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Table 1. SEMICONDUCTOR MATERIAL
PROPERTIES
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Properties Si
1.12
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Thermal Conductivity 15
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Figure 1. SiC MOSFET Output Characteristics
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360 Y Table 2. SEMICONDUCTOR MATERIAL
220 Jies=108 p PROPERTIES
1,<200 pis /
0 /// Si 1 Si 2
£ A 1. SiCc_1 Sic_2 SJFET | SJFET
g 20 ‘—'—'\.\______-_ V=14V -
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g T
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80
g . Qap (C) 14 20 115 1
Ciss (pF) 525 1200 6800 1670
° -50 -25 0 25 50 75 100 125 150 COSS(pF) 47 45 330 26
Junction Temperature, T, (°C) VGS (V) 510 20 —610 22 +20 +20
. . . V V 25 2.8 3 35
Figure 2. SiC MOSFET On-Resistance es(rr (V)
vs. Junction Temperature Re (©) 6.5 13.7 0.9 1
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Figure 3. SiC MOSFET,
Gate-Source Voltage vs. Gate Charge
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Figure 5. SiC MOSFET Turn—-On Sequence
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Figure 7. SiC MOSFET Turn—-Off Sequence
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fAFIERE 2 T AV ENRH Y 7,

8. MHAAL v F U IINEBLTX D K ITHAEA
VHE IR AR L ET,

9. TX 5771FSIC MOSFETD T < ITHLfE T %
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Figure 8. Standard Low-Side Driver, SiC Discrete Gate Drive Design Example
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Figure 9. NCP51705 SiC Gate Driver Block Diagram
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Figure 10. NCP51705 DESAT Function
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Figure 11. NCP51705 Vgg Charge Pump
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Figure 12. NCP51705 UVSET Programmable UVLO
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Figure 13. PWM Bootstrap Start-Up Example
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Figure 14. Bootstrap Start-Up Timing
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Figure 15. NCP51705 24 pin, 4 x 4 mm, MLP
Packaging and Pin Out
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Figure 16. Vpp versus Ipp,
Non-Switching versus Switching
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Figure 17. CH1-IN+, CH2-Vpp, CH3-OUT, CH4-VgE;
Vopuveo) =12V, VeguviLo) = 4 V
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¥DD

Hi= 126.27 s

Figure 18. CH1-IN+, CH2-Vpp, CH3-OUT, CH4-VgE;
VopuvLo) = 18 V, VeguvLo) = —4 V
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Figure 19. Vgg Start-Up
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Figure 20. CH1-IN+, CH2-Vpp,
CH3-0UT, CH4-Vgg; Shut-Down
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Figure 21. CH1-IN+, CH2-Vpp, CH3-OUT, CH4-Vgg;
Shut-Down, Vpp_UVLO(OFF) = 17 V

B — I AMGEEERIEIL. IN+DSLE A3 Y 90%IH: &
MHOUTDNLE EAY 0 10%8 55 £ T o Bk THIE &
NET, SICRTANNITLDY %V‘VDD'@%{/E LFET
23, KF-DOMOSFET DIsHEIEIE X Vpp = 12 VEFD
INFEMDOD AL v F o 7 THESH TWET,
Figure 2212, T4 6 OFEHER 2T A MG T THIE
L2 Z— o MeiEBIENRLIINS TH A Z &R LT
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Figure 22. CH1-IN+, CH2-Vpp, CH4-OUT:;
Rising Edge Prop Delay
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Figure 23. CH1-IN+, CH2-Vpp, CH4-OUT;
Falling Edge Prop Delay
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Figure 24. CH1-IN+, CH2-OUT, CH3-DESAT,
CH4-XEN; VDESAT <75V
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]

Figure 25. CH1-IN+, CH2-OUT, CH3-DESAT,
CH4—XEN; VDESAT =75V
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Figure 27. Half-Bride Concept
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Figure 28. 1000 V to 24 V, 100 W, 400 kHz, QR Flyback
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Figure 29. CH3 = Vpg, CH4 = Vgg; VN = 300 V, Vout
=24V, loyr =4 A, Fg = 377 kHz
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Figure 30. NCP5170 Mini EVB Schematic
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Figure 31. NCP5170 Mini EVB —

Top View (35 mm x 15 mm)
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Option —’_Cu_t T0-247 gate lead
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T 0 0
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Side View

Figure 32. Horizontal EVB Installation
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Option — Cut T0-247 gate lead
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Figure 33. Vertical EVB Installation
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and Waveforms

