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INNDDD1KOD12—5K 1kW HEXREEEBIREDemo, ¥ ABE40Vdc-60vde,
tH 12V/85A , & KM H I F1kw , & E B E H 96.9%@720W , & H M X A
96.76%@1kW , BEBHAETURFANHRE1.2kW, ME96.54%, WRRR T
58.4*36.8*12mm (1/4%&) . DemoR B M#EREBuckIntc, SHEERTFEF IR R
INS2002FQ F1 2 1 GaN INNT1OOWO32ALMIh &, LHISEH S HEH SR
LTC7871, TILASEICC/CVEEH], HEBEE. RE. EBREFRIPIEE,

1.2. %51
m FTERHE
> BRAXME, sEXRBE (1/4%)
> ZHEREBuckItEBREFNHREY
> BHE: BEXNEI6.9%, HEMEI6.76%
B RIPINEE
> BWARE/ZERF
> BHIE/ZREF

> BHEERRP

1.3. A=
o fREEHIE
® FrEEiRISESBIR

o TIWEFEHIR
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2. XiBESH

ATFNLETINNDDDIKODTHXBESIFMASH, SRNE1,

£ 1 XRBSSHER(TA=25°0)

Parameter Condition Max Unit
ARG
Vin DCHIANEBE 40 48 60
Vin_uv BAREFRP - 39 -
Vin ov AT EFRIF - 63 -
Fsw FrXm= 330 kHz
Vour W EE - 12 - Vv
Vourt_ov T ERIP - 15 - Vv
lout_LimiT I R AR - 100 - A
Pour I = 450LFM AirFlow - - 1000 w
Demo'ttgE
N V|N=48VdC,
Effex EERE - 96.90 - %
Output=12V/60A
. V|N=48Vdc,
Eff ER &S - 96.76 - %
Output=12V/85A
~ . V|N=48Vdc,
VrippLE I B ESUR - - 200 mV
Output=12V/85A

POWER THE FUTURE WWwWw.inhoscience.com 2


http://www.innoscience.com/

DB034-INNDDD1KOD1 '.rj“nnOSCience

TkW 1/4 Brick Multiphase Buck

3. DemoA X

3.1. &b
EFER 4
INN100WO?_;2A N
Vhigh + : Viow
C_) — EléﬁEIXEjJ INNTOOWO032A —
48Vdc INS2002FQ 12vdc
=

1 INNDDD1KOD1 R ARIEE

WMETEF/R, DemoXAMNME3EBuckinid, SHERTHFEHFIXEEEINS2002FQF]
28 GaN INNTOOWO32AXLMINRELH, BHIREHRASHEBEH S HFLTC7871, TTAXLH
CC/Cvizdl, HEATE. XE. EESRIPIEE,

ZHERERITUERERRBABHOERIOE, REESRMNESNER, BHTR
ARENRBE, RIZHERECLREE+ARENHERIIE, LTC7871E2HRZ BRI
XFOHERE, HFAXFESTRAK, TULRERNENRFNA,

3.2. GaNBI R L

BUCKH P2 BB NBEHA XA, BRPNR[ENAXRERK, BRROAXRE
PREVEELEFEZESHAXAR., AXREETEZARMAOME: HWHBBIREPosIREIR
FEPon+Porr, HIHEBBERFEPossTARHFHICossM Qoss BIRBX, RBIRFEPon+Por Ml 2714 HY
AXEELRZQEHEZEMX,

GaN EAE=R*SA#H, BEANRNENE, EHEFNSEBMER.T, BEFE/N
B9Qo0ssMQs, XMHERKT EMBOFAXIRFE,; tIrGaN HEMTRBREIKE BE Qre, HEL
RERBKSEHRE, DNEHEBHER—TEKRMSE, BUCKERITIEZRESTHNFRME,
FXRMXRRSE, TURRERMESTHER, RANXEE,

3.3. ER&BHNA

3.3.1. INNTOOWO032A
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INNTOOWO32AR HIBEER BN —= X AHSolder Bar WLCSP 3.5mm x 2.13mmit%E
P100VEESHERERENXREAE, HEERIERRXAERSES MOSHEUHZ—,

