IR3892 SYS_5V0  5.0V/1A 5% _| mx

HDMI conn
@ >
VIN for Regulators PMOD I/F
3 3V / 6A UTI L 3V3, VCCO3V3 (33V), 5% 12C level translators EEPROM
_ GP Logic Clock DDR
HDMI Xmit SPI
Maxim Pwr Bias MUX monitors

IR3891 1.2V, 4A, 5% VCC1V2_FPGA
> ]
[E2R 2.5V, 4A, 5% ST
Micro DDR4 (VPP),
SYS 2V5 Morel £t (VODO),
I R3 82 3 Level Xlattors, 12C
@ 1 OV / 2A’ 5 A) ) Logic, Batt Mon,
Zyng FPGA _
SYS_].VO MicroSD, UART KI ntex

IR36021 IR3550 0.95V / 70A / 10A load step, 5% DC/AC

(3% DC only), 88%, ~5mVpp

VCCINT 0.95V
VCCINT_IO

TCH]
IR3550
IR3742 (demo board will use IR3553) 0.95V / 5A, 5%, 5 mVpp, 90%
‘ o8 > &l VCCBRAM 0.95V

Power On
Sequencing l—@—/ e IR3899 1.8V / 7-9A, 3% at 5A load, 18mVpp, el )4
: VCC1V8_FPGA,
Note: Power off @b SYS_1V8 [T amven s rrca VCGAUX 10, VCCADC,

is reverse order | MicroSD, UART, FMC connector,

PMBus IR38063
1V / 20A, 6.5mV
l . il pp) VMGTAVCC 1V
Q IR38063 1.2V / 20A, 7.5mVpp
e -8 VMGTAVTT 1.2V
G IR3898 1.8V /5A, 5%

) VMGTAVCCAUX 1.8V

I$R

Note: Vcco rails are labeled: Vcco3V3, VecolV8 (aka VCC1V8 FPGA), Veco3V3 and VecolV?2 (aka VCC1V2_FPGA).
1




IR36021 Comanche - VCCINT 0.95V & VCCO 1.8V 1&2

VID 0.95Vv 0.95Vv
Imax 70A 5A
Phases 2 1

Fsw 500kHz/ph 500kHz
L Wurth 330nH, 0.32mQ, 38A  Wurth 1uH,1.15mQ,21A

100uF (4) + 22uF (12) 100uF (2) + 22uF (8)

~5mVpp ~ 5mVpp
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Full schematics in appendix
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IR36021 Comanche - ToB Calculation I$2R

£ 2 IR Digital Power Design Center - Comanche v1.0.5260 (o] @ [
File ConfigFile SMBus:12C Help I%ER
Summary | 1-Load | 1-Power| 1-PID | 1-LLNTC | 2-Load | 2-Power| 2-PID | 2-LLNTC| AMD SVI2| Rea Map | Status | Intel SVID | [PMBUsiGamer | IGEIN Utilities |
’ Reg Map Comparison I Reg Map Decode I Data Logger] TOB Loop 1 ’ TOB Loop 2 I Thermal NTC l Device Security I Configuration Checkerl
LoadLine TOB Max:8.478 mV - Current Measurement TOB
25% |- - - (N - - - - -
a0 Q 09%) -
25% |- - - - AT, < e e e -
21z 3 [T PRRNPR REPRRR R RPN NS R ——
pods s b s e s s s s S IS IS AR ISR SN IR R
1 2 T S
A A R i R ——
0.925 0%
0 10 20 20 40 50 80 70 0 10 20 20 40 50 80 70
Output Current (A) Output Current (A)
Market Segment Device Personality Intel v Application Mode VR 12.0 -
VviID | 0850 =V Inductor DCR including Core Loss | 0.32 |5 mQ No. of Phases 2 B Plot
LoadLine | 0.00 = mQ DCR Unit-to-unit Tolerance @30 | 70 =+ % Phase Current Threshold | 35 = A
Temp. Changefrom25°C | 50 54 °C DCR Lot-to-lot Tolerance @30 | 1.7 51 % Max Output Current | 70 =
Temp. Mismatch @ 30 5 B % NTC Initial Tolerance @30 | 1.0 5 % OCP Threshold PerPhase | 45 =5 A
Peak Ripple | 5.1 & mV Controller VID Tolerance @30 | 03 51 % Corrected ADC GainError@30 | 1.0 51 %
Off Line FPGA IR3570B Intel | PEC: Off |Tuning : Off ATA1: On ATA2: Ol'l_l Off Sync |License expires in 4 days 4Days | .
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IR36021 Comanche - Efficiency Simulation I$2R

