TECHNOLOGY

, Ll” DEMO MANUAL DC2002A

LTC3774EUHE

High Efficiency Dudl Output Step-Down
Converter with Very Low DCR Inductor

DESCRIPTION

Demonstration circuit DC2002A is a dual output synchro-
nous buck converter featuring the LTC3774EUHE. The
demo board suppliestworails of 1.5V/30Aand 1.2V/30A.

The power stage foreach rail consists ofa 0.33pyH 0.32mQ
DCR inductor with a 11mm x 11mm footprint and a
6mm x 6mm DrMOS driven by the PWM outputs of the
LTC3774EUHE at a switching frequency of 400kHz. The
inductor, DrMOS and the local ceramic input and output
capacitors forms the core converter which occupies a
1.1 x 1.1" area on the top layer. The control circuit is
directly underneath on the bottom layer and occupies an
areaof0.9"x1.1". The resultis atwo sided core converter
with a current density of 50A per square inch and a full
load efficiency of 91.1% for the 1.5V rail and 90.0% for
the 1.2V rail.

Additional features of this demo board include:

* Remote Sensing for Each Output

e PLLIN and CLKOUT Pins

* PGOOD, RUN and TRK/SS Pins for Each Output
 QOptional Resistors to Tie the Two Outputs Together

* (QOptional Footprint for Hot Swap™ FET on the Input of
Each Phase for MOSFET Failure Protection

* QOptional Footprint for an LTC4449 Gate Driver and
Discrete MOSFETs

* (QOptional Footprint for a Dual Phase Delta Power Block

Design files for this circuit board are available at
http://www.linear.com/demo/DC2002A

L7, LT, LTC, LTM, Linear Technology and the Linear logo are registered trademarks and Hot Swap
is a trademark of Linear Technology Corporation. All other trademarks are the property of their
respective owners.

PGBFOﬂmHnCE Summﬂﬂ'f Specifications are at Ty = 25°C, No Airflow

PARAMETER CONDITIONS VALUE
Minimum Input Voltage v

Maximum Input Voltage 14V

Output Voltage Voyr1 lout1 = 0ATO 30A, Viy =7V to 14V 1.5V 2%
Output Voltage Vouyto lout2 = 0ATO 30A, Vi =7V to 14V 1.2V £2%
Vout1 Maximum QOutput Current, loyt1 Viy=7Vto 14V, Voyry = 1.5V 30A

Voute Maximum Output Current, loyto Vin =7V to 14V, Voure = 1.2V 30A

Nominal Switching Frequency 400kHz
Efficiency Voutt = 1.5Y, lgyt1 = 30A, Vi = 12V 91.1% Typical
See Figures 2 and 3 Voure = 1.2V, lgyte = 30A, Viy = 12V 90.0% Typical
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DEMO MANUAL DC2002A

QUICK START PROCEDURE

Demonstration circuit 2002A is easy to set up to evaluate
the performance of the LTC3774EUHE. Please refer to
Figure 1 for proper measurement equipment setup and
follow the procedure below.

1. With power off, connect the input supply, load and
meters as shown in Figure 1. Preset the load to 0A
and Vy supply to be OV. For both assemblies, place
the jumpers in the following positions:

JP1 RUNA1 ON
JP2 RUN2 ON
JP5 MODE CCM

2. Adjust the input voltage to be between 7V and 14V.
Vour1 should be 1.5V +2%.

Voute should be 1.2V +2%.

3. Next, apply 30A load to each output and re-measure
Vour-

4. Oncethe DCregulationis confirmed, observe the output
voltage ripple, load step response, efficiency and other
parameters.

Note 1. Use the BNC connectors labeled Voyt1 0r VoyT2
to measure the output voltage ripple.

Note 2. Do not connect load from the Vgg1* turretto the
Vos1~ turret or from the Vogo* turret to the Vogo™ tur-
ret. This could damage the converter. Only apply load
across the stud connectors on the edge of the board.

