International
T<ZRRectifier

IRDC3846-P1V2

SuplRBuck™

USER GUIDE FOR IRDC3846 EVALUATION BOARD

DESCRIPTION

The [IR3846 is a synchronous buck
converter, providing a compact, high
performance and flexible solution in a small
5mmx7mm QFN package.

Key features offered by the IR3846 include
internal Digital Soft Start, precision 0.6V
reference voltage, Power Good, thermal
protection, programmable switching
frequency, Enable input, input under-voltage
lockout for proper start-up, enhanced line/
load regulation with feed forward, external
frequency synchronization with smooth
clocking, internal LDO, true differential
remote sensing and pre-bias start-up.

A thermally compensated output over-current
protection function is implemented by sensing
the voltage developed across the on-resistance
of the synchronous rectifier MOSFET for
optimum cost and performance.

This user guide contains the schematic and bill
of materials for the IRDC3846 evaluation board.
The guide describes operation and use of the
evaluation board itself. Detailed application
information for IR3846 is available in the
IR3846 data sheet.

BOARD FEATURES

* V,,=+12V, No Vcc required.
* V= +1.2V @ 0-35A

* F.=600kHz

® L=0.250uH

® C,,= 7X22uF (ceramic 1206) + 1x330uF (electrolytic)

® C,,= 6x100uF (ceramic 1206)
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CONNECTIONS and OPERATING INSTRUCTIONS

A well regulated +12V input supply should be connected to VIN+ and VIN-. A maximum of 35A load should
be connected to VOUT+ and VOUT-. The inputs and output connections of the board are listed in Table I.

IR3846 needs only one input supply and internal LDO generates Vcc from Vin. If operation with external Vcc
is required, then R3 should be removed and external Vcc can be applied between Vcc+ and Vcc- pins. Vin
pin and Vcc pins should be shorted together for external Vcc operation by installing a 0 ohm resistor at R4.

The board is configured for remote sensing. If local sense is desired, R18 should be uninstalled and R19
should be installed instead.

External Enable signal can be applied to the board via exposed Enable pad and R100 should be removed

for this purpose.

Table I. Connections

Connection Signal Name

VIN+ Vin (+12V)

VIN- Ground of Vin

Vout+ Vout(+1.2V)

Vout- Ground for Vout
Vce+ Vce Pin

Vcce- Ground for Vcc input
Enable Enable

PGood Power Good Signal
AGnd Analog ground

LAYOUT

The PCB is a 6-layer board. All of layers are 2 Oz. copper. The IR3846 and most of the passive
components are mounted on the top side of the board.

Power supply decoupling capacitors and feedback components are located close to IR3846. The
feedback resistors are connected to the output of the remote sense amplifier of the IR3846 and are
located close to the IR3846. To improve efficiency, the circuit board is designed to minimize the length

of the on-board power ground current path. Separate power ground and analog ground are used and
may be connected together using a 0 ohm resistor at R71.
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Schematic for Transient Load set up

vee
S
ExtLoadCtrl 4 @ N
(- = S3 /s
- sw
o~
N/S R35
N/S R36
1cso D3 vout < Vout
u2 N/S N/S ML
N/S R30 . s 1 IRF6721 N/S © NS R37
 vs vs |- = N/S” R38
3% IN  OUT2 |5 /':
X1 N/A ouTl [ 1l A N 1 IH
GND GND D4 \':
N/S
MIC4452/S08 N/S _1[| I-Monitor —— KVoRP
dca
R31 Tws R32 c32 R33 Tun
N/S N/S N/S N/S
——————KVo_R_N

Optibnal- transient load circuit
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Bill of Materials

