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Fig. 1. The ESD I-V curves of NMOS under different tem-
peratures. Insert: the detail in holding points.
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Fig. 2. The TCAD simulated ESD I-V curves of (a) GTN
MOS and (b) GGNMOS under different temperatures,
where the insert is the detail in holding points.
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Fig. 3. The TLP tested holding voltage and TCAD simu-

lated holding voltage under various ambient temperatures.
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Fig. 4. Cross-sectional view and the equivalent circuit of the
PDSOI NMOS.
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Fig. 5. Electrostatic potential distributions of GGNMOS

under various ambient temperatures when the Drain is sub-

ject to the same ESD current pulsing. The Source and the
Body are grounded.
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Fig. 6. Electrostatic potential distributions in the drain-
body surface of GGNMOS along path 1 under various am-
bient temperatures when the drain is subject to the same

ESD current pulsing. The Source and the Body are groun-
ded.
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Fig. 7. Electric field distributions of GGNMOS under vari-
ous ambient temperatures when the drain, the source and
the body are grounded.
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Fig. 8. Electron density distributions of GGNMOS under
various temperatures when the drain is subjected to the
same ESD current pulsing. The source and the body are

grounded.
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Fig. 9. Electrostatic Potential distributions in the drain-
source surface of GGNMOS along path 2 under various
temperatures when the Drain is subjected to the same ESD

current pulsing. The Source and the Body are grounded.
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Fig. 10. Current density distributions of GGNMOS under
various temperatures when the drain is subjected to the
same ESD current pulsing. The Source and the Body are

grounded.
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PEARZE R IE 10 IR B Vigons MRHLBH Rpoqy A
NMOS VAE LI Ing #5867 EE5 R g B R
(R A5 Ak G B2 29 8 10 wA /um, X Iy B I 7 28
LR BT 5 29 5%.

Khanna 25 23] 3R 7 0UR 5 55 AR 45 1 e 70 494
TR AR, KRN

B(T) = B(To) +<s[1+B(To)| (T —To),  (10)
Hrb, TORREE; 8(T) AIREEN TR BIT fhik
BHWLE; Ty WHE, T, = 273 K; B(T,) ik
JER Ty WA LIS 455 < IR AL, T2

1 dg . .
— = 0.1—1, for Si tansistors. 11
B (To) dT 1D

1 (10) T (1) AT, B i PR L
WA 6 SRR R TH S T

& 9 BT i 07 A5 SR R B Vg, 23 BH IR BE 1)
THESMIREAR. 2 BTGy EARE R, RETHE 2
HRHLBL Rpoq, THES. 01 (9) SUFFR, AEHE IR Iy
54 BIT WG 6, B-AREs I IE 1 T Rl
JE Vigon FMAHLEH Rp,q, % VIR G, IR TH R 32K
BRI, T3P Iy B T I R 23 550
Visson WEARHN R, THEG , LI 14 24 22l (117
Iy BERBE R0 1 T R . DR MR B 3 e 3 19
W ot S SPHAL, BAS Ty BRI RO TR T K.