s o [ simulation Conditions |
. Efficiency Sweep Projections I vinal 12 v
%2.0% vout=| 0.5 |v
51.0% — I t=| 000 [mohm
:z / — |- N;::h:sej 24
g /7 "IR3550" Point "55.0" sheds 2 A
o e 5.0, 0.899209918) Sy | M S
/, [ Package| 6x6 |mm
86.05¢ / i Ambient= 30 Cc
85.0% / i Exposed? No
B84.0%¢ Heat Sink No
2 k3.0 [/ Total EFF @ 55A TR T -
£ B2.0% ] | HSVDRV| 6.8V
& B1.0%¢ I : Inductor| 250 |nH
80.05¢ [ i DCR=| 0.32 |mohm
79.0% RippleCurrent] S.0 |A
78.0% ~———IR3550 ——— IR3550 I
77 0% CoreLoss| 0.050 |wW
76.05¢ — — IR3550 I Controllerig| 125 |mA
Z:z : Driverlg| 125 |ma
73.0%
72.0% |
0.0 10.0 20.0 30.0 40.0 50.0 60.0 70.0
Load Current
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IR36021 Comanche - PDN Model I$2R

£ 2 IR Digital Power Design Center - Comanche v1.0.5260 (o] @ [
Eile  Config File »SMBus :2C  Help I%?R
Summary 1-Load |1-Power| 1-PID | 1-LLNTC| 2-Load | 2-Power| 2-PID | 2-LLNTC| AMD SVI2| Rea Map | Status | Intel SVID | [PMBUsiGamer | IGEIH Utilities |
Capacitors | QutputImpedance |
i MOSFET g Inductor g Bu\k CBD g MLCC é PCB é MLCC g SOCREt All "v’ariables fOl' Simulation Only
: RDS_eq : Leq DCReq ! Outside Socket | i InsdeSoccket 1 L_soc R_soc Vi 120 =y
N =N, AN . $ . . 4 - AL AN J = s SO AN— n . 2
26ma  SOH  2a0mn l l % & [omf l Wi (o Vout | 0.950 [2| v
C_bulk C_out pH Q C_cer PH Q - -
1410 4F 44yF m 264 uF m LoadLine | 00 5| mQ
lout 70 (A
ESR_bulk ESR_out ESR_cer <
2.000mQ 1.000 mQ 0.167mQ LoadStep | 10 5| A
ESL_bulk ESL_out ESL_cer No. of Phase 2 B
. 33.3pH —
e e 2oaen ? Inductor | 250 1 nH
R_pcb_bulk = R_pcb_cer m
00 & mo 000 1o ma Ind. @lIsat | 250 <1 nH
L_pcb_bulk L_pcb_cer Fsw 387 5 KHz
0 [+ pH 0 S pH i
T Vout Ripple p-p 5.1mV
) _ ) Vos Spec 50.0 mV 387 mV
Bulk Capacitor MLCC OQutside Socket MLCC Inside Socket i
Value | 470 (5| wF Value | 22 & pF Value | 22 5 wF Icin Ripple (RMS) 128A
ESL | 1000 & pH ESL | 400 |3 pH ESL | 400 |3 pH ‘ .
Inductor Max Peak 305A
Quantity | 3 & Quantity| 2 5 Quantity | 12 =
E Calculate 3
Off Line FPGA IR3570B Intel | PEC: Off |Tuning : Off ATA1: On ATA2: Ol'l_l Off Sync |License expires in 4 days 4Days | .
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IR36021 Comanche - PID Tuning / Bode Plot IR

,‘,2 IR Digital Power Design Center - Comanche v1.0.5260 [E] =
File ConfigFile SMBus:2C Help 1Y)

Summary | 1-Load | 1-Power 1-PID |1-LL NTC|2=Load|/2=Power| 2-PID| 2-LLNTC| AMD SVi2| Rea Map | Status | intel SViD | IPNBUsiGamen| IGEI Utiites |

PID Control

1 mohm 387.2KHz Bode Plot

V| PID Tuning Simulation
Kp 32 |5 -20.6dB
Ki 26 = -86.8dB
Kd 48 5 18.1dB

Gain (dB)

Low PassFilter 1 8 5 366.9KHz

Low Pass Filter2 = 12 5 798.9KHz

Phase Margin 635 deg

Gain Margin 183 dB -50 -180
1K 10K 100K 1000K
Crossover Freq 441 KHz System : Green Compensator: Red Freq (Hz)
Compensalor' Zero #1 (KHz) Zero #2 (KHz) Pole #1 (KHz) Pole 2 (KHz)
[ Sync From Reg ] [ Wiite to Reg ] ©:2 | 1.950 42812 366.9 798.9
Kp (dB) Ki (d8) Kd (d8) LPF1 (KHz) | LPF2 (KHz) PM (deg) GM (d8) Foo (KHz)
[ Plot ] il 206 -86.8 18.1 366.9 798.9 63.5 18.3 441K
OffLine | FPGA | INIAVaNGUARENN| PEC : Off | Tuning : Off| ATAL:On|ATA2: On| Off Sync  License expires in 4 days [FaDays | ..
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IR38063 Manhattan — Vmgtavcc 0.9V IR

