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Fig. 1. 3 D view of the entire device: (a) normal; (b) hardened.
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Fig. 2. X-Y Cross-section views of the SiGe HBT: (a) normal; (b) hardened.
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Fig. 3. X-Z Cross-section views of the SiGe HBT: (a) normal; (b) hardened.
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Fig. 4. Different ion incident positions of the SiGe
HBT: (a) normal; (b) hardened.
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Fig. 5. Electrostatic potential as a function of time after an ion strike: (a) 4 ps; (b) 6 ps; (c)

75 ps; (d) 260 ps; (e) 4.5 ns; (f) 10 ns; (g) 21 ns.
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Fig. 6. Transient terminal currents as a function of time: (a) normal; (b) hardened.
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Fig. 7. Dummy collector charge collection as a func-

tion of time in different ion incident positions.

W 7 BT A O R AR TE BT A RN B
HaL A USCAE ST T ] AR AR O 2R, Py S FE AR I FRL AT U
SE MR TE IR B AR AR, iR FAWE ARG,
Ao JE P BT LE VR FE B FE AR R R R AR 1 AR 1
FoAh > AW B, I S SiGe HBT JE I AR
KA CS 4 8 i 4 w50y XK Ul B fir,
13 Pl S AR HL AT SO B T R AR BB BT

W 8 BT A2 N [E /i f5 SiGe HBT £ &5 T AN
A7 BN S 4 A FEL AT SO BB I TR AR O R, 2R

FLAW L fer LB R RT A2y P 0 A BURITY
B, IniE )5 SiGe HBT £E 4R A M B A7 W SR A% BL
{1 LAy WA B A KB (R 1, T e 9 BB B T YL B 22
SRR, Il fE 1 SiGe HBT 4 HAR HLfar US4 5 n
I A B S D>

6

L —m— IR A S AR O NS

| —*— B A CSZESMNTNL N
—o— NN HTCSLE PRI ZENST

| —o— JRE )G CSLE Nl Z NS

4 F—e— NGRSO NG

F—r— S S CSEE ML g NS

3 -

5

Ll tER /pC

10-12 10-1* 101 10 10-8 1077
18] /s

8 ANFIE T NG E A AR R AR WSO R I ] AR AL
Fig. 8. Collector charge collection as a function of time

in different ion incident positions.

3.3 fNERIfERAT RN BURXEXTEE

B 143 AE N BT JS SiGe HBT K 1H % A
O, % AL SiGe HBT HUML 1~ RN A BB X I
Bl 9 Bt =& I AT SiGe HBT £ HAR HLfrf I B &=
BE GO B A2 A, N AT SiGe HBT &2 HAK HL A
gk F: B R AE CS 45 XK, A IR AE 5 pC B R
30, T 5 SiGe HBT £ H B Hi fif ig 6 U X 35
R/, HEOR A CS 45 98 FE 4 /N9 15 pm, LT
AR FRIRZE 2 pC £ A.

118502-5


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 64,

No. 11 (2015) 118502

—=— il i
5L —o— JEG
0
Loat
|
&
23t
iE
=
=
&
1 -
0 1 1 1 1 1
-30 —-20 —10 O 10 20 30
NS E /nm
BlO BS80S 10 25 R NS A LT S B B B N3

(AR
Fig. 9. Collector charge collection in different ion in-

cident positions.

4 % B

AR [ P SiGe HBT ) BORL - 200 #
AHLEE, 368 Ik 76 251 R AT SR 5 N Bl 4 rE A
AT BRRLF 25N P AR S I 1L, 4 O R B R fS
SiGe HBT B 5p0 24 R A% L, XF L A1 /5 SiGe
HBT [ 5007 B2, 23 B O £ FE RO H g (0 SR AL
T EEIE, B SiGe HBT Sk %08 5 1T i
S n i AR, S5 RAR M, N JS SiGe HBT K 4t
B HEM . 2 PEBR F AT SO B B AR A A [ RE B B
6, 3G A X B 285 A UK P 4 P P A AL B
PRk 2, HE RS pCREZE 2 pC; M L34 i
B3T3 Nl S SiGe HBT HL#-k  F W] 451K
B TEB KR E, X2 W T 58 Bl S A R R
AR EE K1 Rl CS 45, BEW AR BE 2 (14 ik i far
DAYk A 5 s A Fe AR ) i er OB B R R s )
SiGe HBT PN i H #4550 [ 4 /) HLifs > #5055 n [
J&i SiGe HBT AL~ 250 S B DX I8 T AR 4 /1N Ay i [
AR — 2, FAar SO BE 2 2 S I [T A7 9 40%. L IT
VESE H P 8 H AR N [E 7774 SiGe HBT S
WL 25 RLPC S I B T AR SR

