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Figure 1. Test Setup
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VIR TLERDNEDHEE T, £y b7y T2AKZEHIEILET, Figure 2(2C
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Figure 2. Software GUI
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Figure 3. Test Board Schematic
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Figure 5. DUT Bottom Side

LREDOERTIBEDTA MY M7V TNARETHY .. MITEEBLE LT,

Table 1. TEST SETUPS

Setup Placement MOSFETs Placement Inductor Placement Heat Sink
#1 Top Top No heat sink
#2 Top Bottom Top (on MOSFETSs)
#3 Top Top Bottom (on PCB)

B EE RN WA, E— Y20 2B DREAREL T, TPCBIZERY [ F5 2 &
AERLEBGHSICGRYES, EQBRTL., REFGREEREERTESL I,
E—FOUIERBEORBICTIANLTXF Yy TRy FEANDZEAKRYUTT,
PCBWMOSFETD /Ny 7 —U DX S LGB EIE, TEICFETEEGL, E—FPUUICFE
TITHE>TLEDLIFTEHYEFRA, TORH. Frvv TNy FEAND E. @EDMHEIC
RFLGEBEVREERBIEREINET ., MHOREFIEETHY . MEBMEEICKELZES
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5%, fllE, BEECHZIBENHIHAE, BEETST7 4 FER—RET
BMRITEAD & BITHBEROSOEYBBYET,

FX Mty b7y TTIE. KERAFOL®D ISOFTTHERMIDE 0.5 mmO#MEE£ZEL T
L EJ (Table 288), EDRIEL. 3.0W/M-KDOMHEFRALTERLELE. COMH
DEEHIL0.41 KWTT, 6.0 W/(m-K) D#FHEEHIF0.20 KW) (&, A DM LLET
52EBMTIAETFEALEL. FOHRFIZDHRTA FR—IOFREICEHELTLET,

Table 2. FILM GAP PADS

Thermal Thermal Thermal Breakdown
Material Conductivity | Resistance Impedance Thickness Voltage
86/300 SOFTTHERM 3.0 W/(m-K) 0.41 K/W 164 (K-mm?2)/W 0.5 mm 7.0kV
86/600 SOFTTHERM 6.0 W/(m-K) 0.20 K/W 80 (K-mm?3)/W 0.5 mm 1.5 kV

o MMEEMEMHDFTETHY .. BROMELY A X)ITEKELEEA. CD/INFTA—EER
HMORMCERNZRL., BEROMMPEZLERT D ESITRILFET,

o BMEHL. WEDESZHOMHL, BOJRNICERTIESVERLFTT ., BESIFRE
MICEEBFRT S0T, EVMHEEIY HLBOMHMOANBMEEEITBATVET,

o A VE—HFURIE, BIKOHA X, BES, EAICK>TELRYFET, BAVE—4F R
FREDFEIOEHLE, TRTOEENEEINEIDT, ERMLGET T r—2ay
[CE-DTKYIREMLIETT,

E—rL VO ERYMITHEICMAS MLV E, B4V E—SF U RICEBLET,
— MBI, BCERBT D EEBRERANSCHEYEST, CAEERBT S EEHRDES
NELRY, HEDOEBEENELLBEINLTYT, IANDEREL., BzEHEDER LEIZD
EAYFET, EES5mmD86/300 SOFTTHERM# (X, EANEOD & =D EEITIT4.1 KW
T3, SONCM2DEAZEMZ B EFESIE3.7mmIZA Y, HEMIFSOKWIZIETFTLET,
COMBOELEFENVNN—23 VIEES05MMTY ., SO —XTIE, 30 Necm2DFEXKEH
ZMZHEMBIEZESOIMmMICEMRMTEE I, FFIC. #iEH(X0.4 KWH 50.25 K/WIZ
BTFLET, BEICEVWEAZMASE. T4ILLX Yy TNy EHXEBE®BI : V=0T
MNFBoehBYET, HlziE. 86/300 SOFTTHERMDIES . EMHMNTOE S D30% % il
ZHEWESIZLEBETFAERY FEA.

CHDTRARMEY 7Y TDEE. BEIZEVWRILIPEAZFMZATIAIILLT vy TRy
Fo#mmtey b7y THEIELAVRY ., EHOMEMEIFICEZELHLITTESHY £
o RVPEERAIL, ENDE— V08L&Vt b7y T THERICEDEMAZLEN
HBEZETT, T53THWNE, BIEHRENERTELGCHYET, sikL=& 312, BN
EEREROBRE. EAN AT LEKOBEMREIZKRKELGEEEZEZ S LEHEICTE
LTWET, ES05mmD T s IILLF vy TRy FTIX. EREH30ONCm2MhSEAEO
FCOHEFETHERMNE0%ERLET,
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ERLATEST, EAJRTI O TOBEENDITES>TREY ., RO MLIICIEEZRHY
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Figure 6/, PCBIZE—FI U0 ZRMYMFITHKEDEY F 7Y TE#RLET, 1055
2 EMOSFETIZE@EICIRY G ITET, BIIPCBZELTE— U IDLHBENE
9. PCBOEEMZIEB L. PCBRADEEARDEARZRET 51-HIZ. PCBOEKY FR
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TNy FliE, HOKREACMMEFHEICLT, B ERER/NMRICHAET, E—+F2 2P IC
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EfESNERAT) O TORIICHBILET, FRTV VI HEET HRICEANELLE
5&512, MEDRT) ST RTCRAILRSICT IMENHYFET, KLY TV TT.
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To
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Figure 6. Heat Sink on PCB

Figure 712, MOSFETO E&ICE—FL VO ZRMY M ITERERLET ., COEY 7
Y FIFRIDBFICESBPTLET, EWIE, MOSFETO L& ICE— LU FEMYFITSH
ENTEDED. A1 VFVEAERAICEESNTINSIETY,
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Figure 7. Heat Sink on MOSFETs
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Table 3. HEAT SINK OVERVIEW