HESZ2H3 %2,
% 2 INNTOOWO32AES S #3(T= 25 °C)

Parameter Value Unit

Vbs_max 100 \Y
Ros(on) Mmax@Ve=5V 3.2 mQ

Qo 1vp@Vps=50V 9.2 nC

Io_puise 230 A
Qoss@Vps=50V 50 nC
Qrr@Vps=50V 0 nC

3.3.2. INS2002FQ

INS2002FQ EHEEZRW—ZEH FCQFN 3mmx3mm & 100V HHFIRESE,
EREITAKE GaN i&itdy, ASMEHN LE A B BST BUHM B K, TR GaN
Bk, BEIEFEZENRIEECEAN, BNSHFAEB VCCHBSTREE. VOO

ESEMIRRIPEINE,

INS2002FQ MIREIIAR 3 & PWM ES, ARG BFEAEEFEDBIEFHE45I
RELTEFEXE, WIEZPWMOALIHBENNZERNXE ., XFPWMAANES
ANRENEHNES, TURTHIBERESEBEIFRAPXXEE, &H KERED R
MRESRKRIMBESHXBNRE., BINSHIRMABMOIRE ERMTREHSIE, BX
AREHTFBEMXERE, BESCHFRBHENBNEETRENSYE, T9EERTSY
KMSMENA, B2 B/R7T INS2002FQ BRI N FHBEE,

5V T VCC
TRI-STATE INPUT _I'LL— PWM
INS2002
DTH

BST

HGP

L

WIN

T

7T

2 INS2002FQ Ba8Y
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4. BHERER
4.1, EHNA

BHIS A
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N > &

glhnosoence
N JUUU KD
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4 ENHRBETopRE
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5 Bottom{L &

E3. B4, B572 5 2DemoiR B TopME. FIWXBETopE. BottomME,
DemoERRT100mm*100mm, EMAMAKEF, GUAHLIEF, DREFHXHE
MAEINE FI2E, EEERAMABINOTS R FEEBAAB L.

FRBEMNFDemotr PR, FHMREEHRMEIRS58.4mm*36.8mm, AtRERMT
NZ—REHEBEERRT,

4.2. RITER
4.2.1. InnoGaN3IXE) B &%t

INS2002FQEA—HEIRKGaNRT H, RFEKEE, BRI, SEHFEFMHDN
BAY WY FHEIKEN O] S o] SR A0 BB BR iR it

||_c18 VIN

1

100nF/25V

U2

Ve R36 10R J

QL

D3 | gt Hep |22 R38R I GC)NNIDOWOSZA

Com R37 10R B4 | mwm N |1 R39 ., OR D

DTH A4l oo aw et vsw

DTL (I - Y}

H\Q2

A3 | e Lop |BL RIS, 3R I GC>NN100WO32A

A2 | ono LGN AL R46 ,  LOR Ezg

R48 ——c19 R49 ——C20 —==C —_—ca
100k 47pF/s0v 1200k 47pFi50v | 47pFisov | 1uFr2sv
NS2002
GND GND

6 MR IR EE B
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5. Demoit 4

5.1. SR
DemolIMEMEWE 7.
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7 MR L

5.2. FFX R

pl= S
Vin=48Vdc
Vour=12Vdc
lour=80A
Fsw=330kHz
450LFM Airflow
MiHLER

Vos max:51.2V

o

B A, A e PN Nt |

4
oy
i \\ ([
b 1.k ‘J "iif‘ A i et AV AT I P O A P
b |

il Vsw overshoot:3.2V

Vs falling time :
1.63ns

Vps rising time:3.93ns

SO <5 6.5 G5 160
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5.3. I BELSUK

Pl S
Vin=48Vdc
Vour=12Vdc
lour=80A
Fsw=330kHz
450LFM Airflow
Wik R

woll | Vo _rippLei65mV

5.4. B EMN 25

pl= S

Vin=48Vdc

Vour=12Vdc

lour=80A

Fsw=330kHz

450LFM Airflow 30min
Wik &R

GaN Tmax:98.4°C

L Tmax:100.8°C
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KtRAppendix
fiR A. MiX18S Testing guidance
1. MXRUENEEZREE

