drops of 300mV as well. The
current in any remote sense line shall be less than 5mA to preventevsdaging errors. The power supply operates
within specification over the full range of voltage drops from the power supply’s output connector to the remote sense

points.

3.4.5 SDAand SCL

One pin is the serial clock (SCL), and the other pin is used for sat@(8DA). The SCL and SDA signals are pulled

up by system, both pins are bi-directional, open drain signalsggranssed to form a serial bus

18
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4. Protection circuits

Protection circuits inside the power supply shall cause only the maiatdatphutdown (latch off). If the power supply
latches off due to a protection circuit assert, an Input Power cycle OFF foratss&SON cycle HIGH for 1sec shall

be able to reset the power supply.

Specific protection circuits shall not latch, but auto recover when the latetasgm had been cleared. This protection

circuits will be written in cursive writing and will have a Auto Recover sn¢hapter name.
The auxiliary output shall not affected by any protection circuit, unless Kil@auoutput itself is affected.

4.1 Over Voltage Protection (OVRyuin & OVP ausitary)

All Over Voltage Condition shall be measured internal to the power supg@if oatputs (Main and Auxiliary Output)
at the card edge output. The power supply shall shutdown and latteofdn Over Voltage condition occurs on main

outputs, the auxiliary output shall be auto recover after the OVP had bemretem
The voltages never shall exceed the maximum levels specified in below tablenshsured during any fail.

Table 23 - Over Voltage Protection requirements

Output Voltage MIN (V) MAX (V)
+12V 13.3 145
+5V 5.7 6.5
+3.3V 3.9 4.5
-2V -13.3 -14.5
+5Vsb 5.7 6.5

4.2 Over Current and Short Circuit Protection (OCP/SCPyyain & OCP/SCPayiary)

The Over Current Condition shall be measured internal to the power supallyoutputs (Main and Auxiliary Output),
and preventing outputs to exceed current limits specified in below taldepder supply shall shutdown and Auto
Recovery after an over current condition on Main and Auxiliary Outpuis shall be Auto Recovery when OCP/SCP

condition is removed.
The power supply shall alert the system of the OCP/SCP condition via SMBaierfail LED indicator.
The power supply shall not be damaged from repeated power cyclinig condition.

Table 24— Over Current/Short Circuit Protection

Voltage Over Current Limit (lout limit)
+12V 120% minimum; 150% maximum
+5V 110% minimum; 150% maximum
+3.3V 110% minimum; 150% maximum
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4.3 Over Temperature Protection (OTP) of Module

The power supply shall have minimum of two thermal sensamgetmsure the inside environmental, (&) and critical
component (Teasing temperature. The thermal sensors shall be part of a protection circudgtécted against over
temperature conditions caused by loss of fan cooling or excessiverat@mperature. In an critical Over temperature

condition, specified in below table, the PSU shall be shutdown with the excepti@auxiliary output.

The power supply shall alert the system of the OTP condition via SMBAledt fail LED indicator. The power supply
will auto recover from this condition, when the temperature ipplng within specification again. If the OTP is caused

due to a defective fan, the power supply shall latch off and not ectoery.

Table 25— Over Temperature Protection of Module

Condition Warning in °C Critical in°C Timing for SMBAlert */LED
Tin_env 60 65 1msec
T Heatsink 70 75 1msec

4.4 Fan Failure Protection of Module

The power supply shall have a circuit internal to monitor the power sugphpal fan. The fan failure protection shall
monitor the fan speed and should assert SMBMexd fail LED signal in case the fan Rotation Per Minute (RPM) drop
lower threshold nset PWM A as defined in below table.

The fan failure state shall shut down and latch off the main ougmdsshall be cleared by toggling the PSON# signal

or by an AC input recycle.

Table 26— Fan Failure Protection of Module

Condition FAN RPM Timing for SMBAlert */LED
Critical 1000 1sec

20

20/330 00000 All rights reserved ESD16046433-R2.pdf 0000D0:2016/8/315:52 00




000000000000 bOOooOogo Allrights reserved

5. Power Supply Management

5.1 Hardware Layer

The serial bus communication devices for Power Supply Management Cor(fP@MIC) and Field Replacement Unit
(FRU) in the power supply shall be compatible with both SMBus 2.0 “high power” and 1°C Vdd based power and drive

specification.