Part Number Thermal Resistance Height Drawing
SK 548 50 SA 7.4 KW 10 mm | | |
SK 567 50 SA 4.0 K/W 25 mm UMW
SK 527 50 SA 25 KW 60 mm

MoDE—FIUF MBD 4 VDS SICIE L TERMERICKEGEVVDEL DS &S %
BOMZREELTVWET, 71 UELKLGHEE. BREREIFSEET OBLLTLET,
CDEITEETSHE,. E—FIUVIDEVCEDVTRERMZHEICKANT 5DI(2&KIL
5F9,

MOSFETRIDEH 45 &l

% H X TUHS MOSFET&LS MOSFETRHITODHEX S EIDHER Z BRI BI1Z(E, KL
TOREEZEMBITLIENEETT, LI=A>T. MOSFETICEA ET 2T RTDIELE
HELT, IHRERZEMBLTLFEEL, LS MOSFETERHIICIEDS 3y P54 4 —
REZBEET S&. BEEEBEEHILETESEN. Ty K24 LIEBEHLS MOSFETHA S Y 3
v bEFFAF—RIZHEHLET,
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Table 4[CHEXDEFHEICERALI=/INTA =2 ZRLFET,

Table 4. PARAMETERS FOR LOSS CALCULATION

Parameters | Value Notes
Uin 12.0V |Input voltage
Uout 5.0V | Output voltage
lout 20.0 A | Output current
I min 19.83 A | Minimum inductor current at 20.0 A load
I max 20.17 A | Maximum inductor current at 20.0 A load
n 92.2% | Efficiency
fsw 410 kHz | Switching frequency
tgead 20 ns | Typical dead time between HS and LS MOSFET switching of NCV881930 buck
controller
Rshunt 1.5 mQ | Current sense resistor
Rds(on) 5.8 mQ | Typical on-resistance at 4.5 V gate-source voltage
Coss 800 pF | Typical output capacitance at 12.0 V drain-source voltage
Vi sk 0.485V |Forward voltage of the Schottky diode

HAOEN

Pout = Uout * lowr = 5.0V - 20.0 A = 100.000 W

ANEAH
P,x 100.0V
Pn=—=———-—=108.500 W
N 0.922
P
Ploss,total = Pin - Pout = 108.5 W — 100.0 W = 8.500 W
Ty MEX

Pt = 12, - Ry = (20.0 A)2 - 1.5mQ = 0.600 W

1089 548%

Pinductor = 0.600 W (Coilcraft web tool for XAL1580-132ME)

HS MOSFETOO&E FEiE%k

lis rms singe = 6-5 A (for single MOSFET, 13.0 A for both MOSFETSs in parallel)

P

= |2
HS,RMS,single

- Rgeon = (6.5A)% - 5.8 MQ = 0.245 W

HS,conducted,single

www.onsemi.jp
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PHS,conducted,totaI =2 PHS,conducted,singIe =2-0.245 W = 0.490 W (eq 6)

LS MOSFETOE @84k

l s russinge = 7-7 A (for single MOSFET, 15.4 A for both MOSFETSs in parallel)

P = 12 russnge * Rason = (7.7 A)? - 5.8 MQ = 0.344 W (eq.7)

LS,conducted,single

PLS,conducted,total =2 I:)LS,conducted,single =2-0.344 W= 0.688 W (eq 8)

a3y b FALF—FTOTY K24 LBk

HS MOSFETA 5LS MOSFETIZ, FIXZDHEIZERNERTHEE. [Ty F2 A L]
EITESHEHTEDOER. FXTOMOSFETAA ZIZHYET, COEVEFB(AE#20 ns). Tk
[FLS MOSFETORT 4 FA4 A — F&BEBLTHRNET, LSMOSFETELHFIZ1EDS 3 v
FESAA—REERETDE. Ty REALOBMDB, EFRESay b XS4 A4—FZ2E
CTHENET, SNERTA T/ A—FDIEAREBEEIEX£086V)EYEH, 3y x4 4
A—FDIEAMEEFEA0.485 V)IMELWMNSTY, ay hXF/ A —FZEMT EER
MR, RT3 AF—FOHEEERZRMTELILTY, ChlE¥ay x5 (4F
— FICHEBEIVPELLGVEOTY, BEAFRAEEBRTICERT ST Y F2 4 LEX
F. a3y bEFAF—FTHEELFES, F=. [LMiNn(LS MOSFET2A ZICHIYEZ) &
ILmax(LS MOSFETZ A VICHIYER)EBET ALENHY FT .

P s deadtime = Visk * Toeas * Tow * (IL,min + I,_Ymax) = 0.485V - 20ns - 410kHz - (19.83 A + 20.17 A) = 0.160(W 9
eq.

SEMEL

HS MOSFETOH AR &L, toff DIRIRIZ(Vin - V)ISKEShES, ZOMOSFET% 4
VICHIYEZLE, FUBRAEABTEZERLET, ThiCKY., BEEIAE-IRILY
—hBICEBmEINFET,

1

Pcoss = > Coss * (Vin — vf,SK)2 fe =—-800- pF - (12.0V — 0.485V)? - 410 kHz = 0.022 W

]
2 (eq. 10)

MOBRICHAD EFERBRE T HIALENT, UTOHETEERLES,

AAYFUTE%

AAYFUOTEKIE. = RSANNE—VIZHEETEIBFESAVF IR VRGE, 1L

DOHhDEHENTA—FITEKELTWS-OHEIE#ETT, LIEA>T, COHY—RXT
FRA Y FUTIBELEZRDDZEDIZHOT7 TO—FE2FERALET, EEHNSHEEAMDIEL
EHELEEXRXZIRTELSICE, 2RAMIYFUTEEAROLONETT, £t BHA.
PCBOFEHICER T HERLLE. thOBEXIFELTIN., NS IEBRAMTEECESL
MTHLEVDTRHRICEBRLET,
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P

switching,total — Ploss,total - I:)shunt - I:)inductor - PHS,conducted,totaI - PLS,conducted,totaI - Pdead
Poicning o = 8:500 W — 0.600 W — 0.600 W — 0.490 W — 0.688 W — 0.160 W = 5.962 W (eq. 11)

