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Turnkey Pentium Pro* power supply speC|f|cat|on

The new IRP6VRM 1 offersthe power supply designer
acompleteturnkey solutionfor DC/DC convertersrequired
to power next-generation microprocessors. A synchronous
buck regulator topology operating at 200kHz isemployed
and achievesexcdlent efficiency with very fast |oad response
andtight output voltageregulation.

Thenew FETKY ™ D?Pak is used in the synchronous
recirculation circuitry to reduce board space and assembly
costswhile actually improving circuit efficiency through
reduced stray inductance. Complete performance
characterization along with a detailed schematic,
bill-of-materials, PCB layout and modeling are offered to
reducethe customer’sdesigntime and effort.

Purpose

Thisisaproduction-ready design. It has been thoroughly
tested for performance against the Intel P6 power
specification, and evaluated for manufacturability by a
high volume manufacturer.

This design will not be manufactured by International
Rectifier. Its purpose is to simplify the design and
qualification process for our customers.

Web Site

Thisdesign may be downloaded intwo formatsat IR’s
web site (http://www.irf.com). One is PDF format for
on screen viewing or printing, the other is in native
format.

Floppy Disk

Thedesignisasoavailable onfloppy disk. Ason our web
site, the floppy version containstwo formats, PDF and
nativeformat.

Demo Boards

Completed boardsare availablefreeto IR customers, and
at areasonable chargeto others.

Support

E-mail ChrisDavisat cdavisl@irf.comfor support of this
design.

WWW.irf.com

Figurel.IRP6VRM 1

Key Features
» Conformsto Intel 200Mhz P6 specification
* 12.4 ampere continuous output
» 2.0V-t0-3.5V digitally selectable output
 30A/pS transient load response capability
» Meets Pentium |1 power requirements
* Greater than 90% efficient
» Short circuit protected
* FETKY ™ D2Pak synchronous rectifier
* Evaluation kit available: IRP6VRM 1-EV
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Copyright Restriction

This design may be used for production or evaluation
purposes under the condition that all IR labeling and
identification marksremain on al boards produced using
this design, or as otherwise agreed to in writing by
International Rectifier.

1 A registered trademark of Intel Corporation

© International Rectifier, 1997
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IRP6VRM1 TR Rectifier
Specifications
Absolute maximum ratings (Table 1) VID Codes (Table 2)
Parameter Min | Max | Units | Conditions / Description VechVIDS [VID2 VD1 JVIDO | Comments
5 volt input - 6.0 \ 2.0 1 1 1 1 1NoCPY
- . 2.1 1 1 1 0 | Optional
12 volt input - 1501 Vv _ 22 | 1 [ 1 [ 0 [ 1 [Optonal
Continuous output current - 12.4 | A | Pulse width > 100ms 23 1 1 0 0 | Optional
Pulsed output current - 14 A | 100ms pulse width, 1% duty factor 2.4 1 0 1 1 | Optional
Ambient Temperature 10 60 °C 2.5 1 0 1 0 | Optional
. e . 2.6 1 0 0 1 | Optional
Electrical Input Specifications =T 1101 oo =
Parameter Min | Typ | Max |Units | Conditions / Description 2.8 0 1 1 1
5 volt input (5Vin) 4751 5.0 [5.25| V | Supply meet all output specificationy [29 | 0 1 1 0
5 volt input current - - 10 A [ All'line and load conditions 30 101 1[0 |1
12 volt input (12Vin) 11.8 [12.0 [13.2 | V | Supply meets all output specifica- 31 10111010
tions 3.2 0 0 1 1
12 volt input current - 12.5 | 50 | mA | All line and load conditions gi 8 8 é (1)
Power Output Specifications (all specified line and load conditions) 35 Jo[OoOfoOoJ@O

Parameter Min | Typ | Max |Units | Conditions / Description

Voltage Range 2.0 - 3.5 V | Selected by VID[0:3]

Current 0 - 1241 A

Voltage regulation -5 - +5 % | Of nominal VID set point. Includes
30A/us transients from min-to-max-
to-min load current

Ripple voltage -1 - +1 % | Percent of set point.

Turn on settling time - 15 | 10 | mS | Within £10% of VID set point

Digital Input / Output Specifications

Signal Input / Output | Conditions / Description

PWRGD output Open collector output. Logic 1
output signifies that the voltage
output of the module is within £10%
of the selected level

OUTEN input Open collector input. Logic 0
disables the module output.

UP# input Open. Not required in this module
since the module has upgrade
capability.

VID[0:3] input Open collector input. Selects
nominal output voltage as shown in
table #2.