This bus shall operate at 3.3V but be tolerant to 5V pull-ups. The papglysshould not have any internal pull-ups on

the SMBus, pull-ups shall be located on system side.

Two pins are allocated on the power supply. One pin isahal £lock (SCL). The second pin is used for serial data
(SDA). Both pins are bi-directional and are used to form a serial bescifiduits inside the power supply shall derive
their 3.3V power from the 5Vsb bus through a buffer. Device(s) sleajowered from the system side of the 5Vsb
oring device. No pull-up resistors shall be on SCL or SDA insideptireer supply. The pull-up resistors should be

located external to the power supply on system/application side.

5.2 Power Supply Management Controller (PSMC)

The PSMC device in the power supply shall derive its power of the 5Vsbtautghe system side of the oring device
and shall be grounded to return. It shall be compatible with SMBus specifi@afioand PMBUS" Power System

Management Protocol Specification Part | and Part Il in Revision 1.2.

Refer to the specification posted on www.ssiforum.org and www.praki website for details on the power supply

monitoring interface requirements and refer to followed sectionpfasted features.

5.2.1 Related Documents

e PMBus™ Power System Management Protocol Specification ParGeneral Requirements, Transport And

Electrical Inerface; Revision 1.1 and 1.2

e PMBus™ Power System Management Protocol Specification Paridmmand Language; Revision 1.1 and
1.2

e System Management Bus (SMBUS) Specification 2.0

5.2.2 Data Speed

The PSMC device in the power supply shall operate at the full 100k6pkH%) SMBus speed and avoid using clock
stretching that can slow down the bus. For example, the power sigpalipwed to clock stretch while parsing a

command or servicing multiple interrupts or NACK.

Unsupported commands may respond with a NACK but must always esetothmunication error status bit in
STATUS_CML.

The PSMC may support 400kbps (400kHz) PMBus speed.
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5.2.3 Bus Errors

The PSMC shall support SMBus clock-low timeoug.{b.). This capability requires the PSMC to abort any transaction
and drop off the bus if it detects the clock being held low for >2&nt be able to respond to new transactions within
10ms later. The total reset time from detection of the condition till restarted, tcessbeive commands condition shall

not exceed 35ms.

The device must recognize SMBus START and STOP conditions on ANY clock infEneaPSMC must not hang due
to ‘runt clocks’, ‘runt data’, or other out-of-spec bus timing. This is defined as signals, logic-level glifchetsip. Or
hold times that are shorter than the minimums specified by the SMRBu#ictions. The PSMC is not required to
operate normally, but must return to normal operation once ‘in spec’ clock and data timing is again received. Note if the
PSMC ‘misses’ a clock from the master due to noise or other bus errors, the device must continue to accept ‘in spec’

clocks and NACK. The PSMC is suppose to re-synch with the mastke mext START or STOP condition.

5.2.4 Write byte/word

The first byte of a Write Byte/Word access is the command code. Themeexgr ¢wo bytes, respectively, are the data
to be written. In this example the master asserts the slave device addressdfdipwhe write bit. The device
acknowledges and the master delivers the command code. The slave kgeimledges before the master sends the

data byte or word (low byte first). The slave acknowledges each byt¢heentire transaction is finished with a STOP

condition.
1 7 1 1 8 1 8 1 8 1 1
| S| SlaveAddress | wr [A] commandCode [A] DataBye [A] pPEc  [A]P]
Figure 3-Write byte protocol with PEC
1 7 11 8 1 8 1 8 1

‘S‘ Slave Address | Wr | A | CommandCode | A| DataByteLow | A| DataByteHigh | A

8 1 1
PEC [A]P]

Figure 4 —-Write Word Protocol with PEC

5.2.5 Read byte/word

Reading data is slightly more complicated than writing data. First the host niesawommand to the slave device.
Then it must follow that command with a repeated START condition to danead from that des¢’s address. The

slave then returns one or two bytes of data.

