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Fig. 1. Schematic of two-dimensional (2D) device model: (a) 2D Device model diagram; (b) schematic diagram of the variation of

the Ge component with the coordinate of the vertical axis.
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Fig. 2. Low noise amplifier circuit diagram.
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Fig. 3. Simulation of ion incidence trajectory.
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Fig. 4. Comparison of transient currents at LNA output
ports for different LET values.
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Fig. 5. Simulation of the SET current of the CB when the
heavy ions with different LET values incident on the CB

transistor.
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Fig. 6. Simulation of SET current of CE when the heavy

ions with different LET values incident on CB transistor.
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Fig. 7. Schematic diagram of the angle of incidence of ions.
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Fig. 8. Comparison of transient currents at the output ports

of LNAs with different incidence angles.
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Fig. 9. Simulation of the SET current of the CB when

heavy ions are incident on the CB transistor at different

angles.
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Fig. 10. Simulation of the SET current of CE when heavy

ions are incident on the CB transistor at different angles.
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SiGe HBT %% 4, %} IM 45 #4 (1) SiGe HBT k17
fr 5 Aax SEGI R LR mE 115
& 12 s, Hod IM-SiGe HBT ) fr A 36.4 GHz,
faax M 42.2 GHz, BA45 T R IM 25404 J5 by 4
FEH M RE AR A5

40 IM-SiGe HBT
—e— Unit-gain-point

—o— Extract-at-dBPoint
I —e— Extract-at-frequency

10-7 10-6 10-° 104 10-3
Collector current/(A-pm—1)

Bl 11 IM-SiGe fr 5 1C Z [ #1% R
Fig. 11. Relationship between fr and IC of IM-SiGe.

IM-SiGe HBT
—o— Unit-gain-point
40 | —— Extract-at-dBPoint
—— Extract-at-frequency

fuax/GHz
(3~}
S

10-7 10-6 10-5 10-4 10-3
Collector current/(A-pm—1)

K12 IM-SiGe fyax 5 IC Z A B R 5
Fig. 12. Relationship between fyax and IC of IM-SiGe.

ARSCEITHY LNA H & Cascode Bt ', 1E
SRR L B P AZ O 54, R HRA3E ) IM A 2 ¢
HE. CB MRS B i OB ARG
AR A Kb ) B 2R B BT B B 4 S O L R BT R
M LNA H S TAEME 38T, b 13RS S i1
ti, CE Ab N i &R B85 5, SRELFM 4544, 1M
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H. CB fAREAE R Cascode 25 k) v 1) L I 18 25 0%
Wazs b B, FrLAAT LI IM 2544, Rk, A SCREX
f IM Cascode 45144 CB M A4 i m#E:, CE
AR IR AR, B T-F 454, Al 13 fros LAZE
fift SET U

Vout Ve

out
Veas CB  Veas CB
Vin CE Vin CE
F-F I-F

Kl 13 Cascode B EH F-F 5 1-F £5#7R & 4
Fig. 13. Schematic diagram of F-F and I-F structures with
Cascode configurations.

4.2 LNA HEEMERE

ARSCE A E ADS 8 FASHESS RO,
TCAD P E 25 2F 0 T ADS A 31
) CB & CE RS, AT G 22555,

1.0

05F

ImS
S

—05f

14 SiGe HBT #3fF#9 S 2% Smith [
Fig. 14. Smith chart of S-parameters of SiGe HBT devices: (a) S;; (red)/Sa (blue); (b) Sy (red)/ Sy (blue).

Frequency (1.000 MHz to 1.000 THz)
(a) — Su
— Sa»

%l 15  ADS SiGe HBT #8419 S 2% Smith &

JefE TCAD F & il ik SiGe HBT /) S S %4,
i if TCAD Sdevice ‘&1 rfx_load #/a] R HL
SiGe HBT () ACGummel [¥) plot 3%, 75
18 E M B S AL R HBT g8 0E 1Y S 280, IE7E
Smith [B  E2x ] Sy1/ S0 F Sia/ Sy B £k
g S A 14 Fos. R E RV, (ERE R
1 VIESRT, "EMSEIE A 1) Frequency B4
FIEH (1 MHz % 1 THz); 2) i#id BiasPointIndex
M rfx_ BiasPoints #1] 3& 1 4 B B 1Y fir B (E
BiasPoint % EHN Vi, (-0.5 V—0.5 V).