4.3 Vpg, Visons Ins Rpoay ¥ NMOS 4EHE
BERERBIEMNIERERS T

B LA EXT Vg, Visons Ty Bpoay 95T AT AL,
FESHFAL T AERPIRZAS I Al B A I, AR R
Ve AE T - SR 25 b IR A 2E Vg EE R
Ie-VRFE R X AL T, THTRE S DX HL 37 AT 43 g
GIFEIE: AT AR5 A L S A L i B
FEAr . B R A0 T, STt F AR5 AR R IX
R I IS, ELIE A F VR R i TR 1 e i
R, XFER XA — LB S5 VE . PR X P
R SRR RS Vi BEE RE A T A sk )y
¥ 5 vy WSR2 5 Vo BEIREE
PRI T ARTR], Viggon BEREE A2 AEARL 2 P Ao 4]
FRGA . AR R RFE R X A HL 3 B L 7 A
fe22 F R, PRk 32 202 th IR AR R X # L 1
AT B Vigen FEAK. MIAEREHLI Ly TS
J2 H T RO 2R A AR5 1 LD G 25 3 B T BE 1 T
B . FEMI IR A ESD BT, HH AL A A A
RZSFTR, A AEARALEH. Rpoq, B IR O T 55 T34
K. Iy 5 Rpoqy BEE W TSGR, 5 Vg
TR AR . L 5 I RS SR 6 1R
RN, Vi FEH Vpg i, Vi By
Vpp —3. B8 2(b) (7 EGR AT H, B TR AT+
B, Vi AR 0.78 V, 1T Vi Al Viggon 4 B B A 1
R 1.1 V. Iy 5 Rpoq, B TR 09 7H & 10 5 K,
XINGE T Vg BOREE R AL, PRI AT DB K Iy
5 Rpoay I/ Vig BETRLEE T+ il N R (R,
WK Iy KEA R RAFER X i IS5 e, &%
B Vpp FRAK, PIHER Iy 455 % B2 RCR

5 %4 %

ASCHESE T ESD PP s PDSOI NMOS 1)
AEFFEL R Vi BOIR R E . STt gk SRR, BE IR
FE R4 =, NMOS () 4ER5 i 98/ . it 5 TLP
MRS W) A BAF TCAD B EL, 43047 T HL
by R R PR E S S S
AR EE R A B, PEANHE T X vy IR AR
HEE R B BRAL . TCAD 05 E45 58 WoR, -4
HLEA 2 Vi FIVR-RZS IE 10 TFJE LR Vigg,, BEIR
AL RS Vg B IR AL 3 — 2, (A 4EFF
ML Ty R LB Rpopy Bl T BE 0 T = 3 K

128501-6


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

¥ 1B ¥ Acta Phys. Sin.

Vol. 71, No. 12 (2022) 128501

H Vi B EEROBUE 2R d Vi RO TR IR TR
SE Y. 2T DAY B2 RO ) AR A A, AR
S, AR Ry 5 Iy RHISS Vi B RS
T vk N AR . T FEAR Vi AR AR . A
SO AR L il BRI S LN ARy BEAL R B S
A B T B HEEE A AP H B ESD FRIP45H.

S 30k

[1] Bafleur M, Caignet F, Nolhier N, 2017 ESD Protection
Methodologies (Amsterdam, Holland: Elsevier) xvii
[2] Vinson J E, Liou J J 1998 Proc. IEEE 86 399
[3] Duvvury C, Amerasekera A 1993 Proc. IEEE 81 690
[4] Ker M D 1999 [EEE Trans. Electron. Devices 46 173
[5] Ker M D, Hsu C K 2005 IEEE Trans. Device Mater. Reliab.
5235
[6] Voldman S H 2008 LATCHUP (Hoboken, New Jersey: John
Wiley & Sons) pl
[7] Boselli G, Duvvury C 2005 Microelectron. Reliab. 45 1406
[8] Voldman S H 2005 Microelectron. Reliab. 45 437
[9] Wang A 2002 On-chip ESD Protection for Integrated
Circuits: An IC Design Perspective (Boston, MA: Springer)
pl
[10] Ker M, Wu C Y, Chang H H 1996 IEEE Trans. Electron.
Devices 43 588

(11]

(12]

(13]

(14]
(15]

(16]
(17]

(18]

(19]
20]
(21]

(22]
(23]

128501-7

Li C, Zhang F, Wang C K, Chen Q, Lu F, Wang H, Di M F,
Cheng Y H, Zhao H J, Wang A 2018 14th IEEE International
Conference on Solid-State and Integrated Circuit Technology
(ICSICT) Qingdao, China 2018 p743

Wang J X, Li X J, Zhao F Z, Zeng C B, LiD L, LiL C, Li J
J, Li B,Han Z S, Luo J J 2021 Chin. Phys. B 30 078501
Wang J X, Zhao F Z, Ni T, Li DL, G L C, Wang J J, Li X
J, Zeng C B, Luo J J, Han Z S 2021 Microelectron. Reliab.
126 114239