Note that there is no STOP condition before the repeated START condition, and\A&IK signifies the end of the

read transfer.
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1 7 1 1 8 1 1 7 1 1 8 1
‘ S | Slave Address | Wr | A | Command Code | A | S | Slave Address | Rd | AI Data Byte Iil

8 11
| PEC N3
1

Figure 5-Read byte protocol with PEC

1 7 1 1 8 1 1 7 1 1 8 1
| S | Slave Address | Wr | A] CommandCode |A] S | Slave Address | Rd | A| DataBytelow | A |
8 1 8 1 1
[ DataByteHigh | A | PEC [AlP]

1

Figure 6-Read word protocol with PEC

5.2.6 Block write/read

The Block Write begins with a slave address and a write condition. After tima@od code the host issues a byte count
which describes how many more bytes will follow in the message.l#va fas 20 bytes to send, the byte count field
will have the value 20 (14h), followed by the 20 bytes of data. Thecbytet does not include the PEC byte. The byte

count may not be 0. A Block Read or Write is allowed to transfer a roaxiofi 32 data bytes.

1 7 1 1 8 1 8 1 8 1
‘ S| Slave Address | Wr [ A ] CommandCode | A| ByteCount=N | A]| DataByte1 |[A] ..
8 1 .. 8 1 8 1 1
[ DataByte2 [A].| DataByteN [A] PEC [A]P|

Figure 7 -Block Write with PEC

A Block Read differs from a block write in that the repeated START conditigsts to satisfy the requirement for a

change in the transfer direction. A NACK immediately preceding the ST@#&itiom signifies the end of the read

transfer.
1 7 1 1 8 1 1 7 1 1 8 1
‘ S | Slave Address | wr | A | Command Code [ A] sr | Slave Address | Rd | A| ByteCount=N | A |
8 1 8 1 .. 8 1 8 1 1
[ DataByte1 | A DataByte2 |A] ..[ DataByeN |A] PEC N

1

Figure 8 -Block Read with PEC
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5.2.7 Sensor Accuracy

e  READ_VIN
e READ_IIN

e READ_VOUT
e READ_IOUT
e READ_PIN

o READ_POUT

Table 27— Sensor Accuracy of Housing

specified environmental condition and the full range of rated input voltage.

The sensor of the PSMC shall meet below accuracy requirements for ssadings. The accuracy shall be meet at the

Required Accuracy (+/-x% of equipment reading)(Vin range=100v-240v)
Sensor < 10% load 10% - 20% load > 20% - 100% load
Pout +10W +10W +5%
Vout +5%
lout NA +10% +5%
Table 28— Sensor Accuracy of Module
Required Accuracy (+/-x% of equipment reading)(Vin range=100v-240v)
Sensor < 10% load 10% - 20% load > 20% - 100% load
Pin + 10W + 10W +5%
Pout +10W +10W + 5%
Vin +5%
Vout +5%
lin NA + 15% +5%
lout NA +10% +5%

5.2.8 PSMC Sensors

Amps and Volts.

Sensors shall be available to the PSMC for monitoring purpose.

24

All Sensors shall continue to provide real time data as long as the PSMC devieelistgo

This means in standby and operation mode, while in standby the otaint(s) of the power supply shall read zero
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Table 29— PSMC Sensor list

Sensor Description
Vinput Input Voltage
linput Input Current
Pinput Input Power

Voutput_main

Output Voltage main output

I output_main

Output Current main output

I:)output_main

Output Power main output

Voutput_aux Output Voltage auxiliary output
l output_aux Output Current auxiliary output
Poutput_aux Output Power auxiliary output
Teomp Component Temperature
Tenv Environmental Temperature
RPMean Fan Speed reading

5.3 Power Supply Field Replacement Unit (FRU)

The power supply shall support electronic access of FRU informatienam fC bus. Two pins will be allocated for
the FRU information on the Power Supply connector. They are namedSB2\., SCL is serial clock. SDA is serial
data. These two bidirectional signals from the basic communication lineshevB€ bus. The backplane defines the
state of these lines such that the address to the power supply is uniquehgityatem. The resultingd address shalll

be per table below. The Write protection pin is to ensure that data will not accidem&alyritten.