RN R R AR T TR BOR A B,

S

[1] Cressler J D 2013 IEEE Trans. Nucl. Sci. 60 1992

[2] Cressler J D 2005 Proceedings of the Bipolar/BiCMOS
Circuits and Technology Meeting Santa Barbara, Octo-
ber 9-11, 2005 p248

[3] Cressler J D, Niu G F 2003 Silicon-germanium hetero-
junction bipolar transistors (Norwood: Artech House)
pp95-182

(4]

(10]

(1]

[12]

(17]

18]
(19]

[20]

21]

118502-6

Babcock J A, Cressler J D, Vempati L S, Clark S D,
Jaeger R C, Harame D L 1995 IFEE Trans. Nucl. Sci.
42 1558

LuY, Cressler J D, Krithivasan R, Li Y, Reed R A, Mar-
shall P W, Polar C, Freeman G, Ahlgren D 2003 IEEE
Trans. Nucl. Sci. 50 1811

Sutton A K, Haugerud B M, Prakash A P G, Jun B,
Cressler J D, Marshall C J, Marshall P W, Ladbury R,
Joseph A J 2005 IEEE Trans. Nucl. Sci. 52 2358
Sutton A K, Prakash A P G, Jun B, Enhai Zhao, Bellini
M, Pellish J, Diestelhorst R M, Carts M A, Phan A,
Ladbury R, Cressler J D, Marshall P W, Marshall C J,
Reed R A, Schrimpf R D, Fleetwood D M 2006 IEEE
Trans. Nucl. Sci. 53 3166

Krithivasan R, Niu G F, Cressler J D, Currie S M, Fritz
K E, Reed R A, Marshall P W, Riggs P A, Randall B
A, Gilbert B 2003 IEEE Trans. Nucl. Sci. 50 2126
Krithivasan R, Marshall P W, Nayeem M, Sutton A K,
Wei-Min Kuo, Haugerud B M, Najafizadeh L, Cressler
J D, Carts M A, Marshall C J, Hansen D L, Jobe K
C M, McKay A L, Niu G F, Reed R A, Randall B A,
Burfield C A, Lindberg M D, Gilbert B K, Daniel E S
IEEE Trans. Nucl. Sci. 53 3400

Reed R A, Marshall P W, Pickel J C, Carts M A, Fod-
ness B, Niu G F, Fritz K, Vizkelethy G, Dodd P E, Irwin
T L, Cressler J D, Krithivasan R, Riggs P A, Prairie J,
Randall B A, Gilbert B K, Label K A 2003 I[EEE Trans.
Nucl. Sci. 50 2184

Sutton A K, Bellini M, Cressler J D, Pellish J A, Reed
R A, Marshall P W, Niu G F, Vizkelethy G, Turowski
M, Raman A 2007 IEEE Trans. Nucl. Sci. 54 2044
Marshall P W, Carts M A, Campbell A, McMorrow D,
Buchner S, Stewart Ryan, Randall B, Gilbert Barry,
Reed R A IEEE Trans. Nucl. Sci. 47 2669

Niu G F, Yang H, Varadharajaperumal M, Shi Y,
Cressler J D, Krithivasan R, Marshall P W, Reed R A
2005 IEEE Trans. Nucl. Sci. 52 2153
Varadharajaperumal M, Niu G F, Wei X Y, Zhang T,
Cressler J D, Reed R A, Marshall P W 2007 I[EEE Trans.
Nucl. Sci. 54 2330

Varadharajaperumal M 2010 Ph.D. Dissertation (Al-
abama: Auburn University)

Sutton A K, Bellini M, Cressler J D, Pellish J A, Reed
R A, Marshall P W, Niu G f, Vizkelethy G, Turowski
M, Raman A 2007 IEEE Trans. Nucl. Sci. 54 2044
Phillips S D, Moen K A, Najafizadeh L, Diestelhorst R
M, Sutton A K, Cressler J D, Vizkelethy G, Dodd P E,
Marshall P W 2010 [IEEE Trans. Nucl. Sci. 57 3400
Zhang T 2009 MS Dissertation (Alabama: Auburn Uni-
versity)

Phillips S D 2012 Ph.D. Dissertation (Georgia: Georgia
Institute of Technology)

Zhang J X, Guo H X, Guo Q, Wen L, Cui J W, Xi S B,
Wang X, Deng W 2013 Acta Phys. Sin. 62 048501 (in
Chinese) [Tk 8T, $PLEE, Wi, O, EIL4E, R, £
&, XfH 2013 PSR 62 048501]

