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Increasing the doping concentration results

Lower Vce(sat)
Higher Eoff

Decreasing the thickness of “Drift
Region”

/ Reducing the doping concentration

results in

a Lower Eoff
a Higher Vce(sat)
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= 650V / 750V / 950V IGBTs = 1200V IGBTs ES
FS4 Trench Trench Il (UFS)

i Gate _——
Emitter Trench Emitter ;"te Fine Cell pitch Iiw N
> Lower Qg —> Higher power E—
density

Implanted Buffer
- Robust FS layer,

Gradual turn-off wave form

Collector Collector
40
40 v <
—IFXL5 UFSL3 @ IFX C6
36 |_(FSIi Low Sat) (SCR) -
IFX H6
30 \\/\/ﬁ@ ‘
—_ , - = (SCR)
< FS4 LQ (Low Sat) Best in class <
3 " technology 3 32 *UFS SCR©
% 20 FS4 MQ (Mid Speed) ] % (FSIIl SCR)
S w e ] = IFX H3
L SCR
IFX 85 ST HB2 World Best s
o x b e IFX H3|(SCR)
10 FS4RQ(SCR) hnol UFSFL3 @ ® Fs2sMD [ FSlIFL2
= technology :
BR.J & (FSIII High Speed) (High Speed) | (SCR)
FS4 SQ (High Speed) @ @ FS3 SP (SCR)
IFX F5 IFX H5 -
0 ‘huus?®
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Vce(sat) [V] Vce(sat) [V]
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Voltage / Ve v IGBT  CopakDiode Diode , ~ /f ' ' , /, § E A 2 | =l 2 %

Current @Tc=100°C @Tc=25°C  Type Type Fcorward $q /4 7, - 3 23 3T g 39
urrent i - & o9 o = 3

@Tc=25°C = ’ 5 2 Al 5

600/ 15 1.85  RCIT1 Fsli 15 NGTB15N60R2FG vV Vv
600 /15 2.2 NPTSC  UltraFast 15 FGP15N60UNDF  FGPF15N60UNDF v
600 /10 1.7 RCIIT1 Fsli - NGTB10N60R2DT4G v
600 /10 2 NPTSC  UltraFast 10 FGP1ON6OUNDF  FGPF1ONG60UNDF v
600/7 1.9 NPTSC  UltraFast 10 FGB7NG6OUNDF v
600/5 1.65  RCIT1 Fsli 5 NGTBOSNG6OR2DT4G v
600/5 1.9 NPTSC  UltraFast 5 FGBSN60UNDF v
600/ 3 1.7 RCIIT1 Fsli 3 NGTBO3NGOR(F)2DT4G v
600/3 2 NPTSC  UltraFast 5 FGD3N60UNDF v
650 / 100 16 FS3SC  Hyperfast 100 FGY100T65SCDT v v
650 /75 17 FSII SC Fsli 75 NGTB75N65FL2 vV Vv v
650 / 60 1.64  FSIISC Fsli 60 NGTB6ON65FL2 vV Vv v
650 /50 1.8 FSII SC FSI 50 3-phase inverter NGTB50N65FL2 vV Vv v
650 /35 17 FSIi SC Fsli 35 NGTB35N65FL2 vV Vv v
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1.1W/mk,150um (best option)

System topology
Operation mode

Input voltage(Vac)

Input current(lac)
Qutput Voltage(Vdc_link)
Qutput of Boost Cap.
Inductance(L1, L2)
Switching Frequency(fsw)
Boost IGBT

Boost Diode(FWD)
Rg_on / Rg_off

Power Factor

Te

Load

Sampling Time

7/16/2020

Interleaved boost PFC(2-phase)
CCM

220[Vac,ys. 60Hz]

17[Axms]

380[Vdc,,.](£40Vmax, 400V,...)
1.36[mF]

0.22[mH]

25 [kHz] (each IGBT)
FGAF40S65AQ(650V/40A)
VS-60CPUOB-F(600/2 x 30A)
27[Q] 7 11.5[Q]

0.98~0.99(if it is possible)
80~90 [°C, T,=Heatsinktemp.]
3-phase Inverter system[SPWM]
0.5[us]
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%% 4R

20% Lower Rthj-h
Compared to

the case of
1.8W/mK, 300um
Comparison of IGBT Loss Comparison of Tj
8.1 115
. —0On semi. 797W ——0On semi.
—A-company //9 —A-company
9 7.89W e
110 108.9°C
E _ Gap:3.5PC
7.66W Eee=d =
— W =
E e £ i
76 2105 105.4°C
S Gap: 0.7TW g /
e
g 7.4 5
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= 7 £ 100 &
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E 72 : - E
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7.1

