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Abstract: Silicon-Germanium Heterojunction Bipolar Transistors(SiGe HBTs) is a strong contender
for space applications in extreme environment on account of its superior temperature characteristics,
which can bear exireme temperatures from —180 °C to 200 °C owing to the bandgap grading of heterojunction.
Because of new features in material, structure and process, the radiation effects of SiGe HBTs present
complex characteristics which are different from those of bulk-Si devices. In this work, the research
dynamics and trends of space radiation effects in SiGe HBTs are introduced, and the radiation effects of
domestic SiGe HBTs include Single Event Effects(SEE), Total Tonizing Dose(TID) effect, Enhanced Low
Dose Rate Sensitivity(ELDRS) and synergistic effect are highlighted. The research shows that SiGe HBT
naturally presents favorable build-in TID and displacement damage hardness without any radiation
hardening, but the high sensitivity to SEE is a main drawback. Due to the different manufacturing
processes, the domestic SiGe HBTs experience significant low dose rate sensitivity and are vulnerable to
combined effect of ionizing dose/displacement damage and total ionizing dose on single event effect.
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ERE S RS AME AR KR BRI T RESL AR T, Ge MBI AR K T — R 5 2SI ERE 4R TH ), SiGe #
AR5 HATERA Si CMOS T2 B A KR MAE, TE LA SiGe BICMOS £ A Sy i 47 48 A L 6 42 136 1 2 49 B9 it e
T, LALLM . 2K TE KL R B2 5518 28082 )2 M. HAT, SiGe# REEFEH KA HEILE
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SiGe HBT 3& X Ge 4173 11 51 A SRR T 3L X 4R F e AR IR B B 800 T4 ML nIRERE, 5%
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F-180~120 °C, 104 M B A7 o &, Fe AR 0] 15 -230 °C., A, FEAN RIS, SiGe HBT (1) 1 & S 2 -
FE B B A B E L AR A X DL S A E e XA T2 EL A R B R R B A AN A AR,
PR RGN BE J) 3K Mrad(Si) SRS, Ui B BE T3k 10" em R (EAL 1 MeV )" ARG K
B, SiGe HBT X B + 2% iy A Uk, R It AN [6) 4% G AR £ 28 18 19 &2 2% b o AR AL 79, i SiGe HBT &
SiGe BiCMOS 5 AR A 5 1 /it % 5y 52 507 1~ B (Single Event Upset, SEU)ZUN 952, PR 1 SR 5240 0F 58 — L
J& SiGe HBT i 5 4 1 A 53 1) 4 ) f8E

F 2012 4E LISk, [ N AR5 B0, A0 e [ R 2 B o 6 T AL B AR IS BT L T B R DA R Y 2 38 K 2 4 i S T
XF[E 7= SiGe HBT JFJ& T fE S s i 5%, A8l T T 2M 25, E~ SiGe HBT [ HUkL 40 L fa Wi 52 HIL il AN 5]
FEANTZE, JEF I 5 09 A% 7] i =326 5 5205 15 58 %500 (ELDRS) 5 0 B8 458 45/ Ha B3 80 551 i B[R 00 o 28 3 3
10 M oT, B P23 5 X 1 7= T2 SiGe HBT # 14 FE AR 2 07 T FL AR S 5007 B0 X B, 58 38 T 45 2R 3 s 8
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1 SiGe HBTH AKXRFHE

SiGe # AR WFFE b T 20 e b, Mk SEpEAT TR R T = Bk, E #1980 4 SiGe/Si S 44 A
POTEA: , S 2 A KO AT BB . BRI AR Y SiGe W, 1987 4F, IBM /A EIHiIE T A B 5 — M SiGe HBT ik
BUT, 1989 4F, IBM Wil 1 HAT 748 AT %2 Ge 4143 . £ fb ik B S 1Y SiGe HBT, A 1R 4 % &3k 75 GHz, figh¥
HEA B AR S GaAs,InP 5L G Y12 SRS . ML, SiGe HBT EH S50 %, MMM T & R E 2
Dy IS 1994 4F | R SiGe HBT A9 4 2R i I & YO i 100 GHz, J 33 1 200 mm & (7 B9 Bk A 7= . B PR 34
Z e kB2 SR B ER A SiGe T. 7 4 7Rk, U IBM, Jazz Semiconductor, Texas Instruments, IHP, Infineon, Analog
Devices, TEMIC,IHP % iff 20 2 200, Hopr | IBM & fix 72 7 SiGe HBT i R R L5 %=, JLFES THH
SiGe F AR A& e E %, ML F 2015 4F IBM 22 vl K T B9 6 0k 55 5% 11 45 Global Foundries B, & Z84fE it 1 PUAR
SiGeHi AR . £ 141 1 IBM U4 SiGe HBT £ R G HEHL 2= 28, Bl SiGe T2 siny it 20, R BOk AL &
MY HL SRR . BT, EIAP G T SiGe HBT Y 4R S R4 AF 57 JL T~ 4B J2 Fil 28 IBM SiGe T. LT .