7£ ADS B i@ i %t 130 nm SiGe HBT #%
MR TR HE, DM TR RS 225550 h LNA 1
%) CB LUK CE fiRis. REB RS ECN
FEM- KL G FEW - RH 7o 5T
WL BH . SRR ST . RE Vie N
05V, Voo ¥ 1V, %51 ADS SiGe HBT [
S ZHEINA 15 i,

(a) Sy (LLE)/ Sy (HE); (b) Sy (L)) 5y (HE)

Frequency (1.000 MHz to 1.000 THz)

(b) — — Su
ﬁ ~ =&

(a) Su (ﬁ@»)/sm (HE@); (b) 8y (LL1)/Sy (E@)

Fig. 15. S-parameter Smith chart of ADS SiGe HBT device: (a) Sj; (red)/Ssy (blue); (b) Syp (red)/Ss; (blue).
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MG ATAC B, K S SR E AL N B A AL R WE 18 FizR, Sy 5 Sy HHZFE LR 9.5 GHZ
%, SiGe HBT ) V,, AEEM 1V, HAEH] A AL TF-20 dB, S), IR T-40 dB, BA RIFH 0
JE bias K Vi BIMHE, JFH-0.5—0.5 V, W& 16 B, Sy AR IE 1) D) 8448 25 7E HhoC SR Ak 5y

BR. T 20 dB. iZ LNA BA7 R4FHY RF PERE.
or (@) (a) —— TCAD SiGe HBT
or 1 —e— ADS SiGe HBT
-2r //
: l
S 41 3 i /
@ E
G —4r |/
—6 |
—6 |
—8 F
1 " 1 " 1 "
0 0.5 1.0 i, _s - . ! . .
Frequency/(10'2 Hz) +1ais(.).50 v 0 5 10
— —0.45V Frequency /(10! Hz)
— —0.40 V
(b)| — 035V
or —0.30 V (b) —— TCAD SiGe HBT
! —~— —0.25V or —— ADS SiGe HBT
—0.20 V
- —0.15V
m _92r —- —0.10 V
EN — —0.05V % -2+
& -0V 3
: —~0.05V &
4l —010V
‘ —-0.15V s
- 0.20V
ro - 025V
—-—0.30 V
s . . ! . L - 0.35 V
0 0.5 1.0 0.40 V —6 1 - 1 + L
Frequency/(10'? Hz) - 8;18 :// 0 5 10
: Frequency/(10'! Hz)
0
—10 F 0
ook () —— TCAD SiGe HBT
—-30 r\ —e— ADS SiGe HBT
@ —40 —-25
z —50 °
& —60r =
~ -—-T70F v —50
w80 3
—90 | @
—100 F s b
—110
—120 | X | X |
0 0.5 1.0 100 ! . .
Frequency/(10'? Hz) 0 5 10
Frequency /(10! Hz)
[l 16 SiGe HBT # 1) SSHHEME  (a) Sii; (b) Sa;
(c) Sy [ 17 SiGe HBT TCAD 5 ADS #§{4:#) S ZHF LA (V,, =
Fig. 16. S-parameter scan of SiGe HBT device: (a) S; LV, Vie =05 V) (a) Si1; (D) Su; () S12/
(b) Sa9; (€) Soy. Fig. 17. S-parameter comparison of SiGe HBT TCAD and
. R . e " ADS devices biased at 0.5V (V,, = 1V, Vi, = 0.5V):
ﬁEX Vce j‘:’ 1V, Vbe j‘:’ 05V E/‘]TH{E‘, )Iﬂ‘ TCAD (a) Su; (b) Sag; (€) Sia/Sau-

42 10 HBT 505 0% B 5 9 ADS -4 HBT o -
SR S BRI HT, BB o % ADS ¥, % LNA BEFHEECLXH (F-
e F) (I 13 406 1F SERgTREB, 6B

TE ADS #4F EXF F LA F-F Cascode J #% .0 AR I-F 45 ¥ %7 LNA B Bg P REny 52 . 4
) LNA #EA7E, & 18 S LNA HLEE ) S S50, FE 19(a) LI 19(d) s, R I-F 25800 K F-F
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Z5F9 1 LNA (19 Sy #1Z AT Sy 1 26 7E vt i %6
9.5 GHZ A% T—-10 dB. Htp IM Cascode 4514
TE UL TR B AE A -15 dB, FM Cascode 44
FALE 0 B 23R 11 ] 38 46 FE S -35 dB, HLAR A Tk
A AR L R R AN KL 8] 19(b) HORHT I
F 258 LA & F-F 2544 1) LNA 8 S, i 2 241K F
~40 dB, BAT RAFAIFAEE. K 19(c) #7R, I-F LNA
5 F-F LNA 6, I.F LNA #3425 % 20 dB, 4
BT F-F LNA oo iR 458 23 dB, fHZEA
K, Hiph 2 LNA PERETR.

