14 1 Vol 14,No 1
2002 1 HIGH POWER LASER AND PARTICLE BEAM S Jan , 2002
1001-4322(2002) 01-0016-05
pn
1 2 2 2
1 2 2 2
1 710071 2 710024)
: pn
W irth-Rogers ( )
PN
W irth-Rogers
TN 99 A
y X y ’
[1]
W irth Rogers 1964 2l
PN
T L
lpp (1) = eK DA W+ Laerfy t/m + LperfAJ t/%], 0< t< T (D
A YW j yLn,Lp N (P
Si ,Kg= 4 3x 10°am” Gy *
av oS )
aMO0S , W irth-Rogers
( )
s : W irth-
Rogers 3 1w irth-Rogers
Lop W e y n+ )
Shockley-Read N , ,
1
- [8 10] -
. : 2001-05-29;  2001-08-07
(1964- ), 69-13

© 1995-2005 Tsinghua Tongfang Optical Disc Co., Ltd. All rights reserved.



1 pn 17
, ( )
SRH ,
(1)
evVW=- q(p- n+ N5 - Na) (2
‘n,p ;q NG Na
(2
%:Gion' Rn + _;-V'Jn -aal:Gion' RP+_(J:;V'Jp (3)
Jn,Jp i Rn, Rp ; Gion  t
(3
Jn=- quanv ¥+ kTpavn, Jo= quepV ¥+ kT Vp (4)
(Ji= Jnt Jpt E-aa:z
(4) (1 141, p'n J
g- L KO| - o |ddp
o g nun+ pup dx
, ( Denber ) ,
’ 1 1\] 0- y
, D enber
(5) :Gion , Si y -
3. 6V, 4 12x 10 ( - /am?):
SRH A uger
Rn= Rw<x + Raug, Rp = Rs<H + Rau (5)
2
_ pn- nj
ReH= T+ n) + Tip+ po) ©®
Raw= 2 81x 10 *(pn*- nnf) + 9 9x 10 *(np®- pn?) @)
R SRH i Raug ; Ni
(6)
. 1x 10 ° o= 1x 10°° ®)
"T 1+ N+/(7 1x 10%)° "7 1+ N+/(7 1x 10%)
1429 23(Z=) 23. 55 24 479 37(2=) 2% 49 70
- 55 24+ 300 = 4970+ 300
Hon = e (L oe| Naaley) (07 Hon = 1 (o] Dmaley) |7
300 1 072x 107 300 1 606 x 10"
(9)
N ew ton , Dirichlet ,
[5,6]
n Y
Gussian

© 1995-2005 Tsinghua Tongfang Optical Disc Co., Ltd

. All rights reserved.



18 14

1- To T
T(t) = 2exp[- ZJ /TeAd merfd - —° (10)
Te Te
' To . Te , erfc(- To/To)= 2
2
1 p n , p n, 2 p’ p
n+ , p+ p n+ ’ 1
{a) n': 3ed0 e T (b n*:3x10% em™ T
44—  3%um —Pp ¢—  350um P
S004um epi-laver p~: 6x10" cm™ 360pm
substrate p": 6xi0' em™ l substrate p*: 5x10' em™? l

Fig 1 Cross sectionsof two structures

1
2 n.074 = Enhanced photocurrent moadel
. — & Wirth-Rogers madel
W irth-Rogers e 0.06- B
20um, 1ym, Tc= 75ns, < 905
. = 0.044
To= 25ns, - 5%, Wirth-Rogers B ]
E  0.034
2
! ' ' £ 0021
[=3
’ ’ = 0014
5 9 .
, 10° 10°rad (Si) /s : 0
r— —r—rrrrr— T rer—r—rrri
10 10 10° 107 107 10*
dose rate / (rad-s~")
) Fig 2 Comparison of enhanced photocurrent model
, 6.7.11] and W irth-Rogersmodel
3 p+ p* n 2 W irth-Rogers
pn’ .4 p'p N’
, , 4 p+ p- n+
- +
p’ N , /
—4—no epi-layer & —#— thickness of epi-layer=20m
0.074 —#— thickness of epi-laye=20)m —— no epi-layer
~ 0.0 Tg -0.01
z 0.051 f’ —0.021
5 0047 § —0.03
S 003 3
L5 o
£ 002 g 0041
=1 =
= (=5
& 0014 0051
o
T ™y r T T T .06 T T 7T 7
LV A N A [+ (o L [V 1 005 01 015 02 025 03
dose rate / {rad-s™) dosc rate / {prad-s™")
Fig 3 Photocurrent for two structuresw ith Fig 4 Comparison of photocurrent
enhanced photocurrent model prediction for two structures
3 4

© 1995-2005 Tsinghua Tongfang Optical Disc Co., Ltd. All rights reserved.



