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N-IGBT positive bias temperature instability threshold voltage
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Abstract: The N-type insulated gate bipolar transistor (N-IGBT) is widely used in various fields of modern industries due to its excellent
performance. The prediction of the device degradations under specific conditions is of great significance for improving N-IGBT reliability.
However, with the decrease of the N-IGBT process, the internal electric field intensity of the gate oxide is constantly increasing, and the
degradation of the gate oxide caused by the positive bias temperature instability ( PBTI) is further intensified, the degradation is
macroscopically reflected in the reduction of device remaining useful life (RUL) and changes of the threshold voltage. Based on the
classical Power-Law model and the Arrhenius model, this article proposes a three-stage Power Law-Arrhenius comprehensive degradation
model with relatively higher accuracy using the common parameter degradation time as the starting point. The degradation effect of
positive bias temperature instability on N-IGBT through accelerated degradation experiment. Then, the threshold voltage which reflects
the life of the power device after degradation is measured. Based on the genetic optimization algorithm and accelerated degradation
experimental data, the comprehensive degradation model parameters are fitted and optimized, the mathematical expression form of the
comprehensive degradation model is determined with an its accuracy above 85% , which is higher than that of the traditional power law
model.
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Table 1 The optimization results of parameters in the first

ascent stage

298 K
HLHE/V
a b n
45.0 0.533 0.121 0.25
46.5 0. 604 0. 166 0.25
48.0 0. 825 0.201 0.25
49.5 1.017 0.276 0.25
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Table 2 The optimization results of parameters in the last

ascent stage

298 K
M/ V
a b n
45.0 1.375 -0.726 0. 14
46.5 1.770 -1. 190 0. 14
48.0 2.423 -1.629 0.14
49.5 2.987 -2.098 0.14
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Table 3 The optimization results of parameters in the

descent stage

it
HE/V
a b n Vmo
45.0 -0.113 3.212 0.5 3.096
45.5 -0.289 3.332 0.5 3.102
46.0 -0. 481 3.463 0.5 3.131
46. 5 -0. 690 3. 604 0.5 3.153
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(- 1.486 x 107"7) x V""" 1 >
T2 Vo) FIXTIESRA T B0 3 B (L 5 ¢ R S BB B
BT B n e o ARGESCHR[ 27 ] JIGBT 4544 LA K
AL E BB AT LA E P 5 e 4 a0 o7 8 AORSE T
AR T3 KA e, 2 bR BORN b AR s 1 43 S A, —
TR E B B AR AR A E Y0 R S e T AN [
fi B LR N-IGBT [ {E H R AR AR 0, SEBL T X6 [ H
B RE T A B B TR A R

(10)

(11)




55 4 3] P 56 55 N-IGBT IEfii Rl B AN AR RE 1 U L bt T 25 AR AR 65

4.3 HRERERN

SPR TR, 1 8 N-IGBT Mt Ak )28 fe ik i 5 e 1
(HHE R R R L, ks 5t L= 2h 45, i I8 2
Hop e B — O R TR R TR 4 R )
N 2 v X 50 {1 F S N %) o A P I R Ak S 56
BIAJRE RS20, LA ST. Power Law-Arrhenius ZE5 A8
S (R R AR b il 2 1 23 B, 0E T T L ) BE W 9T IR
HsEE X b T B B I 5T B S A R B R R
48 V BYTEML 435t hin 298 348 398 448 K HITELE , B4
AbgE g 4 f1 s PR,

x4 HREBEZWMEABRTRSHAUER
Table 4 The optimization results of parameters in the first

ascent stage considering temperature influence

48 V
T/K
a b n
298 1.677 -2.904 0.25
348 1.954 -3.073 0.25
398 3. 106 -4.714 0.25
448 3.412 -5.485 0.25
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Table 5 The optimization results of parameters in the last

ascent stage considering temperature influence

48V
T/K
a b n
298 4.297 -5.540 0. 14
348 4.676 -5.708 0. 14
398 5.327 -5.773 0. 14
448 5.725 -6.921 0. 14

FER 1 4 FNR S 2 BT [ — S0 450 T S8tk
A —ER G, 3 2 PR A fin s 3R b 52 56 v BT e R 1Y
B L A B ST SR RS —2, fER 12
TR O 5 L R X 2 A5 A T8 5 5 ) 2 i), 5000 o0 7 5 1Y
sk ] 3 R, (S oS A s T ] PR K I 6 4 .5 h
B w22 ) P TR o O g /0 TS ) s ) A 3
B, I, RS AT 3 TR R B0 55 e A7 i A
b, A B R R 28 A B R rf B — B B S i, X
W= IS AR A LA