6.9

6.8
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Heatsink Temperature, Te[°C]
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Heatsink Temperature, Te[°C]|
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N 650, 30-75A 600V, 3047754
1200V, 10-50A 1200V, 10A 50A
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i 4% 1 (HVAC) ISPMx**
. —
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DBC Substrate Epoxy Molding Compound
(Isolation & D/A)

BT AR

NTe FRD IGBT
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Insulated Metal Substrate Tech.
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Isolation by IMS Epoxy Molding Compound
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ON Semiconductor®

1200V & %)

SPM31

> T 2
A= v SA, 104, 20A

ON Semiconductor®

600/650V 2 %]

ﬁiﬁ'/ﬁ"ﬁ: DIP-S6 ‘ Q ‘

600V / S5A, 10A, 54,

10A 204 30A 50A 75A
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5kW: 1200V 25A CIB TMPIM (released)
7.5kW: 1200V 35A CIB TMPIM (released)
10kW: 1200V 50A CIB TMPIM (released)
15kW: 1200V 75A CIB QLP (coming soon)
20kW: 1200V 100A CIB QLP (coming soon)
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0 TMPIM
B L T DIP/QLP
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TMPIMAR AR 3k 7* 50 38 2%

HTHE, BHEER

S 1
20KW -- [
Htieny | Eade ENENETS RTINS | 10kW ~ 206W 3 5h: QLP-74
e | - SRR BETS
s o e
* . 3650V R A A= 1200 VIR A
Cl Enhanced
---l e 3541 CIB, CL 6pack, PFC
DIP-26 X
6-pack Enhanced . . . . . .
10KW ... D I N I I I B B I I . ... ... ..o omiimmunnsinnsennsnnsnnsennssanssaasna s ae s na s mas s mas s annsnsnnsannssnntsnnnn
- 1200V \'
DIP-26
RAEFAN IR TS CIB EQhLP_Md X X X X
5] A XK (Enhanced)
L FRABE650 V IR A F=1200 Vg A
. #64}: CIB, CI, 6pack, PFC
H2" 20 H1W 21
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R St 09 B4R B AR, A e 24 P T 3R 25 38 30%.
ik oa tddn = NXH50C120L2C2ESG

il = m -
Rth JC (K/W) ** - é\ ‘?Q
.;__JP _ il

IGBT i#

= 043 | - 0.27

Kt

—IREETE 0,735 0.54

nnnnnnnnnn

s 8 0.825: 0.62

nnnnn

** Thermal characterization test acc. to JEDEC51-14 IGBT
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TMPIM 1200 V 50 A CIB £ 3
RAR: 35311 mm? (3£ 5 B4 Bag IR 4943%)

F4 B4 B 1200 V 50 A CIB # 34k F2: 82237 mm?
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- | —~l.
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DIP-26 CIB/CI ¥, B A& 3

Froey

> B F Al TR — M LB T
> DC+ 2 DC- A T E R B MOERGF RS

7| By 18] BB

I;?" I‘\
PSR G AN s SIls | 3Bt e x| XTER
> BINEARAHEREE, FHBRGI BHEF, & TRA%HRGRS . .
+ Pin before | + Pin after
1.5mm >10.0 mm
Inrush Inrush
iY g 82 55 &8 §F oz + (or Positive
PLIPLY  PAP2 Pin) U V,W/B | 2.6mm 9.4 mm
) ) THI
Transfer Molded PIM y; iy iy A Gupe ! GVpy | Gwp, ] U’ V’ W U’ V’ W 2.5mm 5.4 mm
(with terminal face up) RS, T R, .S’ T omm 5.4 mm
e b ) y H Pin or
Te R,S T Negative 5mm 5.4 mm
Z$ 35 R GB o Lung_i Gvr g1 Gwng__1 Pin
}_Hz Any Pins Heatsink 5.5mm 6.0 mm
NL.1/N1.2 NB Fun Evn Fwn .
Any Pins NTC 5.5mm 7.9 mm
Pin Name P1.1/P1.2|N1.1/N1.2| GB | NB | Eun | Gun | Evh | Gvn | Ewn | Gwn | TH1 | TH2 kB 75% /%/g- T ﬁ"—ﬁ ) ﬁ?é(mm):
Sige A [Pinwidth (mm) 1.2 12 1.2 1.2 12 12 12 12 1.2 12 12 1.2 12 1.2 o e o .
~ |coodination 0 | 254 | 1016 | 127 | 17.78 | 2032 | 27.94 | 3048 | 381 | 4064 | 4826 | 508 | 60.96 | 635 (5] By 50 % 3| By 55 B+ 5| Wy 2 EX 5| By
Pin 2 pin clearance (mm) 0.3 5.4 0.3 2.8 03 5.4 0.3 5.4 03 5.4 0.3 7.9 0.3 j:;"!_ j;_?i] +él‘5 gL/A\}EJ; + J:E"-_:é: jri /;_?{éﬁ ‘% 73—;]:&
Pin Name R S T B |P1|P2 | U |Gup| V |[Gvwp | W |Gwp
Side B [Pinwidth (mm] 1.2 12 12 1.2 12 12 12 12 1.2 12 12 1.2
T |coodination 0 7.62 15.24 22 86 3048 33.02 4064 4318 50.8 53.34 60.96 635
Pin 2 pin clearance (mm} 5.4 5.4 5.4 5.4 0.3 5.4 0.3 5.4 0.3 5.4 0.3
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T) H 18 2R ] 4K