LS MOSFETD R A v F U J 1L, REELABETITI HMOSFETHF Y - FT9 5 &
E. FLAU-V—RBEBRERFAF— FOIEAREREICFLL), HETRKDHDIRA v F v
JHEEXDKEIEHS MOSFETICER LF T,

HS MOSFETD £18%

PHS,totaI = PHS,conducted,lotaI + Pswitching,total = 0.490 W+ 5.962 W = 6.452 w (eq 12)

LS MOSFETD £18%

PLS,totaI = PLS,conducted,totaI = 0.688 W (eq 13)

FEDOFHEICE I &, LSMOSFETIZEEART, HS MOSFETO 2Bk (FIEFEIZKELVE
T9., TOHFEER. HSMOSFETDEE LR (X, LSMOSFETDEELF L YIEHMIZKEL
EWVWSHEEIZDEAY FT, Figure 8l&., BREBERMNEDIETHLS MOSFETDE XA
1TOWERFETHDIDIZH L., BFEFRN20.0 AD & EHS MOSFETMDEXIZ6.0 WLLETH S
ZEERLTUVET,

FET Losses

-
o

Power Losses (W)

o = N W A~ OO O N o ©
|

5 10 15 25
Load Current (A)

Low Side FET losses High Side FET losses Total loss

Figure 8. MOSFET Losses

www.onsemi.jp
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BI5E D #E{F
R— FOMEBMEEEESFET 502, ULTO3IDD#EEEZFEALET,
e LYy k7Y T E—FUHUL

e Yy b7V TH2 . E— bV E ERICESTHT
e Y N7 TH3: E—rI U EERICETIT

3DODERTARTIZBELNT., LTOERH/AS A—F (Table 5)ZFRALTR—KZTFX b

LET, 2T, WSOIDHEDEERAS > b T, BIELLEBREZRELET,

Table 5. OPERATION POINTS

Input Voltage Output Voltage Output Current Total Losses Efficiency
120V 50V 50A 1.2W 95.3%
120V 50V 10.0A 3.1W 94.1%
120V 50V 15.0 A 51W 93.5%
120V 50V 20.0A 8.4 W 92.2%

Figure 912, 20.0 AZR TCOERERICH T HHETOY FERLET,
Efficiency Plot
100
95
90
_ 85
2\0,
% 80
5
£ 75
L
70
65
60
55
0.0 5.0 10.0 15.0 20.0

BIEZFEITT SR, MOSFETODEREAZEL T, LUYBEODESWVERENELND LS
[T EMNRERAZAE Z 1T, MOSFETODEENRET H2ETCOBBZIRELEL-, &£
DBETH. KEEFT 3 EHERNON 746 SET-04&EE#IZFA L. MOSFET&PCBIZ#:

Output Current (A)

Figure 9. Efficiency Plot

BEXZERYMFFTNET,
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MAT., R—FICERZ®RATSHIC. @MADREXNZFMOSFETIZERY {17, =R THI
ExTHO>T. TNoPELCEBEEZTRTI CEZHEELELI-, 24.0°CORBEEET, mMAD
+ UYRBDREIF0.3CRFET LIz, CHIFSEDEEMICE >THRLEHEETT,

Table 6%, MOSFETDREAH20~250&ICEELEICELESLEEZRTLTVE
Y, 200 L5 EBRDEVIERTZLOT, BAENSROAELTOREICEET—4
R ARIC, BARBEBEOZRGRELT20 7DHMZERRLEL,

Table 6. TEMPERATURE PROFILE OVER TIME WITHOUT A HEAT SINK

Setup #1 - Without Heat Sink - Vi, =12V, V5,1 =5V, lg, =20 A

Time-lapse Low-side MOSFET Temperature | High-side MOSFET Temperature
5 minutes 71.3°C 79.5°C

10 minutes 77.8°C 85.0°C

15 minutes 80.7°C 85.1°C

20 minutes 81.6°C 86.6°C

25 minutes 81.8°C 87.0°C

Table 7I=. PCBOEMEIZ60 mmE— r> U ZMYMFITHESDEEZRLET . #3925
SREBRIEENARELTVET, 259, 304, 50 BBRDBET. BEEFXI<HT
MEDT, BIE & BIEDRDHEFEBRR & L TI0NEERLELS,

Table 7. TEMPERATURE PROFILE OVER TIME WITH 60 MM HEAT SINK

Setup #3 - With 60 mm Heat Sink on the Bottom Side - Vi, =12V, Vo, =5V, lout =20 A

Time-lapse Low-side MOSFET Temperature | High-side MOSFET Temperature
5 minutes 44.7°C 47.4°C

10 minutes 49.6°C 52.7°C

15 minutes 52.7°C 55.6°C

20 minutes 54.2°C 57.6°C

25 minutes 54.7°C 58.5°C

30 minutes 55.1°C 58.7°C

35 minutes 55.3°C 58.9°C

www.onsemi.jp
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AIDtY 23> T, HS MOSFETM#% &£LS MOSFETDEKICKZLEWAHEL L%
SBALELE, 200 AR EREREFEAT H5HE. HS MOSFETDHEEHI(L#I6.5 W,
LS MOSFETI#J0.7 WT. & %1/10TJ, — ZH 5. HS MOSFET &LS MOSFET®DREE
EZHRKRICKEVEVNSBEEICOGAYFET, LML, BIEENRT LSS, COBER
B2 TWEEA, IRXTOMOSFETORERF LK BUTEY ., REIFX10%ZMEY TE-S
TWEY,