Tazzoli A, Marino F A, Cordoni M, Benvenuti A, Colombo P,
Zanoni E, Meneghesso G 2007 Microelectron. Reliab. 47 1444
Won J I, Lee H D, Lee K Y, Kim K D, Koo Y S 2009 /[EEE
Region 10 Conference 2009 Singapore, 2009 p2553

Jang S L, Lin S L 2000 Solid-State Electron. 44 2139

Liang W, Dong A, Li H, Miao M, Kuo C C, Klebanov M,
Liou J J 2016 Microelectron. Reliab. 66 46

Meneghesso G, Tazzoli A, Marino F A, Cordoni M, Colombo
P 2008 46 th Annual IEEE International Reliability Physics
Symposium Phoenix 2008 p3

Hou F, Liu J Z, Liu Z W, Huang W, Gong T X, Liou J J
2019 IEEFE Trans. Electron Devices 66 2044

Do K I, Jin HS, Lee B S, Koo Y S 2021 IEEE J. Electron
Devices Soc. 9 1017

Wu M, Lu W Z, Zhang C C, Peng W, Zeng Y, Jin H, Xu J,
Chen Z J 2020 Semicond. Sci. Technol. 35 045016

Li S S 1978 Solid-State Electron. 21 1109

Khanna V K 2017 Eztreme-Temperature and Harsh-Environ
ment Electronics: Physics, Technology and Applications (Boca
Raton: CRC Press)