LR e

> # }%i}b W IR A G AT TMPIM 4% e
A o b A AT Pl m—

>7 KW BI5 & %A MTMPIM3S A 4 () O wad
o Fo 5 G 2f 0935 A Bk } m——

>TMPIM€J’§%§;5}K§§/§/§;&%/§/{}D%% TMPIM R%‘ ﬁ;A (L —
% B4 —
> B TR A AT BAKEff #ide (O S I
ARG Im
> TMPIM Bt ik F AIGBT AR (o 593 623

R, REEF SR
» TMPIM &9 # 4% Rth(°C/W) B8k &4

. > Vdc = 600V, fsw = 6.5kHz
;& NS 4 s > >
/#)%E oo (L /Z_. Vout = 230V (Vrms); lout = 17.5Arms, PF
=1
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PIM Inverter

.Vcesat .VDC
-Vf ¢

*Eon,t,  "cos(®)

=Eoff,t;  "modulation, m
"Epee "Overloadl,t,
.fsuts f‘swi‘tcﬁ

=driver

TMPIM 12 %) R Fe 58 R ILH & P k!

Power loss
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Power los0.95s (W)
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B ]
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0.005 0.01 0.015
Time (sec)

0.02

0.025

E B EMRAFAMHT

Power loss

g 3 8 8

Power los0.95s (W)
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"1
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Junction temperature
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0 0.005 0.0l 0.015 0.02 0.025

Junction temperature
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IK%/ #a iz

1200 V 35 A CIB: NXH35C120L.2C2SG \( 1200 V 50 A CIB: NXH50C120L2C2ESG

Mw: AR

T BEREP RGBTSR
w | 'Hn.h

FAF T H5 TAF20
kWA _E

Theatsink = 90 °C
TNTC = 110 °C

\ ‘ I
il 1L
"". Mr'
o4

120 T T T T T T T T BARS: 26,14 A . [E1Vp+: 151604V E1Vp+: 15.0223V
o | — Th Heatsink Temp ! ! ! : - '
- - Tj IGBT junction i i : ,i . /i \
e e
% l EEmun mas l l l i
| | = | | | | | <~ N
SRt A 1#4E TMPIM &, /R,
- | | | | | | | ~
=l Bk, 37 2
[T | | | | | | | |
Fw L—*J’: _______ i www.onsemi.cn T #,
I I [ I I I I . -
50 | o e I I | | | % ‘//."?‘ &gﬁﬁ? §§ PCB
I | | | | | | |
| | | | | | | | ~ ~
o P e e e = A
| | | | | | | |
| | : | | : : |
| | | | | | | |
20 | | | | | | | |

2500 3000 3500 4000 4500 5000 5500 6000 6500 7000
Motor Speed (RPM) /
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> MRS -40 0C ~ 125 0C

TC @ 5004 4

NXH35C120L.2C28G

B HLA L
ﬁ* fb%g%/ﬁ:A
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TMPIM 4 | 54 B

1000000000 - 7 ik LBHAEX, A KA E
500,000,000 4 Percentile Lines
300,000,000 T 10% " i
200,000,000 1% A e RF 4pcs for each Delta Tj
100,000,000 = = 0.1%
- jon 198

20,000,000

10,000,000 Ton 4sec

-------

3,000,000

2 000000 | RN B Delta Tj 100C (25C ~ 125C)

o === Delta Tj 125C (25C ~ 150C)

Delta Tj 150C (20C ~ 170C)

Failed Cycle
o
=2
2
=
[

e ing ““ ® [3 (Shape Parameter): 4.69, Wear-out failure mode (B > 1)

1,000- ® n (Scale Parameter): # of cycle till getting 62.3% failures
50 124,980cyc @ 100C