Dynamic Load Circuit (Optional)

Demonstration circuit 2002A provides a simple load step
circuit consisting ofa MOSFET and sense resistor for each
rail. To apply a load step, follow the steps below.

1. Pre-set the amplitude of a pulse generator to 0.0V and
the duty cycle to 5% or less.

2. Connect the scope to the Voyt1/VoyT2 BNC connectors
for the rail under test with a coax cable. To monitor the
load step current, connect the scope probe across the
ISTEP+ turrets for that rail.

3. Connectthe output of the pulse generator to the PULSE
GEN turret for the rail under test and connect the return
to the adjacent GND turret.

4. With the converter running, slowly increase the am-
plitude of the pulse generator output to provide the
desired load step pulse height. The scaling for the load
step signal is smV/Amp.

Single Output/Dual Phase Operation

Asingle output/dual phase converter may be preferred for
higher output current applications. The optional compo-
nents required to tie the phases together are found on the
lower left of the 1st sheet. To tie the two outputs together,
make the following modifications:

1. Tiethe two Vgt shapes together with a piece of copper
ora0mQ jumper at R47 and R36. One part to consider
is Tepro RN5326.

2. Tie Vosns1 to Vosnso by stuffing a 0Q resistor at R93
and tie Vg1~ to Vgo™~ by stuffing a 0Q resistor at R92.

3. Tie ITH1 to ITH2 by stuffing a 0Q resistor at R68.
4. Tie RUN1 to RUN2 by stuffing a 02 resistor at R54.
5. Tie TK/SS1 to TK/SS2 by stuffing a 02 resistor at R48.

Paralleling Boards

Up to 6 DC2002A demo boards can be paralleled to
produce a single output, 12 phase converter. To connect
two or more DC2002A boards together, first tie the two
phases together as described in the Single Output/Dual
Phase Operation section. Next, place the boards side by
side such that header J8 of one board mates with socket
J9 of the other. This will connect the common control
signals together which are the Vggns, Vos™, ITH, RUN
and TK/SS signals. It will also tie the CLKOUT signal of
one phase to the PLLIN input of the other phase. Next,
tie the Vout, Vin and GND of the boards together using
the exposed copper on the edges of the board. Figure 6
shows how to tie 2 boards together for a single output,
4 phase converter.
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DEMO MANUAL DC2002A

QUICK START PROCEDURE
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*A MONITOR THE OUTPUT VOLTAGE ACROSS EITHER COUT4 OR COUT9 FOR ACCURATE EFFICIENCY MEASUREMENTS.
*B MONITOR THE VOLTAGE AT VIN1 WHEN MEASURING THE EFFICIENCY OF PHASE 1 AND VIN2 WHEN MEASURING THE
EFFICIENCY OF PHASE 2.

Figure 1. Proper Measurement Equipment Setup
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DEMO MANUAL DC2002A
QUICK START PROCEDURE
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Figure 2. Efficiency Curves for the 1.5V Rail at V;y =12V, 14V and 7V in CCM.
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Figure 3. Efficiency Curves for the 1.2V Rail at V;y = 12V, 14V and 7V in CCM.

dc2002af

LY N




DEMO MANUAL DC2002A

QUICK START PROCEDURE
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Figure 4. 50% to 100% to 50% Load Step Response of the 1.5V Rail.
Cour = 3x Sanyo 2R5TPE330M9 || 2x 100pF X5R 1206, L = Wiirth 744301033 (0.33pH), fgy = 400kHz.
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Figure 5. 50% to 100% to 50% Load Step Response of the 1.2V Rail.
Cour = 3x Sanyo 2R5TPE330M9 || 2x 100pF X5R 1206, L = Wiirth 744301033 (0.33pH), fsy = 400kHz.
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DEMO MANUAL DC2002A
QUICK START PROCEDURE

