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1 Scope

This document defines the technical specifications for a 450W standalone, single voltage
power supply, powered from an AC line, and used for IT systems for both online and
backup power functions. This device works in conjunction with the Open Compute Project
battery backup cabinet (see the Open Compute Project Battery Cabinet Hardware v1.0
specification).
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3 Overview

When data center design and hardware design move in concert, they can improve
efficiency and reduce power consumption. To this end, the Open Compute Project is a set
of technologies that reduces energy consumption and cost, increases reliability and choice
in the marketplace, and simplifies operations and maintenance. One key objective is
openness — the project is starting with the opening of the specifications and mechanical
designs for the major components of a data center, and the efficiency results achieved at
facilities using Open Compute technologies.
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One component of this project is a custom server power supply. This document describes in
detail the technical specifications for the 450W AC/DC power converter, single voltage
12.5VDC, closed frame, self-cooled power supply used in high efficiency IT applications.
The power converter includes independent AC input and DC output connectors, plus a DC



input connector for backup voltage. The power converter can locally provide temporary
backup in case of AC outage; backup voltage needs to be applied to the DC input to enable
this function. Both AC and DC inputs are hot swappable, and their respective connector
counterparts are installed on cable assemblies (power cords). Current sharing and parallel
operations are not required, while the main focus is a design with very high electrical
efficiency.

coTOZT I MIE. ARG L-H—I)I\—(CEHEMEITDIEODIR—F2 MHD. DR
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The power converter throughout the specification is referred as a power supply.

COBAZEHE. COBKEEZNL T, BEORERELELTERENS.

3.1 Accessibility

The power supply must be physically installed in a restricted (controlled) area with service
accessibility exclusively permitted to authorized personnel only; certified and trained
personnel only can have access to the actual power supply and its interconnections.

3.2 License

As of April 7, 2011, the following persons or entities have made this Specification available
under the Open Web Foundation Final Specification Agreement (OWFa 1.0), which is available
at http://www.openwebfoundation.org/legal/the-owf-1-0-agreements/owfa-1-0:

2011F4R7HDEFRT. UTDA L HE#EICKD. Open Web Foundation Final Specification
Agreement (OWFa 1.0) OFT. COMLROFIAMNEIRE(CIRAD Tz, ¥, T CTHRTES :
http://www.openwebfoundation.org/legal/the-owf-1-0-agreements/owfa-1-0

Facebook, Inc.

You can review the signed copies of the Open Web Foundation Agreement Version 1.0 for this
Specification at http://opencompute.org/licensing/ , which may also include additional parties
to those listed above.
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CODEERICEAT 3. Open Web Foundation Agreement Version 1.0 E&2ANDIE—(.
http://opencompute.org TLE21—MaIEEERD TS, TZICF. LRV MIEENDIME/RE
A BilenTn<IZ35,

Your use of this Specification may be subject to other third party rights. THISSPECIFICATION
IS PROVIDED "AS IS." The contributors expressly disclaim any warranties (express, implied, or
otherwise), including implied warranties of merchantability, noninfringement, fithess for a
particular purpose, or title, related to the Specification. The entire risk as to implementing or
otherwise using the Specification is assumed by the Specification implementer and user.

C D Specification M. HRAEICKDFERAIE. H— RIN—F1 DIEFICREEINDINELNRL. D
THRE. [RRDFF] TREEND. Feo O NJE1—F—(F H5WB R (BRS LUIER
&) ®BIEEITDIN. ZOHICIE. BREE U TORBERNMRIS LV, EMNERE0EE,. BEOEN
(LI DEEME. P ML, CD Specification EDREEMERENSEND. D Specification ZFLN
ERERECHBIFBURIE. D Specification DEREEH LV 1 —DEFE LS.

IN NO EVENT WILL ANY PARTY BE LIABLE TO ANY OTHER PARTY FOR LOST PROFITS OR ANY
FORM OF INDIRECT, SPECIAL, INCIDENTAL, OR CONSEQUENTIAL DAMAGES OF ANY
CHARACTER FROM ANY CAUSES OF ACTION OF ANY KIND WITH RESPECT TO THIS
SPECIFICATION OR ITS GOVERNING AGREEMENT, WHETHER BASED ON BREACH OF
CONTRACT, TORT (INCLUDING NEGLIGENCE), OR OTHERWISE, AND WHETHER OR NOT THE
OTHER PARTY HAS BEEN ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

4 Compliance Requirements

The power supply complies with the following standards as standalone unit, and is certified and
labeled accordingly.

ND—-BTS5AF UTOFRECRSY>RIZO>- Iy bEUTERL, Fzo BISICHAEN. S
N5 N3.

4.1 Safety Certifications, Applicable Documents

- UL60950-1 (Standard for Safety of IT Equipment)

- CAN/CSA-C22.2 No. 60950-1-03 (Standard for Safety of IT Equipment)

- EN60950-1:2006 / IEC60950-1 (Standard for Safety of IT Equipment)

- cCSAus Certification is allowed in place of the equivalent UL certification

+ CE Mark, CB Report and Certificate

- EU Low Voltage Directive, EMC Directive

- UL94V-0 material flammability rating, with an oxygen index of at least 28%

4.2 Immunity Standards, EMC
- EN61000 / IEC61000 applicable standards for Emissions and Immunity Requirements

- EN61000-3-2 (AC Mains Harmonic Current Emissions)
- EN61000-3-3 (Voltage Flicker)
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- EN61000-4-2, Level 4 (ESD)

- EN61000-4-3 (Radiated Immunity, 3V/m)

- EN61000-4-4, Level 4 (EFT/Burst)

- EN61000-4-5 (AC Mains Surge Immunity, see levels at section 5.9)

- EN61000-4-6 (Conducted Radio Frequency Immunity, 3V/m)

- EN61000-4-8 (Power Frequency Magnetic Fields)

- EN61000-4-9 (Pulse Magnetic Field)

- EN61000-4-11 (AC mains voltage dips and sags, fluctuations)

- Power supply always resumes operations after any fatal PLD

- Output Voltage never dips if backup voltage is applied to the power supply
- Backup functionality is not affected by substantial repetitive dips and sags
- GR-1089-CORE, Issue 4 (Power Line Disturbances)

- BS EN 55024:1998, CISPR 24:1997 - Information Technology Equipment

Note: Once the power supply is installed, the EUT powered by the power supply continues to
operate without interruptions and/or reset occurrences during above tests under EN61000-4-

(*).

ZONDT—-BITSANA2RA h=I)LEand &, EN61000-4-(*) (CEDLKFR MOMIICA >S5S
2 3REZEBISHII LR, MBLIZEHOMHEN EUT (S L TITHON S,

4.3 Further Applicable Immunity Standards

The power supply meets the EN61000 standards for industrial immunity:
COND—-BTSA(F. EEIEMMEE LT, EN61000 EFUEERHIZT ¢

- EN61000-6-1 (Immunity / Light Industry)
- EN61000-6-2 (Immunity / Industry)

This section of BS EN61000 applies to electrical and electronic apparatus intended for use
in industrial environments. This standard applies to an apparatus intended to be connected
to a power network supplied from a high or medium voltage transformer dedicated to the
supply of an installation feeding industrial plants, and intended to operate in (or in
proximity to) industrial locations. This standard applies also to an apparatus that is battery
operated and intended to be used in industrial locations. The environments encompassed
by this standard are industrial, both indoor and outdoor, and where heavy inductive or
capacitive loads are frequently switched, and/or with presence of high currents and
associated magnetic fields.

C M BS EN61000 ([CEAERS O a>(d 1>FXANI-RIETOERZERUZ. ERBLUVE
FDHRECHUCGEHRASIND., COE(.E SHEEEESINSHESNDIELRY hDO—0(Cx
UT. #ERIBDLOIBNINEEECEHAIND. TNSE. ITETSS MOEBH L. THEA
TOERICEHEUIZEBDTHD. =5I1C. COF#EE. NN\yFU—(CKDEREIN. THENTDE
BT EUREBICHEERAIND. CORE(CIDH/I\—2N3DE. BREBHOTEEETHS.



T(E. REDOBHEFELFTEUEBEMNEECEILL. SBEROREL. ZNICIBRET DHENELD
DGR ETRD.
4.4 EMI Compliance and Limits
- The AC mains tests are conducted as stand-alone unit, at both 200VAC and 277VAC,
full load.
- FCC Part 15, EN55022, CISPR 22: Conducted Emission, Class B (peak-reading)
- FCC Part 15, EN55022, CISPR 22: Radiated Emission, Class B
- The DC backup converter meets Class A with 3 dB margin, at 48VDC input and full load

- At system level, the power supply complies with Class A limits for both conducted and
radiated emissions, with at least 3 dB margin, and for both AC and DC inputs/converters.

4.5 Environmental Engineering Standards
- ETS 300 019-2-3, Class 3.2 (Operation)

- ETS 300 019-2-2, Class 2.3 (Transportation)
- ETS 300 019-2-1, Class 1.2 (Storage)

4.6 AC Mains Leakage Current

Leakage current is in compliance with applicable EN/IEC standards, and does not exceed
1.5mA RMS at 60Hz and 277VAC.

BB (. @ATIEE/R EN /IEC ZFRE(C LMD EBEDE/RD. Ffe. 60Hz and 277VAC BTN
T. 1.5mA RMS ZBXIEWEDERD.

4.7 RoHS Compliance

The power supply is RoHS-6 compliant (BOM and Manufacturing Process).

COI)NT—-BTFSA (& RoHS-6 ([C#H#LF D (BOM and Manufacturing Process) .

5 AC Input Requirements (Main AC to DC Converter)

5.1 AC Input Voltage, AC LOSS Detection Time

The AC input voltage range is 180VAC to 305VAC RMS (auto ranging).
AC ANEEDEEFH (. 180VAC ~ 305VAC RMS &ixd (BHENFRAZEE) .
The nominal AC input voltage is 277VAC RMS (200 . 277 VAC).

IR AC ANEE(E. 277VAC RMS &£7235 (200 . 277 VAC)



The power supply complies with the specification up to 290VAC RMS, which corresponds to
277VAC (+5%).

CDINT—-BTSA(& 277VAC (+5%) (CHIETFD. 290VAC RMS FHTOMAARICEHT B,

All the components used in the AC input section have a voltage rating compatible with
300VAC operations, up to 305VAC, which is 277VAC (+10%). The power supply can
withstand continuous exposure to 305VAC RMS input with no damage, while at this voltage
level is not expected to meet the Power Factor and THD requirements. Input voltages
higher than 310VAC RMS may damage the power supply.

AC ABtos3>TRLSNZEOR—F> MME. 305VAC (277VAC + 10 %) = LR ET S,
300VAC :ER EERMEDS D EREEZITFTD. CD/)\D—-HTS51 (&, #HHI78 305VAC RMS A
NICMR. Fle, BEITBIZEBER. ED—AT. COEELNILICHULT. Power Factor &
THD BH&EiEE T C E(FHAF SN TLRL,

The front-end circuitry can detect any AC loss within 5ms after the actual occurrence, at
any AC Input level, and at any PHASE of the Input AC sinusoidal waveform (from 1 degree
to 360 degrees, wherever the AC loss occurs).

JO> b ROEEEERK(IZ. 55D AC Input LANLICHWNT., EBOREEDE Sms LIAIC,
WHV2D AC I B8KTh> TERET B, F/=. Input AC DRV A ROBIZICHITD. H5WDD
PHASE [CEWTER#KTHD (ACHEINMNECD. 1 E~360 EDOFEET) .

5.2 Input AC Connector and Fuse, EMI filter

The input power inlet is a 3 position Tyco Mate-N-Lok p/n 643228-1, female socket AC
connector. An equivalent connector rated 277VAC may be used.

BHERDIAD > LY MME. 3RS 3>D Tyco Mate-N-Lok p/n 643228-1 &L\DS, AXEY
D AC Vv b ORDHFEIRD. 277VAC (LT D, BIFEOQIRTIZFATETDIMNE LR,

The connector counterpart used in the AC power cord is a 3 position Tyco Mate-N-Lok
"Plug" contacts, wire-terminated free-hanging type. A Tyco Mate-N-Lok "Strain Relief" is
installed on the sheathed cable for a safe and reliable power cord assembly.

AC BRI— RTHEONDIRIFT—DHIF—)\—KE. 3RS 3>D Tyco Mate-N-Lok
"Plug" &WL\S. #REHBEID free-hanging 51 7 TéD. Tyco Mate-N-Lok "Strain Relief" (&, %
U EEEEERUCKRBES—JIL-772> TV L (CEEEIND.