The device used for this shall be powered from a 3.3V bias voltage démwvedhe +12 Vsb output . The pulp

resistors shall be on SCL or SDA inside the power supply.

Table 30 - FRU Signals

MCU Address
PMBus IPMI FRU
PSU-1 BO A0
PSU -2 B2 A2
Housing 4A AC

5.3.1 FRU Data

The FRU Data format shall be compliant with the IPMI ver. 1.0 (per révirdm Sep.2% , 1999) specification. The
current version of these specification is available_at http:/developer.intel.com/desens/g@mi/specs.htm. The

following is the exact listing of the EEPROM content. During testing tlasldhe followed and verified.

5.3.2 FRU Device protocol

The FRU device will implement the same protocols as the commonly usedryndmace, including Byte Read,

Sequential Read, Byte Write, and Page Read protocols.
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6. Smart On Function
6.1 PMBus command for Smart On

6.1.1 Hardware Connection

Before enabling Smart On function, make sure pin B22 (SMART ONpuwput golden finger of each PSU is

connected together.

6.1.2 Configuring Smart On with SMART_ON_CONFIG (DOh)

The PMBus manufacturer specific command MFR_SPECIFIC_00 is useshfigure the operating state of the power
supply related to Smart On. We will call the command SMART_ON_CONFIG (B#pw is the definition of the
values used with the Read-Write Byte SMBus protocol with PEC.

SMART_ON_CONFIG (DOh)

Value State Description

Turns the power supply ON into standard redundant load sh

00h | Standard Redundancy mode

Defines this power supply to be the one that is always ON

Oth Smart On Active Smart On configuration.

Defines the power supply that to turn off (load<36%) in a Smar

02h | Smart Standby configuration and first to turn on (load>40%) as the load increa

The default state of power supply is in Standard Redundancy moder Bapply need to be re-specified a state

whenever initial power on or any power supply in the system guih $ituation.

The SMART_ON_CONFIG command will reset to 00h (Standard Redundancy) whefawahyr over current
happened. The faults include AC loss, over hot spot temperatureameéent temperature, +12V short internally

(under voltage), +12V over voltage, fan locked, D2D controller soft-dtart.s

6.2 Smart Standby Power Supply Operating State

A power supply is put into Smart Standby whenever PSON# is asserted, andTSMNRCONFIG value is set to 02h.

In the Smart Standby mode the power supply must:

1. Power ON when Smart_On bus is driven LOW

2. Keep PWOK asserted

3. No PMBus fault or warning conditions reported via STATUS commands
4. Keep all fans rolling

5. LED is green blinking

26
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6.2.1 Powering on Smart Standby supplies to maintain best efficiency

Power supplies in Smart Standby state shall monitor the shared voltage leveloafitisbare signal to sense when it
needs to power on. Depending upon which position the systanesiehat power supply to be in the Smart Standby

configuration; will slightly change the load share threshold that the papptysshall power on at.

6.2.2 Powering on Smart Standby supplies during a fault or over current conditio

Some warnings happen or 12V output shutdown due to any fault. Whewtive power supply asserts, all parallel

power supplies in Smart Standby mode shall power on immediately.

The trigger condition:

1. 12V OC fault happens

2. 12V OVP fault

3. 12V UVP fault

4. OTP warning/ fault

5. Fan speed fault

6.AC loss(low than 75V +/-5V)

When an active power supply asserts, all parallel power supplies in SmartyStaoutb shall power on immediately.
6.3 The Way to Enable Smart On Function

Here are the steps to put PSU into smart on mode. PSU which is assigned as staadtyncan operate in a
power-off state and turn on main power if necessary.

The trigger levels above may have a +/-10% tolerance for actual application.