ZNDERIIPCBOL A7 FTY, SEINOPCBIE., BzEH LM MRENRELINT
WET, MOSFETORRHIZZHDET7T2EHEL. EHRDNELANEAREPCB. tHOES
BuM)ICEVHEHBEOIH I L— 2RI DH5AHET. MOSFETTRE LE-AEZDRM
I8 L CTPCBRNTMLET ., TOHERE. HEBAMNIFEEIZ/IELLS MOSFETA,
R—FOELRFETHDHHS MOSFETIZ LK > TmMESI B Z LB Y EFF, HSMOSFET &
LS MOSFETDREEZ(X. BEHABHIEELRLANILERLTVET, ThTEH. BEDHEFIC
EONWTCFHETEIREEICLRS L, ERODEBEEIZTNZFETEXRECHEL, SEHDPCB
DWEEEENBN TS EEZEIELTLET,
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AE

Yy rTFYTH E— R UOHL

Figure 10l R3 & 512, PCBIZE— I VY ZWY 143, HS MOSFET®D 5 6118 &
LS MOSFET®D 5 H1{EIC. BEFFIZFEA L TRAEBERXEZRMYMHFITET, ZDHR— FIZ,
5A. 10A. 15A. 20 AQBERERZHRLET, R—FICREBRERZRLBEOH TH 5205
BBk, T—A0A—DIPEAFORERNILDEEFRERFELET,

NCU88.,891930 Buck Converter
Thermal Evaluation Board

68 x 137 mm

Figure 10. Setup #1 - Without Heat Sink

Table 8IZ4EENHNERTHAERREZRLET,

Table 8. SETUP #1 - WITHOUT HEAT SINK

Output Current Low-side MOSFET Temperature | High-side MOSFET Temperature
50A 40.2°C 42.1°C
10.0 A 49.2°C 52.3°C
15.0 A 65.3°C 70.6°C
20.0A 83.4°C 89.7°C

Figure MIZRED I 57X R"ERLET, —HMIZ. HS MOSFETILLS MOSFET& Y
THICBEENSCLRYET, BRERSKEZTNEFE. MADMOSFETOEEHL LR LFE
9. BREERNS.0AN520.0 AIENT HEOEELRFIERNTEHY FEAL, InlE
AAYFUOTERSTERVICEMNT 2L, EEEXTERNTEZVLZHTT

— J2 .
(PCanducted - IRMS RDS,On)O
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FET Temperature without Heat Sink

100

40 ——
30 ——
20 ——
10 ——
0
5 10 15

Load Current (A)
LS FET temperature = HS FET temperature

Temperature (°C)
(o))
o

Figure 11. Setup #1 - Without Heat Sink

y hTyvTH#H2  E— bV EEEmICERY T

Figure 1212, E— 229 ZPCBOL@EICERYfFITIzAR—FZRLET, E—FP 2P
[FHS MOSFET&LS MOSFETO EEICEZ, T7 X v v INTELHZVLE S, MITFv v T
Ny FEANT, HOWEREZTFHEHICLT, BMzEBEZES<LTOET, IEE. 714200
BEAENEFNIOMM, 25mm, 60mmADE—F VU 2FEAL. EATRERERLTH
30 BBEICATEEITL. BEEMHLRBONREZERTILS5TbNELE, FIOE
HTavTHBELEESIC, PCBOEEMN R ERTY VI EFEALTE—FY VY%
mYIFTLE 3,

Figure 12. Setup #2 - Heat Sink on the Top Side
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MOSFETO LEICBBMZEC &, E—F VI OBMYMTEICTIEIANTEET,
ZD1=8. Figure 13I2RY & 512, HS MOSFET &£LS MOSFETOE [CEAEXT ZH Y {F(+T

WEY,

NCUBB.891930 Buck Converter
Thermal Evaluation Board

68 x 137 wm

Figure 13. Placement of the Thermocouples

Table 9. SETUP #2 - 10 mm HEAT SINK ON THE TOP SIDE

Setup #2 - 10 mm Heat Sink on the Top-side - Vi, =12V, Vo,;t =5V

Output Current Low-side MOSFET Temperature | High-side MOSFET Temperature
5.0A 37.0°C 37.5°C
10.0 A 45.9°C 46.0°C
15.0 A 58.0°C 58.1°C
20.0A 75.1°C 75.2°C

Table 10. SETUP #2 - 25 mm HEAT SINK ON THE TOP SIDE

Setup #2 - 25 mm Heat Sink on the Top-side - Vi, =12V, Vo,;t=5V

Output Current Low-side MOSFET Temperature | High-side MOSFET Temperature
5.0A 34.3°C 35.2°C
10.0A 40.0°C 40.8°C
15.0A 49.5°C 50.9°C
20.0 A 61.0°C 63.6°C

Table 11. SETUP #2 - 60 mm HEAT SINK ON THE TOP SIDE

Setup #2 - 60 mm Heat Sink on the Top-side - Vi, =12V, Vot =5V

Output Current Low-side MOSFET Temperature | High-side MOSFET Temperature
50A 34.1°C 34.7°C
10.0A 39.1°C 40.2°C
15.0A 45.7°C 47.4°C
20.0A 53.8°C 57.1°C

www.onsemi.jp
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10mme—Fr U0 FFERALEES. HS MOSFETELS MOSFETORIIZKEHWBEEEIL
HYFEFHFAL, LML, 255mmP60 MmO E— P Vo #ERT 5154 1F. HS MOSFET &
LS MOSFETORIZ/INE WEALFE I REREEZZHATETET, COREEFE—FY
DODB/IITHLTRELLGYFET, COEAK. MEE— DUV IEERENNEC, B
EHRAEBWI EFRLET., ChARRTE— ROV ORBEMAEL., LYEBEAKE
LV HS MOSFETTCREENLER L. BVREH(ICENT-PCB% @ L TLS MOSFET# M9 5
EIZHRYET, E—FOUIDRBVREIOEY 3 oDBITE, COZEEBAITEELS:
(Table 8).