The AC input fuse is a hon-replaceable leaded component soldered directly to the board,
used for safety and for extreme protection in case of catastrophic failures. The AC input
connector is polarized and so, the fuse, in the power supply layout, is connected in series to
the hot conductor (Line). The fuse is rated 5A "slow blow" type and never trips during



inrush or any AC input current transients the power supply is designed to stand in hormal
operations. The fuse is a safety-approved component with a rating of at least 305VAC RMS,
and 5 x 20 [mm] of minimum size (may be bigger due to the high AC voltage involved). At
system level, the power supply is powered by a custom AC power strip embedding its own
protection fuse rated 15A: a proper 12T coordination is verified when the power supply is
powered by the strip (for example, the AC input stage of the power supply fails in short —
the power supply input AC fuse blows and the AC power strip fuse does not blow).

AC AHEa1—X(FE R—RECHA LY MMIFARMFICESNE, RS RAEERTRVNVEIR TS
M= NTHD. BRNLBMIEDBES (CHRA . RIBNRZEEREDEDHICFENND. ZD AC
ANDRDLIBEEEZ SN TWS D, N\ND—HBTFSA([CBREcNzEa1—X(d. hot
conductor (Line) (CiEHicnNd. <D Ea1—XI(E. 5A D Tslow blow] 1 TdHD. FEA
ERES LU AC BEANRFCBVWTEIMEI D &R, WRERD/ND—-BTSA/MNEEE
BDICRIEFESNB LIS/ SN TS, chbeEa1—X(F. P1r< &H 305VAC RMS (CHBWT., &
PHUEERINEIOR—FZRTHD. 5x 20 [Mm] DENIAX%ZEITSD ( AH AC BEEICIE
UT. KELRBRDHEEHD) « AT L LNIUICBNT, CDINDT—-BTSA (L, 15A ([CHIE
I2EERREITDIE I —XEIBHIAAIL., DR LR AC BET—TILICKDER#I=ND : DF
D, COEBRI—RICKD. WRERD/I\D—-HTSABHMBRINDEEIC. BBED 12T AZE
NEifENd (Jz&xE NND—BTS54D AC ANRFT—HMETED - \D—-HTFS+1 AC
ABDE1—-ZHEEN. AC BRI —JILT1—X(HMREZND)

The EMI filter uses two cells, with low series DC resistance. The design uses bulky choke
components in order to reduce the copper losses and so to maximize the efficiency. As
already mentioned, all the components used in the AC input power section are rated at
least 305VAC RMS (for example, AC input connector, protection fuse, X2 EMI caps, surge
protection devices, bleeder resistors, and so forth). A rating of 300VAC may be used
instead; this would be the maximum AC voltage allowed for the power supply.

ZD EMI T+ LB, EIEFADBES DC D (CLD. 2 DO ZFERTD. ZOFHA>TE, &
RICKDEEERST . IEXREFKICTDZHIC. bulky choke I R—3R> hZEEWD., BikdD
EBD. AC AHND—-to2 3> TRHVLWSNZEOR—R> ME. Pr< &6 305VAC RMS
(LT DEDTHD (Jz&Z(E. AC input connector KU, protection fuse. X2 EMI caps.
surge protection devices. bleeder resistors 7&&) . ENUITARZ T, 300VAC MISHHLSND
NELNRWV. TDBEF. CD/IND—-BTSATHIND. /RAD AC BEICRDIEZBE D,

5.3 Primary MOS and Bulk Capacitors (Ratings)

The bulk capacitors are rated 500V 105C, and are long life components. For each bulk cap,
a single component rated 500V is required (compared to potential alternative of having two
caps rated 250V each and connected in series). Use high quality capacitors only. Voltage
stress, especially when positive peak of the low frequency ripple voltage at worst conditions
is included, is not negligible, while at the same time a reliable design, fully working up to
290VAC RMS input, must be guaranteed (305VAC RMS peak).

CORBEI>FT>Y—(F. 500V 105C #itTH O, KFMOIZR—FR2 hTHD. TNEN
DLERFv v FICEUIE 500V IEDS > D)L AR—3> BRSNS (250V MIEHD 2 D



DIAZFT>H—%Z, BICORSZ LD, EBRRE LU TOORENNH D) » BREOI>THY—0
I, FRAINRETH D, FC. REOEWVWRKCHIFDIREERI Y ITILVEED, TSXAEADE
—ONEFENDRHOEER FLX(E, ERUTEBDIR, ZD—AT, EECETDIT T2 THI
8IC. 290VAC RMS ETDOAN(CFMR DHENH D (305VAC RMS E—2) .

The 500V rating gives enough margin for a nominal bulk voltage that likely is in the range
of 430VDC - 440VDC.

500V IS THNUK, fe&Z(F 430VDC - 440VDC Lo el 2. ¥ ULOEBEICH LTI
ﬁrd:?_D\/%}%jo

All of the high-voltage power MOS used in the primary side must be rated 600V (minimum),
650V preferred.

TS5AR)— 514 RTRLSNS. INTOEEES MOS TIE. 600V (minimum) &, EU
<IE 650V MIEHBEERD.

5.4 AC Inrush Current

The inrush current never exceeds 8A peak at cold start, Vin = 290VAC RMS, Tamb = +35c.

ZABERE. TI—ILRRS— B (Vin = 290VAC RMS, Tamb = +35¢) ([CHEWT, #Ext(C 8A =
BX TIFIESIR0,

5.5 Hold-up Time

The minimum hold-up time is 20ms.
&/INROD Hold-up KffEl(E. 20ms &7ad.

Hold-up time is measured at full load, with no extra capacitance added to the output, at
T=25[XC, from when AC is lost at the sinusoidal OV crossing, to when the output voltage
falls below 12V.

ZAET(E, T—ILRRS— R (Vin = 290VAC RMS, Tamb = +35¢) (S8BT, #E41(C 8A %
BA TI3725720\, Hold-up Bf(E. AC B RV R OV THRONBEN S, HABES 12v I
FICESBRET, T=25c DLALIEHNT, HOCRILHESEEMR S LM< 28FT
shlleNS.

5.6 AC Input Under Voltage Protection

The power supply will shut down for Vin < 170VAC and automatically restart when Vin >
180VAC (10VAC of hysteresis). No hiccups or ON/OFF oscillations are allowed under any
conditions.



ZDIND—-HTS5A(L, Vin < 170VAC [CBWVW TS vy MD> SN, F/fz. Vin > 180VAC
(10VAC OFEFFIRR) &L=, BEFMICURSY— T BIEED., B LT ON/OFF ZF(E. &
SWBEMHDTF TEHFINR,

The power supply withstands without damage multiple input dropouts under all conditions,
and:

CDIND—-BTSA(E, INRTOREFICHNT, ZEDANEERSTEEL, IA-2(CMR D,
HEEUTICHET D :

- It resumes normal operations when no backup voltage is connected to the power supply.

- It resumes normal operations after multiple successful backup sequences, when backup
voltage is connected to the power supply, without any output voltage dips.

- Input over voltage protection is not required.

5.7 Internal Bias Supply

The internal bias supply (auxiliary supply) is intended for housekeeping functions only (no
stand-by voltage externally available is required). The implementation of an independent
bias supply is preferred solution and it should work from a minimum of 100VAC RMS
(correspondent to 140VDC on the bulk capacitors). Bias supply must be implemented with
a high efficiency scheme.

A2 —=FIL)NA T ADMHE GEBIO#R) (F DR -F—-E> T ITZERLTND (188
THRATRERAI VA BEFERENZN) o HMIZUZ/\ATHeDREF, EFLVnWWa
—23>ThdD. Ffz. ®INBLANILELT. 00VAC RMS DSHEEIARETHD (RBEI>T
2B —d 140VDC (CHE) o /A T7AHEIE NREERUZARZRANT, RESNINETH
Do

5.8 Power Factor and THD

The power supply complies with EN61000-3-2 (see section 4.2) up to 290VAC RMS input.
See further requirements at section 6.9.3, Power Quality.

ZDINT—-HTFSA(d, 290VAC RMS ASDLANILETIE. EN61000-3-2 (CHED ( section 4.2
=ZH8) . Power Quality OFRZIEMH(CEALTIE. section 6.9.3 &8,

5.9 Input AC Surge

See section 4.2 (EN61000-4-5) with the following limits:
Section 4.2 (EN61000-4-5) #2808 L. £z, UTOHIRZMHERT D :

- 1KV DM (Differential Mode is Line to Neutral)
- 2KV CM (Common Mode is Line/Neutral to Ground)



The power supply is protected against surge events and it will not get damaged in such
occurrences. The power supply can continue to operate without functional failures or
hiccups during surge tests per the above limits, and the output voltage is not affected by
the surge pulses under any conditions. Surge events cannot reset the system. In the server
rack, the power supply is powered by a custom AC power strip embedding its own surge
protection circuitry. Under these conditions, the power supply passes 2KV DM and 4KV CM,
both standalone (with a passive load) and at system level (with actual server load).

CDOIND—-BTSA(E, U—BE/BRICTUTRESN, Fe. TORISRBRTHEIB LRV
235, CONND—-HYTFSA (& gpdodfIC U > e —=-F X MR, #EER /A PEE 0
MCREINDCERGERAUKITDRCENTAIEERE, €LUT. H5WB3FHFDTTH>TH., Y—

- )ULRICED, HABEENSFEERIT TR EEFRN. DFED. U= AR M S XF A
HUtw hFBTEFRN. TRERDY—/I—-SvICHNT, TONDT—-HBTFSA(F. BF

DY —DRELBBRZIBDIAATIE., DAY IR AC T—TILICKDER#HIEND., &5 UIE—ED

EMHDT T, TDINT—-BTSA(d 2KV DM &£ 4KV CM &, AT I LANVICHNTHIL (8
BECHNT) SERNSFITET,

5.9.1 Isolation Requirements

The power supply supports safety-reinforced insulation between high-voltage AC primary
section and any secondary sections (3000VAC RMS of isolation).

COIND—-HTSA(d. BE AC 1R3> &, &iE 2 8kt220>3> (3000VAC RMS 93Ef)
(CHT. 2Dt nzigEe S R— 93,

Isolation between high-voltage AC primary section and chassis GND is 1500VAC RMS.
Both positive and negative 12.5VDC output terminals are floating with respect to the
chassis GND, with a galvanic isolation of 100VDC.

BE AC 1 Rzo>3> &, v —4EthEnnD#tiE. 1500VAC RMS &7/83d. Positive,/
Negative 12.5VDC 15 —=F)L(E. 100VDC dD galvanic DE(CKD. v -5 T0
- l\énTb\éo

The input of the DC backup converter is a safe voltage, and so its DC primary section needs
to support reinforced insulation with the AC primary section.

DC /\w O 7w IZEHBBD AN L. BEREBFEERH>TWD, F/=. DC 1 XxtzU>3>(F. AC1
Ko a> E—HEIC, @bigFEYR— NI BIRELNSD S,

The DC backup converter is isolated with at least 500VDC of insulation between its primary
section and the secondary of the power supply (12.5VDC output). The isolation capability
may be higher than 500VDC depending on the actual topology implemented for the backup
function.

ZD DC I\ o7 TR (E. I\D—-HTFSAD 1 x81& 2 REIORIT (12.5VDC 7 v
~) OEIT. 2K &6 500VDC THEFRESND, CODBEEEN(F. WREMRDI\W I T7w THERE(IC
EEIND. HENLMROS—(ZIEU T, 500VDC EDhEELRRDBRESDD,



6 DC Output Requirements (Main Converter)

6.1 Output Voltage and Power

The power supply is a single-voltage power converter.

CONT—-BTSA(F, —EBEDOENEHMEE CTHD.

The nominal output voltage is set to 12.5VDC (£1% set point at 75% load, 25°C ambient).
DR HEE(E. 12.5VDC ([CERESNTULD (£1% set point at 75% load, 25°C ambient),

The reference voltage IC for the DC main converter is the same used for the DC backup
converter. The SMT dividing resistors for output voltage reading are rated 0.1%.

ZD DC AA >SS (CHT BREESEFE IC (&, DC/\w o7y ITEHMBE TRHISNDIEDERUT
»D. HHEE reading DfzsHD SMT dividing i, 0.1 % DLARILICHET B,

The output voltage regulation is £1% under any conditions of input voltage, load,
temperature, aging, and so forth.