F1 DU IBM SiGe HBT T 25 G5 i1 2 208
Tablel Key electrical parameters of the fourth-generation IBM SiGe HBT process

technology node peak f;/GHz peak f /GHz BV ./V W/um
Ist-generation(IBM SAM) 50 70 33 0.5
2nd-generation(IBM 7HP) 120 100 2.5 0.2
3rd-generation(IBM 8HP) 207 285 1.7 0.12
4th-generation(IBM 9HP) 350 307 1.2 0.12

TR & AR A BR 6, BN SiGe AWM R A B M . WEHERY . Wil R Jbat Tl K¥# 55 7E 1995 4F
HIJS 46 G F SiGe #oBHE K | SR BRI BFSE o BT RHE K2 V8% B T BHE K 2% 43 51 78 5 8500 & 7K 45 (Field
Effect Transistor, FET)FH XU &5 5 4& 4% (Bipolar Junction Transistor, BIT)HI #5445 44 77 i P W 5T . LA, PH%Es8
R A EE X SiGe SR 2 TP AT, REEKE . B K% hE R 13 BT SERHIFBE BT B & T — € SiGe $ A 1 i
5% . B AT E N PR Y SiGe T2 J& i 24 FIF JF & 19 0.35 pm SiGe BiCMOS T. 75 L K b i fE 4T NEC 1 0.13 um
SiGe W% T.755 0.18 pm SiGe BiCMOS T.7; .

UEAEK, SiGe $5 A IE 7R3 #F Kk 2% R G, BRW IS 2 7AW 35 A & H “DOTSEVEN”, HARjE %R
T A 11 A% 755 3K 0.7 THz ) SiGe HBT H A, i — 25 JLIE i s KR g 2 A7 450 5 O 34 b v 1) SiGe HBT AR,

2 SiGe HBT B U ML ffF R Bh 7

1345 T SiGe HBT £ AR (1 R & e AL R TR Z , [ A% SiGe HBT 48 [H) 4 5 007 iy F 58 8 A6 e . & 1l [ B
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B F 2k PE B8 J1 1% i (Linear Energy Transfer, LET)BJ{EARAL, WA H 58 K. BE/5, SiGe HBT %5 A f# & 20 i i
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ST 5T 7 X [ 7 SiGe HBT JTFJ@ T # 4 1h 1) SiGe HBT &l ) B R0 W AH R WF 5%, 6 A B -5 | A ER ERET
SiGe HBT 19 iy I 77 b 30 A IR S 6 DA MM SC BB P50 . 2R PS04 2R 3R W], [ SiGe HBT A A R
Pra R AN A 1, 5 E S SiGe HBT B3 f 8N 4516 — 3. 2010 4E [T 5, HhoRk B 9 it 34 b 4 AR i 5% o 238 e & X
WY SiGe HBT ¢ F A & T HkL RN A B 5 2015 4%, P38 K% . HRkBe B e B Ak B R oo i . b A
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280N B DX S RO T SN [ i o 2017~2020 4, BECE BESE AR WIER A, & ILE 77 SiGe HBT i 14 1Y 4 5 280
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RIS RE 1 BE % 1Kk B Mrad £ 2559 Bl 5 4434 I B T K 2% Cressler 2% Fll B A K 2% Guofu NIU 242 B BF 5% 141 BA il £¢
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BT B AN R 3T e RABLEG (1 Mrad) M F AT, R RS SR SR 1Y SiGe HBT 3 31 £ 280 W7 i i AN [A]
Horfr 63 MeV i 14 HE S B0 23 ) SE A p 338 B K. R AFSE AR, UK IBM T Z 1 SiGe HBT #5141 % 81
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FEAEZE 5, 51 A A ) f 4% IR R SiGe HBT i 71 422500 4 A ] 742 1 451 44 .