E—roODETERELL, BEERZENSCTDHE, E— ROV DEREERLAHE
SNnb1=8, MOSFETHAtMOMOSFETIZCRIZTHENNS KK Y FET, BTIHELIERINE
WERR, DFEVE—FI VPN, TITRBICHEBIENES, IMNEE—FD DD % (FE
BALEWES., BEEICPCBZEL THEISN. MOSFETZ EICHEBEANEL ZIZH M
MhHod . TRXTOMOSFETTRIHMRDREIZLY £,

Figure 14&Figure 1512, E—FS VO DRELGHREZRLET . $HFIZ. BEFERNKE
WEEETNMNFEETT ., ARERN20.0 ADLS MOSFETDIZE. 60mmE—F U9 S
FE—FOUOBGLOBIEBELERSE. BEFHS0°CELLAZYFET, HS MOSFETT
. 60mmME—rS VO EZE—F UL LOBIEEELEAND L, BEFH32°CEL
TYET,

50 AD LS ICEFERNMNENEE, 4020ty b7y THTOREZFLR/NE &
KT6°CTY, CORETIE. E—rIUIICRAGIARMENTEINE INRBTT,

LS FET Temperature with Top Side Heat Sink

100
90
80
70 H

60 1
50 [ BN B

Temperature (°C)

s 1 1 § Emmmm 1 1 1 == § I I =.. f I 1 =.
ppeas 8 1 1 =aEmm i 1 1 E==-. 1 1 I = 1 5 I =

puus 1§ I ==—— § I I === I 1 I = i I I .

5 10 15 20
Load Current (A)
Without heat sink With 10 mm heat sink With 25 mm heat sink With 60 mm heat sink

Figure 14. Setup #2 - LS MOSFET Temperature with Top-Side Heat Sink
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HS FET Temperature with Top Side Heat Sink

100
2
80
70
60 I E—
50 . 1
40 L 1 i
30 1 ] 1 1
20 1 ] 1 1
10 1 ] 1 1

C)

Temperature (°

5 10 15 20
Load Current (A)
= Without heat sink With 10 mm heat sink With 25 mm heat sink = With 60 mm heat sink

Figure 15. Setup #2 - HS MOSFET Temperature with Top-Side Heat Sink

Figure 16 &£ Figure 1712, S FETFLETERTEBE— VI ZEALZEED.
HS MOSFET&LS MOSFETDBEZEEZEZRLET, 60mmE— b UV ERBFIZIE10 mm
E—Fr UV FERBICERT, REGZEEERTHIHAALONET ., AFERI200AD L =,
LS MOSFETDEE (F#922°CIE< I Y, 25 mmE— b U ERABIZIE1I0mmE— I VD
ERARFICLER T, LSMOSFETOREEIXH14°CIEWLN EAHMY ET, ARERMA A KY
INEWBRLREBD/INE—VIZHEYFETH, E—FrPVIDRREFNIEFIEXRELCHY F
‘A,

LS FET Delta Temperature with Top Side Heat Sink

25

20

- lﬂ4r

5

-
(8]

-
o

Temperature (°C)

Load Current (A)
® 10 mm vs. 25 mm heat sink = 10 mm vs. 60 mm heat sink m 25 mm vs. 60 mm heat sink

Figure 16. Setup #2 - LS MOSFET Delta Temperature with Top-Side Heat Sink

www.onsemi.jp
20


http://www.onsemi.jp/

HS FET Delta Temperature with Top Side Heat Sink

25

20

T am_ Iﬂ4r

5

-
o1

Temperature (°C)
o

Load Current (A)
® 10 mm vs. 25 mm heat sink = 10 mm vs. 60 mm heat sink m 25 mm vs. 60 mm heat sink

Figure 17. Setup #2 - HS MOSFET Delta Temperature with Top-Side Heat Sink

BLAIET,. BBE—FL UV LARMBERDENZKSHS MOSFETDREEZLEILETRL
F9., CITHRKDHBERZHATEET, §4h56. BFERMN200AD L E, 60mm
E—Fr U ERBICIFIOMME— D U ERBICEERT.HS MOSFETDEE (£
18°CIE< G Y ET, 25 mmE— F L UV FEABKICIEIOMME— M UV FERARKICHESRT.,
HS MOSFETD;REIE#912°CIE< Y £ T,

Yy by THI: E— U ZEETmCRY FI1F

E—ro U0 ZERAICRYMITRICE, 4105892 %2PCBOLEICHFAMITT E2HEND
YE9 ., Figure 19I127RT & 512, BAEX 7 2EEHI THS MOSFET &£LS MOSFET® EMEI<
BELES, LEICRY Ay b7y TITHALEZOLRLRTY VT ERTEHER
LT, E-bIUIZERICBRYMTEYS. COBRTE, BREZRELT HHIC,
E—FIUOER—ROBICE Yy TRy FEEZFET, AIOEY 23 v &R, 3FBED
E—boUOZFERL THREVMEREBTLET,

Figure 18. Setup #3 - Heat Sink on the Bottom Side
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NCU88,891930 Buck Converter
Thermal Evaluation Board

68 x 137 mm

Figure 19. Placement of the Thermocouples

Table 12. SETUP #3 - 10 mm HEAT SINK ON THE BOTTOM SIDE

Setup #3 - 10 mm Heat Sink on the Bottom-side - Vi, =12V, Vo, =5V

Output Current Low-side MOSFET Temperature | High-side MOSFET Temperature
5.0A 37.3°C 38.7°C
10.0 A 43.9°C 47.2°C
15.0 A 53.9°C 59.2°C
20.0A 70.6°C 77.7°C

Table 13. SETUP #3 - 25 mm HEAT SINK ON THE BOTTOM SIDE

Setup #3 - 25 mm Heat Sink on the Bottom-side - Vi, =12V, Vy;; =5V

Output Current Low-side MOSFET Temperature | High-side MOSFET Temperature
50A 35.4°C 36.1°C
10.0 A 39.9°C 41.6°C
15.0A 47.2°C 50.0°C
20.0A 60.2°C 64.3°C