HHBEEEBE(E. HS5PDIANEE /&R RE/ BILIREDERAEDT T, 1% £33,

The power supply can withstand a no-load condition for indefinite time, without damage
and with (or without) the maximum allowed capacitive load connected to the output
terminals.

COIND—-HTSA (&, EFIEDORE(CHITDIEEREFC. BEITDICERLKMRDENTTEE
THD., Fle. BHY—ZFILICEFKRNE. BEXFTOBEEEOFEICAASINIRL,

The nominal continuous output power is 450W. Peak power capability is 500W (maximum
5 seconds of duration up to one occurrence per minute, for the related thermal design).

EGHAEBN(CRIT D AFMEF. 450W THD. E—UBNICETDEEHEF. 500W L7225 (BhE
ITIRTHA2(CHENT, A5 BOE—IN B8 1EFTERD) .

Output OR-ing MOS, current share and parallel operations are not required.

73 OR-ing MOS KLU BRHAB. WHHEIEFERSNAN,

6.2 Output Over Current Protection

Over current threshold is set to 44A (£ 5%) and the protection mode, during short or
overload, is "constant current" mode. Output voltage recovers automatically when the over
current condition (or short) is removed. The power supply is sized (thermally and
electrically) to stand indefinitely a short circuit, without damage, and under any conditions.



BERAL Y 3ILRIE. 44A (£5%) ([CERESN. TOREET—RE [—EER] E—R&ERD
( short or overload (CHWT) . BER (or short) DIREHETITDE. HAOEBTIEEIC
EiET D, CDIND—-BTSA(F. HES5PDIEMHDEETIEEIT D LK, BEARDIGHEEIIE(IC

MXSdEHIC. CRE - EROWMEANS) A XEEDHSND.

An over current condition lasting more than 5 seconds (£ 0.1 second) latches OFF the
power supply, and AC recycle (z 100ms) is needed to resume operations. The 5 second
timer resets every time the power supply exits the over current condition even for a very
short time (typically > 20ms).

COINT—-BTS5A1(E& SHLULORBREBRZMHNRET D E (£ 0.1 second) 5w F OFF &,
ARL—23>OBRATIEHICE. ACUTAI)L (2 100ms ) WMnEEEND, 2D 5851
N—ZE[CUtY NTBTET. SHHTEBEITH DN, \D— B TSA(LBERDIKIN Sk
173 (typically > 20ms) .

The power supply can start under overload or short circuit conditions.

ZONDT—-BTS5AF BRMBKRBNOXRHFCHNTE., TOERZMIETE D,

6.3 Output Over Voltage Protection

Over voltage threshold is set to 15VDC.
BERALwZ3)LR(E 15VDC [CERESNTULD,

Protection mode is latch OFF type, so AC (2 100ms) recycle is needed to attempt to
resume operations after an over voltage event.

JOF0>3>-E—RlE& SYF OFF 94T THD. LENDT. BEEIRROEICARL—>
a>Zz=BRIDICFE. ACUBTT)L (=2 100ms) "M EEINDB.

The over voltage circuitry is independent, includes a separate voltage reference device, and
does not make use of the microprocessor to implement the function. The microprocessor is
notified in case of an over voltage event.

0, BBEEERRFINIZIUIZEDTH D, DEESNIZEESRT/\A XEEH. Fle. WRERDY
o0-TJOvvSZzHAITDI LR TOREZRET D, CoNro0-JOvvHE B8
EARY BDT—XT, /=T« IT7AZRITHD,

6.4 Over Temperature Protection (OT)

The power supply is protected against overheating to prevent damage or degradation. The
power supply may overheat for many reasons, including (but not only) internal failing
conditions, environmental factors, or because of improper use such as air obstruction, or
similar. The power supply shuts down for OT protection and is able to automatically resume



operations once the temperature falls back within the expected range (with some
hysteresis). No components have been over stressed at the temperature shutdown
threshold level.

COINDT—-HTFSA(F. BEORLEBLSTEHIC, BRAHNSKREZIND., CDO/IND—-HBTS5A1(L.
TEIFERIBAR(CEIDA—/\—E—brZECYT., EXE RIBOREYW, RENRQER., HB0L)

[FESRADBER E WD Tz, EHEFBIRBVEEREN, ZOERERACIRDINELNIRLY,. ZD/X

D—-HBTFSA(F. OT FOF 02 3a>Dedicsvy MO L. TORENMBREERNICED E.
BEINCANRL —>3>ZBATES. TDIvY MO - ALY 3)LREDREICSNT. €
NZENDOIR—FR> MIBEDZ ML RXZFENSIIR,

All the thermal sensors are routed to the microprocessor (primary sensors are optoisolated).

IARTOECH—NSDERIE (FBLE>Y—(T optoisolated i) . vroO-JOtwvH
[OXfEEND.

The air inlet temperature sensor is needed for the implementation of the fan automatic
speed control.

I7V7—-A>2Ly bORELY—H T7 > OEEBERERBEDZHICHELEND.
Note: The microprocessor oversees all power supply functionality.

Note: CON/o0O-TOCYHICKD, /\D—-BITSADEENEREND,

6.5 Capacitive Load

The maximum capacitive load at system level may be as high as 8000uF. The power supply
is able to start up properly and, more importantly, is unconditionally stable when such a
capacitance (or lesser value) is connected to the output (in parallel to any resistive loads,
or just the capacitance).

SZFLLNIIVCEBTBIRADERAE(E. 8000 pF U ECRBIHhELNRWL, CD/ID—-BT5
A LBEYNCRI— R TEBIN. SSICEBRCEF. CDOINILOFEESTZ (LB INEME) A
Hh (H5WBIENMBEERADILIIES. HDVNIEHRIFESE) [IERINTVNDEETHE, &
EHFICEELTWVWBRZETHD.

6.6 Transient Response

The amplitude of the positive and negative output voltage peaks during transient-loads test
are within £2.5% of the nominal output voltage (£300mV), with a response time < 5ms,
under the following test conditions:

RS>y MEBITAMIBWT, LFICRET B E—OHHEEDREIG. J—<ILRENEBE (£
300mV) M +£2.5% THD., Fle. UTDFAMEREICHNT < 5ms OISERRE &SRS



- Electronic load set in "constant current" mode.

- Current steps cycling from 50% to 100% of the power supply maximum load (18A to
36A), 50Hz dynamic load frequency, 50% duty cycle, 1A/uS slew rate (minimum).

- Transient requirements are met with (or without) the maximum allowed capacitive load
connected to the output terminals.

6.7 Output Voltage Ripple and Noise

The maximum ripple and noise never exceeds 200mV peak-peak at 20MHz bandwidth.

Uw L& ) A XDIEERAEE. 20MHz HIIRICH LT, 200mV D peak-peak =#BX T(F5
A AN

Measurement is performed at the connector at PCB level, with the board installed in the
chassis, safety ground connected through AC power cord, 180VAC input, and full load. A
digital oscilloscope is used for this measurement, with acquisition set to detect the peaks.
The probe will be utilized without cap to minimize the length of the return connection, in
order to achieve a reliable R&N reading (with this setup, the return is directly the metal
body of the probe). A small 1uF X7R 0805 SMT ceramic capacitor may be connected locally
to the probe tip during this measurement. The power supply output voltage circuitry may
include a small CM choke added very near to the output connector, for common mode
noise suppression.

=S (CRETNEETE— ROAIER. PCB LANILOORDIFZANTHE=NSDA. ACERI—
RENUEZE[RT7—XE, 180 VAC DAH. ZULTIILERE#ESEDERD, Fle. CORIE
[CHBNTIE. E—TEZIRETBRIZHDT—FRNELY hEULT, T24)L-ASOXI-THAEWN
5Nd., CCTOFHAB%Z. EFECED RN AIFEEZIEKR T DIzHD. BRREDET DIEHE.
A —MEEBDIzHDEFEORESE. IMETREDIRFT v v ITEANWTIIRSRRL (COREE
BN, BEREURERDZEROHFZ, USF—AENEBLTLK) » CORIECHVTE. NID
1uF X7R 0805 SMT €= =wvo-O>F 20N, ABRFvIICHLTO—-DILICEREINDES S,
ZOIND—-BTSADENBEBEERICHNTIE. (ClE. BEHE A X2IERBT DIeHO/NEL CM F3
— oM. BHAROFDIBDICEDIAENDIZS D,

6.8 Output Turn-ON/Turn-OFF

Under any conditions of dissipative load, capacitive load, temperature, and with or without
backup voltage connected to the power supply:

H5WBIFRMFELTO. HBNREHES IV, FEMOER., WRERICHSITDRE. €LT/\D
— BT SA(CHEREND/\y Oy TBEOEECHHINDST :

e The power supply turns ON when a valid AC input is provided. Standby switch
and/or ON/OFF signal are not required. The design of the PFC and DC-DC circuitry,
soft starts, and so forth, is such that the total time, from when a valid AC input is
applied and the DC output voltage reaches regulation, is maximum 2 seconds under
any conditions and Vin > 200VAC RMS.

e The power supply starts properly under no load conditions or overload conditions.



e For any loads (from "no-load" to "max-load"), the output voltage will rise
monotonically from 0V to 12.5VDC, without overshoot or ringing, at any turn ON
following application of AC input voltage, and anytime when power supply resumes
functioning after an automatic protection condition. The output voltage will fall
monotonically from 12.5VDC to 0V, without undershoot or ringing, at any AC loss,
and at any turn OFF caused by an automatic protection condition.

Note: Backup voltage is not applied.
Note: /\w 77w JEEMEHAETNR,

e Output voltage never reverses polarity at the turn OFF (all conditions, backup
included).

e The power supply includes a soft-start (PFC, DC-DC) that promptly resets at any
input AC loss > 20ms, or after any automatic protection conditions.

e See section 9.2 for power supply behavior on AC loss, when a valid backup voltage
is connected to the power supply.

Output Voltage Rise-Time (all conditions, and for both main and backup converters)
HHEFEDIIS LMD (IRTDEMEE. XA/ N\ Oy TDOIAIIN—F—=ED)

e After the bulk voltage is in regulation, the rise time of the individual DC main
converter is always < 50ms, and is always < 1ms when the output capacitance is
already pre-charged to 12.5V.

e After the DC input (range between 42VDC to 58VDC) is applied, the rise time of the
individual DC backup converter is always < 50ms, and is always < 1ms when the
output capacitance is already pre-charged to 12.5V.

Note: The reason for the < 1ms above is to guarantee a rapid startup at AC outage and
recover, for optimum backup performances and "DEAD-BUS event" compliance.

Note: EERICHITD < 1ms DIBAIE. AC BMEEURBROU /N —ZRRICITDIEOTHD., F
fo. BRI\ o7w EEEE. [DEAD-BUS event] O>TSA 7> R ICHIGULIEEDERRDB.

6.8.1 Power Supply Turn-ON Sequence

Under normal conditions, after a valid AC input is applied, the internal bias supply turns ON,
the whole circuitry gets powered, the power supply turns ON, and the output voltage
reaches regulation.

—RREVIRSAFCHNT, 227 AC ADMERSNIZRIC, AER/ 1 77 X##aH ON (T2, [l
ERICEHDREMEEN. CONDT—-HTSAHBEL. HAOBENREECET D,

There is a turn-ON sequence requirement when AC restores during a backup phase lasting
more than 6 seconds: the DC main converter turns ON with a random delay between 0 and
5 seconds. Note that the PFC always starts promptly when a valid AC input is applied.



6 WU E(CHED#MEET DN\ o7 - T —XDMIC. ACZEBTLEIDETBESCE 15
LD ABHESEET D, DFED. DC DOAA>-OA2/\—F—(d, 0 ~5 BDED. S
ST A LAICKDIRENT D, ZHR AC ADMWERAIND &=, EIC PFC h'Sihghiands
(C. SEBEINDNRET,

1. After AC power restores, the PFC starts normally, and the microprocessor keeps the
DC main converter shut down (the DC-DC converter after the bulk).

2. It generates a random number "N" between 0 and 5000.

3. It turns-ON the DC main converter with a delay equal to N milliseconds.

See also section 9.2, point 4. The random number is dynamically generated right after each
start of the DC backup converter (at each backup phase).