R4 c8 15 %r 29
e = 5 2 G ey
90.9  2200pF  Enabled)—— EnFCCM e Vin C12v
g e 1 o
— AN +—A\AA RSo PVin 12V
R2 422k Re 20 i ' c35 Lcoo Leao Lear Lca
o = 1WF 22uF T 22uF T 22uF T =
i T T o Toawe Jou
=vYpr i A I
L Somp Boot [— é\/\/\ J|| —
R1 c20, 29 vo 4170 C10 0.1uF y =
3.00k 10nF 3 |=—=— | 24 R e
- :‘— Track_En SW 216nH ﬂ4‘l43 _L“ _EM J:‘w T J’:-, {Vout
R SCLIOCSet
T N . - 0.1 "?l—UC ;[—LDU _IC uF-FBC F ‘EDUUFTLDU
SDAIMON 18 | spanmon Vsns —
AletTMONTT | satertTMON U "
RS+ { Vout
IR38063 cs4 | A | E“
20 P1Ve NS - Remote 3Sensing Across a
m e i \_} = &4 Small Bypass Capacitor
22 RS- Fair of Remote 0.1uF
C41 2 .
2 2uF -]:— Vee Sense Lines
] R22 4.0%k =
= fic PGood [t A {33V
"‘”F] RUSync ADDR LGnd PGnd
= ({ PGood
: Loop 1
RO
. VID 0.9V
82.5k
; Imax 20A
Phases 1

Fsw 800kHz
L Cyntec 215nH, 0.29mQ
Cout 100uF (6)
Ripple 6.4mV pk-pk
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IR38063 Manhattan — Vmgtavtt 1.2V

c8

[
"
o

OpF  Enable EnFCCM QEZ‘) Vin 2
5 Q 14 s
mAG PTT RN AT L - | o3 Lc2o Leso L car Lcae g
N - T uF 'l' 22F Tzzur T 22 TC.NF
= T Comp ¢ FE—n A e -1
R1 c2, 9 vp . R&T 70 cro01wF| 4 i o
10nF 3| —— 24 r /¢ Vout
3.09k _, :—- Track_En SwW ,,1;:"_' ‘/L“‘l“ Yo Yous e Towr Iora ¢ Vout
2 SCL/OCSet 1uF|100uF|100uF [100uF [100uF [100uF [100uF
SDAIMON 18 | oovs nMon Vsns -2 T T I -F .}“ T
AletTMONTZ | o, N 0 sy
. IR38063 RS  Tfom | L7 e senaing Across
o _]_—'2'2— S‘VE 5 o NIS | §ﬁf= Oihm“ D.1uF 5:‘22?5};’;:;"3;‘;;;::;:‘
:,2u.—lcsc _]__ N Y m;ch (a3 —=
' 2'3ui RvSync ADDR LGnd PGnd
= { FGo
Loop 1
VID 1.2V
= Imax 20A
Phases 1
“Power Vendor RFI Jun’14 Fsw 800kHz
v0.3" doc shows only 5A L Cyntec 215nH, 0.29mQ
required. Cout 100uF (6)
Designed for Kintex to Virtex Ripple 7.5mV pk-pk

&R International Rectifier
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IR38063 Manhattan — 0.9V Actual Data

File
Tek

Edit
Stopped

Vertical HorizfAcq  Tnig

105 Acgs

Display  Cursors  Measwe Masks Math

13 Jun 14 16:35:47

Utilties

L4

6.4mV pk-pk ripple

Help

Buttons |

Ch2 Position
0.0div

Ch2 Scale

10.0m¥

Max(C2)
Yout

Phipiun, i, o, P e s et i

Min(C2)

PE-P(C2)*

2.0mY

85.5% peak efficiency

6.4mYy

2]
(]

[+4]
Yy

[+]
w

00
N

Ch2 10.0mY % Bw

>
Q-

Ops SOOMS/s
h2 » 200pY

2 Dnsipt

~ ® ®
v © =

Efficiency [%]

~
oo

77

76

75

74

3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25
lout [A]

ISR International Rectifier
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IR38063 Manhattan — Efficiency 0.9V and 1.2V 1LY

89
88

87 ~

86 /

\\
\. N
\)

Efficiency [%]
NN 00 00 OO0 O
O O =, N
~—

\\;
\\

==12Vin

0.9Vout 800kHz

~N
(0]

NN
N N
|

12Vin_

800kH

1.2Vout_.