ltem Qty Part Reference Value Description Manufacturer Part Number
C71C72C73
1 7 C74 C75C76 22uF | 1206, 25V, X5R, 10% Murata GRM31CR61E226KE15L
C77
2 11 C6 1uF ]0603, X5R, 25V, 20% TDK C1608X5R1E105M
311 C8 10uF | 0603, X5R, 10V, 20% TDK C1608X5R1A106M
4 | 3| C10C70C130 | 0.1uF | 0603, 25V, X7R, 10% Murata GRM188R71E104KA01D
511 C11 8200pF | 0603, 50V, X7R, 10% Murata GRM188R71H822KA01D
6 |1 C12 160pF | 0603, 50V, NPO, 5% Murata GRM1885C1H161JA01D
7 11 C13 2200pF | 0603, 50V, X7R, 10% Murata GRM188R71H222KA01D
8 |1 C17 100pF | 0603, 50V, COG, 5% Murata GRM1885C1H101JA01D
SMD Elecrolytic, Fsize, .
9 |1 Cc81 330uF 25V, 20% Panasonic EEV-FK1E331P
250nH, Wurth
1011 L1 250nH DCR=0.165mohm | Electronics Inc. 744309025
C101 C102 C103 0
11| 6 C104 C105 C106 100uF |1206, 6.3V, X5R, 20% Murata GRM31CR60J107ME39L
R3 R10 R18 .
12 | 6 R115 R116 R118 0 0603,1/10W, Jumper | Vishay/Dale CRCWO06030000Z0EA
1311 R9 39.2K 0603,1/10W,1% Panasonic ERJ-3EKF3922V
14 | 1 R11 2.7K 0603,1/10W,1% Panasonic ERJ-3EKF2701V
1511 R12 127 0603,1/10W,1% Panasonic ERJ-3EKF1270V
16 | 4 R13 21?’ R16 4.02 K 0603,1/10W,1% Panasonic ERJ-3EKF4021V
1711 R15 20 0603,1/10W,1% Vishay/Dale CRCWO060320R0OFKEA
18| 2 R46 R47 0 1206,1/4W, Jumper Yageo RC1206JR-070RL
19 |1 R71 0 0402, 1/16W, Jumper Yageo RC0402JR-070RL
20 | 1 R100 49.9K 0603,1/10 W,1% Panasonic ERJ-3EKF4992V
21 | 1 R101 7.5K 0603,1/10W,1% Panasonic ERJ-3EKF7501V
22 | 2 R110 R111 10K 0603,1/10 W,1% Panasonic ERJ-3EKF1002V
PLUG 40 POS DBL Omron
2311 Jumper ROW STR Electronics Inc. XG8W-4041-ND
24 | 2| Vin+vout+ | RED | SCREW TERMINAL | Keystore 8199-2
Electronics
25| 2| Vin-Vout- |BLACK | SCREW TERMINAL | [€Ystone 8199-3
Electronics
26 | 1 U1 IR3846 | IR3846 5mm X 7mm | 'Mternational IR3846MPBF
Rectifier
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IRDC3846-P1V2

TYPICAL OPERATING WAVEFORMS

Vin=12.0V, Vo=1.2V, 10=0A-35A, Fsw=600kHz, Room Temperature, No air flow

Tek  Run _ Simple 2 Augs —

i zov bW oz 20 o M20ms 2500 40.0nskt
Ch3 2oV By Chd 20 By A Ch1 s 80Oy

Fig. 2: Start up at 35A Load
Ch,:V,,, Ch,:V,, Ch;:PGood, Ch,:Enable
Tek  Stopped EAv:as -E‘_L,"n
Cul:.lz\:’us

1.08Y

Vo
v 12y
v2 1.08Y
A% -1200mv

PGood

M4.0ms 125MSk  80.0nshut

chz  200mY By
ACh2 s 112v

ch3  zov B

Fig. 4: Start up with 1.08V Pre Bias, 0OA Load
Ch,:V,, Ch;:PGood

Tek Stopped 106 Asas —

Ch2 Position
-2.0die

Ch2 Scale

5.0¢

[Freqicz)  622.1kHz

chz 50V M 400ns OGS IT8.0psipt
BY

ACh2 s 2

Fig. 6: Inductor node at 35A load
Ch,:LX

Tek  Run . Sample 4 Acgs —"‘m

ol 20V Sw  ohe 20V Ew  M20ms250MSk  400mmt
Ch3 i By Chd 20v By A Ch1 s 800mY

Fig. 3: Start up at 35A Load
Ch,:V,,, Ch,:V,, Ch;:PGood, Ch,:V,

Tek  Stopped
[ v
Ch2 Position
0.0div

Ch2 Scale

10.0my

PK-PK(C2)  10.4mY

Yo

ch2  100mY 4 Bw M 10ps S00MS  20nsit
A Ch2 s -34my

Fig. 5: Output Voltage Ripple, 35A load
Chy: V,

Tek P Sample 0 s
ek Preview Sampl 13 _'—1 S

4

M 10.0ms SOMSSs  200nsiot
A Chz o 10

o2 10V By
Ch3 2oy By Chd 1004 © Bw

Fig. 7: Short (Hiccup) Recovery
Ch,:V,, Ch;:PGood, Ch,:l,

4150 dors —
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TYPICAL OPERATING WAVEFORMS
Vin=12.0V, Vo=1.2V, 10=3.5A-14A, Fsw=600kHz, Room Temperature, No air flow