Section 9.2 @ Point 4 . SRR UL TIELL., ZNTNDO DC )\ O 7w F- QA2 )\—F—hH 45—
NUEBIC B42D)\v o7V - T —X(CHNT) . BLEDEKREND,

Note: During random startup, the DC input voltage (battery voltage providing backup
power to many power supplies) will increase rapidly because the battery load will quickly
decrease in the subsequent 5 seconds.

Note: ELEZAVERY— MEF(C. DC ADBENRELLIZE EAZDE \yFU—BEF HZ
<DBRICNY OV ITBNEMET D) « TDEROD 5 BURIC/\vFU—EFNED I T
»d.

When a backup voltage IS NOT applied to the DC input, the random startup sequence will
never occur (no startup delay).

Frz. N\wor7yTEEMN DC ADCHEAINBRWEE(F. ELBRY—-hFYv T -2 —5 > X(F51=
L =Ny (no startup delay) .

When a valid backup voltage IS applied to the DC input, the random startup will repeat
every time a valid AC voltage is re-applied to the input during a backup phase after
continuous interruption of AC voltage exceeding 6 seconds.

24U\ o7y TEFEH DC ANCHERIND EE, AC EEH 6 BEIEBX I CGEMSINZE
DI\ OITY T - T —X(CHBWNT, 55HDHD AC EBEHNA> TV MCBBERSINDIECC, 20D
AN RS — T B,

6.8.2 DEAD-BUS Event

As described above, when AC power gets restored during a backup phase after an AC
outage lasting more than 6 seconds, the power supply will randomly restart in the 5 second
window. Would the DC input (battery voltage) fail during that 5 second window (in which
the AC mains is actually back available) or within the 1 second filter always present before
any main converter startup (see backup sequence, interval D), then the power supply
would turn ON instantly (full load conditions), in attempting to avoid any output voltage
dips and/or loss of regulation. As stated, this requirement should also be met during the "1



sec" filter timeslot prior to each turn-ON of the DC main converter, with or without random
startup. See the complete backup sequence in Figure 3 and Figure 4.

AHRdDEH D, AC FEN 6 BB E(CHEWED/\vOT7v T - T —X(CHWT. AC ERENER
IRHEICE SRICERESNZSOFLFEDH T, CONT—-HTSA (IBIREEITDIESD,
ZrZU. 7D 58BDREIC. DC AH UN\wFU—8BFE) (CZEAECDIMNELNRL (in which the
AC mains is actually back available) . &3UL\&. &HS5PDIAA > - A2 )= =M a8 T BHEIC
18I ILIRAZIIBELNRBN U\ o7y T -2 —5>2EA>245—)0ULID Z88R) . €DK
SIMBEIIC(E. HSWIHNBEEDR T, BEDFREKRZLOR T DiRADHI T, CD/\D—-BF
SAFES(CUIEENDIEED (JIVERDEHEFT) . sRDESD. S5 LABBIOBEREICHN
N5T. TNTND DC A1 > AN\ —=EHIBERID. [1#] TILFI>T-5A I
20OV bOBIC. CNSOBHEHIZENINETH D, T2\ IOTFYVT-2—o> (LT
(&. Figure 3 & Figure 4 Z&8RBR U TEULY,

The target is for the power supply to start fast enough to meet the above DEAD-BUS
requirement when battery voltage Vin(DC) . 42.5VDC. Achievable DEAD-BUS performance
may be discussed during the design phase.

ZOIND—-HTSADBEZEF. /\wFU—BBEN Vin (DC) 42.5VDC D& = (CHRICIIE LMD,
gt DEAD-BUS OB+ (Ciglc 9 & & ThD. ZEMBIAE/R DEAD-BUS MERENS, TH A
> Jx—XW\BWNWTERNDESS,

The battery pack includes a low voltage detector (LVD) device that isolates the batteries
when the voltage level falls below 42VDC, but the power supply does not detect the 42V
LVD input voltage level for to switch back to the AC input. In fact, if the backup converter is
still running when the battery voltage approaches the 42V LVD level, this means that the
whole "system shut-down" event is imminent (the standby emergency power generator did
not turn ON: AC power is not available).

CDI\wFU—)\wo(F, EELNILA 42VDC UTFICTFAB ES(C, /\wF U —ZFEkIT D Low
Voltage Detector (LVD) T /\+ARZEEDIAATWD, UHU. CDINDT—-BTS1(F. AC AH

[CRIfzHD. 42V LVD 42V AN Zzi&E UL EBR(IC. /\wFU—8BFEN 42V LVD LANILIC

BREIDEEC, NyvoPyT-A2N\—=F—=RHELTVIRS., [SRAFTALA vV DI A
R M EVEBEDTVWBRZERRBKRT D (DFD. IFEFAOREBHNIGEIET I, AC BEAFIAT
FR0) .

6.9 Microprocessor Control

All the logic and housekeeping functions (excluding over voltage) are implemented and
driven by a low-power consumption microprocessor and low-power consumption circuitry.
The microprocessor oversees all power supply functionality. If a DSP is used to drive the
PWM(s), then it may (or may not) include the microprocessor functions.

INRTOOZY U EBYMREZRDIzHDMEE (BEZRRVT) (& EEDEEEDOYroO-7
Oty Y EEEEBKCKD. BE/BRHZN TV, ZoX/o0-TJOvSH. IRTD/T
— YISz ERID. BL. PWM ZEIE) S B7z8(C DSP (s) BRSNS RES. EZICE
NAoOJOtyDOENEENSD.



The firmware of the microprocessor and/or DSP is upgradable for the life of the power
supply. The power supply chassis cover has a small opening to reach a connector placed at
the top of the logic board (edge pads on the PCB itself or their equivalent) for the easy
download of updated compiled firmware codes without needing to open the chassis. A
small indentation on the metal chassis or a mark provides reference for "pin 1" of the
programming connector. A small panel (secured with a flathead screw) is added for
protection, and can be removed easily to reach the connector for programming. Location
on top cover is free.

NAoO0-JOBySELXU DSP DI 7 —ATxT7E IND—-BITSADSAT-BAT)LICHEN
TIYIITL—RINEIRETH D, NDT—-HTSA DI v —= -7/ (C(FE NERFEOENG D,
ZINB502Y IR— ROREEICEMIEORIZICT IR TESD (PCB LEULLIFE ENUC
HHEITBED(C. Ty2)Ny RpEHEND) . LiehtoTo O/ AILICKDEHR=NET 7 —
LADIT7DO—RZE, Sv—3FA-T>2932ER< BRCHI2O-RTED, AF)IL-2v
—> FONERAAMNELL FRY—DICLD, TOTSA-OARTIFITHD [Pin 1] &N,
REDHITNEV )L (FEERZTEESNZ) ARDMIFSN. e, JO0J5=>0-0x%
DEINDEZIMEHRCHIC. MOHEDLICRDOTND,

6.9.1 Internal Cooling Fan

The power supply is self-cooled by an internal power-efficient fan that pulls fresh air inside
the power supply (airflow is front to back). The power supply front (faceplate) is the air
intake side where input connectors and LEDs are installed. The fan's mechanical mounting
limits the propagation of vibrations to the power supply chassis caused by fan rotation:
damping soft rubber sheet material is used between the fan housing and sheet metal. The
fan may be installed using four flathead screws or other methods, and is located in such a
way as to avoid any potential air short-circuits.

COIND—-BTSA(F. ABSNIZEERDRINT 7 2 (CKDFFRZERERDIADCET, BET
BHZITDRDICRDO>TVD (RRDAEIEEINSES) » NDT—-BTSA0riEb (8iR) (&, 22
[EMANDEITHD, FSI(CAHNODRISI—E LED A X h—=J)LaNTWD, CDOIT7 > I(CHE
I DHMAVRERD AT IF (&, T 7 > DEERICKDEIFREENDIREZ. /\D—BTS51>v—2(C
EIRURWKSICHIEESN TS, DED. J7>DT—REXF)ILE— RDOBIC. 25NN A
ERAHADELDICLTWND, ZTNSDT 7l 4 DOEBEARZE UL [E, MOARICLDEES
N3 &ECRRD., Fe. H5WSB  air short-circuits DEJEEMZEE T D KD (CAIERDEND.
RB. by T HN\— LDONUERRIIBHETH D,

The fan is a 12V component, size 60 x 60 x 25 [mm], 30 CFM (minimum), and is a 4-wire,
double ball bearing type.

DT FlE 12V DO R—7S N THBD. B+ (& 60 x 60 x 25 [mm], 30 CFM
(minimum) T. 4 RADERE FTIL-TR=ILRT U D D= (T2 1F D,

The fan speed is driven by the microprocessor, with automatic speed control based on the
intake air temperature. The fan cools the power supply and provides some extra airflow
through the system. The minimum duty cycle of the PWM signal, used as the base speed of
the fan, is 30% -- regardless of the power supply cooling conditions. A base speed is



needed because the power supply must provide some minimum degree of CFM air to the
system.

J7>-AE—R(E, ZERBRANODOSKEZR—-X(CLT., ¥ro0-JOtvHICKDBEENCAE
—R-O>bO-ILEnd., CcOIT72R>IINDT—-BTSAZSHU. e, SRXTFTLRRICRBD
HBDILT7—JO0—%=EHT S, PWM ST H)ILORNERT A )L, IND— - BT S5 DsEMRRE
[CHhWDWDBT, T7DEAIE—RICHULT 30% (CERESND. CDOIND—HTFS1(E X
FACHUTEND CFM T7 —%= a9 2B HDIEH. COLODIRERIE— RINE LS,

An air temperature sensor for the automatic speed control is located near the air intake in
the front panel (see also section 6.4).

2E— REBEFNICARR T I EODOTELTY—(E. JO> N RILOESIANODEL (CBREE
N3 (Section 6.4 E288)

The fan speed does not directly change with the output current level. At the power supply
turn ON, the fan starts at full speed and then settles down to the self-regulated speed
value.

CDIT7>DAE— R, BAEBRLANILTH AL NMIELT D EFRRVD. IND—-HTFSA4D
WBERF(CHNT. COT7UIERRTIIE A >ERIC. BRTHREIITBZIRE— RETRENZTF
TWn<,

Because the fan is a 12V component, it is powered directly by the output voltage. A C-L-C
filter is used to power the fan in order to reduce injection of spikes to the main 12.5VDC
supply output. In fact brushless fans generate a lot of ripple and noise to their DC supply.
The electrolytic capacitor connected directly in parallel to the fan can endure the low
frequency ripple current with extra margin (low ESR and long life component).

CDI7H 12 v AR—FR2 N THIEBRG, HOHBEZS LI NIENCTDEHTHD.
FEFRETHD 12.5VDC ZHENICHTD. S A XDEEZRET DeH(C. COERICE C-L-C T
ILIRANSND, RBEDESS. TS LX-T7E3MtEena DC (LT, KEDUY T
W) A XZE259, ZOITF72(CHUT, WHTHA LU MERSNSDERHRI>HE K
FEIRDERY W TILICTHEZIFS. Feo RABHED (€ ESR ORFaHIZ MR- B)

Layout rule: At board level, the fan's positive and negative terminals connect directly to the
main output capacitors before any further power supply output filters, using independent
dedicated copper traces routed away from any noise-sensitive circuitry (like the main
feedback loop circuitry).

Layout rule: 7R— RDLANJLICBWT, COT7>DmF—=F)L (IE&) & H5PBD/\D—-5
TSAHRATAIVIDEIT. AA>DODEAIAFT B —(CHA LT NEHRENS. LIEN>T. 5
W3 A ZRABIEENSDEEUIEN BT (AA>DT 4 — R\ )L—T EERKRIC) . BRDE
MzERWBZ E(CRo T,

The microprocessor monitors the fan speed using the tachometer signal, and will not shut
down the power supply in case of fan failure, blocked fan, or inconsistent fan-speed
readings. Under any fan failure conditions, the "FAIL" red LED will blink while the power
supply is running (see also section 13).



ZOXR/oO-TJObvHEE YOA-F—ESZHNT. TJ7>RE-—REEZY-FIH. TD
J7 UCEE/ B/ ARRERRERENFEELTE, NT—-BTSAZ2 vy MO E

[FIRNZB D,

ZDI7 U WHIRBEENRELTE. ND—-BITSAHEELTLIRD.

7RV LED T UL TWLBIESS ( Section 13 H28R) .

The fan always runs at full speed during the backup phase.

COI7NF NN oY - T —X(CHBNT, JIL-AE—RTEEEI B,

The fan's L10 lifespan is at least 50,000 hours at 45°C inlet air temperature and full speed.