http://doi.org/10.1109/5.659493
http://doi.org/10.1109/5.659493
http://doi.org/10.1109/5.659493
http://doi.org/10.1109/5.659493
http://doi.org/10.1109/5.659493
http://doi.org/10.1109/5.220901
http://doi.org/10.1109/5.220901
http://doi.org/10.1109/5.220901
http://doi.org/10.1109/5.220901
http://doi.org/10.1109/5.220901
http://doi.org/10.1109/16.737457
http://doi.org/10.1109/16.737457
http://doi.org/10.1109/16.737457
http://doi.org/10.1109/16.737457
http://doi.org/10.1109/16.737457
http://doi.org/10.1109/TDMR.2005.846824
http://doi.org/10.1109/TDMR.2005.846824
http://doi.org/10.1109/TDMR.2005.846824
http://doi.org/10.1109/TDMR.2005.846824
http://doi.org/10.1016/j.microrel.2005.07.028
http://doi.org/10.1016/j.microrel.2005.07.028
http://doi.org/10.1016/j.microrel.2005.07.028
http://doi.org/10.1016/j.microrel.2005.07.028
http://doi.org/10.1016/j.microrel.2005.07.028
http://doi.org/10.1016/j.microrel.2004.12.001
http://doi.org/10.1016/j.microrel.2004.12.001
http://doi.org/10.1016/j.microrel.2004.12.001
http://doi.org/10.1016/j.microrel.2004.12.001
http://doi.org/10.1016/j.microrel.2004.12.001
http://doi.org/10.1109/TED.1996.1210725 
http://doi.org/10.1109/TED.1996.1210725 
http://doi.org/10.1109/TED.1996.1210725 
http://doi.org/10.1109/TED.1996.1210725 
http://doi.org/10.1109/TED.1996.1210725 
https://doi.org/10.1109/ICSICT.2018.8565048
https://doi.org/10.1109/ICSICT.2018.8565048
https://doi.org/10.1109/ICSICT.2018.8565048
http://doi.org/10.1088/1674-1056/abe2fe
http://doi.org/10.1088/1674-1056/abe2fe
http://doi.org/10.1088/1674-1056/abe2fe
http://doi.org/10.1088/1674-1056/abe2fe
http://doi.org/10.1088/1674-1056/abe2fe
http://doi.org/10.1016/j.microrel.2021.114239
http://doi.org/10.1016/j.microrel.2021.114239
http://doi.org/10.1016/j.microrel.2021.114239
http://doi.org/10.1016/j.microrel.2021.114239
http://doi.org/10.1016/j.microrel.2007.07.078
http://doi.org/10.1016/j.microrel.2007.07.078
http://doi.org/10.1016/j.microrel.2007.07.078
http://doi.org/10.1016/j.microrel.2007.07.078
http://doi.org/10.1016/j.microrel.2007.07.078
https://doi.org/10.1109/TENCON.2009.5395895
https://doi.org/10.1109/TENCON.2009.5395895
https://doi.org/10.1109/TENCON.2009.5395895
https://doi.org/10.1109/TENCON.2009.5395895
http://doi.org/10.1016/S0038-1101(00)00153-2
http://doi.org/10.1016/S0038-1101(00)00153-2
http://doi.org/10.1016/S0038-1101(00)00153-2
http://doi.org/10.1016/S0038-1101(00)00153-2
http://doi.org/10.1016/S0038-1101(00)00153-2
http://doi.org/10.1016/j.microrel.2016.10.008
http://doi.org/10.1016/j.microrel.2016.10.008
http://doi.org/10.1016/j.microrel.2016.10.008
http://doi.org/10.1016/j.microrel.2016.10.008
http://doi.org/10.1016/j.microrel.2016.10.008
https://doi.org/10.1109/RELPHY.2008.4558856
https://doi.org/10.1109/RELPHY.2008.4558856
https://doi.org/10.1109/RELPHY.2008.4558856
https://doi.org/10.1109/RELPHY.2008.4558856
http://doi.org/10.1109/ted.2019.2900052 
http://doi.org/10.1109/ted.2019.2900052 
http://doi.org/10.1109/ted.2019.2900052 
http://doi.org/10.1109/ted.2019.2900052 
http://doi.org/10.1109/ted.2019.2900052 
http://doi.org/10.1109/JEDS.2021.3121212
http://doi.org/10.1109/JEDS.2021.3121212
http://doi.org/10.1109/JEDS.2021.3121212
http://doi.org/10.1109/JEDS.2021.3121212
http://doi.org/10.1109/JEDS.2021.3121212
http://doi.org/10.1088/1361-6641/ab74ed
http://doi.org/10.1088/1361-6641/ab74ed
http://doi.org/10.1088/1361-6641/ab74ed
http://doi.org/10.1088/1361-6641/ab74ed
http://doi.org/10.1088/1361-6641/ab74ed
http://doi.org/10.1016/0038-1101(78)90345-3
http://doi.org/10.1016/0038-1101(78)90345-3
http://doi.org/10.1016/0038-1101(78)90345-3
http://doi.org/10.1016/0038-1101(78)90345-3
http://doi.org/10.1016/0038-1101(78)90345-3
