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EFERENCE DESlGN IRDCiP2005C-2

IRDCiP2005C-2: 500kHz, 30A, Dual Output, . ™
180C° Out of Phase Synchronous Buck Converter LP WCH’N&Y
Featuring iP2005C and IR3623M d T T

Overview

This reference design is capable of dafing a continuous current of 30A pe
channel without heatsink at an amitié¢emperature of 45°C and airflow o
200LFM. Fig. 4 - Fig. 25 provide performance graphiermalimages, and
waveforms. Fig. 1- Fig. 3are provided to engineeas design referencesrfo
implementing an IR3623+iP2005C solution.

The components installed on thistieboard were selected based on operati |
at an input voltage of 12V (+/-10%a switching frequency of 500kHz (+/-
15%), and an output voltage of 1.5V atohel-1 and 2.5V at channel-2. Majc
changes from these set points may reqapgmizing the control loop and/or
adjusting the values of input/output filtdrsorder to meet the user’s specific hggtion requirements. Refer to iP20056da
IR3623 datasheets for more information.

| RDCiP2005C-2 Recommended Oper ating Conditions

(refer to the iP2005C datasléer maximum operating conditions)

Input voltage: 8.5V -14.5V

Output voltage: 0.8-5V

Switching Freq: 500kHz

Output current: This refereaclesign is capable of delivering a continuousent of 30A per channel without heatsink

at an ambient temperature of 45°C and airflow of 200LFM.

Demoboard Quick Start Guide

Initial Settings:

VOUTL is set to 1.5V, but can be adjusted from 0.8V tdb§\thanging the values of R11 and R15 according to the following
formula:

R11 = R15 = (10k * 0.8) / (VOUT1 - 0.8)

VOUT?2 is set to 2.5V, but can be adjusted from 0.8V tdb§\thanging the values of R12 and R16 according to the following
formula:

R12 = R16 = (10k * 0.8) / (VOUT2 - 0.8)

The switching frequency is set to 500kHz, but can be adjusted by changindube/&26. See Fig. 4 for the relationship
between R26 and the switching frequency.
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Power Up Procedure:

1. Apply input voltage across VIN and PGND.

2. If R45 is not installed, applyias voltage across VDD and PGND.
3. Apply load across VOUT pads and PGND pads.

4. Toggle the SEQ (SW1) and ESW2) switches to the ON position.

5. Adjust load to desiredvel. See recommendations above.
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Demoboard Schematic
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Fig. 1 Schematic
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Bill of Material

WEZ9EN EF] 12€-Od T 0.0¢t-0p-] A9l -G0- [agl-50-] Janonuoo wand JBoreue O £n L
3 A8l EF] WWIGY /X WWGY / - - & nal Jun yo 500Zd! Zn N Z
88dl ZEdl
‘9ZdL ‘Gedl ‘vedl 'eTdl 'ZZdL badl
GLOG auojsfey 5105 SIW §0L X0F | SIw 08 wiod 353y QUBMPIEU | e 1 gLl ‘2 Ldl 'SldL ‘Shdl 0z
‘Pldl 'Sldl ‘ZhdL ‘LidLl ‘OldL '6dL
9edl ‘sedl ‘vEdL £edl
9L05 auoishey 9105 - SIWQGL X ZLL | Siw 0B juied 358} alempiey | ‘Zedl 1e€dl '08dl 'BZdL '8TdL 'LZdL gl
'8dL ‘4dl '8dL 'Gdl 'Pdl 'SdL 'TdL ‘LdL
212193 Youms-3 junow god YZ'0 20A0E LadS apijs Uolms TMS LS [
J000ZFLHELNY YO £090 %) MO L/ 002 (M= 10jsisal 8y 'Ly z
4201 LOLTM L HELHY YO £090 % | MO L/ L HO'LL [MEED 10]S1Sa) 9y 'gy z
0040A3O8THI | oluoSEued 902t oS> M8/ 0 [MTEE 10]SISa) SEY [
0GY ‘8vy Z¥d ged
ALIrLZENY YO £090 % MO/ 0 wiy yoIu JOSISAL | 1) g ey 'Len ‘oz Iz bA 'eN !
42801 L HELMY YO £090 % | MO/ M. 8L [MTEE 10}S1Sal 9z L
JZLOEMLHELMY YO £090 % | MO/ 108 [MTEE 10}S1Sa) Gzo L
000rHZ301L¥0W WHOY 5080 WS> e 0 [MTEE 10}S1S3) 0z 6Ly Z
JLS9EQ LM L HE LMY YO £090 % | MO/ L EEERS [MTEE 10}S1S3) 2l LY Z
J162PQ LT L HE LMY YO £090 % | MO/ L NGL T [MTEE] 10}S1Sal 9Ly ZIy Z
426 L LALLM L HE LMY YO £090 % | MO/ L NG L1 (MR 10}sisal Gl LY z
. ved
JZ00LPLHELAY YO £090 %1 MOL/L NO'0L wijy YoIup Jasisal Lo wzy ez iy ol oLy su zy iyl O
NELB6UBS ST LAS %01 Vit HNZZ'0 ETEN 10)anpul Z1'11 4
W0ZZ0d.1SHT ofueg £hEL %02 AS'T dnpze [ 1awdjod wnjejuey |ioyoedes ¥32 '£9D '092 68D ¥
rE6£0.LLHE0900dN YON £090 %G AOG 3dosg QOdN Joyoedes 0FD '8ED 4
MZLZOLLHEDSONLX YO £090 %01 A0S 440042 LY Joyoeden 80 €D z
r02¢0LLHE0900dN YO £090 %G A0S 3d0 /¥ OdN Joyoeden 9£0 '€ z
0286rL0190£090 | dwodfyg £090 %G MG 4dooL OdN Joyoeden 260 160 THD 1¥D TED G
) 950 550 P50
IMS0LOLYLX80910 »alL £090 %01 A9l 4n00'L LY Joyoedeo ‘€60 ‘8P J4D ‘90D CHD 'BhD ‘ThD LED L
W.0LIOYSXSZZED »alL 0Lzt %0Z AE'Q 4nooL HGX Joyordeo | gZ0 “£20 'PZ0 €20 ‘020 610D ‘91D 'GLD g
dO1890IM4-AF3 [ dluoseueq ans %02 AL 4n0ge opAl038|a Joyoeded [15s) L
MrOLHLYLX8091D AL £090 %01 ADG 4ngoL 0 MIX Joyoedes pED €€0 €D €
0€D 620
IMO0LDLYLXOLZED »al 90zt %01 A9l ELl MY Joyoedes | ‘920 ‘62D ‘2D LZD LD LD TLD LD 0z
‘01D '8 ‘8D LD ‘9D '6D 'vD '€D €D 1D
ON | JEJNUERY | Seinuep amﬂ Jed JdUels|o] Z Injep | anjeA Z adAL 1 adAL loyeubisaq a_«ca