CDI7>D. L10 A TR/ (E 45°C DIRSKUEE T I)LEFRSE D54 T, 50,000 BFRELA
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Figure 1 Fan Speed Control vs. Ambient Temperature

6.9.2 Power Supply Efficiency (AC Main Converter)

Efficiency exceeds the Climate Savers Computing Initiative PLATINUM rating. Those limits

are:



ZOFHZX(E, Climate Savers Computing Initiative PLATINUM DL — & FEZEDERD. £
LT, TNSDRFAELZ. UTDESDTHS.

- Efficiency > 90% at 20% load
- Efficiency > 94% at 50% load
- Efficiency > 91% at full load

Methodology for the measurement follows the CSCI directive, but at 200VAC RMS input.
BIEDFIE CSCL DIETRICHEDED ETRDM. TDASIE 200VAC RMS TdH D,

Further target efficiency requirement:

=5, HRCELTIE. A TOBEENDD,

- Efficiency > 95% (between 50% and 90% of maximum load).

- Wider than above load range is recommended, but not required.
Measurements are performed under the following conditions:
CORIE(F. UTOERFTTEESND.

- Input AC voltage is 277VAC RMS (50Hz or 60Hz).

- AC and DC voltage are measured directly at the respective PCB pads.

- The power supply board is correctly installed in the chassis, with the cover, and with
safety chassis GND connected through AC power cord.

- The cooling fan is powered using an external generator but with the speed controlled by
the power supply logic, as happens during normal operations.

- Ambient temperature of +25°C.

- Measurements are taken after 30 minutes under initial 75% load, over five samples (they
all need to pass). Efficiency measurements are provided in a table, in 5% load steps, with
added power factor (PF) and total harmonic distortion (THD) values for each step.

6.9.3 Power Quality

Efficiency is the first priority. Power Factor and THD of AC input current, with order of the
harmonics up to and including 40:

RN, B—OBNTHD. AC ADERICHITS Power Factor & THD (&, LUTOIEE &1
RAITDEDERD,

« PF > 0.95 (> 20% of maximum load)

+ THD < 10% (> 20% of maximum load)



Measurements are performed under the following conditions:
COREF. LUTORG T TERMSND.
« Input AC voltage of 277VAC RMS (50Hz or 60Hz).

- A power analyzer with reading accuracy better than 0.1% will be used for the
measurements.

- A precise low distortion AC source supplies the voltage during the measurements.

- The power supply board is correctly installed in the chassis, with the cover and with the
safety chassis GND connected through AC power cord.

- Ambient temperature of +25°C.

- Measurements are taken after 30 minutes under initial 75% load, over five samples (they
all need to pass).

6.9.4 Stability

The power supply is unconditionally stable, under any conditions and combinations of
resistive and capacitive loading, constant power loading, temperature, aging, and so forth.

CDIND—-BTSA (&, IBMEOBRER T HAENDEERMA. @IBORWEHAET. TUTRE
ERFERLENDTE, HEWBEHMDEET. BRFICEEL TS,

Bode graph shows a phase margin better the 45 degrees at worst conditions (or 60
degrees at nominal conditions), and the dynamic step-load plots (see section 6.6) show no
ringing.

(Figure 1 @) FEISTE. BEDEHTHD 45EXIDE BEEL60E) . REDHDIIT—
S2DIT—X%ERUTHED., Fleo A4V ORIXTYv T -O0—R-JOwv b (Section 6.6 &
BR) (FERRIMIRREZ R L TLVRL Y,

The stability criteria is met with and without the maximum allowed capacitive load.

ZEEDOREL, HFESNDIRAOEEEER & (IEEMR(OEKRSND.

6.9.5 Output Connector

The DC output connector is a power blade FCI, part number 51773-006LF. The
configuration of the contacts is 2Power - No_Power - 2Power. The two negative contacts
are pre-mating. Refer to Figure 7 for the exact location and pin layout. The connector
counterpart at system level is power blade FCI, part number 51733-009LF (right-angle
press-fit header). The power supply makes a direct interconnection with the motherboard.

DC £AHO%IH(F. IND—-TL—R FCI @ )\— h&ES 51773-006LF &£12d., #FEHEDEHICT
>J400L—>3>(F. 2Power - No_Power - 2Power &72d. 2 DOEIRMEESIL. pre-
mating &72%. EHREREBEEE>S L1470 MNIBEUTIE Figure 7 #8BBLTARLL. S XF



I LNV THAEDESNZ ORI F(E IND—-TL—R FCI @ /)\— h&ES 51733-009LF &£713%
(right-angle press-fit header), CD/\T—-BTS5A (& YT —IR—R&ESFA LU MNIIHEERS
na.

7 Battery Backup Section (Backup Converter)

The power supply provides short-term backup power in the event of AC outage. To enable
this function, a DC backup converter (an independent isolated DC-DC converter capable of
at least 450W of power) is included within the power supply, with dedicated logic driving all
functionality for the backup sequence. It provides seamless backup power, enabling smooth
operations under any conditions during transitions of AC input, and is equivalent at the
system level to an independent UPS. This functionality is enabled only when a valid DC
voltage (called backup voltage) is applied to the input DC connector located on the power
supply faceplate.

COI\D—-HBTSA(E. AC BLEDOBE(CRZ T, BB TH BRI/ \v o7y TERZMHIET
. COMEEZEERIRT BeHC. DC N\ oy T -2 )\—45— (JHizULsz DC-DC >/ \—5—
(. D2 EB 450W DEEDNRE) HNIND—-BTFSA(CEDAEN, N\ oFPv T - —H5> R
DIeHDETOMEER, MBEOOSYITRSAT IR ECRD. T TlE. AC ASIIHBITT
BED, HEPBEMFICHNT, S—LLARARL—3>&FRRL. T, AT L LNLT
MIZUTE UPS EFELWBDERD. COBEEE. /\D—-B TS0tk E(CRiESN/Z. DC A
HDARDF(CHUT, BRI DC EE (\voF7vITEBEEMEND) MEESN TS EEET
(C. FIBENRIEEETRD,

7.1 Summary of Whole Backup Section Requirements

For the backup converter, all the input and output requirements, performance, compliance
requirements, and so forth, are equivalent to what is specified for the DC main converter
powered by the high-voltage bulk. Depending on the topology used, the output of the
backup converter may (or may not) supply power directly to the power supply output. The
output requirements in section 9 (see also Figure 3 and Figure 4) are intended when the
power supply output voltage is supported by the backup converter. All the exceptions to
the requirements are listed in section 8 where they supersede (or re-phrase) certain
specific requirements and/or parameters.

DI\ OTYT-AIN—F—(CETD. IRTDALNEHS HEE,/ D> TS5A 7> AEBIERE
&, BEXR/VULIONSELEMEEIND. A2 AN\ —F—-EBAEDEFEZF D, €T THWLS
nreo0>—Ckb. coN\yvoryF- A )\—F—nthiE. IND—-BTS1DEAITHU
T. AL O NCENZHBIET D EICIRD (HHaULRWEEEH D) - Section 9 DAL
(Figure 3 & 4 £88) . CcOND—-BTISAhsDEABEN. N\voT7vT - 0> )(—5F—h
S5HR— EESNTUVBIRREEEL TS, CNSDBHICHITBHIMNCDNTIE. BTDIARTE
Section 8 (CUR KRV T TD, TNESDT—ATIE, BESNIEBHEDIW IS A—FICLD
(EBERFNIRIDFRIAT) . KTOEHHNESTZ SND,



8 DC Input Requirements (Backup Converter)

8.1 DC Input Voltage, Max Startup Current at AC Outage

The nominal DC input voltage is 48VDC.
BERFD DC ANEEFE. 48VDC TH D,

The DC input voltage range is 39VDC to 59VDC. The backup converter works over this
whole range without any deratings. The converter can work down to 38V for short periods
of time (peak capability only), specified as "for 5 seconds every 1 minute" for the related
thermal design, with maximum 0.5V of regulation loss at 500W peak.

Z D DC ANQEBFEDEFE(E. 39VDC ~ 59VDC THD. <D/N\worvF-J2)\—=F—(F ZD
L>SICHBNT, HDSWRIECREICHEET D E(CRD, Cod>V/\—4—(F. 500W E—T8F
TEK 0.5V ORBORZ/RELERATHA(CHUT, B2 TS BT E] ERRESNIZERTME
[CHWT (peak capability only) . 38V £TIET UCEBETHHEET D,

The maximum peak of the startup current at AC outage, while the power supply is
switching to backup mode, never exceeds +20% of the related steady-state current, tested
at any voltages from 44V to 56V (with 2V step increments), and for any loads. The
maximum peak of the startup current never lasts more than 5ms.

AC MBLE UTZBRD, L EIFORAE—TVERE. ND—-BT7S5AH\w o7y T -E—RICHIDE
DOTVDHE. HESPDIEMRICIH LT 44V ~ 56V DEET (2V A2TUATBN) TR MEEE

Bz, EERED+20% ZBRIBVWVEDET D, U5 EITFRORAE—IBRIE. 5ms M L (FHk
T O7AN AN

Example with full load and 48V input voltage:

BUF (& 48V OEFXEZANL. JILEREZNITEROHITH D,

- Pout = 450W

+ Pin = (450W / 0.9) = 500W (minimum efficiency is 90%, as specified in section 9.3)
- Iin (steady-state) = (500W / 48V) = 10.4A

- IinPK (peak startup current while switching to backup mode) = (1.2 x 10.4A) = 12.5A
(for 5ms maximum)
8.2 Input DC Connector and Fuse, EMI filter

The DC input power inlet is a 2 position Tyco Mate-N-Lok, part number 643226-1.

DC AB-1>Lw b&E Tyco Mate-N-Lok /\— 7> /)\— 643226-1 D 2 /RS> 3> TH D,



The connector counterpart used in the DC power cord is a 2 position Tyco Mate-N-Lok
"Plug" contacts, wire-terminated free-hanging type. A Tyco Mate-N-Lok "Strain Relief" is
installed on the sheathed cable for a safe and reliable power cord assembily.

DC A1 >Lw h&E. Tyco Mate-N-Lok /{\— -7 > /(= 643226-1 D 2 /RS 3> TH D,
DC EFEI1— RTHW\SNS., IR 4(E Tyco Mate-N-Lok "Plug" J>40 hd 2RSS 3
>THD. EROERINE free-hanging 917 E1xD. RO, TETEEEOSVERI-RY7 -t
> JUZRIRT B8, Tyco Mate-N-Lok "Strain Relief" ZfES —TILA RSN S,

The DC input fuse is an inexpensive, replaceable, blade-type component with a holder
directly soldered on board. It is used for safety and for extreme protection in case of
catastrophic failures. The DC input connector is polarized so the fuse, in the power supply
layout, is connected in series to the positive conductor. The fuse is a safetyapproved
component, rated 20A and 60VDC (minimum), automotive "slow blow" type, and never
trips during inrush or any DC input current transients the power supply is designed to
withstand in normal operations.

DC ABba1—XIE. R—=RELCHLT MM\ RFIFICETNIERILY =40\, Bific. BRDEX
AJgElR. JL—RAATDAR—FK FTHD. TN REOSBREICHR 2. T2 EHERNR
REDEHICALNSNDS, COIND—-BTSADLAT7IMNIHBNTIE. DC AHLORIZEED
—ZADEHICHBLTWNDIee, ERERCH LTS —-XTEHRID. cDbE1—X(E T2l
ERSNIZEIOR—R2 KTHD. Ffze. 20A and 60 VDC (8/)N) DL — KT, wo2<D&T
O—92359147THD. £z, BABNECIEBEIT D E(FRUTEN, £z, DC ADICHIF3E
ERBTHO>TH. COND—-BITSA(LBBEEDD (TIRMETETBRLDICHKEF SN TL S,

The EMI filter circuitry is simple enough to meet EMI requirements that are less demanding
in the DC backup converter (compared to the DC main converter). The requirements are
set to meet "Class A" limits (see section 4.4).

C D EMI J )L EEEMERK (L. DC /\wo7w -2 ){—45— (DC XA > -2 )\—5F—EDLE
BT) NDODAA—HFERT D, EMI BRE+DISHRIETI > TILREDERD, COBHE.
[Class Al Limits (CEEI BLSHEIND (Sectiond =&H8) .