http://doi.org/10.1109/5.659493
http://doi.org/10.1109/5.659493
http://doi.org/10.1109/5.659493
http://doi.org/10.1109/5.659493
http://doi.org/10.1109/5.659493
http://doi.org/10.1109/5.220901
http://doi.org/10.1109/5.220901
http://doi.org/10.1109/5.220901
http://doi.org/10.1109/5.220901
http://doi.org/10.1109/5.220901
http://doi.org/10.1109/16.737457
http://doi.org/10.1109/16.737457
http://doi.org/10.1109/16.737457
http://doi.org/10.1109/16.737457
http://doi.org/10.1109/16.737457
http://doi.org/10.1109/TDMR.2005.846824
http://doi.org/10.1109/TDMR.2005.846824
http://doi.org/10.1109/TDMR.2005.846824
http://doi.org/10.1109/TDMR.2005.846824
http://doi.org/10.1016/j.microrel.2005.07.028
http://doi.org/10.1016/j.microrel.2005.07.028
http://doi.org/10.1016/j.microrel.2005.07.028
http://doi.org/10.1016/j.microrel.2005.07.028
http://doi.org/10.1016/j.microrel.2005.07.028
http://doi.org/10.1016/j.microrel.2004.12.001
http://doi.org/10.1016/j.microrel.2004.12.001
http://doi.org/10.1016/j.microrel.2004.12.001
http://doi.org/10.1016/j.microrel.2004.12.001
http://doi.org/10.1016/j.microrel.2004.12.001
http://doi.org/10.1109/TED.1996.1210725 
http://doi.org/10.1109/TED.1996.1210725 
http://doi.org/10.1109/TED.1996.1210725 
http://doi.org/10.1109/TED.1996.1210725 
http://doi.org/10.1109/TED.1996.1210725 
https://doi.org/10.1109/ICSICT.2018.8565048
https://doi.org/10.1109/ICSICT.2018.8565048
https://doi.org/10.1109/ICSICT.2018.8565048
http://doi.org/10.1088/1674-1056/abe2fe
http://doi.org/10.1088/1674-1056/abe2fe
http://doi.org/10.1088/1674-1056/abe2fe
http://doi.org/10.1088/1674-1056/abe2fe
http://doi.org/10.1088/1674-1056/abe2fe
http://doi.org/10.1016/j.microrel.2021.114239
http://doi.org/10.1016/j.microrel.2021.114239
http://doi.org/10.1016/j.microrel.2021.114239
http://doi.org/10.1016/j.microrel.2021.114239
http://doi.org/10.1016/j.microrel.2007.07.078
http://doi.org/10.1016/j.microrel.2007.07.078
http://doi.org/10.1016/j.microrel.2007.07.078
http://doi.org/10.1016/j.microrel.2007.07.078
http://doi.org/10.1016/j.microrel.2007.07.078
https://doi.org/10.1109/TENCON.2009.5395895
https://doi.org/10.1109/TENCON.2009.5395895
https://doi.org/10.1109/TENCON.2009.5395895
https://doi.org/10.1109/TENCON.2009.5395895
http://doi.org/10.1016/S0038-1101(00)00153-2
http://doi.org/10.1016/S0038-1101(00)00153-2
http://doi.org/10.1016/S0038-1101(00)00153-2
http://doi.org/10.1016/S0038-1101(00)00153-2
http://doi.org/10.1016/S0038-1101(00)00153-2
http://doi.org/10.1016/j.microrel.2016.10.008
http://doi.org/10.1016/j.microrel.2016.10.008
http://doi.org/10.1016/j.microrel.2016.10.008
http://doi.org/10.1016/j.microrel.2016.10.008
http://doi.org/10.1016/j.microrel.2016.10.008
https://doi.org/10.1109/RELPHY.2008.4558856
https://doi.org/10.1109/RELPHY.2008.4558856
https://doi.org/10.1109/RELPHY.2008.4558856
https://doi.org/10.1109/RELPHY.2008.4558856
http://doi.org/10.1109/ted.2019.2900052 
http://doi.org/10.1109/ted.2019.2900052 
http://doi.org/10.1109/ted.2019.2900052 
http://doi.org/10.1109/ted.2019.2900052 
http://doi.org/10.1109/ted.2019.2900052 
http://doi.org/10.1109/JEDS.2021.3121212
http://doi.org/10.1109/JEDS.2021.3121212
http://doi.org/10.1109/JEDS.2021.3121212
http://doi.org/10.1109/JEDS.2021.3121212
http://doi.org/10.1109/JEDS.2021.3121212
http://doi.org/10.1088/1361-6641/ab74ed
http://doi.org/10.1088/1361-6641/ab74ed
http://doi.org/10.1088/1361-6641/ab74ed
http://doi.org/10.1088/1361-6641/ab74ed
http://doi.org/10.1088/1361-6641/ab74ed
http://doi.org/10.1016/0038-1101(78)90345-3
http://doi.org/10.1016/0038-1101(78)90345-3
http://doi.org/10.1016/0038-1101(78)90345-3
http://doi.org/10.1016/0038-1101(78)90345-3
http://doi.org/10.1016/0038-1101(78)90345-3
http://doi.org/10.1109/5.659493