f.com

AT



International
IR Rectifier

IRDCIP2005C-2

Demoboar d Component Placement
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Description of Test Points and Connectors
1. Jumpers
Jumper Pin Name Description
SW1 EN Board Enable ( switch B@ff, Down=0n ) - Vin pin on top
SW2 SEQ Sequence ( switch UgE@own=0n) - Vin pin on top
2. Test Points/Connectors
Test Point Pin Name Description
T1/T2 VIN / PGND Vin supply voltage
TP2/TP28 VIN / PGND \fi supply voltage sense
T3/T5/7T7 VOUT1/PGND / PGND Channel 1 Output, connect to DC load
TP35/TP33 VOUT1 /PGND Channel 1 Output sense
TP21/TP37 VSW1 /PGND Channe$witch node / PGND test points
TP9 EN1 Channel 1 Enable test point
TP11 PWM1 Channel 1 PWM test point
TP19 CC1 Channel 1 error amplifier output
TP25 FB1 Channel 1 error amplifier non-inverting input
T4/T6/T9 VOUT2 / PGND / PGND Channel 2 Output, connect to DC load
TP36/TP34 VOUT2 / PGND Channel 2 Output sense
TP22 / TP38 VSW2 / PGND Channe$®itch node / PGND test points
TP10 EN2 Channel 2 Enable test point
TP12 PWM2 Channel 2 PWM test point
TP20 CC2 Channel 2 error amplifier output
TP26 FB2 Channel 2 error amplifier non-inverting input
TP7/TP8 VDD / PGND iP2005C inteahbias voltage test points
TP23 SYNC External freqmey synchronization input
TP17 TRACK1 Channel 1 tracking inpyiull-up to Vout3 if not used
TP18 TRACK2 Track2 test point
TP15 PGOOD1 Channel 1 Power good test point
TP16 PGOOD2 Channel 2 Power good test point
TP13 SS1 Channel 1 Soft start test point
TP14 SS2 Channel 2 Soft start test point
TP24 FAULT Fault monitor test point
3. Test points for Efficiency Measurement
Test Point Pin Name Description
TP1/TP4 +VINS1 /-VOUTS1 ChanneMIn sense for efficiency measurement
TP3/TP4 +VOUTS1 /-VOUTS1 Channel 1tput sense for effieihcy measurement
TP27 / TP6 +VINS2 / -VOUTS2 ChanneVih sense for efficiency measurement
TP5/ TP6 +VOUTS2 / -VOUTS2 Channel 2tput sense for effieihcy measurement

www.irf.com




International

TSR Rectifier IRDCiP2005C-2

Test Results
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Fig. 4 Relationship Between Switching Frequency and R26

VIN = 12V, VOUT1 = 1.5V, lourn = 10A, fgy =500 kHz

Fig. 5 Channel-1 Power Up Sequence (C3: EN, C1: SS1, C4: VOUT1)

VIN =12V, VOUT1 = 1.5V5, loun = 30A, gy =500 kHz
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Fig. 6 Channel-1 Power Down Sequence (C3: EN, C1: SS1, C4: VOUT1)
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VIN = 12V, VOUT2 = 2.5V, lourz = 10A, fg, = 500 kHz