Output Fault Protection

Parameter Min | Typ | Max |Units | Conditions / Description

Short circuit protection 13 17 21 A | Limits output current during short
circuit or overload

Over voltage protection +10 - +20 | % | Shuts down the power supply when

the output voltage exceeds 10%-to-
20% above the set point

Fig 3. Silk screen top view
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Fig 2. Connector pin out
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Bill of Materials (Table#3)
Item | Gty R eference P art Description M anutadurer fdan P Wendar “erd PR
1 2 C1,C16 oaad 20% 1206 73U capaditar M owacap 120621 Qdbd S00R Garrett 120621 Qb 500
2 g |C2C3C4 CEEV C5C9cia 15000 R adial lead electroldic capacitor Sarma B 1 S00GH Saryg B SO0
3 2 C5C10C12215,214 1.0 20% 1808 £3U capadctar M owaca 18081 2k 2500 Garret 150521 05k 2500
4 1 C15 22p 5% 1206 NP O capacitor Mowacap 12062201010 Garret 1 208M 2201010
= 1 C17 ooz 10% 1206 7R capacitar Mowacap 120662255000 Garret 120682255000
G 4 C15C19CH C22 0010 10% 1206 XVR capacitar M owacap 1206681 05k:S00R Garrett 120681 05k:5000
v 1 [0y LM3EEaM-2.5 |25 508 Precigion shunt referance Maiona Semicondudor LMFEE5M-2.6 Arthem LA 555 -2 .5-ND
g 2 D203 1082040 [14 40% SW schottky diade Internationd Redifier 1082040 IR 1082040
9 1 J1 532956-7  [40 Pin conredtar AhdP S32566-7 AhiP 5320966-7
10 11 L1 3.8U 9t of 164 on Micrometas TEO-S2 core P adific Transformer IR0 Padific Transformer IR0
11 1 ey IRL31035  [M-Channel Powner MOSFET Internaiond Redifier IRL31035 IR IRL31035
12 11 a2 IRL3103015 |M-Channel Super FETHY Internaiond Redifier IRL310301% IR IRL3103015
13 |11 F1 24K 2% 1206 Resiztor P arssonic ERJ-BGEYJ243Y Crigi-Key P24KETRMD
14 1 1 F2 KO 5% 1206 Resiztor P arszonic ERJ-GGEYJ102Y Drigi-Key P1.0METR D
15 | 2 R4 R3 4Ry 5% 1206 Resiztor P arszonic ERJ-BGEYJ4RTY Drigi-Key PA4RTETR-MD
16 | 1 R4 459K9 1% 1206 Resistor P arazonic ERJ-GERF43592Y Drigi-Key P49 9KFTR D
17 | 1 it 100 % 1206 Resiztor P arszonic ERJ-BGEYJ1MY Crigi-Key P100ETR-MD
15 | 1 R 2k % 1206 Resiztor P arssonic ERJ-GGEYJS12Y Crigi-Key PSAKETRE D
19 | 1 Fa TE.A 1% 1206 Resiztor P arszonic ER J-BEMF7ES2Y Drigi-Key P7EBKFTRMD
20 ] 2 F26R10 100K 5% 1206 Resiztor P arssonic ERJ-GGEYJ1MY Drigi-Key P10OKETR-MD
Y 4 F11R13R17 R21 1K 5% 1206 Resistor P arssonic ERJ-GGEYJS11Y Drigi-Key PSIKETRMD
22 11 R12 154K 1% 1206 Resiztor P arszonic ERJ-BEMF1543Y Drigi-Key P124KFTRMD
23 11 F14 AKTS 1% 1206 Resiztor P arssonic ERJ-BEMF47VE1Y Crigi-Key P4 7aKFTRMD
24 11 F15 309K 1% 1206 Resiztor P arssonic ERJ-BEMF3093Y Drigi-Key PS09KFTRMD
25 |1 2 F1GR20 121 1% 1206 Resiztor P arssonic ERJ-GERF1290% Drigi-Key P1ZAFTREMD
25 | 2 FiG R 24 10k 5% 1206 Resistor P arssonic ERJ-GGE Y105 Drigi-Key P1OKETR D
27 11 F14 519K 1% 1206 Resiztor P arszonic ERJ-BEMFET193Y Drigi-Key PE1SHFTRMD
25 |1 R22 4189 1% 1206 Resiztor P arssonic ERJ-GEMF4991Y Crigi-Key P499KFTRMD
29 11 F23 250K 1% 1206 Resiztor P arssonic ERJ-BEMF2E02Y Drigi-Key P25 OKFTRMD
3011 F27 2m2 5% 1206 Resiztor P arssonic ERJ-GGEYJ225Y Drigi-Key P22METR-MD
31 1 111 LTC1430C5 |Synoronous Buck Controllor Liresar Techrd ogy LTCH430C5 Linesar Technd ogy LTCA430C5
32 |1 Iz CDA0EEECH |Quad Bilaterd S witch Maiona Semicondudtor C D 40668 1 Arthem COA06EBCM LMD
33 ] 1 113 Lhi 33980 [Quad Comparator Maiona Semiconductar Lhd 3980 Arthem Lhd 33980
Manufacturers Distributors Inductor Winding
Novacap (800) 227-2447 Digi-Key (800) 344-4539 Pacific Transformer---------------- (714) 779-0450
Panasonic (800) 922-0028 Garrett (800) 767-0081
National Semiconductor ----------- (800) 272-9959 Anthem (714) 768-4444
Linear Technology (714) 453-4650
Micrometals Inc------------ (714) 970-9400 o
= International Rectifier -—--—-—-—- (310) 322-3331 South Coast Ci rgﬁsBFabnca“OQn@ 966-2108 Delivery
= AMP (800) 522-6752 L .
s Sanyo (619) 661-6835 Items used in this design were found to have
=1 Turn Key Manufacturing production quantity lead times of under 10
% Corlund Electronics Corporation (805) 499-6877 weeks. Most were well under 8 weeks.
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TR Rectifier IRP6VRM1