8.3 Input DC Reverse Polarity Protection

The DC input is protected against reversal of polarity, with or without a valid AC voltage
applied to the AC input. The implementation makes use of a simple scheme (see Figure 2)
with a MOS in series to the negative terminal, self-biased using the DC input voltage, with a
very low-consumption circuitry. In case of reversal of the DC input polarity, the "FAIL" LED
does not light red (see section 13). The LEDs are able to light only when a valid AC input is
present, and during a backup phase following an AC outage.

ZdD DC ABFE. AC ABNCH T DBEIEBEDHECHHINDS T IBEDRKEIRSKR(CH LU TRES=N
Do CORER>, SHHTHEBHNPRVERICKD. DC ANBEZAWTEILI - I\A7RX%Z
BNz, aiRT LB (CERENSD MOS ZRAWVWT. > JILIgAR (Figure 2 2#288) =X
WUTWD, DC ANDOHMHENREZ T DIZS(CIFT. [FAIL] &R9 7R0) LED AR L7



( Section 13 #&88) . T LED (&, 1FHR AC AOMEBEESNIIGEICBEDFEE L. £, /X
woOT7wWw T - J1T—XICHENTIE, AC IMEIEUTEEICHLT B,
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Figure 2 Reverse Polarity Protection

8.4 DC Inrush Current

The DC inrush never exceeds 5A peak under any conditions. The circuitry may use a
dedicated hot swap IC for DC applications, or equivalent circuitry (there is no online
auxiliary supply powered by the input DC). Basic functions are shown in Figure 2 with a
MOS self-biased by using the input DC voltage with very low-consumption circuitry.
Limiting inrush current on input DC is always active, with or without the presence of a valid
AC input. Any alternative methods are accepted provided they make use of MOS devices
(Inrush Relay not allowed). The inrush current spikes due to charging of any EMI ceramic
caps are not considered.

HEWIEEFTICHNT., D DC EAEF (L 5A DE—U%IBZ DT EFR. D EIIEEBKT
(&. DC OERICHEUTZ. EADKRY ~-XDw T IC AMEHONDH. BIEDEIEERNEN SN

BZECIRD (22U, ZD DC ARNICKDENZHIETEZIMEPRIIFETLIRLY) « SHHT
SHESEDADROEREICKD, DC ANBEZRBVWTEILD - I\A 7R ZiHTFS5NZ. MOS ZFUL\3S
EHARWNI &R Z Figure 2 (R9 . D DC ANICHITBEAERDFIR(E. BIE/R AC ASHDE
HFECHDDST, BICTFIT4 T THdD. T MOS FINAAEFIFITBIEHD., H5BIREX
FEN. ZIFANAIEETH S (Inrush Relay (FATA]) . H5PD TSZwvT EMI Fv v ITDOFE
[CKD. BABRE—TEEEBEINTLRL,

The inrush sequence repeats after any DC interruption of enough duration to cause the
bulk caps to discharge below 40V, under any conditions.



CDRABRS—T2R(E H5PD DCERDER(CEDIRUTRET D, TUT. HS5PDIEMF
TFICHWNWT. 40V Z FRIDREZSISHIT E(CTED,

8.5 Hold-up Time, Bulk Caps

There is no minimum hold-up time for the DC backup converter. However, enough bulk
capacitance is used to guarantee smooth backup operations, stand with margin the primary
ripple of the backup converter, and for noise and EMI suppression. For these reasons, the
minimum DC capacitance is set to 2500uF. Use high-quality capacitors rated 105C only.
The bulk caps must always be charged to 54VDC minimum.

CD DC I\ o7y T - A2 )\—=A—(C(E. BINEERREVWDSEBENFEELRRL. LML, RA—
IR\ O FIBEAREE L. F£le. N\ oy T - A2 )\—F—D—xrUvT)LE, IR,
EMI {IHI(CX U CRBEBIES T (CIE. REDBXBENVE ERD. CNSDEBAICKD. &/
DC 8#8ZA&(d 2500uF [Ctzw hEnd. 105C DL — MIMIST D, BmEBEDI>FT > —Dd
ERWBAREZ, 2O )ULD -FvvITE RIETH 54VDC DBFENRE(CIED,

8.6 DC Input Under Voltage Protection, Backup Voltage

The backup converter circuitry includes an input under voltage protection set to 37V with
2V hysteresis; the converter on its own shuts down for Vin < 37VDC (£0.5VDC) and
automatically restarts when Vin > 39VDC (£0.5VDC). When a valid AC input is present, the
LED turns from yellow to green when an applied input DC voltage exceeds 39V, so the
green activation threshold is driven by the same signal (see also section 13). No hiccups or
ON/OFF oscillations occur under any conditions. During a backup-phase following an AC
outage, after a UV shutdown, event the backup converter would not be able to restart
because at this point the power supply is completely latched OFF until the AC comes back.
Still, the UV protection is included in the backup converter circuitry.

CDI\y o7y T A2 )\—4 —[OlFgiERk (L. REEELN)L%Z 37V with 2V hysteresis BUF (C5%
ESNEANZRDADZ E(CRD. DFED. 2> /\—4—(F. Vin < 37VDC (£0.5VDC) T
BB%>vw D> U, Vin > 39VDC (+£0.5VDC) THEMICBIREH I DI EDERD, BIERDR
AC AN ENTWBIBE(IC, BRSNS AN DC BEH 39V ZiBX B E. LED (& BEENSHEKEIC
2T D, UMD T. #& LED DEEFH AL v 3)LR(E. BUESICKDEEFHEINDC ECRD

(Section 13 EEMR) . VWHRRDEHFTTH. —DBERTFH KU ON/OFF ZE)IFL 5780\, AC
MBI LD\ OT7Yv - D1 —X(CHWNT. UV EBRrDED \vo7y T - 0> )\—45—TIZ.
BB ZE T AR MIFELUR, RERS, ZORRICHWNT., CDO/NT—-BTSA1(E AC A
BIRITDET. BECSYF OFF SNTLBINBTHD. TDESTE, Ny oFPvTF -0 )(—
4 —[EIRBR O, UV RENESENTLD,

Input over voltage protection is not required.
ATBEEDREE. HE SR,

At system level, the backup voltage is provided by an external battery pack charged at
54VDC floating voltage. During AC mains outage the batteries will provide power to the DC



backup converter (discharge phase). Batteries have their own independent charger,
controller, and LVD (see the Open Compute Project Battery Cabinet Hardware v1.0
specification). After the backup phase begins, the battery voltage starts to lower almost
immediately, heading towards LVD disengagement (the LVD threshold is set to 42V in the
separated battery cabinet unit).

O\ OV TEREIFSZ AT - LANILICEWNT, 54VDC JO—F« >JBETCRESNL. F+
)\ —EBHSHEHEEIND. AC A1>DMEIELTWBREIC, CD/\wFU—m5 DC N
wOFY T A =F—(CH U TEBIMEEEND (BT —X) . TNTND/\wFU—h',
MIUEFvy—2v— /> b0O—-3/LVD ZEHEBLTLYSD (Open Compute Project Battery
Cabinet Hardware v1.0 ft#&28) . /\voF7vT - Jx—-XHRASNZEIC. CD/\vFL
—(IES(REEZHIEG LA, LVD SBLANILABITTEEZZH TN (2D LVD ALy
IILREE NyFU—-FrERY MSDEEESNIZET AT, 42V (TRESNTLD) &

8.7 Internal Bias Supply, Battery Leakage

The backup converter never activates without the prior presence of a valid AC input.
CO)\wOT7wT - A2 )\—=H—(F. @R AC PAHETNBEIC, RUTEBITDZ EFRLN,

The DC input leakage current is less than 10mA at 54VDC (battery leakage at system level)
under any conditions, and with (or without) the presence of a valid AC input.

CD DC ANICHIFBDWRERIE. WLWHRBEHETICHBLTE 10mA at 54VDC LLFTHD (X
FALRNIILTOEMRE) . F/e. BIERE AC AN NIE. ZBNHARET DI EERRL,

9 DC Output Requirements (Backup Converter)

9.1 Output Voltage and Power

The nominal output voltage is set to 12.5VDC (£1% set point at 75% load, 25°C ambient).
The DC backup converter uses the same IC reference voltage that is used for the DC main
converter.

NIREHEEE. 12.5VDC ([CERESND (75% EfE. FELISUR 25°C (CHLTD £1% oty &
MRAE) o CODCI\WOTYT - OA2)\—HF—(E. XA> DC A2/\—SF—THL\SNDZED
& B—0 IC BESFZERT B,

The SMT dividing resistors for the output voltage reading, for both main and backup
converters, are rated 0.1%, in case only one output voltage divider is used to read the
output voltage for both converters.



AA>2EI)I\ OV IO )\ —SF—(CET D, HHEBEEZMEDIZHD SMT KD, WAD
O )\—SF - hBBXRFOIEHIC. 1 DOBHEEDEEETITHABENSNST —XICHNT,
0.1% &LiHficNns.

Note that the two converters share current easily during overlapping working mode
(transitioning from AC mode to DC backup mode, and vice versa) when the respective
output voltages are nominally identical.

AR 2 DD/ =F—[CHNT. ENENDOLIMENEBENE—THDEE. Overlapping
Working Mode (AC-DC ITOR1THME) (CHITDIEBRODBBBIHEMNTIREE 2D,

The output power, like all the major requirements, is the same as what is specified for the
DC main converter. However, the backup converter may start to lose regulation with 500W
of output power at 39VDC input (and at lower levels) but with output voltage still above
12V: Vout . 12.0V @ 38VDC input and 500W peak power.

IRTCDEFERBHEFRRIC, DC A2 - A2\ —F— (T DIEEELR—DERMEN. HOEEIC
HUTEBBEREND. LML, Cco/N\woT7y T -2 )\—F—(E 39VDC ABICHNT (HBL)
(F. KDBEWLANILICENT) « 500W ODEABALF 1L —23>2 EKRVVAHDINE LN,
EFEXR. HHNBEMEKARELT, 12V Bl EERSD @ Vout . 12.0V @ 38VDC input and 500W
peak power.

9.2 Power Backup Sequence

1. The backup converter does not turn ON when a valid DC voltage is applied to the DC
input, with or without the presence of a valid AC input.

1. 2O\ oF7vT - A2 )\—=4—(&, BEIER AC ASTDBEECHHINDST, HEiER DC BEH DC
ABCERAESNTUVDIHE(C(E. tREILIRLY,

During the backup phase, if the DC input is removed for a long enough duration to cause
the output voltage to fall below the PWR_OK minimum threshold, and the DC input is

reapplied, then the backup converter does not resume backup mode (it does not turn ON
again).

I\ oT7w T - Jr—XDEIC. U DC AKXHWERRBIIChHhzDEHhN., HAHEEH PWR_OK &/
AL w2 m)LRETE>TE. DC AADMNBEAIND RS, /\wvor7v -2 )\—45—(F)\wv
v T E—REBREURL (BREBBLIV) .

2. When a valid DC voltage is applied to the DC input, the backup converter turns ON when
both signals below are reset (position changes from "1" to "0"; see the backup sequence):

AC LOSS: AC input drops below the minimum threshold (Vin < 170VAC RMS).

AC_BULK OK: Bulk voltage drops below the minimum threshold.



2. 24732 DC BEH DC ADCEAETN. UTDESHNULY hEnNdEE (RS> 3>h 1)
NS 0] (CBIbT B, I\wOT7VvT - S—o > ADEESE) | )\wo7v T -2 )\—45—(3aE)
9B

AC LOSS: AC ARANDBIER L w = 3)L RIUTFICET (Vin < 170VAC RMS).
AC_BULK OK: JULOBENREZL v S 3)L RUTFICET

As per section 5.1, any sinusoidal AC LOSS must be detected within 5ms after the actual
loss. Any fast AC cycles not causing the bulk voltage to drop below its minimum threshold
will be covered by the AC hold-up time (20ms).

Section 5.1 (CZRENBKLDIC. HSWBDIEKRERD AC LOSS (&, ERIRDIEKED 5ms LIRICFE
RN TFzsiun, JULTBEZENALYZIILRUTITETSERL. H5PDERD
AC Y1) THD>TH. AC Hold-Up B5fll (20ms) FTEFH/\—=NBE35.

There is a 100ms timeout for backup engagement: If BULK_OK does not change 100ms
after the AC LOSS resets and stays low, then the backup sequence starts anyway.

)\ 77w THRICBEALTIE. 100ms 1 L7 MhHBB., DED. BULK_OK H' AC LOSS =1
ttw hU. ZTOESDEWMEZ 100ms I D25, E(CH KN\ IV TS —4H> QRS
nd.