Lai F, Hu G Y 2013 Microelectronics 43 0094 (in Chi-
nese) [#i L, #INI%k 2013 T T 43 0094]


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.1109/TNS.2013.2248167
http://dx.doi.org/10.1109/23.488750
http://dx.doi.org/10.1109/23.488750
http://dx.doi.org/10.1109/TNS.2003.820737
http://dx.doi.org/10.1109/TNS.2003.820737
http://dx.doi.org/10.1109/TNS.2005.860728
http://dx.doi.org/10.1109/TNS.2006.885382
http://dx.doi.org/10.1109/TNS.2006.885382
http://dx.doi.org/10.1109/TNS.2003.822094
http://dx.doi.org/10.1109/TNS.2003.821815
http://dx.doi.org/10.1109/TNS.2003.821815
http://dx.doi.org/10.1109/TNS.2007.908697
http://dx.doi.org/10.1109/TNS.2005.860744
http://dx.doi.org/10.1109/TNS.2007.910290
http://dx.doi.org/10.1109/TNS.2007.910290
http://dx.doi.org/10.1109/TNS.2007.908697
http://wulixb.iphy.ac.cn/CN/abstract/abstract51977.shtml

) I8 % 48 Acta Phys. Sin. Vol. 64, No. 11 (2015) 118502

[22] Liu Z, Chen S M, Liang B, Liu B W, Zhao Z Y 2010 Cui J, Li G Q, Liu Z H 2013 Acta Phys. Sin. 62 196104
Acta Phys. Sin. 59 064906 (in Chinese) [XIfiF, FTiEA, (in Chinese) [FMETE, f12%, WE, EER, HL, kif, &
P, XL BRT: 2010 YA 59 064906) A, ZERK, X5 2013 PIH AR 62 196104]

(23] Sun Y B, Fu J, Xu J, Wang Y D, Zhou W, Zhang W,

Simulation and sesign of single event effect radiation
hardening for SiGe heterojunction bipolar transistor”

Li PeiV?  Guo Hong-Xia?3" Guo QiY? Wen LinY? Cui Jiang-WeiV?
Wang XinV?  Zhang Jin-Xin%

1) (Key Laboratory of Functional Materials and Devices for Special Environments of CAS; Xinjiang Key Laboratory of Electronic
Information Materials and Devices; Xinjiang Technical Institute of Physics & Chemistry of CAS, 40-1 South Beijing Road,
Urumgqi 830011, China)

2) (University of Chinese Academy of Sciences, Beijing 100049, China)

3) (Northwest Institution of Nuclear Technology, Xi’ an 710024, China)

4) (Xi’an Jiao Tong University, Xi’an 710049, China)
( Received 21 September 2014; revised manuscript received 16 January 2015 )

Abstract

With the rapid development of satellite, manned space flight and deep space exploration technology, semiconductor
devices are used in extreme environments, especially in radiation and low temperature environment. SiGe HBT is
a potential candidate for space applications because of its inherent robustness to total ionizing dose (TID) radiation.
However, due primarily to charge collection through the collector-substrate (CS) junction and the relatively low substrate
doping. , SiGe HBTs are vulnerable to single event effects (SEEs) because of new features of process and structure. Thus,
the SEE becomes a key factor in restricting space applications of SiGe HBTs. This paper presents an SEE hardening
approach that uses a dummy collector to reduce charge collection in the SiGe HBT. The dummy collector is obtained
by using the silicon space between adjacent HBTs. It is obtained without any process modification or area penalty.
At first, we build simulation models for both normal and hardened SiGe HBTs, and then carry out SEE simulations
respectively. The charge collection mechanism is obtained by analyzing the transient current and charge collection
changes at different ion incident positions. Unlike the normal HBT, we can see that charge is continuously collected
by the dummy CS junction. This causes more charges diffuse outward and the charges available for collector terminal
to be reduced. For all ion incident positions, in the case of hardening, the drift components of charge collection are
approximately the same, while the diffusion charge collection components are nearly completely compressed. During
SEE, the CS junction either directly collects the deposited charges through drift within the potential funnel or indirectly
collects charges after they have arrived at the junction after diffusion. The diffusion length of the carriers is on the
order of tens of microns or more. Hence a dummy CS junction should be able to reduce the quantity of diffusive charges
collected by the HBT collector. The actual charges collected by the collector are effectively reduced. The emitter and
base charge collection also decrease by the dummy collector to different extents. Dummy-collector effectively mitigates
the SEE of SiGe HBT. The SEE sensitive area of SiGe HBT is also effectively reduced by half. This work is carried out

for the SiGe HBT circuit level radiation hardening design of single event effects

Keywords: SiGe heterojunction bipolar transistor, single event effect, hardening design, dummy collector
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