BHHOEY—27 RLA -V —REREPEMRTED L
N, WAID /NI ADF R 2L £ T,
7T, 2F 0 7V —ikA =V 7T 1
NEBBDR—TEDOHEICEEEDLLIIC, AV F I X
BroRaE< LA 7B Z 58 < Li“ﬁ“ D
%, FCIREDO FLA =Y — Xﬁ{}luf2%9@£ n
MW SNV AEREINLET, ZoRERFRIC .
AL v F 7 T A RY v 7 MERE, %“/WZ
IO Fv—F v T E2HELT DHDIZHERIpE &
WV ps DG 22 il A3 Al RE T,

TNV ARBR AL, 7 — b KT A MERED
FetEREIC i T&E £9, SiC, >F Y DUT % [&H
EL-EF, SFESFERTF—PF T4 T EKEEULE
L CRMERI T2 &, TOMAEDERH LY
DUT 272 v %4, Figure 303 X OFigure 3112 7/~54
NCP5170 EVB &, Figure 35(Z/ R 3 ffiiR72 7 + v 7
T — KN RIA4T7OMT, dVidtEdl/dtDE A A T
VIVERER R L E Lz,

u1 <] vee+
FOD8384 l @

- 1uF

D1

R2

10 sois

< vG1

3 < VEL

< vee-

Figure 35. FOD8384 SiC Opto Gate Drive Circuit

WWW.onsemi.jp

20


http://www.onsemi.jp/

FOD8384~7 + b 7T KT A4 Ni%, & AK30VD
Vpp/ 3 7 AZMABH T EMNTE, -5V <Vgs<20V
DAL T2 T\ hei & 7> TWEJ, Figure 827K
LBzl TWE 3723, FOD8384 KT A N T5e4a7s
SiC MOSFET# — ks R7 A 7RIETIEH Y £+ A,
L7 o T, 220 O M CHREILIA S TidL2
<, RERFER & HEITEIN A A > F U TIZORRIE
ENnET,

e D 7= 12, W5 ORI THIE L7ZVGESDE
R0 ESEH TRV A VE dLUFigure 36 &
Figure 370r LET, EHHLDEIKHLQD Y —R 7
— MEPLEV A= FERBIEERH LTV ET, =
NoEOF—rRIFIA4 7Oy I, Vps73600 VT,
Ip7330 AD & X2, 1.2 kVDSIC MOSFET % ER @)+ %
REEAZ R L TUWET, NCP51705D4 . VesP i H
Y =y DiE, -5V < Vgs < 10 VTIEiFL 7 Hu bt
PeaR L, FDH%HI10V < Vgs< 20 VTIEA EMRCH
FEINET, il iNCP517050)6 Apk DE TS
L FOD8384 D1 Apk D EFEHLKS D Ll /R T 6 D
Td, fEHE L LT, NCP51705DVgs Z b A3 0 By
BE37.5nsTH Y | 6 CakBRS4 T TDOFOD8384 M
57.6Nns&E VN9 AL v F L FHEE L I TE £,
FIEEIZ. NCP51705D Vst B FAY 0 BE]1325.2 nsT
HY . FOD8384MD345nsk ik Tx £,

20
—— FOD8384
0 NCP51705

15 |-

Vas V)

on = 37.5ns
Ao =57.6ns

pi T i Te Te Tee Tim
7.951
time (s)

7.65u

Figure 36. Vgs Rising Edge Comparison

Atoff =34.5 ns

" "
3800 3850 3.900 3960 2004 |

—— FOD8384

——+NCP51705 1
[ | ' 1 L 1 L | " 1 " 1 " 1 " 1 "

3.00p 350y 4.00y 4.50p 5.00p 550y 6.00y 6.50p
time (s)

Figure 37. Vg Falling Edge Comparison

WUNCERFF SN — F FTA4ICH., KBWvwY —
A V=B AL I A =R AR ER L
TEBY, ©— )" 5SICMOSFETD R LA v & &k
JECHIETE £9, WIZSICMOSFETC& b TH
RdVIdtE BB 5121E. RIARDH A v E—
o RAER/NZTDH I ENARARTT, SiC
MOSFET @ A #X7Z2dV/dtiil fRI%. RLo+ ReaTe + Reilc
RIHI L ET, RLoDVELL EIZKE WA, SIiC
MOSFET ® H #RZadV/dtifil[R2ME N L EJ, ZHiT Xk
D, ZOT A A ZdVIAtR 5 & T X —2F 0
E;%é’x FRT <D, RGATEO)L/:E( K OTJ%E‘Z
AlHE7edVps/dtDOHl I & A HIFR T 5 Z L1272 0 £7,
Figure 38(2759"NCP51705DVpsili 1%, HifllZReaT
EXBHET H7E0F T, dVps/dto & B 72 il f8 2 23 ¢
XHZEEHALMNICLTWVET, Reate=1 QD
A, dVps/dt=72VIns T3, Rearex1 Q515 QF
TRELT B &, dVps/dtiZ72 Vinsh» 568 V/nsiZ i
HSLET, ZTOBIE, BEZHSLTTED KT
RoateZ fEAH LT, FEWITHOM 72 28L& TdVpg/dt &
B CT&EAZ 2R LTVWET,