Tek  Run_ Sampli ) 567 Acgs o ) o ) TS

Ch2 Position
2.0div

Ch2 Scale

20.0mY¥

PK-PK(C2)  72.0mY
Man(C2)  312mV

Min(C2) -39.2mY

T Chz 200mY % Bw M 100ps SOOMS/ 2.0nskt
Chd 1004 © Bw A Chd - 944

ek Boweed A e N e Bt A , Btons

Position 1 Position
¥a T 20.0% L 1 200%
il | Scale i - Scale
10.0ps 10.0ps
" Chz 200mV % Bw  MIDOSZSGSK  T200psM S " chz 200mv % Bw  M100s25GSk  IT200psAMt
Chd 1004 Q Bw 4 Chi - 9.4A Chd 1004 Q Bw A4 Chd \ 944

Fig. 8: Transient Response, 3.5A to 14A step (2.5A/us)
Ch,:V,
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TYPICAL OPERATING WAVEFORMS
Vin=12.0V, Vo=1.2V, 10=24.5A-35.0A, Fsw=600kHz, Room Temperature, No air flow

Tek  Stopped R 117 Aegs . ) e R S

Position
20.0%

Scale

| 100.0ps

f-pricz) 768y
Man(Cz)  352mV

Min(C2) -41.6mY

4+

T Chz 200mY % Bw M 100ps SOOMS/s  2.0nsht.
Chd 1004 © Bw A Chd + 2984

e S ews o e S awe =

t Position 1 Position
¥a T 20.0% L 1 200%
L ELLELL] Lt L Scale i Scale
10.0ps 10.0ps
4o 44
"t 200wV % Bw M 100ps2SGSE  W2o0pset | " thz 200mv A Bw MI00p25GSs  IT200pskt
Chd 1004 Q Bw 4 Chd s 2984 Chd 1004 Q Bw A Chd \ 2984

Fig. 9: Transient Response, 24.5A to 35A step (2.5A/us)
Ch,:V,
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TYPICAL OPERATING WAVEFORMS
Vin=12.0V, Vo=1.2V, 10=0A-35A, Fsw=600kHz, Room Temperature, No air flow

40+ 200
Y
20+ \ 1400
% 10 E-.-D —
RS - py
— 0O+ 10 N
(0 - ==
10 ~C Wf}so
.20 S £ 100
V| 3
30+ 1150
40 +-200
104 105 108
fiHz

B TR1: Mag(Gain) SR TR2: Unwrapped Phase(Gain)

Frequency Trace1 Trace2
Cursor 1 100.624 kHz 0.000 dB 52.477°
Cursor 2 451.686 kHz -17.230 dB 0.000°"
Delta C2-C1 351.062 kHz -17.230dB -52.477°

Fig. 10: Bode Plot at 35A load: Fo = 100.6kHz; Phase Margin = 52.8°; Gain Margin = -17.2dB
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IRDC3846-P1V2

600kHz, Room Temperature, No air flow
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Fig.12: Power loss versus load current
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THERMAL IMAGES
Vin=12.0V, Vo=1.2V, l0=35A, Fsw=600kHz, Room Temperature, No air flow

96.6
930

886
84.2
798
75.4
70.9
66.5
621
57.7
533
488
44.4
40.3
359

31.4
259

Fig. 13: Thermal Image of the board at 35A load
Test point 1 is IR3846: 98.8°C
Test point 2 is inductor: 72.9°C
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THERMAL IMAGES
Vin=12.0V, Vo=1.2V, 10=35A, Fsw=600kHz, Room Temperature, LFM = 100

732
70.7

67.8

64.8

61.8

58.8

55.9

52.9

499

46.9

44.0

1.0

380

352

323

233

256

Fig. 14: Thermal Image of the board at 35A load
Test point 1 is IR3846: 74°C
Test point 2 is inductor: 46.9°C
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IR WORLD HEADQUARTERS: 233 Kansas St., El Segundo, California 90245, USA Tel: (310) 252-7105

TAC Fax: (310) 252-7903
Visit us at www.irf.com for sales contact information

Data and specifications subject to change without notice.
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OCEAN CHIPS

OxreaH INeKTPOHMUKM
MocTaBKa 3ﬂeKTp0HHbIX KOMMOHEHTOB

Komnanusa «OkeaH DNEKTPOHMKM> MpEeAaraeT 3aK/Il04EHUE JONTOCPOYHbIX OTHOLLIEHMM NpU
MOCTaBKaX MMMOPTHbIX 3/1EKTPOHHbIX KOMMOHEHTOB HA B3aMMOBbIrOZHbIX YC10BMAX!