http://doi.org/10.1109/5.659493
http://doi.org/10.1109/5.659493
http://doi.org/10.1109/5.659493
http://doi.org/10.1109/5.659493
http://doi.org/10.1109/5.220901
http://doi.org/10.1109/5.220901
http://doi.org/10.1109/5.220901
http://doi.org/10.1109/5.220901
http://doi.org/10.1109/5.220901
http://doi.org/10.1109/16.737457
http://doi.org/10.1109/16.737457
http://doi.org/10.1109/16.737457
http://doi.org/10.1109/16.737457
http://doi.org/10.1109/16.737457
http://doi.org/10.1109/TDMR.2005.846824
http://doi.org/10.1109/TDMR.2005.846824
http://doi.org/10.1109/TDMR.2005.846824
http://doi.org/10.1109/TDMR.2005.846824
http://doi.org/10.1016/j.microrel.2005.07.028
http://doi.org/10.1016/j.microrel.2005.07.028
http://doi.org/10.1016/j.microrel.2005.07.028
http://doi.org/10.1016/j.microrel.2005.07.028
http://doi.org/10.1016/j.microrel.2005.07.028
http://doi.org/10.1016/j.microrel.2004.12.001
http://doi.org/10.1016/j.microrel.2004.12.001
http://doi.org/10.1016/j.microrel.2004.12.001
http://doi.org/10.1016/j.microrel.2004.12.001
http://doi.org/10.1016/j.microrel.2004.12.001
http://doi.org/10.1109/TED.1996.1210725 
http://doi.org/10.1109/TED.1996.1210725 
http://doi.org/10.1109/TED.1996.1210725 
http://doi.org/10.1109/TED.1996.1210725 
http://doi.org/10.1109/TED.1996.1210725 
http://doi.org/10.1109/5.659493
http://doi.org/10.1109/5.659493
http://doi.org/10.1109/5.659493
http://doi.org/10.1109/5.659493
http://doi.org/10.1109/5.659493
http://doi.org/10.1109/5.220901
http://doi.org/10.1109/5.220901
http://doi.org/10.1109/5.220901
http://doi.org/10.1109/5.220901
http://doi.org/10.1109/5.220901
http://doi.org/10.1109/16.737457
http://doi.org/10.1109/16.737457
http://doi.org/10.1109/16.737457
http://doi.org/10.1109/16.737457
http://doi.org/10.1109/16.737457
http://doi.org/10.1109/TDMR.2005.846824
http://doi.org/10.1109/TDMR.2005.846824
http://doi.org/10.1109/TDMR.2005.846824
http://doi.org/10.1109/TDMR.2005.846824
http://doi.org/10.1016/j.microrel.2005.07.028
http://doi.org/10.1016/j.microrel.2005.07.028
http://doi.org/10.1016/j.microrel.2005.07.028
http://doi.org/10.1016/j.microrel.2005.07.028
http://doi.org/10.1016/j.microrel.2005.07.028
http://doi.org/10.1016/j.microrel.2004.12.001
http://doi.org/10.1016/j.microrel.2004.12.001
http://doi.org/10.1016/j.microrel.2004.12.001
http://doi.org/10.1016/j.microrel.2004.12.001
http://doi.org/10.1016/j.microrel.2004.12.001
http://doi.org/10.1109/TED.1996.1210725 
http://doi.org/10.1109/TED.1996.1210725 
http://doi.org/10.1109/TED.1996.1210725 
http://doi.org/10.1109/TED.1996.1210725 
http://doi.org/10.1109/TED.1996.1210725 
https://doi.org/10.1109/ICSICT.2018.8565048
https://doi.org/10.1109/ICSICT.2018.8565048
https://doi.org/10.1109/ICSICT.2018.8565048
http://doi.org/10.1088/1674-1056/abe2fe
http://doi.org/10.1088/1674-1056/abe2fe
http://doi.org/10.1088/1674-1056/abe2fe
http://doi.org/10.1088/1674-1056/abe2fe
http://doi.org/10.1088/1674-1056/abe2fe
http://doi.org/10.1016/j.microrel.2021.114239
http://doi.org/10.1016/j.microrel.2021.114239
http://doi.org/10.1016/j.microrel.2021.114239
http://doi.org/10.1016/j.microrel.2021.114239
http://doi.org/10.1016/j.microrel.2007.07.078
http://doi.org/10.1016/j.microrel.2007.07.078
http://doi.org/10.1016/j.microrel.2007.07.078
http://doi.org/10.1016/j.microrel.2007.07.078
http://doi.org/10.1016/j.microrel.2007.07.078
https://doi.org/10.1109/TENCON.2009.5395895
https://doi.org/10.1109/TENCON.2009.5395895
https://doi.org/10.1109/TENCON.2009.5395895
https://doi.org/10.1109/TENCON.2009.5395895
http://doi.org/10.1016/S0038-1101(00)00153-2
http://doi.org/10.1016/S0038-1101(00)00153-2
http://doi.org/10.1016/S0038-1101(00)00153-2
http://doi.org/10.1016/S0038-1101(00)00153-2