Stepl: Make sure every PSU has AC power cord applied. Use write byte commeaindatmmmand 0xDO for each PSU

to has it own role (must one PSU as active role).
The command format for Smart On function will be as following example.
BO in smart_on_active (S BOw DO 01 PEC P)
B2 in smart_on_standby (S B2 w DO 02 PEC P)
Step2: PSU will enter smart slave mode once the load is lower than the correspoggéngtint.
Step3: If SMART_ON signal falls to low, all PSU will turn on the main poavat reset smart_config to 0x00 (standard

redundancy). System needs to re-assign the roles for all PSU to enablersiuaction again.
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7. ENVIRONMENTAL

The power supply shall operate normally, and sustain no damageesgitaof the environmental conditions listed in

this chapter.
7.1 Temperature
Operating Ambient, normal mode (inlet Air): 0°C min/+50°C ma%@20m above sea level.
(At full load, with a maximum rate of change of 5°C/10 minutes, but @ than 10°C/hr)
Operating Ambient, stand-by mode (inlet Air): -5°C min/+50°C ma0&tm above sea level.
Non-operating ambient: -40°C to +70°C (Maximum rate of change sh20%@hr)
7.2 Humidity
Operating5%- 90% relative humidity (non-condensing)
Non-operating: 5%- 95% relative humidity (non-condensing)
Note: 95% relative humidity is achieved with a dry bulb temperature of 55f@ amrt bulb temperature of 54°C.
7.3 Altitude

A) Operation : sea level 000

B) Non-Operation : sea level to 15,200m

7.4 Vibration

A) Operation : 0.01g%/Hz at 5 Hz sloping to 0.02g%/Hz at 20 Hz, and maintaifidgliz from 20 Hz to 500
Hz. The area under the PSD curve is 3.13gRMS. The duration shall ba@@srper axis for all three axes

on all samples.
B) Non-Operation :
- Sine sweep5Hz to 500Hz @ 0.5gRMS at 0.5 octave/min; dwell 15min at each of 3 resaatst p
7.5 Mechanical Shock
A) Operation: 10G, 4.3 mSec, no malfunction

B) Non operating: 50G Trapezoidal Wave, Velocity change = 4.3m/sec. Threzidmgch of six directions are

applied to each of the samples.

7.6 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 30minutes.
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7.7 Catastrophic Failure

The power supply shall be designed to fail without startling noise or éxeassoke.

7.8 EMI

The power supply shall comply with FCC part 15, CRISP 22EN85-22; Class B for both conducted and radiated
emissions with a 3dB margin. Test shall be conducted using a shieldedtp@ calbe to a shielded load. The load
shall be adjusted to 100% load. Test will be performed 8¥AC @ 60Hz and 230VAC @ 50Hz power.

The power supply shall comply with EN55024.

The power supply when installed in the system must meet the fiojaall the immunity requirements when integrated

into the end system.

7.9 Magnetic Leakage Fields

The PFC choke magnetic leakage field shall not cause any interference withresbigtion computer monitor placed

next to or on top of the chassis.

7.10 Voltage Fluctuations and Flicker

The power supply shall meet the specified limits of EN6106048¢ voltage fluctuations and flicker for equipment <

16 amps connected to low voltage distribution systems.
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8. REGULATORY Requirements

Intended Application— This product was evaluated as Information Technology Equipmeni),(MEch may be
installed in offices, schools, computer rooms, and similar commerpialldgations. The suitability of this product for
other product categories and environments (such as: medical, industriaintal@cications, NEBS, residential, alarm

systems, test equipment, etc.) other than ITE application, may reqtiver fevaluation.
8.1 Product Safety Compliance
A) UL 60950-1/CSA 60950-1 Edition 2 (USA/Caragd
B) ENG60950-1 Edition 2 (Europe)
C) IEC60950-1 Edition 2 (International)
D) CB Certificate & Report, IEC60950-1 Edition 2 (report to include all coumational deviations)
E) CE- Low Voltage Directive 2006/95/EC (Europe)
F) GB4943-CBCA Certification (China)

8.2 Product EMC Compliance- Class B Compliance

Note: The product is required to comply with Class B emission, aystensit is build into might be configured with
the intend for commercial environment or home use. The Power sggplhave a minimum of 3dB margin to Class B