Test point location and wiring diagram

: EXT.UCC _ RUN [l e EE H = HODE 0
O . L0 0~ e W L e el ()
i R feam 25 TR e
» = oy . mem buck boost .
GND) o G
cs8 z agr -
wolo| o, ST B I!"l Innosaence
= s fﬂ[srz_’

I F’ng l L_u{ il e+
oo - - =8
Eﬁl‘. —_— " — = Q L
B3R : k-
[CHEpERddsEREREAd | X DC
\ _% G~ i ) ’ ) _
iflinnoscience ﬁ /

- INNI K 74
e A,
O 3 3

A

T E S
DMM

MrRE 1M B AEEREE
2. LtHRFE

Power on sequence
1) BERBEREZESFVINGHGNDR, MMRETHRR CERRYE) .

Connect the DC voltage source to the VIN and GND terminals, as shown in

Appendix Figure 1 (note polarity).
2) BERAHEZEIVORMGNDE, MKFEETFRR CGEEMRML) .

Connect the DC load to the VO and GND terminals, as shown in Appendix

Figure 1 (note polarity).

3) BATMHFHARAANERTBANBENRNS, WHRETHRR CERRYE)

Connect two digital multimeters to the input and output test points

respectively, as shown in Appendix Figure 1 (note polarity).

POWER THE FUTURE Wwww.innoscience.com 9
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4) EZHEHT, TAEREER, RERBABEEMEATE (s60V) .

Turn on the DC voltage source with no load and slowly increase the input

voltage to the desired value (< 60V).
5) MINMEBERESEILE, AZ%MHE, REEMNMAZER, TERGESEEAEY
125°C, RFHFHBERMNE .

Confirm the output voltage is correct, then slowly increase the load
currenct. Pay attention to the maximum temperature of the device not

exceeding 125 °C, and add a fan according to the load situation.

3. TaliF
Power off sequence
1) XHARH,
Turn off the DC load.
2) XAERBER.,

Turn off the DC source.

POWER THE FUTURE WWwWw.inhoscience.com 10
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Bz B. JRIEE

U_LTC7872 Repeat(,1,4)
LTC7871.SchDoc HB PowerStage.schdoc
DRVCC > vce
pwML [ PWM1
PWM2
PWM2 [X
PWM3
PWM5 [X E
PWM6 [ WM
spcl oML, PWM T poneat(PWM)
sbct <
SDC2
sbc2 ] D3
SDCs |
sbce < EEES
N SDC[1.4] SDC RS
SN1 | = epeat(SDC)
SN2 <] N
SN5 SN4
SN6 <] SNI{.4] SN
SAC1 Repeat(SN)
SACL ]
SAC2
SAC2 ¢ SAC3
SACs <] SACA
SACe ]
SACI1.4] SAC Repeat(SAC)
VHIGH < VIN P
viow \Vout

Mi=E 2 INNDDD1KOD1 BB IR FIE E

SS \'E) IMON FREQ DRvCC [ DRvcc D
> >
o8 c 8
2 f L % :
0.1uF/100V S 4TpFI50V S
S5: 120ms 349.86kHz
GND GND GND GND GND
V5 \'ES
ITHLow |
RIL
12 c
1.5k Y DRVSET ILIM
5 6 DRVCC=5V K=20
c7 4TpFI50V c8 4TpFI50V R14 R15
0.1uF/100V/ 0.1uF/100V R NC
GND GND GND GND
R16
VHIGH e 144 VHIGH__RI7_ VHighin
>R18 R19 R20 22R
620k 632V/60.1V 300k 38.7V/3T.2V 40k ne
1 OVHigh 1 UVHigh VibHigh 10
__L __L 482V UF/100V
SR21 c11 R22 12 R23  ——c3
12k 4TpFIS0V 10k NC 12 NC —
GND

