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Abstract; With different radiation methods, ionizing radiation response of NPN bipolar
transistors of six different processes was investigated. The results show that the en-
hanced low dose rate sensitivity obviously exists in NPN bipolar transistors of the six
kinds of processes. According to the experiment, the damage of decreasing temperature

in step during irradiation is obviously greater than the result of irradiated at high dose
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rate. This irradiation method can perfectly simulate and conservatively evaluate low

dose rate damage., which is of great significance to radiation effects research of bipolar

devices. Finally, the mechanisms of the experimental phenomena were analyzed.

Key words: NPN bipolar transistor; *Co vy irradiation; enhanced low dose rate sensitiv-

ity; alter temperature irradiation; accelerated evaluation method
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Fig. 1 Normalized current gain of NPN bipolar transistors versus total dose for different radiation methods

A T 45D
d—D T8 e

a

B L&
E T2 —F L2804
AEYE 0.03 Gy(SD) /s; @—ZF 1 0. 13 mGy(SD /s; A—F & 0.5 Gy(SD /s

C TE# M



1496

FETREREHA ek

fF, BRI /N T 200 Gy (S B, 742 i 48 B4 1
i 7N = S B I IS N1 [ i
200~400 Gy (Si) I, HAZ i 45 R0 05 SR /D T
R AR B s 0 F E fR4F, BRI RN T
400 Gy (Si) i, 4% i % B3 455 B /) 1K 77 2
IR X F F #8844, S5 /N F400 Gy (S
P 725 Y e R 407 R T IR o o R A

b TR, SEEG BT R 6 B E P NPN XL
e i R4 B2 TS HOA R B2 S50 & K F
400 Gy (Si) i, 25 15 8 BB 45 2 RS K F A
It R B L L S AR ST IR AL T AR
T (10 i PR AE A EAE 3R A BEO E SR A
FAR R T ARG SR

3 it

NSRS e el I = e I N i D2 £
NPN XU &b 44 & ¥ /7 7€ ELRDS 0. % T
ELRDS 5 i HLEE , B FE N R 3EFT T K i
G, %5 () L A5 R0 A5 3] T 0 O W], A [
RRAE Ny e 7 R A BRI LT L FE R X
SE A )2 P TGP A R 1 ST e S B S 1 vk
A AL B B FRL AT o 33X 26 L fof 7 SR TR 2 N 2T K
— R ) OE R 23 ) H b B A A EUER AR 1Y
1E H i (B 45 25 7O HY) 33k Si-Si0, Ft i H
A DB BB 1 23 O A B HY FE & D
A 24K 0 B TE) S A 258 Si-Si0, A i s8R K
BIFA7 3 By e 1 4804k 0 F AT 15 5 T A Y B
e B A A T A o A A R e A R 1
BT B H A R AR TE H AT A 7 A R e AR
T o AR R AR IR DR, OO X AR 2 N R AR Y
AR A BN s 1 R SRR W B B R e 2D TR R
(25 6] L S AR X 3 55 . BT DAL FE 59 L g LK
[ AR A R 4R R AE 1 &S UM HY A 2
i (14 15 8] 32 3] Si-Si0, FLH L 3 5 08 5L Y B4
AR A A . KR IR R R R L
F o R BT 5 2 1 0 OF 4EL Ak ) H A R A T
Ao DA 3G T 2ok A0 BE AR R B 8 B T I
it R0 IR 43 B R AN 1Y A

N AT L AR R A RS B B T E
T R ) R R 0 . L R ) R R IR AR
SEARARAR I, HUR R R TR R S IR A
X— 55 A ALY R BE R IR K R
ELRDS &0 177 4= 32 222 i 1 77 2 23 4 T

I HC AR AL J2 N AT A R o 8 TR S A W 6 B r
T 33X 26 4 B B AR 50 °C RIVAT 2k 25 o 48 W 7 1) E
J1V A R Bk T B B RE R HLR TR
FEZE TR B B . Rt 72 e e R A AL 2
A A A 3 ST 0 I O 2 PR 8 T o i R
IR K, S Bl TR A A B B R T B Y s
[F1) P, 37 B AR O b 1) 55 5 B A IR 5 e R
402 A R 25 B L 3% . BT LA TR 3 i e R 2%
PER 78 i B 3 3k Si-S10, B 1) 25 7R A
R E A NIIE EEBFNNE YV TERE G
Py H A 9 R b T AR B L (HRE T R R
| 7L ¥ 1E A A W F fr PGB KR n B B A
T 25 7 AR AR G2, S 20 R ) A2 T R AR
/N TR i 5 MR A . 7 4 RS 0 T
R R AV D A8 1 3 T S A 0 v e 0 BRGR kL HL AR
AT A5 R R 77 A2 2100 °C RUR A 23 5] 4 IRk
Az TS AR T PR, AR R A R AR T
AR 5t 8 PR A