http://doi.org/10.1016/S0038-1101(00)00153-2
http://doi.org/10.1016/j.microrel.2016.10.008
http://doi.org/10.1016/j.microrel.2016.10.008
http://doi.org/10.1016/j.microrel.2016.10.008
http://doi.org/10.1016/j.microrel.2016.10.008
http://doi.org/10.1016/j.microrel.2016.10.008
https://doi.org/10.1109/RELPHY.2008.4558856
https://doi.org/10.1109/RELPHY.2008.4558856
https://doi.org/10.1109/RELPHY.2008.4558856
https://doi.org/10.1109/RELPHY.2008.4558856
http://doi.org/10.1109/ted.2019.2900052 
http://doi.org/10.1109/ted.2019.2900052 
http://doi.org/10.1109/ted.2019.2900052 
http://doi.org/10.1109/ted.2019.2900052 
http://doi.org/10.1109/ted.2019.2900052 
http://doi.org/10.1109/JEDS.2021.3121212
http://doi.org/10.1109/JEDS.2021.3121212
http://doi.org/10.1109/JEDS.2021.3121212
http://doi.org/10.1109/JEDS.2021.3121212
http://doi.org/10.1109/JEDS.2021.3121212
http://doi.org/10.1088/1361-6641/ab74ed
http://doi.org/10.1088/1361-6641/ab74ed
http://doi.org/10.1088/1361-6641/ab74ed
http://doi.org/10.1088/1361-6641/ab74ed
http://doi.org/10.1088/1361-6641/ab74ed
http://doi.org/10.1016/0038-1101(78)90345-3
http://doi.org/10.1016/0038-1101(78)90345-3
http://doi.org/10.1016/0038-1101(78)90345-3
http://doi.org/10.1016/0038-1101(78)90345-3
http://doi.org/10.1016/0038-1101(78)90345-3
https://doi.org/10.1109/ICSICT.2018.8565048
https://doi.org/10.1109/ICSICT.2018.8565048
https://doi.org/10.1109/ICSICT.2018.8565048
http://doi.org/10.1088/1674-1056/abe2fe
http://doi.org/10.1088/1674-1056/abe2fe
http://doi.org/10.1088/1674-1056/abe2fe
http://doi.org/10.1088/1674-1056/abe2fe
http://doi.org/10.1088/1674-1056/abe2fe
http://doi.org/10.1016/j.microrel.2021.114239
http://doi.org/10.1016/j.microrel.2021.114239
http://doi.org/10.1016/j.microrel.2021.114239
http://doi.org/10.1016/j.microrel.2021.114239
http://doi.org/10.1016/j.microrel.2007.07.078
http://doi.org/10.1016/j.microrel.2007.07.078
http://doi.org/10.1016/j.microrel.2007.07.078
http://doi.org/10.1016/j.microrel.2007.07.078
http://doi.org/10.1016/j.microrel.2007.07.078
https://doi.org/10.1109/TENCON.2009.5395895
https://doi.org/10.1109/TENCON.2009.5395895
https://doi.org/10.1109/TENCON.2009.5395895
https://doi.org/10.1109/TENCON.2009.5395895
http://doi.org/10.1016/S0038-1101(00)00153-2
http://doi.org/10.1016/S0038-1101(00)00153-2
http://doi.org/10.1016/S0038-1101(00)00153-2
http://doi.org/10.1016/S0038-1101(00)00153-2
http://doi.org/10.1016/S0038-1101(00)00153-2
http://doi.org/10.1016/j.microrel.2016.10.008
http://doi.org/10.1016/j.microrel.2016.10.008
http://doi.org/10.1016/j.microrel.2016.10.008
http://doi.org/10.1016/j.microrel.2016.10.008
http://doi.org/10.1016/j.microrel.2016.10.008
https://doi.org/10.1109/RELPHY.2008.4558856
https://doi.org/10.1109/RELPHY.2008.4558856
https://doi.org/10.1109/RELPHY.2008.4558856
https://doi.org/10.1109/RELPHY.2008.4558856
http://doi.org/10.1109/ted.2019.2900052 
http://doi.org/10.1109/ted.2019.2900052 
http://doi.org/10.1109/ted.2019.2900052 
http://doi.org/10.1109/ted.2019.2900052 
http://doi.org/10.1109/ted.2019.2900052 
http://doi.org/10.1109/JEDS.2021.3121212
http://doi.org/10.1109/JEDS.2021.3121212
http://doi.org/10.1109/JEDS.2021.3121212
http://doi.org/10.1109/JEDS.2021.3121212
http://doi.org/10.1109/JEDS.2021.3121212
http://doi.org/10.1088/1361-6641/ab74ed
http://doi.org/10.1088/1361-6641/ab74ed
http://doi.org/10.1088/1361-6641/ab74ed
http://doi.org/10.1088/1361-6641/ab74ed
http://doi.org/10.1088/1361-6641/ab74ed
http://doi.org/10.1016/0038-1101(78)90345-3
http://doi.org/10.1016/0038-1101(78)90345-3
http://doi.org/10.1016/0038-1101(78)90345-3
http://doi.org/10.1016/0038-1101(78)90345-3
http://doi.org/10.1016/0038-1101(78)90345-3
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