.|||_‘

©
z
o

VoW oW

R24

GND

R

2R25

180k 14.7V/138V
OVLow

2R28
16k

—C16

NC

N

vs R33 10k
BUCK

SETCUR

R35

C17
22k

4TpFI50V

V5

V5,

V5,

V5,

If1Innoscience

56uF/80V

optional

TPL
TP

optional
56UF/80V

TP2

GND
Vout
T TP3
° Py ° @
TP
= = s i
E S S 5
3 = = 8
%] o S 3¢ 5’4
—L— TP

GND
J3 INNO-C
VIN
M-SMD INNO
-
'GND
M.SMD Label
J5 ipti
Layer description
©—e{\out 4 P
M-SMD SPEC
J6
M-SMD
J7
@—|l-enp
M-SMD
J8
M-SMD
= BUCK
DC5
6
ACS
GND-I"—l
| Ut
D LTCT871ELWE
g
it
o
s © 2} VHightN
VibLow N ? bRVCC
ITHLow, VEBLow
ITHLOW Drvser—][I-onp
GND.|| SGND
ITHHigh ITHHIGH
VfbHigh. VFBHIGH exrvee
vs__ "o VS
IMON 1 IMON
SETCUR ___1
] SETCLR
OVHigh___ 13 | SUrian
UVHigh 1 UVHIGH
ovten I 1 oviow
GND.||| SGND
SACT
SNL
SDCL
SDC2
SN2 v
SACZ
RL 100K o R2 NC
RS 100k o0 RENC | RI0 100K
3L LOOR
RONC g B8NS | A
100R.
RS 10k ey R9NC

o
|
S}

MisRE 3 INNDDD1KOD1E 88 [RIE B - 1= 415 B B 88
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B#3 C. PCB Layout

P o 4 - P
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. b
’ II !!I i!l I!I l!ill l!l I" lli !l y