TOP LAYER

BOARD #1

BOARD #2

VOUTH 7 YOUTZ+
. VOuTI- 1.5v/308 HIGH IEFTFE\‘ENCE%EAULHOETPUT 12V/304 vourz- . . YOUTH
STEP-DOWN CONVERTER

WITH VERY LOW DCR INDUETOR
DEMO CIRCUIT 20024

VOUTI \I/:j.‘.\lu‘ Wm (; wouT2

i

&) PuLSE GENI
i) cHD —

ez om0 e
0

DUT =«
@B PuULSE GEN

&) oo

PULSE GENZ ()
GHD (&5

ISTEPTH ISTEP2+ ISTEP I+
LO&D STEP o [EH(E (AR LOAD STEP LOAD STEP
S fhmp N S e St Amp

1sTEP2— (B8
vosz+ (@)
vas2- ()

&8 1sTEP1-
@& vosw
(& vosi-

&8 1sTEP-
@ vosw
& vos-

COMNECT T gfg:if& o
PARALLEL
ez o R DC20034 DBC20624
- O
Ef] =
5 Peoan L‘ PE0DD2 ER) & reoont
RUN1 =] = RUN2 RUN1
o R w || W
=l OFF Ll o o OFF L=l OFF
a1 on: [T ITTiows Pz a1
.TRLEK/SSi mcx,’ssz. .TELCK/SS!
iN-
HADE WaDE,
(s i+ @ @ & anz+ cLrour @i K55
ECEM CEM
Hize! @ crz & Hizs2
@ rm (& PLLIN
N |
TN-HY HiN- V N

5V,/200mA
I3

-
® e i
INT BIAS

7v/200ma
B4

ON
@ @ S a

GND PWR BLE BIAS

3/ 200ma
)

-
@ @ i
INT BIAS

Ve g0 R ST

RIS ewwinemrcom

LI COMMUENTIAL—FOR QUSTOUER USE DILY

VOUTH LTC3774EUHE

1.5/ 304

STEP-DOWN CONYERTER
WITH VERY LGW DCR INDUETOR
DEMO CIRCUIT 20024

vouTt |Kf;'.-.\\ " /f.‘.% VouT2
\o%e)uzla%)

czm D mmens
5

O HED

7

3 35
£5 Eir
53 ﬁ mg
< ]
o [T TTaws
VIN-

i+ (&)
wizal @&

VINE
V-l

&8 vinzt
@@ nizs2

t1@

T &2

TV 200mA
Bt
oH

= e oFF

GND PWR BLE BIAS

HIGH EFFICIENCY DUAL 0UTPUT 124/ 30k

VOUT24

voutz- ® .

8
PULSE GEN2 (&

GHD &5

ISTEP2+
LDAD STEP
S\, Amp

1sTEP2— (B
vos2+ (@
vos2- @)

CONNECT T
PARALLEL
DC2OGZE

5

»

PeOOD (E8)

RUN2

HUN
OFF
P2

TRACK /552 ‘
cLKouT @iy

A WIER R

LTC DONAGEHTIAL —FOR SUSTOUER USE THLT

BOTTOM LAYER

BOARD #2

BOARD #1

3, Joam
sog I W
EE (1]

0
L

= OPTIONAL )
n--E DISCRETE _ !

GATE DRIVER |
o,- AND WOSFETS

L
CRETE an
a

£

FOR PHASE 2!

i e EE i
= ! unu-l-‘ 188 =L m !
S g 1 omgEe i
S HE 3] | pE !

! T OE L & 1OPTIONALL !

1 4 1vLG !
° wE® A !