Table 14. SETUP #3 - 60 mm HEAT SINK ON THE BOTTOM SIDE

Setup #3 - 60 mm Heat Sink on the Bottom-side - Vi, =12V, Vo, =5V

Output Current Low-side MOSFET Temperature | High-side MOSFET Temperature
50A 34.5°C 34.9°C
10.0 A 39.2°C 40.6°C
15.0A 45.5°C 48.0°C
20.0A 54.8°C 58.6°C

BEEDI>ILEDE— LUV ZHEATHEETHL. BEDEAFTERICE T
HS MOSFETDREEMNLS MOSFET&K U ELK LG5/ 2 —UhHYUET, LRIDAIETE. E
—rO VOB LDBAEEPCBOLEEIZE— MUY ZRY FIT1-5E T, BHED/2—2
FHERTEEL

www.onsemi.jp
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LS FET Temperature with Bottom Side Heat Sink

100
90
80
70

T

Load Current (A)
m Without heat sink With 10 mm heat sink = With 25 mm heat sink = With 60 mm heat sink

Temperature (°C)

Figure 20. Setup #3 - LS MOSFET Temperature with Bottom-Side Heat Sink

HS FET Temperature with Bottom Side Heat Sink

100
90
80

70 S
60
50
40
30
20
10

0

5 10 15 20

Load Current (A)
m Without heat sink With 10 mm heat sink = With 25 mm heat sink = With 60 mm heat sink

Temperature (°C)

Figure 21. Setup #3 - HS MOSFET Temperature with Bottom-Side Heat Sink

Figure 20& Figure 2112, E— b UG LOBRICHART, FEE—F U O ZFEAL
=58 DLS MOSFET &HS MOSFET'CGDH WDHEZRLET, BRERNN20.0AD &
£, LSMOSFETDEEIX, 60mmE— O VO FERABICIXE— VIR LDOEEICHAN
T. $929°CIE< Y FES, HS MOSFETDIRE X, 60 mmE— F2 UV ERABICIEE— F
DUV BLDOEELYHKIICESBYFET,

BNty b7y TERKRIC, ARERNMNEVEZDREEFLERM/NELLEDTT,
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LS FET Delta Temperature with Bottom Side Heat Sink

20
18
16
14
12

Temperature (°C)
)

4ﬁét

Load Current (A)
® 10 mm vs. 25 mm heat sink 10 mm vs. 60 mm heat sink = 25 mm vs. 60 mm heat sink

o N O~ OO ©

Figure 22. Setup #3 - LS MOSFET Delta Temperature with Bottom-Side Heat Sink

HS FET Delta Temperature with Bottom Side Heat Sink

2144§r

Load Current (A
= 10 mm vs. 25 mm heat sink 10 mm vs. 60 mm heat sink = 25 mm vs. 60 mm heat sink

Temperature (°C)
)

Figure 23. Setup #3 - HS MOSFET Delta Temperature with Bottom-Side Heat Sink

Figure 22 & Figure 2312, B dE— o U0 ZEREICERY 17 1215E&D.HS MOSFET &
LS MOSFETIZE TS REZEILERLET, E—F 20U Z EEICEY TIF-RTEIDERK &
Bl#k. 60 mmbE— > U ERABIZI0mmE— o U0 FERBICERT, HS MOSFET®DR
EIX$919°CE KIEIZIE T LE T, LS MOSFETIZDWTHLRABD /N4 —U #8AITEET,
L. 26mmeE— b U ERKBEOMME— R U FERABOEEZX. 10mmE—
DUV ERB LS MME— U UV ERABOREEFEXRESEHY FEEA, T, BF
BRMNEIVMEE LY., REWVGEEDESHAZDEVNINEZIZHYFET,
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E—rIVOHYEE—FI VOB LOEE

Figure 24& Figure 2512, E— r2 U9 G LDBEELEE— U Z E@EICERY fF(1F
-G EDMOSFETOREZZRLET ., BEEERINIAXKEVIFE,. E—F22OLG LD
LS MOSFETIZ, E— PV ZLEICRYMFLEELIYLEENALRLET ., BRER
M200AD EZE, 60mmE— F UV ERFDOLS MOSFETODREIFE— R Uo7 LICHK
RBHEHBCELSHEY FET, BHKRIZ, 25 mmE— k2 U ERAKFOLS MOSFETDEE(X E
— b OB LEY L, K22°CESBTYET,

LS FET Delta Temperature with and without Top Side Heat Sink
35

30

25

20

15

Temperature (°C)

10

5 10 15 20
Load Current (A)
No heat sink vs. 10 mm heat sink = No heat sink vs. 25 mm heat sink = No heat sink vs. 60 mm heat sink

Figure 24. LS MOSFET Delta Temperature without and with a Top-Side Heat Sink

BRERMN20.0ADEE, 60mmE— L U Y EAKBOHS MOSFETDEE X, E—k
DU LICHERSB E, MB33°CIEKHAYET, REKRIZ,. 25 mmE— O VU FERB®D
MOSFETDEEIZ. E—FI U9 H L&Y £526°CIEL Y FT,

HS FET Delta Temperature without and with Top Side Heat Sink
35

30

25

20

15

Temperature (°C)

10

5 10 15 20
Load Current (A)
No heat sink vs. 10 mm heat sink = No heat sink vs. 25 mm heat sink = No heat sink vs. 60 mm heat sink

Figure 25. HS MOSFET Delta Temperature without and with a Top-Side Heat Sink
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Figure 26& Figure 2712, E—r S UV B LDEZEEE— U ZEEICERY 1T
I EDOMOSFETDREZZRLFET, BRERSPKRZTNVFE. E—FPUIHGLD
LS MOSFETIZE—F2 U0 ZREICIMYFIFTEELYBLEEN LR LET, BFERN
2000 A EE, 60mmE— b UV ERABEDOLS MOSFETDREEIX, E—FP VP4 LICH
N5 ER29°CIELSTYET, REIZ. 25 mmE— F2 UV FERARBFOLS MOSFETDRE (X,
E—rI P L&Y HLH23°CIELS Y ET,

Temperature (°C)