?@[E i B |O
e @ @. 2. @ Q

FfRE 9 Top Silkscreen (ZE) Bottom Silkscreen (HE )
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ff$ D. BOM
Part Number | Manufacture Description Designator ‘ Footprint ‘ Quantity
GRM21BR61H475KE Cap, 4.7uF, X5R, 50V, 10%,
Murata c1, C2 0805 2
51L 0805
C3,C7,C8,C23_1,C23_2,
C23_3,C23_4,C24_1,
C24_2,C24_3,C24_4,
C25_1,C25_2,C25_3,
C25_4,C26_1,C26_2,
Cap, 0.1TuF, X7R, 100V, 10%,
CL10BT04KC8BNNNC | SAMSUNG 0603 C26_3, C26_4,C27_1, 0603 35
C27_2,C27_3,C27_4,
C28_1,C28_2,C28_3,
C28_4,C29 1,C29 2,
C29 3,C29 4,C30_1,
C30_2,C30_3,C30_4
Cap, 47pF, COG, 50V, 5%,
0603CG470J500NT FH c4, C5, C6, C11, C17 0603 5
0603
NC - Cap, NC, 0603 c9, C12,C13, C14, C16 0603 5
C3216X72A105KTO Cap, TuF, X7R, 100V, 10%,
TDK c10 1206 1
LOU 1206
Cap, TuF, X7R, 25V, 10%, C15, C21_1, C21_2,
CL10BT05KA8NNNC | SAMSUNG 0603 5
0603 C21.3,C21 4
) Cap, 100nF, X7R, 25V, 10%, Cc18_1,C18_2,C18_3,
0402B104K250CT walsin 0402 4
0402 c18_4
C19_1,C19_2,C19_3,
GRM1555CTH470JA Cap, 47pF, COG, 50V, 5%, C19_4,C20_1,C20_2,
Murata 0402 12
01D 0402 C20_3, C20_4, Cc22_1,
C22_2,C22.3,C22 4
C31_1,C31_2,C31_3,
C31_4,C32_1,C32_2,
C32_3,C32_4,C33_1,
Cap, 2.2uF, X7R, 100V, 10%, C33_2,C33_3,(C33 4,
CL31B225KCHSNNE SAMSUNG 1206 24
1206 C34_1,C34_2,C34_3,
C34_4,C35_1,C35_2,
C35_3,C35_4,C36_1,
C36_2,C36_3,C36_4
C37_1,C37_2,C37_3,
C37_4,C38_1,C38_2,
C38_3,C38 4,C39 1,
Cap, 10uF, X7R, 25V, 10%, C39 _2,C39 3,C39 4,
CL31BTO6KAHNNNE | SAMSUNG 1206 24
1206 C40_1, C40_2, C40_3,
C40_4,C41_1,C41_2,
C41_3,C41_4,C42 1,
C42_2,C42_3,C42_4
Cap, 56uF, 80V, EC10*12.5*
80SXE56M - CE1, CE4 2
EC10*12.5*5.0 5.0
Cap, 330uF, 16V, EC10*12.5*
16SEQP330M - CE5, CE8 2
EC10*12.5*5.0 5.0
. Cap, optional, EC10*12.5*
optional - CE2, CE3, CE®6, CE7 4
EC10*12.5*5.0 5.0
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0603WAF1003T5E UNI-ROYAL Res, 100k, 1%, 0.1wW, 0603 R1, R3 0603 2
R2, R4, R5, R6, R9, R11,
NC - Res, NC, 0603 R15, R51_1, R51_2, 0603 11
R51_3,R51_4
RS-03K6202FT FH Res, 62k, 1%, 0.1TW, 0603 R7 0603
0603WAF1002T5E UNI-ROYAL Res, 10k, 1%, 0.TW, 0603 R8, R22, R29, R33 0603 4
R10, R14, R16, R24,
0603WAFOO000T5E UNI-ROYAL Res, OR, 1%, 0.1W, 0603 R44 1, R44_2, R44_3, 0603 8
R44_4
RS-03K1501FT FH Res, 1.5k, 1%, 0.1w, 0603 R12 0603 1
0603WAF4021T5E UNI-ROYAL Res, 4.02k, 1%, 0.1W, 0603 R13 0603 1
RS-06L2R20FT FH Res, 2.2R, 1%, 0.25W, 1206 R17 1206 1
0805W8F6203T5E UNI-ROYAL Res, 620k, 1%, 0.125wW, 0805 R18 0805 1
RCO805FR-07300KL YAGEO Res, 300k, 1%, 0.125w, 0805 R19 0805 1
RS-05K4703FT FH Res, 470k, 1%, 0.125W, 0805 R20 0805 1
0603WAF1202T5E UNI-ROYAL Res, 12k, 1%, 0.1TW, 0603 R21, R23 0603 2
RS-05K1803FT FH Res, 180k, 1%, 0.125Ww, 0805 R25 0805 1
0805W8F9102T5E UNI-ROYAL Res, 91k, 1%, 0.125w, 0805 R26 0805 1
0603WAFT1001T5E UNI-ROYAL Res, 1k, 1%, 0.1wW, 0603 R27 0603 1
0603WAF1602T5E UNI-ROYAL Res, 16k, 1%, 0.1TW, 0603 R28 0603 1
0603WAFT1000T5E UNI-ROYAL Res, 100R, 1%, 0.1TW, 0603 R30, R31, R32 0603 3
RS-03K2202FT FH Res, 22k, 1%, 0.1wW, 0603 R34, R35 0603 2
_ R36_1, R36_2, R36_3,
WRO6X10ROFTL walsin Res, 10R, 1%, 0.1W, 0603 R36 4 0603 4
R37_1,R37_2,R37_3,
0402WGF100JTCE UNI-ROYAL Res, 10R, 1%, 62.5mW, 0402 R37 4 0402 4
R38_1,R38_2, R38_3,
0402WGF300KTCE UNI-ROYAL Res, 3R, 1%, 62.5mWw, 0402 R38_4, R45_1, R45_2, 0402 8
R45 3, R45_4
R39_1,R39 2, R39 3,
RTTO200000FTH RALEC Res, OR, 1%, 62.5mW, 0402 R39_4,R46_1, R46_2, 0402 8
R46_3, R46_4
Res, TmR, 1%, 3W, 1225 1225
MSMA1225R0010FG R41_1,R41_2, R41_3,
Eaton (or 4psc 4mR 1206 (4psc 4
M R41_4
parallel) 1206)
R42_1,R42_2,R42_3,
0805W8F8201T5E UNI-ROYAL Res, 8.2k, 1%, 0.125w, 0805 Rao 4 0805 4
R43_1,R43_2, R43_3,
RCO603FR-07750RL YAGEO Res, 750R, 1%, 0.1W, 0603 R43 4 0603 4
R47_1,R47_2,R47_3,
NC - Res, NC, 0402 0402 4
R47_4
Res, 100k, 1%, 62.5mW, R48_1, R48_2, R48_3,
0402WGF1003TCE UNI-ROYAL 0402 4
0402 R48_4
Res, 200k, 1%, 62.5mWw, R49_1, R49_2, R49 3,
RTT022003FTH RALEC 0402 4
0402 R49_4
R50_1, R50_2, R50_3,
0603WAF8200T5E UNI-ROYAL Res, 820R, 1%, 0.1TW, 0603 R50 4 0603 4
Ind, 3.3uH, 2.7mR, 37A,
CSBX1275-3R3M Codaca L1_1,L1_2,L1_3,L1_4 13*13 4
13.8%12.8*7.3
SBR1A40S3-7 DIODES Diode, 40V, 1A, SOD-323 D1 SOD-323
INNTOOWO032A Innoscience GaN, 100V, 3.2mQ, WLCSP Q1_1,0Q1_2,Q1_3,Q1_4, WLCSP 8
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3.5%2.13 Q2.1,Q2.2,Q2.3,Q2_4 | 3.5*2.13
LTC7871ELWE#PBF ADI IC, LTC7871ELWE, LQFP64 U1 LQFP64 1
INS2002FQ Innoscience IC, INS2002, FCQFN 3X3 u2_1,U2.2,U2 3,U2 4 FCQFN 3X3 | 4
2.54mm Header 2 - Header, 2.54mm, 2-Pin J1 HDR1X2 1
2.54mm Header 6 - Header, 2.54mm, 6-Pin ]2 HDR1X6 1