Inductor Specifications Fig6.1R00L Fig7.1R002
Cors = Kcrometsls TRO-SD [ -u- = Wizmmeisls TF\.I'-'\J'
-'-r-:rl = 0 jums, 15 quage, sl Ixyper = I3 lyme
Finishot 0D =0BR WAL Finared 0= D Wkt
Firaghesg Hamgii = () 400) ki Fristesd He '] 3000 Pl
Inductor Drawing Leads aniend 0.2 pagi 00, Strpppad aad laed 02 Leads wrtered 00 parst D0, Strpppad ang {neied 027

B OLH M e rud &, [
£ SLH Mpmenal & A A4 0

The specified inductor IR001, or optional 5] fmnal & BEIE.
IR002 can be purchased, assembled and
tested (see BOM).

Imarrationel Rectifien

iw 3l G maranicnal Heciliern
:E.g,._m:_l"&,f:"m | Gidigi Fl.ili- [ :.]!rr\- 1 Grzup
woka L8 WG AR Dy

J0LH, 1.4 educta T
o | Baraa bardar ERT)I fov [ |,__,_,._,_, — ==
E&“‘:I h I‘L-.Lurqllﬂ h-ﬂl i . T T -II T hq A
Assembly Options
Options For 8A Output (table #4) 8 Ampere Design Adaptation Fig8.Typical T, of Q1 @T, =50°C, till air
REF  From To Many motherboards do not require the full
C4 1500UF Don't install 12.4 ampere current output. In this case the 1 1
C6, C8 1500UF Don't install IRP6VRM 1 can be adapted to lower current 100
Q1 IRL3103S IRL3303S levels by using the assembly options shown. &
Q2 IRL3103D1S  IRL3303S These options will reduce cost by removing et
L1 IRO01 IR002 components and by using smaller die size ?., = ;
MOSFETSs. Substitution of aMOSFET fora @ |
FETKY will reduceefficiency somewhat, but = 7
junction temperatures will still remain well . |
within asafelimit. — [
0 |
: Load Cisrars :AEanurnE I:'
Static Performance
Fig9. Aver age Efficiency Efficiency Fig10.Typical T, of Q1@T, =50°C, still air
& Efficiency isrequired to be at least 80%
at full load. Thanks to the very efficient 12
= IRL3103S and the FETKY IRL3103D1S, 110 vh
s IRP6VRM1 exceeds the required g versl |
fo specification by awide margin. -3 : Cut
: é- i S N | Sl |- S . -
Maximum Junction Temperature g8 Al
Analysis of Q1 junction temperature shows F ;5 ., {ou H
that it remains within specifications at an i il P
- ambient temperature of 50°C, evenin till air. -
8 57

a 2 | & E 10 12 4
Lo&d Current (Amperes)
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Dynamic Performance