Limits to support-SPs Standard margin requirements.
A) FCC/ICES-003 Emission (USA/Canada) Verification
B) CRISP 22- Emission (International)
C) EN55022- Emission (Europe)

D) EN55024- Immunity (Europe)

EN61000-4-2 Electrostatic Discharge

- EN61000-4-3 Radiated RFI Immunity

- EN61000-4-4 Electrical Fast Transients

- EN61000-4-5 Electrical Surge

- EN61000-4-6 RF Conducted

- EN61000-4-8 Power Frequency Magnetic Fields

- EN61000-4-11 Voltage Dips and Interruptions
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E) EN61000-32 — Harmonics (Europe)

F) EN61000-3-3- Voltage Flicker (Europe)

G) CE- EMC Directive 2004/108/EEC (Europe)

H) JEIDA (Japan)

[) AS/NZS CISPR 22 (Australia / New Zealand)

J) GB 9254 2008 (EMC) Certification (China)

K) GB 17625.1- (Harmonics) CNCA Certification (China)

8.3 Maximum AC Leakage current to graund

1.0mA max for each power supply a6@/ac/60Hz.

8.3.1 Hi-pot

The power supply module in the system shall be test at 1800Vac, tniglger limit of 30mA.

8.4 Electrostatic Discharge (ESD)

In addition to IEC 801-2/ IEC1000-4-2, the following ESD testlldie conducted. Each surface area of the system
under test shall be subjected to twenty (20) successive static disclaregsh of the following voltages: 15kV.

Performance criteria:

A) All power system output shall continue to operate within the limithisfdpecification, without glitches or
interruption, while the supply is operated as defined and subjected to &kyghh15kV ESD pulses. The
direct ESD event shall not cause any out of regulation condition. The pgatem shall withstand these

tests without nuisance trips.

B) The power system, while operating as defined, shall not have a combgaitgre when subjected to any
discharge voltages up to and including 15kV. Component failure isedefis any malfunction of the power

supply caused by component degradation or failure requiring comp@macement to correct the problem.
8.5 Certifications / Registrations/ Declerations
A) UL Certification (US)
B) CB Certification & Report
C) TUV Rheinland (Germany)
D) CE Declaration of Conformity (CENELEC Europe)

E) CCC/CNCA Certification (China)
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8.6 Component Regulation Requirements

1. All Fans shall have the minimum certifications: UL and TUV or VDE

2. All current limiting devices shall have UL and TUV or VDE certifications amalle suitable rated for the

application where the device In its application complies with IEC60950.

3. All printed wiring boards shall be rated UL94V-0 and be sourced &dsh approved printing wiring board

manufacturer.

4. All connectors shall be UL recognized and have a UL flame rating of U134V

5. All wiring harnesses shall be sourced from a UL approved wiring hammesgfacturer.
SELV cable to be rated minimum 80V @ 120°C

6. Product safety label must be printed on UL approved label stock and pbbtan.r
Alternatively labels can be purchased from a UL approved label manufacturer.

7. The product must be marked with the correct regulatory markingsippogt the certifications that are

specified in this document.

8.6.1 Product Ecology Requirement

All materials, parts and subassemblies must not contain restricted materials as bhefitiettive 2002/95/EC,

Restriction of Hazardous Substances (RoHS) 6/6.
All cords and cables shall contain <100ppm of cadmium.

All packing materials must be marked with applicable recycling logos fopEuigreen dot) and Japan (Eco-marks), if

sold as a retail product. All packing materials shall be recyclable.
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9. Reliability / Warranty / Service

9.1 Mean Time between Failures (MTBF)

The power supply shall have a minimum MTBF at continuous operatida20@f000 hours calculated at 100%,
according to BELL CORE TR-322 at 25°C excluding the Fan MTBF, aridaat 100,000 hours including the fan
MTBF.

9.2 Warranty

The Warranty for the power supply is 36 months (three yeans) firoduction date code.

9.3 Serviceability

No troubleshooting by maintenance personnel is to be performed. df@isbe returned to FSP Power for any

troubleshooting, unless agreed by both parties.

The power supply will lose warranty if opened other than FSP servicenpés agreed by both parties.
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