#) 32 % 3R Acta Phys. Sin. Vol. 71, No. 12 (2022) 128501

Effect of high-temperature on holding characteristics in
MOSFET ESD protecting device®
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Abstract

The holding voltage of electrostatic discharge (ESD) protecting structure is the critical parameter to
determine the latch-up performance of the protecting device, but the thermal change of ESD device parameters
lead the protecting device to suffer latch-up risk at high ambient temperature. In this paper, the holding
characteristics of the ESD protecting device at various ambient temperatures ranging from 30 °C to 195 °C are
studied. The investigated ESD structure is the N-channel metal oxide semiconductor (NMOS) transistors
fabricated with the 0.18 pm partially depleted silicon-on-insulator process. The ESD characteristics of the device
are measured by the transmission line pulse test system at different ambient temperatures. The test results
show that the holding voltage (V) decreases with temperature increasing. The TCAD simulation is carried out
to support and analyze the experimental results, and the same trend of Vg versus temperature is obtained.
Through the analysis of simulation results and theoretical derivation, the underlying physical mechanisms
related to the effects of temperature on Vg and holding current (Iy) are discussed in detail. When the drain is
subjected to the same current pulsing and the Source and Body are both grounded, the distributions of current
density, electric potential, and injected electron density of NMOS at various temperatures are extracted and
analyzed. When the Drain, Source, and Body are all grounded, the distributions of the electrostatic field at
various temperatures are extracted and analyzed. The distribution of electric potential in NMOS indicates that
the voltage drop on the Drain-Body junction (Vpg) is affected by ambient temperature significantly, and the
variation of Vpp dominates the variation trend of Vy with temperature increasing. The reducing electrostatic
field and increasing injected electron density with temperature decreasing contribute to the decreasing of Vppg.
The trend of Iy and parasitic Body resistance ([p,q,) Weakens the temperature dependence of the V. The
current gain of parasitic bipolar transistor (3) decreases with ambient temperature rising, which is the main
contributor to the decreasing of Iy. Therefore, increasing Iy and Rp.qy is helpful in reducing the temperature

dependence of the latch-immune ESD protection structure.

Keywords: electrostatic discharge, metal-oxide-semiconductor field-effect transistor, holding voltage, high

temperature
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