The transition from AC mode to DC mode lasts 10ms maximum (typically), during which
the two converters will operate in parallel. During the transition from the main converter
(AC mode) to the backup converter (DC mode), and vice versa, the output voltage dips (or
spikes) stay within £2% of the output voltage to which it is set, at full load conditions. This
provides a seamless change from AC input mode to DC input mode (battery backup mode),
and vice versa.

AC 5 DC BRADZA (. 2 DO /=S —HUHNTHE T DFTD. &FAT 10ms (—
fi%89) OFFEREEFD. A>-32/)\—=5— (ACAHN) ns/N\wor7vT-a2)\—~— (DC
AR) (CYOBDIBRD (FtHd) « BHEEDT v T/ E—DF £EEZEHRESNITENE
[ED £2% DEHECEFD. TNICELD. ACANDE—BMS DC ANDE-F NNyvFU—- v T
YT E—R) ADI—LLRIZDEINRREND (FEEHD) .

The DC backup converter is switched ON typically not earlier than 10ms after an actual AC
LOSS event, but it will vary. During transitions between the AC input converter and the DC
input converter (and vice versa), both converters (AC input and DC input) operate in
parallel (see Figure 3 and Figure 4), balancing the load at best.

DC N\w o7y -A2)\—=F—(F. KB ACHEERANRD MHIECE. —fREICIE 10ms ZHFIT
FICAAWF ON ([CIR5RRVH, BNIZFELTDESD. AC AN /=4 —m5 DC AHTO/N
—F—=A"DYIDEBR(CHENT (FEEHD) . W (AC/DC) DA /=4 —(FHN(THEEBL. ZD
BEZREIC/NS>RX9ISD (Figure 3-4 Z88) .

Note: Both converters use the same reference voltage and 0.1% resistors in the voltage
divider for Vout reading, so good load sharing should naturally occur. It is important to



note that load sharing helps for a smooth startup of the DC backup converter at AC outage:
this limits the DC input current overshoot (startup current), as specified in section 8.1.

Note : RADI/\—F—(L. Vout ¥FiZEMI DEHIC. DERADE—DELEETEL 0.1 %
B ZAND, TNICKD., BURERIHNBARCELDLDICRD. ACELECHITDETE
PEN. DC NNy o7V T - A2 )I\—F—DRAL—RARI LIFZRET D& BRELTHHMNE
DHIBBIXAETHD. DFD. ENICKD, Section 8.1 THEESNTL\DLS(C. DC ASiE
BN (WBEER) ([CHERSNTSND.

3. In normal conditions, when valid AC power is present and the main converter is
delivering power to the output, the backup converter is kept OFF to enhance the overall
power supply efficiency, but ready to kick in at any AC loss. See section 6.8 for details on
the power supply turn ON and turn OFF sequences.

3. EERIO>FT A2 a>ICHNT, BIEEG AC BAMNMEESN, F£fleo A0> - A2 I—F—h5H
HABIONMERRENTWD ESE, O\ OT7Y T -2 )\—5F—([F2EN)\D— - BT S Drh=R
EEHDBIEHIC OFF 293N, H5WPSB AC IBRICHEX TRIINAMLTWD, TD/)ND—-
HTS4®D ON/OFF =—4 > X(CEAUTIE. Section 6.8 THMZEHERD &,

4. If during a backup phase the AC comes back, the DC main converter turns ON only after
a valid bulk voltage, in conjunction with a continuous valid AC input, is continuously present
for at least 1 second, and works in parallel with the DC backup converter during the
following 0.25 seconds, sharing the load at best. If "AC LOSS" or "AC_BULK OK" signals
toggle during these timing intervals, the counters ("1 sec", or "0.25 sec") reset and start
over. At the end of the 0.25 second portion, the DC backup converter phases away in a (<
20ms) time window, releasing back the full load to the DC main converter (see Figure 4).
This generates a backup sequence mode that guarantees the highest rejection against
input AC disturbances/random dips, on top of guaranteed UPS grade performances during
AC outage.

4. \w o7y T - T —XICHBNT AC HEIELTE. TD DC A1 > - )\—=F—(F. BRI
IVOBENRETE 1 YU MG SN, e, EELURZ AC ADHMMEIEESNIRVED, TDR 1Y
F% ON [CULTRLY. LT, DC N\ OT7w -2 )\—45—& 0.25 W5 (CHEE L. &R
BEPMEERIRT D, COYAL-A>SF—)VULICHBNT, "AC LOSS" UL (& "AC_BULK OK"
D RIIEBSMEESNDIHBEICE. D25 — (1 BHB0NE0.25) AUty kan, =—4
SABREMPDEEND, D 0.25 BoREICHWNWT, DCN\yvoF7vTF - a2 )\—F—-T1—X
(FEFRlEhZ TR DS (< 20ms) « DC X1 > - A2 )=~ —(C2Em7Z51ERT (Figure 4 =&
BB) . TNICKD. A AC DEEB LUV S S LARELEIFECERI L. Flz. AC {Z1EDREIC
UPS JL — ROMEERARIET D, N\ IV T -2 —o > X -EFILIER NS,

5. At system level, the backup phase will not last for more than 60 seconds total due to
rapid discharge of the batteries and so, from a thermal prospective, the backup converter is
sized to guarantee 90 seconds at full load 450W, at 40VDC input and 45C of temperature,
without degradation of performance and reliability. There cannot be more than one 90
second backup event within a 10-minute period.

5. XTI LANIIICBNWT. cONvOTPYT - Tx—X(&, I\wFU—DRRKEREDER(C
ED. b=HILT 60 BERM ZEFRVNESDS, BREOTFRCEDLLE, co/N\voFPvT-O>



JIN—=S—DH 1 X(E, 40VDC AH/ZRE 45C DIXR T, TILETR 450W % 90 BiF I 3HD
ERRD, ZORBICHREEETEENSIELIZWEDERD, Flee SO 0\ ITPYVT- AR ~
OSEE (L, 10 HEIIC 1 @AHRE 1B,

Backup Phase Time-Out: The power supply shuts down after a continuous 90 seconds of
backup operations. This functionality is built into the power supply logic.

Backup Phase Time-Out: CD/\D—-BTFS1 (L. 90 BDi#Ek/\v I7 v TIRIEDEZICS v v b
FI29D. ZOMEeE, I\D—-HTS54 -0y IDHRICHEET D,

6. The fan runs at full speed during backup phase.

6. J7ICBALTIE. co/N\vorPvT-Tx—XDME. JILEELCEIET D,

7. The DC backup converter does not engage (it does not turn ON) if the DC main

converter shuts down due to any protection conditions (for example, output over voltage,
over temperature, any failures, and so forth).

7. 20D DC )\wOF7wF- A2 )= —[F. DC DAA>-A>)\=F =D v v MO (CET 3.
HoWDFERMH (LERFE HIBABE/BE/BERE) (CDVWTEASULRLY (IBEIE LRV

8. DEAD-BUS sequence: See section 6.8.2, DEAD-BUS Event.

8 DEAD-BUS sequence: Section 6.8.2 @ DEAD-BUS Event ZZ&B0hDZ &,

9.2.1 AC_BULK OK

This is an internal to the power supply signal reporting the "status of health" of the bulk
voltage:

AT, JULOEED [status of health] ZLKR— k93, IND— B TFS54 -2 TFILORERTH
=

- AC_BULK OK = good (logic status "1") if Bulk Voltage > 90% of its nominal value.
- AC_BULK = not good (logic status "0") if Bulk Voltage < 85% of its nominal value.
- Hysteresis = 5%

9.2.2 AC LOSS

This is an internal to the power supply signal reporting the status of the AC input voltage.
As already previously stated, this signal changes status within 5ms after actual AC loss (at
any angles of the input AC sinusoidal waveform).

UFE. AC ANBEDRAFT—HRZLIR—KF D, ND—-HTS5A-2TF)ILORNRTH D, Hl
MDESD, COZTFIVIE RED AC #8KD%E. 5ms MAICAT—HRXZZEETD (A AC
[FSORRERRD, LWINDAEE(CHNTE) »

9.2.3 Front.End PFC Section



The PFC always promptly starts up after a valid AC input is available (maximum 1 second
start-up time after 200VAC is applied to the power supply), after AC inrush completes.

PFC (FHEIC. ACRABANINED. ZH7/& AC ANMFIRBIEEICRDTZRIC, IEB(CRY— KT
D (J\D—-BTSA(C 200VAC HEAENZE. AT 1 BOEEKFE)

9.2.4 Backup Power Sequence Charts

Refer to Figure 3 and Figure 4 for the backup power sequencing.

INwOT7w T )ND—-2—F > RCEAUTIE. Figure 3 BKU Figure 4 Z8RD &,
Backup Sequence in case of AC loss event lasting less than 6 seconds

Status AC LOW condion Included (Vin < 170Vac)

4 both converters ON at the same time
o AC=0N A
AC LOSS AC = ON / C oas detected {max dafay) {
AC = OFF (< & woc)
Main Convertar | oy o ON ) i o
o "* ’ \OFF
N A
Backup Conventer | off . = \ & o’.‘;r N OFF
OFF
SHARE
>
AC_ BULKOK (") | 1 when {in tene) wil actually go 'LOW', s load dependent 1
=5 e <i >
0 | 0
A B C D E F G
TmS S Ty < 10mS 19 (e
PR AR «—>
>t
—Ppe—Pp >
Sms T, T,

1sec 250mS Tol
Osec ImSST,=106ms <6 sec OEAD BUS ,w;nﬂ
T )
timesiot
(") 'AC_BULX OK' sgnal will go LOW' after any AC loss, but 1 55 load-dependent when
T, (max) = 105mS: thare 15 100mS ima-out for backup engagemant after a detacted 'AC LOSS' signal. regardiess the load

The start of a Backup Sequence = pamanly driven by ‘AC LOSS' signal, m conjunction with ‘AC_BULK OK” signad

Figure 3 Backup Sequence in Case of AC Loss Event Lasting Less Than 6 Seconds



Backup Sequence in case of AC loss event lasting more than 6 seconds

Status AC LOW conason included (Vin < 70Vac)
4 both converters ON at the same time
- AC = ON A
ACLOSS AC = ON / AL loss detected (max delay)
AC = OFF [> 6 sac)
Main Converter | oy o ON ON | ‘ e
=T >t . ore
@4 , A Y
.-‘, ' 1 -" 3
Backup Converter | opF \\‘\ OFF! | ! OFF
Pt ' > > N——
OFF :
SHARE
—>
AC_BULKOK (™) | 1 when (in time) wil actually go LOW, Is load dependent 1
— hostosos <~i S |
0 | 0
A B C D E F G
TmS $ Ty 5 10mS 5 (max)
[ e >
SmS -
T T tsec | R 250ms Toff
Osec IMSET <108mS > 6 sec DEAD BUS - . L.
(*) 'AC_BULK OK' signal will go ‘LOW after ary AC loss, bt & i load-dependent when 0 soc <R <5 sec (RANDOM)

T, (max) = 105mS: there is 100mS time-out for backup engagement afer a detectad ‘AC LOSS' signal, regardiess the koad
The stan of @ Bachup Sequence s prmarily driven by ‘AC LOSS' signal, in conguncson with ‘AC_BULK CK sgnal

Figure 4 Backup Sequence in Case of AC Loss Event Lasting More Than 6 Seconds

9.3 Power Supply Efficiency (DC Backup Converter)

The efficiency of the backup converter is as follows:
Ny o7y T - A2\ —F—DHE(F, UTFDOESDTHS :
- Efficiency > 90% (> 40% of maximum load)

This efficiency is intended as a ratio of the power supply output power and DC input power,
during the backup phase.

COHNEFE. N\woPyv S - TT—XCHTB. IND—-BTFSADEHhEHE DC AHEBHD.,
KHEBRUTWLS,

Measurements are performed as follows:
UTFoEEBENEREND :

- Input DC voltage is 48VDC



- DC voltages are measured directly at the respective mating connectors
- The power supply board is completely assembled in the chassis, with the cover

- The cooling fan is running at full speed during the backup phase (fan is not powered
using an external generator, but self-powered by the power supply)

- Ambient temperature of +25°C

- Measurements are taken over five samples (they all need to pass), after 30 minutes
under initial 75% load with AC present

9.4 Isolation Requirements

The backup converter supports galvanic insulation between DC input and power supply
output, and supports reinforced safety insulation with the main AC input. Detailed isolation
requirements are included in Figure 5.