WWW.onsemi.jp

21


http://www.onsemi.jp/

800 . , , r . . . ,

600 -

400

Vs (V)

NCP51705

—— 10hm-72V/ns
—— 15 Ohm - 68 V/ns

200

1 L 1 1
3.800p 3.825p 3.850p 3.875u 3.900p

time (s)

Figure 38. NCP51705 Vpg Rising Edge,
Vary Gate Resistance

FOD8384~7 + N 77— M RITA RNEEHL
T, R UEBREFEN L £ L7z, Figure 39127 L7=i
NS5 K 912, RatE®1 Q515 QIZEFE
%L dVpgldtd L — M IF2:1% RS EAIT 7
S TWET, dVpg/dtDiiliEliL, FOD8384 KT A /D
HhA v E—F AN RKREI N0, RGaTED /N & 72
BAIZ Lo T, LV REWEREZITET, F7-,
ik % & NCP51705DdVpg/dt DT 5 EA3 0 D J5 73
SVEBRKTHDZ ENngmn 7,

800 T T T T T T T T
FOD8384

600

400

Vs (V)

200

—— [1 Ohm -
—— |5 0hm -
—— 15 0Ohm -

30 Ohm -

64 Vins
48 V/ns
28 Vins
19 Vins

LA I 1 |
3.825) 3.850u 3.875u 3.900
time (s)

Figure 39. FOD8384 Vpg Rising Edge,
Vary Gate Resistance

Figure 401Z7R L 721, ReatTe=1QD & =12,
R C A2 L7--5V < Vgs <20 VO#FH THOFK
RIALNRDAAL v F v T HFTVpsD %~ LT
WET, dVpg/dtdd L — kX72 Vins & 64 V/ns THA
L CWEJ, NCP517051%, KL VB 7= & AKIRNE
DY X T HERLTOVET,

800 —

600

s
< a0k —— NCP51705
= —— FODB8384
200 —
0 -
N 1 L 1 n 1 L Il
3.800p 3.850u 3.900p 3.950p 4.000p

time (s)

Figure 40. Vpg Rising Edge Compare,
1 Q Gate Resistance

NCP51705 CdVpg/dt D il 2 A 20123 2 Bl D 5 ik
X, VEEPADER L NV EEFETBHZ L TT,
ZDOZEFE X, Table 3I2% > TVEESETE v 2R ET
57 VEelCHUME N HMTDCABEZMH L THE
ITCEEJ, Figure 410X, -6V <Vge<0VD
HiPH CVEp 2 A H L7z & & 0dVpg/dtdZ bz~ LT
WET, 0V <Vgs<20 VDA, VpsH KV FEIEE T
BRSO & FEMEEE RS D Z RN an0 £9, 2
AUILSIC MOSFETD 7% 7 — N EM N FERIC Y —
FT7ENTW Wb THhHY, ¥—rF 7
VosZ BICEREI¢ 5 = L O EEM AR L TWET,

800 — . . '

—
| NCP51705
- W WA,
< 400 .
S8 Vg1 +20 V/xV
-6
200 |- — -4 .
0
U ev—— 1
el i L L 1
3.825u 3.850u 3.875u 3.900p

time (s)
Figure 41. NCP51705 Vpg Rising Edge, Vary Vg

PearsonftOEHR 7o —7 A L THRE L F L
A B O MR EAE % Figure 421275 L £3°, NCP51705
DO EFRITdIp/dt =3.2 AInsTILH T8 TV E T2,
FOD8384 K7 A FHIFEIZH D L U X 70

WWW.onsemi.jp


http://www.onsemi.jp/

S LTWET, NCP517050 & #dIp/dtit. Figure 37
IR LT2VGs DI E FAS Y = DY & ML FE R A
b ET,

——— NCP51705
—— FOD8384

1, (A)

o0k 4

3 L 1 " I 1 I 1 I 1 L 1 L 1

3.7504 3.800p 3.850p 3.900u 3.950u 4.000u 4.050y 4.100y
time (s)

Figure 42. I Falling Edge Comparison

ZTNRNVARBFRIT, 74 A7V — XU —
PIBART NA ADBNA A~ T 7 PERE & FRPEREAM
THDIEENPOHERA SN CEZRBRFEIETT,
FINL7=Vps & I DIpid ¥ — v A B IO —
F7HE P L EEECHEcCE A DT, ZORIETF
BIXT 70 T ENTZFHENEAL v F o T T 7Y r—
va VEIE T — b KT A NICOMRE 2 R4 5 72
DOBHEEOEWHIEE RSN TEE L,
EX)