3 cas

® - W E B 5 [

T OPTIOHEAL
DISCRETE

| GATE DRIVER
| AND WOSFETS
FOR PHASE 2

ORTIDNAL
DISCRETE !
GATE DRIVER |
AND UDSFETS
FOR PHASE 2|

10FTIONALL

UVLC:
ICIRGUIT .b
[
4

@ oFrioiac

BINS !
| SUPPLY FOR

\POWER BLOCK

= COPPER FOIL

Figure 6. How to Parallel Two Boards for a Single Output, 4 Phase Converter
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DEMO MANUAL DC2002A

PARTS LIST

ITEM | QTY |REFERENCE

PART DESCRIPTION

MANUFACTURER/PART NUMBER

Required Circuit Components

1 2 | Cint, Cino CAP, 180pF, 20%, 16V, OSCON SANYOQ, 16SVP180MX
2 4 | Cn3, Cing, Cins, Cine CAP, 22uF, 20%, 16V, X5R 1210 MURATA, GRM32ER61C226KE20L
3 6 | Cout1-Cours, Couts-Cours CAP, 330pF, 20%, 2.5V, 7343 SANYO, 2R5TPE330M9
4 4 | Couts, Couts, Couta, Coutio CAP, 100pF, 20%, 6.3V, X5R 1206 MURATA, GRM31CR60J107ME39L
5 6 |C1,C9,C36, C37,C38, C40 CAP, 0.22pF, 10%, 25V, X7R 0603 AVX, 06033C224KAT2A
6 2 |C2,(13 CAP, 0.1pF, 10%, 25V, X7R 0603 AVX, 06033C104KAT2A
7 4 | C3, (11,034, C35 CAP, 2.2uF, 10%, 16V, X7R 0603 MURATA, GRM188R61C225KE15D
8 2 |C5,C10 CAP, 0.01pF, 10%, 25V, X7R 0603 AVX, 06033C103KAT2A
9 2 |C6,C14 CAP, 2200pF, 5%, 25V, X7R 0603 AVX 06033C222JAT2A
10 2 | C7,C41 CAP, 330pF, 10%, 50V, NPO 0603 AVX 06035A331KAT
11 1 |C8 CAP, 4.7uF, 10%, 16V, X7R 0805 AVX, 0805YC475KAT2A
12 1 |C12 CAP, 1yF, 20%, 25V, X5R 0603 AVX, 06033D105MAT2A
13 2 | C46, C47 CAP, 22pF, 10%, 25V, NPO 0603 AVX, 06033A220KAT2A
14 2 | C28,C29 CAP, 10yF, 20%, 6.3V, X5R 0805 AVX, 08056D106MAT2A
15 2 |L1,L2 IND., 0.33pH, 0.325mQ, DCR 20% WURTH, 744301033
16 2 |R1,R45 RES, 40.2k, 1%, 1/10W, 0603 VISHAY, CRCW060340K2FKEA
17 3 |R2,R25, R35 RES, 2.2Q, 1%, 1/10W, 0603 VISHAY, CRCW06032R20FKEA
18 2 |R3,R26 RES, 1Q, 1%, 1/10W, 0603 VISHAY, CRCW06031R0O0OFKEA
19 12 | R4-R7, R9, R29, R30, R40, R41, RES, 10k, 1%, 1/10W, 0603 VISHAY, CRCW060310KO0FKEA
R46, R85, R89
20 1 |R8 RES, 15k, 1%, 1/10W, 0603 VISHAY, CRCW060315K0FKEA
21 4 | R11,R18, R39, R43 RES, 10, 1%, 1/10W, 0603 VISHAY, CRCW060310ROFKEA
22 3 |R12,R21,R22 RES, 0©2, JUMPER 0603 VISHAY, CRCW06030000Z0EA
23 2 |R20, R42 RES, 4.64k, 1%, 1/10W, 0603 VISHAY, CRCW06034K64FKEA
24 1 |R23 RES, 37.4k, 1%, 1/10W, 0603 VISHAY, CRCW060337K4FKEA
25 2 | R38, R51 RES, 931Q, 1%, 1/10W, 0603 VISHAY, CRCW0603931RFKEA
26 2 | R49,R50 RES, 0.001€Q, 2512, 5% PANASONIC ERIM1WTIMOU
27 2 |R73,R88 RES, 100K 1% 1/10W 0603 VISHAY, CRCW0603100KFKEA
28 1 |U LTC3774EUHE LINEAR TECH., LTC3774EUHE#PBF
29 2 |U2,U3 MOSFET, DrMOS DC/DC 3.3V PWM FAIRCHILD, FDMF6820A
30 2 |R19,R37 RES, 8.06k, 1%, 1/16W, 0603 VISHAY, CRCW06038K06FKEA
5V BIAS (for DrMOS)
1 1 | R59 RES, 0€, JUMPER 1206 VISHAY, CRCW12060000Z0EA
2 1 |U4 I.C., BUCK REGULATOR LT3470ETS8 LINEAR TECH., LT3470ETS8#PBF
3 1 |C17 CAP, 0.22uF, 10%, 25V, X7R 0603 AVX, 06033C224KAT2A
4 2 |C18,C26 CAP, 1pF, 20%, 25V, X5R 0603 AVX, 06033D105MAT2A
5 1 L3 IND., 33pH, -53DLC TOKO, A914BYW-330M=P3
6 1 |C19 CAP, 22yF, 20%, 16V, X5R 1210 MURATA, GRM32ER61C226KE20L
7 1 |C21 CAP, 22pF, 10%, 25V, NPO 0603 AVX, 06033A220KAT2A
8 1 | R61 RES, 604k, 1%, 1/10W, 0603 VISHAY, CRCW0603604KFKEA
9 1 | R63 RES, 200k, 1%, 1/10W, 0603 VISHAY, CRCW0603200KFKEA
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DEMO MANUAL DC2002A