Hawwu npeumyliectsa:

- NlocTaBKa OpMrMHaIbHbIX UMMNOPTHbBIX 3/IEKTPOHHbIX KOMMOHEHTOB HanNpAMYy C NPOM3BOACTB AMEPUKM,
EBponbl M A3uK, a TaK e C KpYNHEMLIMX CKIaJ0B MMPa;

- LUnMpoKas sMHeMKa NOCTaBOK aKTUBHBIX M MACCMBHBIX MMMOPTHbBIX 3/1EKTPOHHbIX KOMMOHEHTOB (6onee
30 MJIH. HAMMEHOBAHUMN);

- MocTaBKa C/IOXKHbIX, AeDUUMUTHBIX, IM60 CHATLIX C NPOM3BOACTBA NO3ULMIA;

- OnepaTMBHbIE CPOKM NOCTABKM NOA 3aKa3 (0T 5 paboumx AHEN);

- JKCnpecc JoCTaBKa B 06YH0 TOYKY Poccuu;

- Momouwb KoHcTpyKTOpCKOro OTAena 1 KOHCynbTauumu KBaMPULUUPOBAHHBIX MHXEHEPOB;

- TexHM4ecKaa nogaepkka NpoeKTa, NomMollb B NoA6ope aHanoros, NocTaBka NPOTOTUNOB;

- [locTaBKa 3/1EKTPOHHbIX KOMMOHEHTOB NoJ, KOHTposiem BIT;

- CUcTeMa MeHeaXXMeHTa KayecTBa cepTudmumpoBaHa no MexayHapogHomy ctaHgapTy 1SO 9001;

- Mp1 HEO06XOAMMOCTH BCA NPOAYKLUMA BOEHHOIO M adPOKOCMMYECKOrO Ha3HaYeHMA NPOXoAUT

MCMbITaHMA M CEPTUMhMKALMIO B TaGOPATOPMM (MO COrIACOBAHMIO C 3aKa34YMKOM);
- MocTaBKa cneumanusmMpoBaHHbIX KOMMOHEHTOB BOEHHOMO M a3POKOCMMYECKOr0 YPOBHSA KayecTBa

(Xilinx, Altera, Analog Devices, Intersil, Interpoint, Microsemi, Actel, Aeroflex, Peregrine, VPT, Syfer,
Eurofarad, Texas Instruments, MS Kennedy, Miteq, Cobham, E2V, MA-COM, Hittite, Mini-Circuits,
General Dynamics u gp.);

KomnaHua «OkeaH JNEeKTPOHMKKU» ABNAETCA oduuMabHbIM AUCTPUOLIOTOPOM M SKCKJIHO3MBHbBIM
npesctasuteneM B Poccum ofHOrO M3  KpPYMHEMWMX MPOM3BOAMUTENIEM Pa3beEMOB BOEHHOMO W
A3pPOKOCMMYECKOro Ha3sHavyeHuMs <«JONHON», a Tak Xe oduuMaibHbiIM AUCTPUOBIOTOPOM MU
JKCK/II03MBHbIM nNpeacTaBuTenieM B Poccvn npousBoauTENA BbICOKOTEXHOIOMMYHBIX M HaAEXHbIX
peweHun ans nepeaaym CBY curHano «FORSTAR>.

«JONHON> (ocHoBsaH B 1970 T.)

PasbeMbl crneumanbHOro, BOEHHOMo M A3POKOCMHNYECKOIo
Ha3Ha4YeHHA:

JONHON (MpuMeHsOTCA B BOEHHOM, aBMALMOHHOM, a3POKOCMMYECKOM,

MOPCKOM, KeNe3HOAOPOXKHOM, TOpHO- M HedTeao6biBatoLLeN
0Tpac/AX NPOMbILLIEHHOCTH)

«FORSTAR> (ocHoBaH B 1998 r.)

BY coegmHmnTENN, KOAKCHaNbHbIE Kabenn

’ ) ®
KabenbHble COOPKM M MMKPOBONIHOBbIE KOMMOHEHTbI: FORS 'AR
L

(MpuMeHsaTCA B TEJIEKOMMYHMKAUMAX  FPaXXAaHCKOro M
cneuManbHOrO HasHayeHus, B cpeacTBax cBA3sM, PJIC, a TaK xe
BOEHHOM,  aBMALUMOHHOM M AdPOKOCMMYECKOM  OTpacisx
NPOMBILLNIEHHOCTH).

TenedoH: 8 (812) 309-75-97 (MHOroKaHasbHbIN)

dakc: 8 (812) 320-03-32

DNIeKTpPOHHas noyTa: ocean@oceanchips.ru

Web: http://oceanchips.ru/

Appec: 198099, r. CaHkT-leTepbypr, yn. KananHuHa, 4. 2, Kopn. 4, amT. A