()]

I\ o7y -A2)\—=S—(E. DCAHENDT—-BTSAHHDME T, galvanic iz HR— &
L. Fz. A1 AC ANICEITDILERIMIEHRZMIET D, HBEEMOFFM(E. Figure 5 ([CEFEN
TWhd,

10 Power Supply Block Diagram

This is a high-level block diagram. Isolation voltage levels are also listed.

FE I\ A LRILTOv oA T7ISALATHD., EEDEDOLARILEERH =NTLD,
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Figure 5 Power Supply Block Diagram
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11 Environmental Requirements

- Gaseous contamination: Severity level G1 per ANSI/ISA 71.04-1985

- Ambient operating temperature range: -5°C to +45°C

- Power supply can start at -15°C of ambient temperature

- Operating and storage relative humidity: 10% to 90% (non-condensing)
- Storage temperature range: -40°C to +70°C

- Transportation temperature range: -55°C to +85°C (short-term storage)

- Operating altitude with no deratings: 3000m (10000 feet)

11.1 Vibration and Shock

The power supply meets shock and vibration tests per IEC78-2-(*) and IEC721-3-(*)
Standard and Levels, with the specifications listed in Figure 6.



ZOND— - BT SA(CHFBEHEERBHDT R M. IEC78-2-(*) and IEC721-3-(*) Standard
and Levels (CEELTWLD., ZDtEk(E. Figure 6 ([CEEFHSNTULVD,

' Operating ' Non-Operating
' Vibration ‘ 0.5g acceleration, 1.5mm amplitude, ' 1g acceleration, 3mm amplitude, 5 to
5 to 500 Hz, 10 sweepsat1 500 Hz, 10 sweeps at 1 octave/minute

octave/minute for each of the three | for each of the three axes (one sweep is
axes (one sweep is5to 500 to 5 Hz) 5 to 500 to 5 Hz)

' Shock | 6g, half-sine 11mS, 5 shocks for each | 12g, half-sine 11mS, 10 shocks for each
of the three axes | of the three axes

Figure 6 Vibration and Shock Requirements

12 Mechanical Requirements

12.1 Physical Dimensions

The power supply dimensions are:
COND—-BTSADHAX(E. UTFDESDTHS :

- Length: 220mm (8.66")
- Width: 120mm (4.72")
- Height: 64mm (2.52")

The sheet metal material is steel, pre-plated hot-dip zinc-coated, 1mm thick.

CDI— b AG)ILOMEF BEE 1 SUDRF—ILTH D, BRCKIDBMI—FT 1 >J - AvFe
ncunas,

The power supply mechanical chassis is composed of a base and a cover assembled using
flathead screws; there are no rivets so the power supply can be opened with a screwdriver.
The cover has a small opening for a microprocessor/DSP firmware upgrade (see section
6.9), with a small plate (held together with a flat-head screw) that can be easily uninstalled
to reach the connector. The unit uses a hard-tooled chassis.

IND—-BTSADARZHIL-Sv—> (3 FERS T TILENIER—-R EL/\—THEREN
. DED. ND—-BTSAHB5IURY hZEUECET. RSAN-TA-T>TETBLSICL
TWd., COBN\—F. vroO7Otvd /DSP DI 7 —LADT TP ETYVITTL—RIBIZHD.
INESIRBEOEEIF D (BEM(X Section 6.9 &#&H8) . &5(C. INEDT L — DERDS L ZBIEE(C
Ul &T (FEERZIES) « OARTINDT IR ZBTBICLTVND, IR\, TDI1ZW MME.
hard-tooled > v —>ZRA\L\5,

The power supply is installed in a metal tray with a direct interface from the output
connector to the board-mount counterpart installed on the motherboard.



COIND—-HTSA (&, IH—R—RTICIYDI> bz hHI>A— R—RICF LT, HHORD
AN AL NMIIERSNDA>FITT—XAZRANT, XF)L- ML — LA A M=ILEND,

A simple mechanical interlock with mounting holes, mounting plunger pins, and a
thumbscrew secures the power supply to the tray. This allows the quick installation of the
power supply in the tray without the needing a screwdriver.

SO ZTIIMEHEHCED, ZETRADIY T hELU, TI22v—EADIYI> b ZU
THHRZZAWT, D= BTSAE LA ICLOMD EBEEEND. ZNUCKD, RSA/(—
ZRAVWSZEEL, bL—LETONRDT—-BTSAD. BRRBENTEELRD,

Important: The whole power supply assembly, including the mechanical enclosure and the
chassis itself, meets certain environmental contamination requirements (see section 11).

ZDIND—-BITSADF7ETIRNSENSD. IRTOANZAHIL-T>oO0-2v — P2 v—21Q
ElF. BURRIBERBMHZH/ICIEDLEIED (Section 11 Z88) .



12.2 Power Supply Top View (Cover), Connectors Layout

120mm

\

@

220mm

Output Connector

Input DC Connector

Input AC Connector

45mm

Notes:

- Connectors are installed at the edge of the PCB main board, flat on top without any vertical gap
- The distance from the top of the PCB main board and the bottom of the chassis base is 9.4mm
- Sheet metal thickness is 1mm, PCB main board thickness is 1.6mm

See mechanical drawing in appendix for all the details

System Board

[Tis [

267

7.27mm
&_

Figure 7 Power Supply Top View (top); Power Supply

Direct Interconnection to Motherboard (bottom)

[ [% gg REF " I—_I Power Supply Board
H.
2] FCI
51733-009LF 51773-005LF
*x—(// U \l\‘ IR
[7] \L’—‘” T /
276 = ey .
' [180] \
L 071 REF)

80mm



12.3 Power Supply View (Front and Back)

|

Figure 8 Power Supply Front Panel/Air Intake (top),
Back Panel/Air Outlet (bottom)

13 LEDs, Silkscreen

Two LEDs on the front panel of the power supply indicate its status (see Figure 8).

CDIND—-BTSaoT70O> MNRILICITFENE 2 DD LED (. BEBODAST—FX%ZIELRT
(Figure 8 &#&8g) ,

The LEDs don't light unless valid AC input is available, but LEDs will light during a backup
phase following an AC outage.

CNS5D LED (F. ZH/2 AC ADTNRESNRWVWEEICEITITDN. ACEEMNSELSD. LUTD/N
wOTY T - T —XCHENTHEETT B,

- "Valid" AC Input: VAC(in) > 180VAC RMS
- "Valid" DC input: Vin > 39VDC (with correct polarity)

- "Valid" DC output: 11.3VDC < Vout < 13VDC

13.1 PWR OK LED (Bi-color Green/Yellow)



- The PWR OK LED turns yellow when the output voltage is "Valid" and the DC input is not
present or "Not Valid", or it is applied with reversed polarity.

- The PWR OK LED turns green when the output voltage is "Valid" and the DC input is
"Valid". Note that with 54VDC input level, at DC removal the green light turns yellow
within 3 seconds after DC disconnection.

- The PWR OK LED blinks yellow (1 Hz, 50% duty-cycle) during a backup phase following
an AC outage (every time the output power is supported by a valid DC input source).

- The PWR OK LED is OFF when the DC output is "Not Valid" under all cases (output short-
circuit/overload and all protections included, and failure). So, simple output voltage
reading is sufficient to determine the OFF status of this LED.

13.2 FAIL LED (Red)

- The FAIL LED lights in case of any power supply failure (excluding fan failure), and when
the power supply is under any latching-OFF or temporary-OFF protection conditions (like
over voltage, over temperature, over current latched-OFF conditions).

- The FAIL LED does not light in case of output short circuit/overload condition, but it lights
when the power supply gets latched OFF after the time delay for an output short
circuit/overload condition (AC mode only; in DC backup mode, the LED stays OFF).

« The FAIL LED blinks (1 Hz, 50% duty-cycle) in case of fan failure, which is defined as a
tachometer fan speed reading < 750RPM. In this case, other than the actual fan failure
with the correspondent blinking LED indication, the power supply keeps working normally
until a potential over temperature condition occurs.

- The FAIL LED is OFF otherwise.
Note: "AND" is intended as a logical operator.
Note : AND (FmiEEETFORIKRTHD.

The size of the LEDs is 3mm. A simple black silkscreen for the LEDs is on the power supply
faceplate.

ZD LED DY X(E, 3mm THD. Fz. LED DIzbD. > TIIRT SV I -2IVORXTU—
AN NND—-BTS5/0T70> b )IR)VICEREBESND.



14 Not Allowed Components

Avoiding the following components ensures a more reliable power supply.
ZCONDT—-BTS5A%, RE(CEAIDEHIC, UTFDOIZR—F> hOFIAEITS.

- Trimmers and/or potentiometers

- Tantalum capacitors

- Dip switches

- High-side driver ICs

- Paralleled power MOS are allowed provided that design prevents parasitic oscillations
- Phase-shift topology is not allowed

- SMT ceramic capacitors are allowed when the case size < 1206. The size 1206 can still
be used when SMT capacitors are placed far from the PCBs edge, and with a correct
orientation that minimizes risks of cracks

- Allowed ceramics materials for SMT capacitors are: X7R or better material

The COG or NPO types should be used in critical portions of the design, such as feedback
loop, PWM clock settings, and so forth.

COG BKXU NPO AT DA R—R> h&, T+« — RNy )L—T° PWM 0w TEERED,
YUF 4 VIR — R TRWARETH D,

The use of any electro-mechanical relays should be discussed up front before any approval
is given to include them in the design.

HE5WDIBIHMMNU L —DERE. TNSZMDANDT A > ZE&R I DHIC. BRINDINE
T,

14.1 Capacitors

All the electrolytic capacitors are made by high quality manufacturers and are rated 105°C.
INTCOERI>T>H(E. BREOMZEIEV. TOMEVEEEE 105°C £#H/I\—-33EDET D,

All capacitors have a predicted life of at least 50,000 hours at 45°C inlet air temperature,
under worst conditions.



IRTDIASFTH—F |EOOZST 423> ELT. RAUEN 45°C DIRRT, A< &E
50,000 BEDFAS AT - BADILEBEITEDET B,

15 Complete BOM for the AC and DC Power Cords

15.1 BOM for a Complete AC Power Cord (Symmetrical Cable)

+ Housing of wire-terminated MALE contacts (2x): TYCO p/n 350766-1
« MALE contacts (pinl1 "N", pin3 "L") for AWG 14/20 (4x): TYCO p/n 350218-1

Note: The external diameter of the wires, including insulation, is between 1.52mm and
3.30mm.

Note: D V7—DAME(T., itiFESH T, 1.52mm ~ 3.30mm &9 3,
- Pre-mating MALE contact (pin2 "GND") for AWG 14/20 (2x): TYCO p/n 350654-1

Note: The external diameter of the wires, included insulation, is between 1.52mm and
3.30mm.

Note : D1V —D4R(E, fEFEZEHT. 1.52mm ~ 3.30mm &35,
- Strain relief for 3 positions Mate-N-Lok (4x): TYCO p/n 641945-1
- Cable size is AWG 18, 600V, UL1015; system level power cord length is 4.5"

- The cable is sheathed, with the sheath grabbed by the strain reliefs at both endings of
the cable

3 2 1
v -
L GND N

Figure 9 AC Input Connector

- Counterpart connector polarity at both AC power cord sides.
- Pin 1: NEUTRAL

+ Pin 2: GROUND
+ Pin 3: LINE



15.2 BOM for a Complete DC Power Cord (Symmetrical Cable)

- Housing of wire-terminated MALE contacts (2x): TYCO p/n 350777-1

- MALE contacts (pin2, positive) for AWG 10/12 (2x): TYCO p/n 350922-3

- Pre-mating MALE contacts (pin 1, negative) for AWG 10/12 (2x): TYCO p/n 770234-3
- Strain relief for 2 positions Mate-N-Lok (4x): TYCO p/n 640713-2

- Cable size is AWG 14, 300V, UL1015; system power cord length is 5.5 inches

- The cable is sheathed, with the sheath grabbed by the strain reliefs at both endings of
the cable

- N

+ -
Figure 10 DC Input Connector

- Counterpart connector polarity at both DC power cord sides
o Pin 1: NEGATIVE (-48V)
0 Pin 2: POSITIVE (+48V



16 Power Supply Mechanical Drawing
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Figure 11 Power Supply Mechanical Drawing