300
1;5: ' 43,039cyc @ 125C
j-; 18,013cyc @ 150C
L : : ——— **% Equation
= = @ = & W @ R4, n = exp(33.73679)X(delta Tj) (-4.77743)
Delta Tj Using Coffin-Manson Modeling
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.j" - " Test Name Test Conditions End Pomt Req’s| Test Results (rej/ss) | (rej/ss) | (xej/ss) | (rej/ ss) | (rej/ss) | (rej/ss) | (rej/ ss)
f/ A 1) %
Read Point LotA | LotB | LotC | LotD | LotE | LotG
Prep Sample preparation and itial testing VALIOUS --- Imtial Electrical done domne done N.A
HTRB Tj=150°C for 1,008 hours
RRF#K 57314 High Temp Reverse Bias 90% BV of max rating (Tnverter Part) ¢ =0, Room Initial 0/12 0/12 0/12 0/12 0/12 0/12 N.A
TMPIM 7}44— i}i}% =2 Tj=125°C for 1,008 hours
ES n =z 66% BV of max rating (Rectifier Part) 504 Hrs 0/12 0/12 0/12 0/12 0/12 0/12 N.A
— = A4 0l 4% - 1008 Hrs 0/12 0/12 0/12 0/12 0/12 0/12 N.A
7}:71—: /ﬁ é/] /)\] ‘]i& ijﬁ\ ﬁﬂ H3TRB Ta=83°C, 85%RH for 1,008 hours
’ia }% RRF#K 37314 High Temperature, Humidity, Biag 80% BV of max rating (Inverter Part) ¢ =0, Room Initial 0/12 0/12 0/12 0/12 0/12 0/12 N.A
Ta = 83°C, 85%RH for 1,008 hours
100V (Rectifier Part) 504 Hrs 0/12 0/12 0/12 0/12 0/12 0/12 N.A
1008 Hrs 0/12 0/12 0/12 0/12 0/12 0/12 N.A
Reflow Reflow Tp=210C x3 ¢ =0, Room Initial 077 077 0/77 N.A
RRFHKS57314 X3 0/77 0/77 0/77 N.A
HTSL High Temperatire Storage Life Ta=150°C for 1,008hrs ¢ =0, Room Initial 0/12 0/12 0/12 N.A
RRFHKS57314 504 Hrs 0/12 0/12 0/12 N.A
1008 Hrs 0/12 0/12 0/12 N.A
THU High Temperature Humidity Ta=85°C, 83%RI for 1,008 hours | 'po o Tnitial o12 | o012 | o1z N.A
RRF#K57314 No Bias
504 Hrs 0/12 0/12 0/12 N.A
1008 Hrs 0/12 0/12 0/12 N.A
VVE Vibration 23-300Hz/15min, 106, each 2 hows X, | o oo Tnitial 0/5 0/5 0/5 N.A
RRFH#KS57314 Y.Z
Ghrs 0/5 0/5 0/5 N.A
PCT Power Cycle Delta 100C, 10keye ¢ =0, Room Initial 0/4 0/4 0/4 N.A
RRF#K57314 10,000 cyc 0/4 0/4 0/4 N.A
TC Temperatiure Cycle -40/+125 C ¢ =0, Room Initial 0/79 0/79 0/79 N.A
RRFYK57314 100 cye 0/79 0/79 0/79 N.A
1000 cyc 0/79 0/79 0/79 N.A
LTSL Low Temperature Storage Life Ta=-40°C for 1,008hrs ¢ =0, Room Initial 0/12 0/12 0/12 N.A
RRF#U60593
1008 Hrs 0/12 0/12 0/12 N.A
BPS Bond Pull Strength Cpk =1.67 Results 0/1 0/1 0/1 N.A
B3 Bond Shear Cpk =1.67 Results 0/1 0/1 0/1 N.A
ESD Blectro-static Discharge Human Body Model (HBM), Charge Restilts 3pcs for each CDM/HBM
Device (CDM) ‘Refer to Page 3 ESD result’
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Comp-A: 1200V 25A/35A (maximum 35A) DIP-26 1200V 25A/35A/50A

. n . B /es, _/0'a H‘
_ , " i ' i, ;,.// o, T i
x K —L’: ol —L': Lom ) & - ~ % 4 _ o B St EED
= g TIR97 AR 08 N
F & HAR BIK A FEHE KT
Rix S Rt 62.8mm x 56.7mm x 12.0mm 73mm x 47mm x 8.0mm
F A g AR 2,117 mm? 2,135 mm?
AR 7L #F XF 2K E AF .
WS AE Vcesat 215V 21V
53 (us) 10 10
kg e 47 47 2 2 47 v
i HEE # 47 K 2 47
AL 0E 3 = 12.0 mm 12.0 mm -
; 12 E IR (Cyc) 100 1,000
T b ) F G ER (Cyc) 20,000 60,000 .
. W, 2, ] i 5.0mm 6.0mm
R WS 6.3mm 6.0mm 2
¢ =0 % & Wk 3000V 3000V
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"Ind_ustrial Solu_ i

Connectivity, control, sensing, clock distribution, power, and protection
solutions for industrial applications from ON Semiconductor.




FOR ENERGY EFFICIENT INNOVATIONS

THINK ON.

WWW.onsemi.com

Thank you

More information on
WWw.onsemi.com
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