M4 SMD terminal, 50A,
9774040482R wurth J3,J)4,)5,J6,)7,)8 M4 6

M4*L4
2.54mm Header 3 - Header, 2.54mm, 3-Pin JP1 HDR1X3 1
2.54mm Header 4 - Header, 2.54mm, 4-Pin P2 HDR1X4 1
2.54mm Header Header, 2.54mm, 3-Pin,

- SW1 HDR2X3 1

3X2 Dual row
5005/5006 Keystone Red/Black test point, 1.6mm | TP1, TP2, TP3, TP4 1.6mm 4
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A Note:

There may be a dangerous voltage on the demo board, and exposure to high voltage may lead to safety problems
such as injury or death.

Proper operating and safety procedures must be adhered to and used only for laboratory evaluation
demonstrations and not directly to end-user equipment.

Reminder:
This product contains parts that are susceptible to electrostatic discharge (ESD). When using this product, be sure
to follow antistatic procedures.

A Disclaimer:

Innoscience reserves the right to make changes to the products or specifications described in this document at any
time. All information in this document, including descriptions of product features and performance, is subject to
change without notice. INNOIC ACCEPTSURBIT ACCEPTS NO LIABILITY ARISING OUT OF THE USE OF ANY
EQUIPMENT OR CIRCUIT DESCRIBED HEREIN. The performance specifications and operating parameters of the
products described in this article are determined in a stand-alone state and are not guaranteed to be performed in
the same manner when installed in the customer's product. Samples are not suitable for extreme environmental
conditions. We make no representations or warranties, express or implied, as to the accuracy or completeness of
the statements, technical information and advice contained herein and expressly disclaim any liability for any direct
or indirect loss or damage suffered by any person as a result thereof. This document serves as a guide only and
does not convey any license under the intellectual property rights of Innoscience or any third party.
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