8 Tk A M 451 403 AT A Ay S M RS AL AR R
i RGO 1T SCRRL7-8 1 1 25~205 °C Ay E I
B B A 05 A/ TR R R X T RE S
SAALJE Y 23 ] L 3 1 R/ A 6 1E il e TR
R ol JBE AT D) ey T 4T P s B R e ) RGR
K 5 BT RTEY (thermal emission front) ™7 45 /)N,
S BURIRAT R TR A A W e B R A R A A1
JZ2 T, HOIB R 23 () B 3 500 L LA T 25 0
12 5 o i A i+ B R SR A B B R e R IR
K HIE R 3 8] W 37 AR 55 . H il T I RE A 1
s S BOR G 1D A AL P 6 BIE R A T 26 R 1R

o PRIk R 0 /N TG R A
RT3 o A X g L R A i A R T kA IR

JEl R I SR o e T R s 1) L 3 TR
I » 2R T A T 4 T A AT 9
TR GAIED E ALY B BF H fr A9 8GR K, B L AZ
i 50 5 A e PR A R O AR B M AR DL 5
e AR A0  ZEAR AR B R N A R e R
e BRI TR AR AR AR AR . i AVE T
aeffo XF C.DFF L Z A 7550 i BT
S A2 I A PR B R L AT BE AN 3 A 1R 1 S Ak
JEIEBEARRS 75 5k 3 Fhde 04 1M 5 B LL & C.D
T LM F TEHMRB R ARA XK.
MBI B SR 45 R T L SCHERL9 R i
Ak IR A T 3 T AN [R] I i 1 7 NPN



124 o 45 - AR TR AR RO PR A T YA AR W] T NPN U i (R 48 B 19 1497
AR LIRS 5 BA ELDRS 8w M A E%: lar junction transistors subjected to high and low

F1%) i B 1 3R A 4&&%6@1%!: H 77 vk m X
R AR 2 B ELDRS &0 oF 17 3F A .
A 7% T IR Wvﬁﬁjﬁﬁm 1 5 6 114 A A
P Wz s A W AE 1) ELDRS 200 .

4 it
i A b A SR 45 R S o Al A DA &

D) BT B BLEE R R F T2
™ NPN XM&HE'MZI:&iéJﬁTEU%EE’\J{EE*I | it
P50 1 SR AN 5 2) A% Y AN AN AT AR G A 4L
ANF T2 NPN X}(manﬁi%%ﬁ 7 o I
i, H g X NPN XK 5 K4 2 & 2 A
ELDRSHN #47 PEAL  J5 B 7E T R fﬁm,m 1%
TR R A B SR R A AR K, DS T A (]
L3 I S B SO EE 2 s R H a) ) Gk
Si-SiO, F 1 T B 5 1 25 5 3) % 7 1 1 B % )
XU a2 5 B ELDRS 200

S

[1] GRAVESRJ, CIRBA C R, SCHRIMPF R D,
et al. Modeling low-dose-rate effect in irradiated
bipolar-base oxides [J]. IEEE Transactions on
Nuclear Science, 1998, 45(6): 2 352-2 360.

[2] WITCZAK SC, LACOE R C, MAYER D C, et
al. Space charge limited degradation of bipolar

IEEE Transac-

2 339-

oxides at low electric fields [J].
tions on Nuclear Science, 1998, 45(6):
2 352.

[3] FLEETWOOD D M, KOSIER S L, NOWIN R
N, et al. Physical mechanisms contributing to

enhanced bipolar gain degradation at low dose
rates [ J ]. IEEE Transactions on Nuclear Sci-
ence, 1994, 41(6). 1 871-1 894.

(4] BHWE. AR %8 AR E , 55, UK & R 8 A FT R &
05RO AR SRR LT ] AR, 2005, 28
(12):925-928.

LU Wu, YU Xuefeng, REN Diyuan, et al. Ra-

diation effects and ageing characteristics of bipo-

[6]

[7]

L8]

[9]

[10]

dose rate total dose irradiation [ J]. Nuclear
Techniques, 2005, 28 (12). 925-928 (in Chi-
nese).

RASHKEEV S N, CIRBA C R. Physical model
for enhanced interface-trap formation at low dose
rates [ J]. IEEE Transactions on Nuclear Sci-
ence, 2002, 49(6): 2 650-2 655.

SCHMIDT D M, FLEETWOOD D M,
SCHRIMPF R D, et al. Comparison of ionizing
radiation induced gain degradation in lateral,
substrate, and vertical PNP BJTS []J]. IEEE
Transactions on Nuclear Science, 1995, 42(6) .
1 541-1 549.

PEASE R, COHN L M. FLEETWOOD D M, et
al. A proposed hardness assurance test method-
ology for bipolar linear circuits and devices in a
space ionizing radiation environment [ ]J]. IEEE
Transactions on Nuclear Science, 1997, 44 (6) .
1 981-1 988.

WITCZAK S C, SCHRIMPF R D,
WOOD D M, et al.

FLEET-
Hardness assurance testing
of bipolar junction transistors at elevated irradia-
tion temperatures [ J ]. IEEE Transactions on
Nuclear Science, 1997, 44(6). 1 989-2 000.

Rl G o AT G2, S e, B XU i B TR % EL-
DRS 00 14978 5 40 B 7 iR AR R [0 ], R ¥R
Bl 4 AR ,2009,43(9) . 769-775.

LU Wu, REN Diyuan, ZHENG Yuzhan, et al.
Accelerated simulation method to evaluate en-
hanced low dose rate sensitivity of bipolar opera-
tional amplifiers by decreasing temperature in
step during irradiation[ J]. Atomic Energy Sci-
ence and Technology, 2009, 43 (9): 769-775 (in
Chinese).

McWHORTER P J. MILLER S L., MILLER W
M, et al. Modeling the anneal of radiation in-
duced trapped holes in a varying thermal environ-
ment [ ] .
ence, 1990, 37(6):

IEEE Transactions on Nuclear Sci-
1 682-1 689.