HAFE RS, 77 SiGe HBT 746 i 3 () ELDRS 2, iX 5 EIAMF IR 45 AR o Jo LIk 36 B T2 e Y
Cressler ZUFZ A 55 A1 B AR 3R, B 58 %6 DUAR IBM SiGe T 20 JF i 1 7 B 40 MR S0 0, 25 SR AR K W] SiGe HBT N7 7E
ELDRS &0 1 (H [ A BL A 0] 5 2 4 PR S0 BT H A R R 00, AR D200 —, XM A5 15 R i, R
BT KK, ASRE 41 HPE 4 SiGe HBT A9 ELDRS ZL 1 . M 2012 4EFF 4, [ N W AR K27 . Rk e i e Bk
TR FE I A Ko PG 22 52 10 K 2 S 30 4T X [ 7= SiGe HBT JFJ& 1 . A7) b 5 40 B ST G, 5 35 K 2 ) B 98 4558 4 2f
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AT T2 SiGe HBT JFJ& 1 5] 5 4R BE S 14050 - e 2 fioR . SEEG AR K H 2 F SR ), 08 8 R s 4 2
S, 10 A S B R AR IR SC S, Horh IBM SAM. 7HP . 8HP LA K 9T T. 2 SiGe HBT %G B i ) ELDRS &% 1 ,
W K % (BFP640ESD) il Fif % (NESG260234)SiGe HBT T 25 43 1] o 38 43 FE b 54 45 A JC W B 48 45, 1M [ 7 SiGe HBT
(KT9041 F KT1151) W) % B H AN [] 72 B2 (1) ELDRS 807 A1 [] AH & %80

2 AR SiGe HBT il F 340 HRSL U0 25 AT H

Table2 Comparison of dose rate experiments results in different SiGe HBTs

device type accumulated total dose high dose rate low dose rate response
IBM 5AM 100 krad 50 rad/s 0.01 rad/s no obvious damage
IBM 7HP 100 krad 50 rad/s 0.01 rad/s no obvious damage
IBM 8HP 100 krad 50 rad/s 0.01 rad/s no obvious damage
IBM 9T 100 krad 50 rad/s 0.01 rad/s no obvious damage
KT9041 1 000 krad 80 rad/s 0.01 rad/s ELDRS
KT9041 1 000 krad 80 rad/s 0.13 rad/s ELDRS
KT9041 500 krad 50 rad/s 0.10 rad/s ELDRS
KT1151 1 000 krad 80 rad/s 0.05 rad/s time-dependent effects
BFP640ESD 1 000 krad 80 rad/s 0.05 rad/s partial sample damage
NESG260234 1 000 krad 80 rad/s 0.05 rad/s no obvious damage
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Fig.2 Charge collection of collector in DTI SiGe HBT

Fig.1 Normalized base leakage current of KT9041 SiGe HBTs for dose rate irradiation oy L .
with different ion incident positions

and room-temperature annealing as a function of the accumulated total dose R N
s . X 7k 5 XN
I TE R EAR i AR SR JG LRk KTO041 SiGe HBT I —fLigl 112 DTIATH SiGe HBT A il AU Ae bl A ST
B i g AR AT A
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BE & SiGe HBT ™ iz HI T %50 0 S 431 55 H % v, T X R B E 28007 A1 58 0 38 i R S T A A . 2005 4R 5
3 [ 3R W B T2 B MR A K 24 A5 M 4% HF ) T SiGe HBT AU T . T 55 LA K IH0O'G AR 45 B0r 7 000 A $L 2 563
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% % (Linear Energy Transfer, LET){HA JCAHh, &5 H BB VIASC, RUMARE T 2 248 28 61K X SiGe HBT
LT 35N U A TR
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Fig.3 (a) transient currents of different terminals with reverse bias of C/S junction; (b) charge collection of collector in different ion incident positions
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Fig.5 Induced collector transient current with time when laser incoming in SiGe HBTs at different positions
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PR AN . 2017~2019 4F , B4 55 4540 W JF 2 1 [ 7 SiGe HBT 4 T B 1 (80 e 1 T -4 BR S0 30 0300 25 &l 6
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Fig.6 Transient currents of collector as a function of time induced by proton and heavy ion
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