LS FET Delta Temperature with and without Bottom Side Heat Sink
35

30

25

20

15

10

5 10 15 20

Load Current (A)
No heat sink vs. 10 mm heat sink ® No heat sink vs. 25 mm heat sink = No heat sink vs. 60 mm heat sink

Figure 26. LS MOSFET Delta Temperature without and with a Bottom-Side Heat Sink

BRERN200ADEE, 60mmE— P VU FHEBOHS MOSFETDEE (L. E—
Fo OB LICHERDEHNIICCELSBEYET, AHKRIC. 25mmE— 2 U9 EHEBED
HS MOSFETMEEIFE— rI oo L&Y £§925°CIE B Y T,

Temperature (°C)

HS FET Delta Temperature without and with Bottom Side Heat Sink
35

30

25

20

15

10

5 10 15 20
Load Current (A)
No heat sink vs. 10 mm heat sink m No heat sink vs. 25 mm heat sink = No heat sink vs. 60 mm heat sink

Figure 27. HS MOSFET Delta Temperature without and with a Bottom-Side Heat Sink
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Xy vInRy FOHE

Xy TNy FOESIHAREEREICEZD2MEFEHET S5-I, 60mmE—+rP U &
SW/(M-KELT6W/mM-KDFX¥ v T/\y FEFHAL, 200 ADERERZRL T, LT
DREHRRZRHILEL-, FARALE2EEOX Yy Ty R, ZOFRTA FR—/DFT
BEIZ % B Table 21238%; L 1=KERAFOL 86/300 SOFTTHERM & 86/600 SOFTTHERM T,

EAEICE—FO VO EFBRYFIFEEE. SW/M-KDX vy TNy KEEIERAESD
DEW/(M -K)D X v v Ty FIZHIYE X B &, LS MOSFETDEEF1.6%ET L.
HS MOSFETM;RE (43.5% 8T L 1= = & %18 L & L 1=(Table 15),

Table 15. GAP PADS WITH A TOP-SIDE HEAT SINK
60 mm Heat Sink on the Top-side - Vi, =12V, V ;1 =5V, lout =20 A

3 W/(m-K) 6 W/(m-K) Difference
Low-side MOSFET Temperature 53.8°C 52.9°C -1.6%
High-side MOSFET Temperature 57.1°C 55.1°C -3.5%

EAICE—F U ZWMY FT1-15E. LS MOSFETT#J7.6%. HS MOSFET T#96.6% M
BEETZRIE LF LT (Table 16),

Table 16. GAP PADS WITH A BOTTOM-SIDE HEAT SINK

60 mm Heat Sink on the Bottom-side - Vi, =12V, V5, =5V, lg,: =20 A

3 W/(m-K) 6 W/(m-K) Difference
Low-side MOSFET Temperature 54.8°C 50.6°C -7.6%
High-side MOSFET Temperature 58.6°C 54.7°C -6.6%

FEEH/ANAY FEERZBH/ Y F

CNETIZHBEALEELSIZ, SEOPCBIXMzEM L MBAMENAREIELIATEY.
MOSFETICE 2 THEEIZHEMBE— OV IDEREEZRF-LET, ERORBENEET
REERE, EBOT7TVr—2avTIO770—FARLELL BN ELEaHY E
T, TOHBEIIPCBOMBMEENFIR S NET, HESMAEIL. ECUDND D VT TE
EWMERT A ETHY . NI UTIEPCBIZBRMICERK SNET, Top Cooll/N\yHsr—
[CIR$A S 1=MOSFETIZ. EBE(MOSFET)E E—FL U (NP U YBITR/INREN 252
L. PCBIZRMSBDFNEIMA LN S, MOSFETEEROEH /Ny FEE—FPVID
B CEENGHRERZRIEICLET,

MEBMEEZERLRT S0, FA4PRLECTNNYS—INELLSMOSFETHARET
T, CNETORIETIEIIART INVMFS5C460NL] #ERHALTWWET, LML, 2D
MOSFETIZ [ Top Cooll /8y 5 —C DN I—2aviEhbYERHA. LEAST, UTD
BIFEICIE. TNVMFS5C450N | (EmEEH /Ny F{FES0-8FL)& TNVMJST3D3N04C |
(E@EmETH/ Ny KftE MTop Cooll/ Ny Hr—D)E8IRLELT=,
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https://www.onsemi.com/pdf/datasheet/nvmfs5c450n-d.pdf
https://www.onsemi.com/pdf/datasheet/nvmjst3d3n04c-d.pdf

TNVMJST3D3N04C ] IFEHELARILDTNNAADHFAFARETT A,
TNVMFS5C460NL] 1ZAS Yy LRILDTINARATY, COREDT T 45— 3 U TlEk.
BELRNILOTNANAAZADNADS Y I LRILDTNANAREYELEHEADLITANICEWN &
FFHRTEET, TNLTH, BEEREELCHLS, HBAEEDOHAELSZITHD T,
TNVMFS5C450N] & TNVMJST3D3N04C| ZLtEFT A EMTEET,

Table 17. PACKAGE OVERVIEW

NVMFS5CA450N NVMJST3D3N04C
40V, 1.2mQ max. @ 10.0V 40V, 1.2mQ max. @ 10.0V
SO-8FL (Case 488AA) TCPAK57 (Case 760AG)

E
E1

i
0]
3]
15|
mm

D —> l«— D2
g = |
D1
? h ’:[ \D
E
[e]
o | l CBEHES
1 2 3 4 1 5
BOTTOM VIEW BOTTOM VIEW BOTTOM VIEW BOTTOM VIEW
Dimensions: Dimensions:

D: 5.15 mm (nom.)

E: 6.15 mm (nom.)

D2: 4.00 mm (nom.)

E2: 3.65 mm (nom.)

Plastic case surface area: approximately 31.7 mm?2
Exposed pad surface area: approximately 14.6 mm?2

D: 5.30 mm (nom.)

E: 5.10 mm (nom.)

D1: 3.57 mm (nom.)

E1:4.12 mm (nom.)

H: 7.50 mm (nom.)