PARTS LIST

ITEM | QTY |REFERENCE

PART DESCRIPTION

MANUFACTURER/PART NUMBER

Dynamic Load Circuits

1 2 | R56, R58 RES, 10k, 1%, 1/10W, 0603 VISHAY, CRCW060310KOFKEA
2 2 |Q1,Q2 MOSFET, N-Channel 30-V VISHAY, SUD50N03-12P-E3
3 2 R57, R60 RES 0.005Q, 1%, 0.5W, 2010 VISHAY, WSL20105L000FEA
Additional Components
1 0 | Cin7-Cint2, Cines, Ginga, €25 CAP, 1210 OPT
2 0 | Cout15-Coutoo (OPT) CAP, 7343 OPT
3 0 |Cout11-Cour14 CAP, 1206 OPT
4 0 |C16 CAP, 0805 OPT
5 0 | C15, G20, C22-C24, C27, G30-C33, | CAP, 0603 OPT
(39, C42, C43, C44-C48
6 0 |D1 DIODE SOT23 OPT
7 0 D2, D3 DIODE SOD-323 OPT
8 0 L4 IND, -53DLC OPT
9 0 PB1 POWER BLOCK, D12S1R845A OPT
10 0 |Q3,Q4,Q5,06,Q7, 08,09, Q10 MOSFET, PG-TDSON-8 OPT
11 0 RN1, RN2 RES, NTC, 0805 OPT
12 0 R10, R14, R15, R24, R27, R28, RES, 0603 OPT
R31, R33, R44, R48, R52-R55,
R62, R65-R72, R74-R84, R86, R87,
R90, R91, R92
13 0 |R16,R32,R17, R34 RES, 0603 OPT
14 0 R36, R47 RES, 2512 OPT
15 0 R64 RES, 1206 OPT
16 0 us OPT, BUCK REGULATOR LT3470ETS8 OPT
17 0 |U8, U9 GATE DRIVER, LTC4449EDCB OPT
18 0 E28 OPT, TESTPOINT, TURRET, .095" OPT
19 0 |JP4 HEADER, 3 PIN, 0.079 SINGLE ROW OPT
Hardware
1 25 | E1-E13, E16-E25, E29, E30 TESTPOINT, TURRET, .095" MILL MAX, 2501-2-00-80-00-00-07-0
2 4 | JP1,JP2, JP3, JPS HEADER, 3 PIN 0.079 SINGLE ROW SULLINS, NRPNO31PAEN-RC
3 4 | XJP1, XJP2, XJP3, XJP5 SHUNT, .079" CENTER SAMTEC, 2SN-BK-G
4 6 |[J1,42,J3, 44, 45, J6 STUD, TEST PIN PEM, KFH-032-10
5 12 [ (J1,J2,d3, 4, J5, J6)x2 NUT, BRASS PL #10-32 ANY, 10-32M/S BR PL
6 6 |[J1,42,J3, 44,45, J6 RING, LUG #10 KEYSTONE, 8205
7 6 |[J1,42,J3, 44, J5, J6 WASHER, TIN PLATED BRASS ANY, #10EXT BZ TN
8 2 [J7,410 CON, BNG, 5 PINS CONNEX, 112404, 7 Trays
9 1 J8 Header, Dbl Row, RT Angle, 2 x 4, 8 Pin MILL-MAX, 802-10-008-20-001000
10 1 J9 Socket, Dbl Row, RT Angle, 2 x 4, 8 Pin MILL-MAX, 803-43-008-20-001000
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SCHEMATIC DIRGRAM
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SCHEMATIC DIAGRAM
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DEMO MANUAL DC2002A