Fig. 7 Channel-2 Power Up Sequence (C3: EN, C1: SS2, C4TZPpuU
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Fig. 8 Channel-2 Power Down Sequence (C3: EN, C1: SS2, C4T2pU

VIN = 12V, VOUT1 = 1.5V, fg, = 500 kHz
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Fig. 9Hiccup Mode Over Current Protection (C1: SS1, G IC3: VOUTL)
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VIN =12V, VOUT1 = 1.5V, fsw = 500 kHz
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Fig. 10Hiccup Mode Over Current Protection (C1: SS1, G IC3: VOUT1)
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VIN = 12V, VOUT1 = 1.5V, loyy = 20A, fg, = 500 kHz
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Fig. 11 Deadtime and Ringing at Switch Node

VIN =12V, VOUT1 = 1.5V, loun = 10A, fq, =500 kHz

Fig. 12 Channel-1 Output Voltage DC Ripple
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VIN = 12V, VOUTL = 1.5V, loyy = 10A, fo = 500 kHz

Vpp =18.8 mV

Fig. 13 Channel-1 Output Voltage DC Ripple

VIN = 12V, VOUT2 = 2.5V, lou = 10A, fg, = 500 kHz

Fig. 14 Channel-2 Output Voltage DC Ripple

VIN = 12V, VOUT2 = 2.5V, loyz = 10A, fq, = 500 kHz

Fig. 15 Channel-2 Output Voltage DC Ripple
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VIN = 12V, VOUTL = 1.5V, louq = 0-30A, 0.5A/us,
fow = 500 kHz

Fig. 16 Load Transient Response (C1: VOUT1 — AC, Gg: divided by 2)

VIN = 12V, VOUT2 = 2.5V, loe = 0-30A, 0.5A/us,
fow = 500 kHz

Fig. 17 Load Transient Response (C1: VOUT2 — AC, G divided by 2)
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Fig. 18 Bode Plot (VIN = 12V, VOUTL = 1.5V, = 20A)
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Fig. 19 Bode Plot (VIN = 12V, VOUT2 = 2.5V}, = 20A)
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VIN =12V, VOUT1 = 1.5V, 200LFM, fsw = 500kHz, No Heatsink
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Fig. 20 Channel-1 Power Loss
VIN =12V, VOUT1 = 1.5V, 200LFM, fsw = 500kHz, No Heatsink
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Fig. 21 Channel-1 Efficiency

13 www.irf.com



International

IRDCiP2005C-2 IGR Rectifier

VIN = 12V, VOUT2 = 2.5V, 200LFM, fsw = 500kHz, No Heatsink
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Fig. 22 Channel-2 Power Loss

VIN =12V, VOUT2 = 2.5V, 200LFM, fsw = 500kHz, No Heatsink
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Fig. 23 Channel-2 Efficiency
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Fig. 24 Thermal Images) = 30A per channel, VIN = 12V, with Internal VDD, VOUTL1 = 1.5V, VOUT2 = 2.5V,
TA = 45°C, f,,, = 500kHz, 200LFM, No Heatsink

Fig. 25 Thermal ImagegJ = 30A per channel, VIN = 12V, VDD = 6V, VOUT1 = 1.5V, VOUT2 =25V, TA=
45°C, f,,, = 500kHz, 200LFM, No Heatsink

Table 1 Maximum Temperature for iP2005C Dual Output Configuration

Bias Voltage Ul u2
Internal VDD = 5.2V 10 108C
External VDD = 6V 10C 106C

15 www.irf.com
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Refer to the following application notes for detailed guidelines and suggestions when
implementing iPOWIR Technology products:

AN-1043: Stabilize the Buck Converte r with Transcondu ctance Amplifier

This paper explains how to design the voltage compensation network for Buck Converters with
Transconductance Amplifier. The design methods and equations for Type Il and Type Il compensation
are given.

AN-1028: Recommended Design, Integration and Re work Guidelines for Inte rnational Rectifier's
iPowlIR Technology BGA and LGA and Packages

This paper discusses optimization of the layout design for mounting iPowlR BGA and LGA packages on
printed circuit boards, accounting for thermal and electrical performance and assembly considerations.
Topics discussed include PCB layout placement, and via interconnect suggestions, as well as soldering,
pick and place, reflow, inspection, cleaning and reworking recommendations.

AN-1030: Applying iPOWIR Products in Your Thermal Environment
This paper explains how to use the Power Loss and SOA curves in the data sheet to validate if the
operating conditions and thermal environment are within the Safe Operating Area of the iPOWIR product.

AN-1047: Graphical solution for two branch heatsinking Safe Operating Area
Detailed explanation of the dual axis SOA graph and how it is derived.

Use of this design for any application should be fully verified by the customer. International Rectifier
cannot guarantee suitability for your applications, and is not liable for any result of usage for such
applications including, without limitation, personal or property damage or violation of third party
intellectual property rights.

IR WORLD HEADQUARTERS: 233 Kansas St., El Segundo, California 90245, USA Tel: (310) 252-7105
TAC Fax: (310) 252-7903
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