Fig 11. L oad Regulation, 2.1 Volts Out Load Regulation Fig 12. L oad Regulation, 3.5 Volts Out
LT The output must stay within its +5% %%+
\ specification from no load to full load.
0% 2%,
i i \ 4% & 4 L
1.5, J1Ew
20w 4 a \ 0 \‘
-2 - 1.0 = . r
Il 1.7
1] 2 4 ] ] 10 Lr] ] ] | L] ] [ L] i Ll
Losd o AdadiFmed
Fig 13. Transient Load Current Rise Time Transient Load Test Conditions Fig 14. Transient Load Current Fall time
b e The Intel specification requires the supply 1 = N
S i 1 to stay within its +5% specification during ChdEhidiv o
i wEm o transient load event of 0.3A-to-12.4A in i
M i ca v 413ns. Although most motherboardsdo not 2
,:,‘ require this full level of performance, the S
T / IRP6VRM1 meets the full transient St v
response specification ﬁ""hi, a
esponse sp : ]-hr«-:-lflw
m as
FET SN L T ] 157 e — WTHER CRl % BR AR g s 1
R n.h.“- -In::::l : i i Mh.:.‘" '.u:l:::. ¥ in
Fig 15. 100 Hz 3.5 Volts Output Transient Load At 3.5V Out Fig 16. 100 kHz 3.5 Volts Output
it Performance at 100kHz is dominated by b T
o stray output inductance. This inductance is o
LEEv g combination of output capacitor ESL and iKY
" rum  board/ connector inductance. " 1w
= I Performance at 100Hz isdominated by loop :
q “i®  characteristics. gy
Limit 100Hz 100kHz
Min 3325 335 3351
Max  3.675 3530 3.519
T . UTRN T T Y 0 mary i T TTENRT O T TETY ) mare ik
6
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IRP6VRM1

Dynamic Performance (continued)

Fig17.100HZz 2.1 VoltsOutput
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Fig19. Turn On Input Current Waveform
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Transient Load At 2.1V Out
Performance at 2.1 volts out is very similar
to that at 3.5 volts. The notable exception
is a reduction of the negative spike at the
current rising edge. This is due to having
more average voltage available to change
the current in L1.

Limit 100Hz 100kHz
Min 1995 2.028 2.004
Max 2205 2176 2163

Input di/dt During Transient Load
The Intel guideline (optional) specification
calls for a maximum input di/dt during
transient load of 0.1A/ps. The IRP6VRM1
readily meets this specification at turn on,
but falls short at turn off.
Thisiscommonto all VRM boards eval uated
by IR, regardless of manufacturer. It should
not cause difficulties for most users, but if it

Fig 18. 100kHz 2.1 VoltsOutput

BEEML Asrrap
1

TEE Ham

ET MR
1 el
1]
1 E1PL-P
1
RN A 'R TR L1 B L T p—
LLs -t ]
Fig20. Falling I nput Current Waveform
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IRP6VRM1 TR Rectifier

Dynamic Performance (continued)

Fig 21. 2.1 Volts Out, No Load Output RippIeVoItage Fig 22. 3.5 Volts Out, Full Load

L Output ripple voltage is specified as a ™" ™™ o=
maximum 2% p-p.

i out  Limit Measured e~
21V 42mVvV  11mV 4 ; ri :
iy I R 35V 70mV 16mV SNl W W
™ : / Y i .
w =
L WL BRI RN T S SR UEE TR Th e VLT
19434 1P
Fig_23. Turn on Waveform, 2.1 Volts Out Turn On Transient Fig 24. Turn on Waveform, 3.5 Volts Out
T Output voltage must remain within 109% of =~ ™ "= "™ ti= =
. the nominal set point.
e Out Limit Measured Tui¥
o1 i 2.1V 2.31 2.12 o
3.5V 3.85 3.84 el
i i
= - x
W L g T Rt | A TR W O TR 0 (aeE

17 1w
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WORLD HEADQUARTERS: 233 Kansas St., El Segundo, California 90245, Tel: (310) 322 3331

EUROPEAN HEADQUARTERS: Hurst Green, Oxted, Surrey RH8 9BB, UK Tel: ++ 44 1883 732020

IR CANADA: 7321 Victoria Park Ave., Suite 201, Markham, Ontario L3R 2Z8, Tel: (905) 475 1897

IR GERMANY: Saalburgstrasse 157, 61350 Bad Homburg Tel: ++ 49 6172 96590

IRITALY: Via Liguria 49, 10071 Borgaro, Torino Tel: ++ 3911 451 0111

IR FAR EAST 171 (K&H BIdg.), 30-4 Nishi-ikebukuro 3-Chome, Toshima-ku, Tokyo Japan Tel: 81 3 3983 0086

IR SOUTHEAST ASIA: 315 Outram Road, #10-02 Tan Boon Liat Building, Singapore 0316 Tel: 65 221 8371

http://www.irf.com/ Data and specifications subject to change without notice. 3/97
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