SCHEMATIC DIRGRAM
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Information furnished by Linear Technology Corporation is believed to be accurate and reliable.
‘ ' Llnw However, no responsibility is assumed for its use. Linear Technology Corporation makes no representa-
TECHNOLOGY tion that the interconnection of its circuits as described herein will not infringe on existing patent rights.



DEMO MANUAL DC2002A

DEMONSTRATION BOARD IMPORTANT NOTICE
Linear Technology Corporation (LTC) provides the enclosed product(s) under the following AS IS conditions:

This demonstration board (DEMO BOARD) kit being sold or provided by Linear Technology is intended for use for ENGINEERING DEVELOPMENT
OR EVALUATION PURPOSES ONLY and is not provided by LTC for commercial use. As such, the DEMO BOARD herein may not be complete
in terms of required design-, marketing-, and/or manufacturing-related protective considerations, including but not limited to product safety
measures typically found in finished commercial goods. As a prototype, this product does not fall within the scope of the European Union
directive on electromagnetic compatibility and therefore may or may not meet the technical requirements of the directive, or other regulations.

If this evaluation kit does not meet the specifications recited in the DEMO BOARD manual the kit may be returned within 30 days from the date
of delivery for a full refund. THE FOREGOING WARRANTY IS THE EXCLUSIVE WARRANTY MADE BY THE SELLER TO BUYER AND IS IN LIEU
OF ALL OTHER WARRANTIES, EXPRESSED, IMPLIED, OR STATUTORY, INCLUDING ANY WARRANTY OF MERCHANTABILITY OR FITNESS
FOR ANY PARTICULAR PURPQSE. EXCEPT TO THE EXTENT OF THIS INDEMNITY, NEITHER PARTY SHALL BE LIABLE TO THE OTHER FOR
ANY INDIRECT, SPECIAL, INCIDENTAL, OR CONSEQUENTIAL DAMAGES.

The user assumes all responsibility and liability for proper and safe handling of the goods. Further, the user releases LTG from all claims
arising from the handling or use of the goods. Due to the open construction of the product, it is the users responsibility to take any and all
appropriate precautions with regard to electrostatic discharge. Also be aware that the products herein may not be regulatory compliant or
agency certified (FCC, UL, CE, etc.).

No License is granted under any patent right or other intellectual property whatsoever. LTC assumes no liability for applications assistance,
customer product design, software performance, or infringement of patents or any other intellectual property rights of any kind.

LTC currently services a variety of customers for products around the world, and therefore this transaction is not exclusive.

Please read the DEMO BOARD manual prior to handling the product. Persons handling this product must have electronics training and
observe good laboratory practice standards. Gommon sense is encouraged.

This notice contains important safety information about temperatures and voltages. For further safety concerns, please contact a LTC applica-
tion engineer.

Mailing Address:

Linear Technology
1630 McCarthy Blvd.
Milpitas, CA 95035

Copyright © 2004, Linear Technology Corporation
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