Plastic case surface area: approximately 27.0 mm?2
Exposed pad surface area: approximately 14.7 mm?

31.7 mm2MDSO-8FLIZH 1k Ehf- TNVMFS5C450N] D L@EIZHB TS RAF v o fEED
EiElL. 27.0 mMm2DTCPAKS7IZ#t1E == TNVMJST3D3N04C] DEEIZHD TIAF
OMEBOERBLIYDLITNNIKETLLEo2TVET, TS ADELE /Y FOY A XEIF
XELCTY,

UTORIETIE, E—=FrUODFIBRERBL, BBDENEHREL L THEMEREZRK
RICEOHBE=-HIZ. @s255mmOe— b oo 2FRLELE,
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https://www.onsemi.com/pdf/datasheet/nvmjst3d3n04c-d.pdf
https://www.onsemi.com/pub/Collateral/488AA.PDF
https://www.onsemi.com/pub/Collateral/760AG.PDF

EEEZEH/ Y Kt EMOSFET (NVMFS5C450N) D I E

Table 18&Table 1912, E—FS VO HYEE—FRO VOB LDEBEETOD, NP AF
B & U O —4H 4 KMOSFET( TNVMFS5C450N | )DEEERLET, COE—FL Db

[¥. MOSFETOLE(FSRF v\ NBYMFLATNET,

Table 18. NVMFS5C450N - NO HEAT SINK

NVMFS5C450N - No Heat Sink - Vi, = 12V, Vo =5 V

Output Current Low-side MOSFET Temperature | High-side MOSFET Temperature
50A 46.3°C 50.2°C
10.0 A 65.9°C 69.6°C
15.0 A 86.3°C 88.4°C
20.0A 109.4°C 109.6°C

Table 19. NVMFS5C450N - 25 mm HEAT SINK ON THE TOP SIDE

NVMFS5C450N - 25 mm Heat Sink on the Top Side - Vi, =12V, Vo ;1 =5V

Output Current Low-side MOSFET Temperature | High-side MOSFET Temperature
50A 40.0°C 41.9°C
10.0 A 47.9°C 50.8°C
15.0A 58.7°C 62.0°C
20.0A 69.5°C 73.0°C

NVMFS5C450N LS FET Temperature

120

100

80

60

Temperature (°C)

40

20 ——
0

LS FET without heat sink

Load Current (A)

B EE -

m LS FET with 25 mm heat sink

Figure 28. NVMFS5C450N - LS MOSFET Temperature with and without Heatsink
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NVMFS5C450N LS FET Temperature
120

100

80

§'E B B

Load Current (A)
HS FET without heat sink m HS FET with 25 mm heat sink

Temperature (°C)

Figure 29. NVMFS5C450N - HS MOSFET Temperature with and without Heatsink

Figure 28 £ Figure 2912, MOSFETO 7S X F v ¥ LHEICE— P UV 2R Y FITH-5BE
MDLS MOSFET &£HS MOSFETIZHE 1T AMBDHEEZRLET S

BEERMN.0ADEE, LSMOSFETOREIFE—FL VI B LDBEIZHARTHE°CIE
<. HSMOSFETDRE L8 CIELHYET, TNnITH LT, BRERN20.0AD L =,
LS MOSFETDREFE—FL U0 B LDIFEIZHEARTH40°CE . HS MOSFETDRE(E
$937°CIE< B Y FET,

MADRET., MEMREEFEEENTHY . E— VI ZWMYMFITFSHE. MOSFET
DEENKIBICIETLET, £2MIZ. TNVMFS5C460NL] ZFEAL TWV=CETOH
EXYBRENSCLEHTVET, FREIK. 77— FERAKEULV28 TNVMFS5C450N |
DAAYFUITREMERIZHEDS-HTT, L. AUERIEIHTNIELE>TULE
ERR

EEEH/SY KT EMOSFET (NVMJST3D3N04C) D I TE

Table 20& Table 2112, E—rL VI HYEE—FI VIR LDFEETD. NHYAFEH
KU A—H 4 FMOSFET ( TNVMJST3D3N04C| )DBEZRLET., COE—FPUU(F
MOSFETO LE(ZEH/ Sy F)ICRYMFITTHY 9,

Table 20. NVMJST3D3N04C - NO HEAT SINK

NVMJST3D3N04C - No Heat Sink - Vi, =12V, V=5V
Output Current Low-side MOSFET Temperature | High-side MOSFET Temperature
50A 45.2°C 47.1°C
10.0 A 60.5°C 61.0°C
15.0A 82.7°C 78.4°C
20.0A 113.1°C 103.7°C
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Table 21. NVMJST3D3N04C - 25 mm HEAT SINK ON THE TOP SIDE

NVMJST3D3N04C - 25 mm Heat Sink on the Top Side - Vj, =12V, Vo, =5V

Output Current Low-side MOSFET Temperature | High-side MOSFET Temperature
5.0A 37.6°C 37.1°C
10.0 A 49.7°C 48.3°C
15.0 A 61.3°C 57.0°C
20.0A 73.5°C 66.9°C
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Figure 30. NVMJST3D3N04C - LS MOSFET Temperature with and without Heatsink

Temperature (°C)
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Figure 31. NVMJST3D3N04C - HS MOSFET Temperature with and without Heatsink
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NVMFS5C450N vs. NVMJST3D3N04C LS FET Temperature
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Figure 32. NVMFS5C450N vs. NVMJST3D3N04C - LS MOSFET Temperature with
Heat Sink

Temperature (°C)

Figure 33TlX, EmZEH /Y F( INVMFS5C450N] )&, E—rP 2o & E@ICERY {4+
- EEEH /Sy F( TNVMJST3D3NO4C] ) TOHS MOSFETDREZE B L TLET,
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NVMFS5C450N vs. NVMJST3D3N04C HS FET Temperature
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Figure 33. NVMFS5C450N vs. NVMJST3D3N04C - HS MOSFET Temperature with
Heat Sink

Temperature (°C)
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