YT A IR AT R 5 ARIFEmMSE o A b,
BT ERE DA O TR EE B Arrhenius B i
FEXTZE a b BISEI DL 298 K IR EE T 1Y a b 1E K 5L
{8, NIRRT 28 T RUMEE S Arrhenius FRADE
BB R B e T, KIE (4) F Arrhenius 1B LA
B F 45 PERA BRI 6.7 FiR

*6 HREBEEFXMEATRSHLELER
Table 6 Parameter processing results of the first ascent

stage considering temperature influence

48V

T S5RMEEWE a/ay  SIMEBEE b/b, n
0. 002 874 1. 165 1.058 0.25
0.002 513 1. 852 1.623 0.25
0. 002 232 2.034 1. 889 0.25
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Table 7 Parameter processing results of the last ascent

stage considering temperature influence

48 V

/T S a/a,  SIEAEEHAE b/b, n
0. 002 874 1.088 1.030 0. 14
0.002 513 1.240 1.042 0. 14
0. 002 232 1.332 1.249 0.14
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Table 8 The optimization results of parameters in the

descent stage considering temperature influence

45V
T/K
a b n
298 -0.113 3.212 0.5
348 -0.171 3.423 0.5
398 -0.198 3.785 0.5
448 -0.232 4.015 0.5
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Table 9 Parameter processing results of the descent

stage considering temperature influence

45V

T SIWEEILE a/ay  SIEWEELILE b/, n

0. 002 874 1. 326 1. 066 0.5
0.002 513 1.535 1.178 0.5
0. 002 232 1.798 1.250 0.5
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12.58 X exp(

Vi =
13.07 X exp
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kT
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F10 THEMNEREREREETRG
Table 10 Threshold voltage accuracy evaluation

of the descent stage

45 V 298 K
Izjl\EXL »- o i
BFA] ¢/min - SCHHE V,/V O BEME V.V IRESEE /%
9.99 2.710 2.704 2. 111
T 20. 00 2.432 2.561 7.251
Wz 32.00 2.244 2.432 9.191
40. 00 2.194 2.359 8.585

F11 45 V298 K 4T EFAMEREIERERSETME
Table 11 Threshold voltage accuracy evaluation of the

ascent stage under 45 V 298 K degradation condition

5 45 V. 298 K

WrBE  mfi] /min SCIRME V.V BEUME V, VO R d/%
400 2.585 2.034 -21.298

HE 500 2. 661 2. 146 -19. 364
600 2.726 2.241 -17. 808
700 2.765 2. 544 -8.002

KB 800 2.820 2. 606 -7.608
900 2. 882 2. 661 -7. 680

4.4 HEEBESHESITLE

48 V 298 K 148 V 348 K &4 F I FH¥ B 9 (e
FERG BEPRAR N 1213 Fios

kT BN A S B 2R A AT RS B AR R AL R
a0 (18) LR BB ALBE Y, L) 46.5 V298 K I &4 F
PR S I B A S SR B 25 S BT B AT LR A, An
&7 B,

PP 7 R, 5 R 150 T 0 o i L 5 T 3t R Ak s
5 PR LR B AR — 35, 76 TH i B AR X A A
A 10 11 FIE 7 X REBYBORT T 5 BoR A s 125 i
B 5 7R, R B B b TR R S 00 D 25 R ER/N T
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F12 48 V298 K &4 T EAM R EEREHRETME
Table 12 Threshold voltage accuracy evaluation of the

ascent stage under 48 V298 K degradation condition

TF 48 V.298 K

BrB  mE) t/min SEHRME V, V. EBE V.V REE &%
400 3.939 3.293 -16.397

HE 499 4. 128 3.473 -15.874
600 4.294 3.628 -15.499
699 4.430 4.157 -6.162

KB 800 4.547 4.262 -6.274
899 4. 657 4. 355 -6.479

R13 48 VM8 K T EFAMBREERERSE TG
Table 13 Threshold voltage accuracy evaluation of the

ascent stage under 48 V. 398 K degradation condition

3t 48 V 348 K
BB bl /min SERRME V,/V BOEUE V.V RESE /%
109 3.282 3.573 8. 845
HE 120 3.388 3. 646 7.626
130 3.489 3.715 6. 488
139 3.593 3.544 1.369
KB 150 3.712 3.594 3.169
160 3. 809 3. 641 4.403
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Fig. 7 Comparison of experiment data with

comprehensive model data
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Fig. 8 Comparison of model prediction effects under

46.5 V298 K experimental conditions
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Fig.9 Comparison of model prediction effects under

48 V 348 K experimental conditions
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