~N
Ul
|

~
iy

~
w

lout [A]

3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25

IGR International Rectifier
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Efficiency and Ploss I$2R

Efficiency Ploss

89 — — - 5 -
88 L o 4.75 - %
—
87 = - [ s /
T— 4.25 -
86 = /,/ R e N a - /¢
85 s > — 3.75 - //
84 / // ..."I-u._ = 3.5 - //
83 / / [ — — 3.25 - > 74
= 4 i 2 3. //
2Tk g2rs A 1
g 81 3 25 — i 7 P i
2 80 i/ z 225 - 5 /
* 29 / ==12Vin_0.9Vout_800kHz & L 72 . ==12Vin_0.9Vout_800kHzt
77 —-12Vin_1.2Vout_800kH; 1.25 - =
= = . > —+12Vinj1.2Vout_800kHz
76 4 G 1- /—"
75 0.75 -]
0.5 -
74 0.25 -
73 i | 0 -
3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 25 0123456 7 8 910111213 14 15 16 17 18 19 20 21 22 23 24 25
lout [A] lout [A]

1. Efficiency for 12Vin/Op9Vout, and 12Vin/1p2Vout are measured.
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Vout Ripple at 25A lout IR
9Vout 12VinrpzVout

......
asre  Ma tath

Fle Ed Verticl HorziAca  Trig  Deplay  Cursors  Mea
Teks _ Stopped WMess MWW gmmm b s | ch2 Position

Butions |

========

B

G2 oy % bw M1 12563  600psht
A 2 00V
72 100mY A Bw  M10p 125055 o00pip
Mo/ ooy
"
1 2\/ /O 9\/ t N p Ol lt
I Fle Ede Vetcd M/ T Deplay  Cusors  Mesare Mads Mah  Uities  Hep
' 5764 o 0417543
Fle Edt Vecdl Horgia Ty Dsplay  Cusors  Measre Masks Math  Lillies  Heb ou Bonped BT84 MM futions )
e 4 123078 Ao $00a1 14 174034
o ey 03 i Bikons ) ch2 Position

nnnnn

ccccccc

========

1. At 25A lout and with persistence setting, Vout ripples for all three rails
<10mV.
Note that output voltage is measured from bottom layer of PCB to minimize the SW
noise coupling.
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SuplRBuck IR3898 — Vccbram 0.95V

0.95V, 0-5A
3 R1 1k 15 2 13 %
VCCBRAM_Enable )>——AM——— Enable PVIN [g 12v
2 vin |— 021 F_L cs lca les Llos L
Vref u 0.1uF 10uF 10qu 10uF’
L 18
100pF X Vp 14 C7  0.1uF — = = = = VCCBRAM
3 Poor 12 PR Y
Comp IR3898 Sw ~A2
1 7 1.0uH
FB PGood
5 cs lco _Lcto
RY/SYNC 10 Vi 47uF T4TUF  T47uF
R2 Vce/LDO_out
39.2K g 6
vens GND1GND2PGND ¢ g =l
R3 < ~ ha C121u,: 49.9K
4.75k 1 < PG_VCCBRAM
=~ Rs 0 =
é = R6 4.32k
€12 100pF
1
C13  5600pF R7 3.09K R8 130 C14, 2200pF
LAl 1T
RO  4.32k R10 0
MWV

R11
i4.75k

IGR International Rectifier

Vout
Imax
Phases

Fsw

Cout
Ripple

Loop 1
0.95V
5A
1
600kHz
1uH 4.7mQ 7x7mm
47uF (3)
4mV
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SuplRBuck IR3898 — Simulation results

86.8% peak efficiency

——Estimated Efficiency

-

v L
0
Volige | 4mV pk-pk ripple
W)
0.957 o
0.956
0.955 A
0.954
0.953
0.952 4
0.498E-6 1.364E-6 2.23E-6 3.097E-6 3.963E-6 4.83E-6 5.596E-6 6.562E-6 7.429E-6 8.205E-6
Time (s)
‘ T T2 at
88
Warker Times s |2.4s098E5 7583565 41325266
‘- @ vout v [08s2 0.957 423363 Pr2Pk 246E-
| | SW V 111986 0.03 -11.895
86
84
-
Es
>
o
c
2
2
& 80
w
78
76
74
0.00 1.00

IGR International Rectifier

2.00

3.00 4.00 5.00 6.00

Load Current (A)
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