1 : pn 19

(2]

[4]
(5]

[6]
(7]
(8]

(9]

+

’ p ’ ’
y p+ o n* D n* [12,13]
5 : 5 0x 10%%an” °, 10
x 10%an” °, 2um, 1 0x 10%an" °, Q 3um, 1 4x 10°rad/s
To= 75ns, Tc= 25ns, , ,
6 H L L
0.0173
0.09 ]
T G.08 T 0017
g :
z 0.074 < -01.039
= g ] . .
< pos = —— width of pulse : 5ns
E § —0.05] —— width of pulse : 10ns
% 0.051 3 ] —— width of pulse : 20ns
£ g.04] g —0.07] i —— width ol pulse : 25ns
£ v E ] — width of pulse : 30ns
€ 003 a —0.09]
.02 T T y T T T v | =0.117 ;
— — —_— T v 1
10 8 -6 4 2 0 0 | 0.2 03
reverse bias voltage .
time / ps
Fig 5 Peak photocurrent variation Fig 6 Photocurrent prediction variation as
as a function of reverse bias voltage a function of different width of pulse
5 6
3
; W irth-Rogers
W irth-Rogers ,
[14, 15] pn
[1] - M1 : , 1998 (Lai ZW. Radiation Hardening ElectronicsRa-

diation Effects and Hardening Techniques Beijing: N ational Defense Industry Press, 1998)
W irth J I, Rogers SC. Transient reponse of transistors and diodes to ionizing radiation[J]. IEEE TransN uc Sci, 1964, NS-11:
24
BEUTL ER D E Comparison of photocurrent enhancanent and enhancenent in CM O'S devices in amedium-energy X -ray environ-
ment[J]. IEEE TransN uc Sci, 1990, NS-37: 1541
Pavan P. A complete radiation reliability software sinulator[J]. IEEE TransN uc Sci, 1994, NS-41: 2619
Sigfridson B. T ransient radiation effects in CM O S structures related to geometrical dmensions and nuclear radiation pulse foms
[J]. IEEE TransN ucSci, 1990, NS-37: 1744
Enlow EW. Photocurrent modeling of modern microcircuit PN junctions[J]. IEEE TransN uc Sci, 1988, NS-35: 1467
MaT P lonizing radiation effects inM OS devices and circuits[M ]. Printed in theU nited States of America , 1989

, . M1 : , 1989 (HeY, Wei TL. M ethodsof omputer Simulation
in Semiconductor Devices Beijing: Science Press, 1989)

, . M1 : , 1991 (Zhang Y M, Ren JM. Computer Simulation in
Semiconductor Devices Beijing: Electronic Industry Press, 1991)

© 1995-2005 Tsinghua Tongfang Optical Disc Co., Ltd. All rights reserved.



20 14

[10] . M1 : , 1990 (JiL J Computational M icroelectronics Beijing: Science Press, 1990)

[11] . [3]. , 1988, 18(6): 43 (SongQ Q. Transient Photocurrent Simulation for Epi-
Transistor. M icroelectronics, 1988, 18(6): 43)

[12] M assengillL W. T ransient radiation upset smulation of OM O Smemory circuits[J]. IEEE TransN uc Sci, 1984, NS-31: 1337

[13] LongD M. Transient repponsemodel for epitaxial transistors[J]. IEEE TransN uc Sci, 1983, NS-30: 4131

[14] Ishague A N. Photocurrent modeling at high dose rates[J]. IEEE TransN uc Sci, 1989, NS-36: 2092

[15] Raymond J P. A nalysisand Testing of radiation-induced effects in microcircuits[A ]. Conf Short courseN otesM onrery[C]. CA.
1981

Two-dimensional numer ical smulation of microcircuit

pn junctions transient radiation response
GUO Hong-xia"?, ZHANG Yimen', CHEN Yu-sheng’, ZHOU Hui®, CHEN Shi-bin?,
GON G Ren-xi*, GUAN Ying’, HAN Fu-bin’, GON G Jian-cheng®
(1 M icroelectronics Institute of X idian U niversity, X i’an 710071, China;
2 N orthw est Institute of N uclear Technology, P. O. Box 69-13, X i’an 710024, China)

Abstract: T ransient radiation reponse for microcircuit pn junctionsw ith enhanced photocurrent models are calcu-
lated using two-dmensional numerical smulation On the basis of W irth-Rogers photocurrent models, the enhanced
models include two additional effects as high injection effectson excessm inority carrier lifetime and electric fields in the
substrate (quasi-neutral regions). These effects are most pronounced in high resistivity material A n excellent evalua-
tion gpproach isprovided for accurate prediction of transient regponse of modern microcircuit pn junctions to ionizing ra-
diation

Key words microcircuit, enhanced photocurrent models W irth-Rogers photocurrent models excess minority

carrier; high resistivity material
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