ZOEETCIE, @RS — N KT A TR E %
HTABICEBETOILENH D, SiC MOSFET Al

H O D —ERICB 248> TR L T\ 4, Sic
MOSFETIZBI# T /NS WNgm 2V #ED 7 > A
AV HF IR RF, =N RTA TOBENSTD
LR T, ZL<OGAENHOe—F 1 K7
— s RIARNBFHEHLETH, SiC MOSFET % %%
HI A HEME DS RO 5 CEREN 9 2 DI LB 2R R RE
RITTUWET, SiC MOSFETA N4 TIA < £ &
NAITIE, BABRE RTAANOHENRT IR L
T&EE9, NCP51701%, Zh R >EHEEO ‘WS
£ CSiC MOSFET % BR#) 3~ % 7= & O fE R 72 mMEHE
EHY Y a—Ta AR L E T,

Seve Mappusi®, KE=z2— 7y —Xy K
74— REHWRET HF & I(onsemi) D
Advanced Power ConversionZ' /L — 7 CF—7 7 71
F—valrm TV T L LTS EIRA Y v T A
N—TF, BITHEOK T, Bz te—T L
MOSFET” — bk K Z A ZICIZ B 7 % H T B %% 2 41
BLTWET, BT 7V r—rva s CEAKB X
DR 5 DB 21T > 121052 5, 254
LRzl TERERHICHEEFE L CEE L, KiT
DISHIT, RU—< R T A 2 NYEERO 555 TEh
TR, VAT AL U=T Yo 7770 r—
aryz V=7V EFEMELTWET, LA
oo LT, RKENary = hFany— v
T NAA v F T ar—42 RER, &EKE
T, WBGT /N1 A, SJFEMIER EEZF T T E
KR

BEEH
[1] “NCP5170 — SiC MOSFET Driver”, Datasheet,
onsemi, August 2017
[2] “NCP5170 Mini EVB”, User Guide,
onsemi, August 2017

onsemi, ONSEMIL, and other names, marks, and brands are registered and/or common law trademarks of Semiconductor Components Industries, LLC dba “onsemi” or its affiliates
and/or subsidiaries in the United States and/or other countries. onsemi owns the rights to a number of patents, trademarks, copyrights, trade secrets, and other intellectual property.
A listing of onsemi’s product/patent coverage may be accessed at www.onsemi.com/site/pdf/Patent-Marking.pdf. onsemi reserves the right to make changes at any time to any
products or information herein, without notice. The information herein is provided “as—is” and onsemi makes no warranty, representation or guarantee regarding the accuracy of the
information, product features, availability, functionality, or suitability of its products for any particular purpose, nor does onsemi assume any liability arising out of the application or use
of any product or circuit, and specifically disclaims any and all liability, including without limitation special, consequential or incidental damages. Buyer is responsible for its products
and applications using onsemi products, including compliance with all laws, regulations and safety requirements or standards, regardless of any support or applications information
provided by onsemi. “Typical” parameters which may be provided in onsemi data sheets and/or specifications can and do vary in different applications and actual performance may
vary over time. All operating parameters, including “Typicals” must be validated for each customer application by customer’s technical experts. onsemi does not convey any license
under any of its intellectual property rights nor the rights of others. onsemi products are not designed, intended, or authorized for use as a critical component in life support systems
or any FDA Class 3 medical devices or medical devices with a same or similar classification in a foreign jurisdiction or any devices intended for implantation in the human body. Should
Buyer purchase or use onsemi products for any such unintended or unauthorized application, Buyer shall indemnify and hold onsemi and its officers, employees, subsidiaries, affiliates,
and distributors harmless against all claims, costs, damages, and expenses, and reasonable attorney fees arising out of, directly or indirectly, any claim of personal injury or death
associated with such unintended or unauthorized use, even if such claim alleges that onsemi was negligent regarding the design or manufacture of the part. onsemi is an Equal
Opportunity/Affirmative Action Employer. This literature is subject to all applicable copyright laws and is not for resale in any manner.

ADDITIONAL INFORMATION

TECHNICAL PUBLICATIONS:
Technical Library: www.onsemi.com/design/resources/technical-documentation
onsemi Website: www.onsemi.com

ONLINE SUPPORT: www.onsemi.com/support
For additional information, please contact your local Sales Representative at
www.onsemi.com/support/sales



http://www.onsemi.jp/
https://www.onsemi.com/site/pdf/Patent-Marking.pdf
https://www.onsemi.com/design/resources/technical-documentation
https://www.onsemi.com/
https://www.onsemi.com/support?utm_source=techdocs&utm_medium=pdf
https://www.onsemi.com/support/sales