20 T
M Or
-
~
g
£ o0t
g
:
2
a —40 -
2 — Su
_60 - 7 SIQ
- SZI
— S
_80 . . . . !
4 6 8 10 12 14

Frequency/(10° Hz)

18 MEGEAF LNA 1Y S SHE
Fig. 18. S-parameter plot of LNA in forward mode.

0f(a)
5k
—10}
15}
g
< —20
W —25f
30}
—_35}
—40} —— IM cascode
— FM cascode
45 . . . . )
4 6 8 10 12 14
Frequency/(10° Hz)
()
25 F
Qﬂé 20 F
~
)
15
—— IM cascode
—— FM cascode
10 . . . . )
4 6 8 10 12 14

Frequency/(10° Hz)

M P 2R BRI AR R LNA A EZH5 R, WA 20
iR, R I-F 458900 & F-F Z541) LNA 1) NF %}
PR Bk UL, 78 TAEME:, I-F LNA 8 T F-F
LNA B# KK NF. 70K 9.5 GHz 4k, F-F
LNA [¥) NF 2} 1.385 dB, I-F LNA i NF 4 2.9 dB,
BIET 3 dB. Rl R W3 K, NF ARZEA B
Hahn, I-F LNA pyBGRERI] B 5K, Rt 7E LNA
T AR AT 5 M HL B R M RE.

BAKKF, BARIE RF LNA JR B IM 4544
2301 HL K ) — BB AR AR il K — RS2 e, H 2
130 nm T 20 DIMFIE LNA B 2% TAETE S A% (38
PRIX ). 3% 18 IM 2549 5 FM 2584 ) LNA H i
BB 0 S8, L FE S 25 Sop . M REL NF LU K
1dB 4 5 P1dB, i — DAk a] LK IM 4544 )
HF RF LNA H [ LI 2 fi# SiGe HBT X} SET 19
HUREE, IHMRAIE T RE LNA B TAEMERE.

4.3 LNABSETREHE

#£ TCAD il IR A A5 B Jr X d an
2 1 LNA i 51 F-F #1005 LF B
LA Cascode “MAZ U EC & ) LNA H 1T SET
SCEG A, BEAEF SRR SE R WA 21 R,

(b)
—40 +

—50 +

S12/dB

—60 +

—70 —— IM cascode

— FM cascode

4 6 8 10 12 14
Frequency/(10° Hz)

o)
—5t
—10F
—15F
—20F
925+
—30+}
—35}
—40
—45

—50
4

Szz/dB

—— IM cascode
—— FM cascode

6 8 10 12 14
Frequency/(10° Hz)

B 19 LSRN 9.5 GHz 1Y I-F 458 LU J F-F 251 LNA H#% SSEEXT L (a) S5 (b) Sig; (¢) Sar; (d) Sy
Fig. 19. Comparison of S-parameter plots of LNA circuits with I-F structure and F-F structure at a center frequency of 9.5 GHZ:

(a) Si1; (b) Sig; (c) Sa; (d) Spo-
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6 -
5 -
o 47
o
= 3h
R e el
2 -
Lr —— IM cascode
—— FM cascode
O 1 1 1 1 1
4 6 8 10 12 14

Frequency/(10° Hz)

K20 L-F 54 LI F-F 258 B9 LNA R NF X H
Fig. 20. NF comparison of LNA circuits with I-F structure

as well as F-F structure.

#1 LNABLSH
Table 1. LNA core parameters.

LNA#LSHL I-F Cascode F-F Cascode
f,/GHz 9.5 9.5
Sy/dB 20 23
NF/dB 2.9 1.4

P1dB/dBm 18 22

Vout

(a) Vout Vout (b) Vout
Vias A Ve s Ve Vias
CB CB CB CB
Vin Vin Vin V' Vin A
CE CE CE CE
F-F I-F F-F I-F

21  F-F LNA DL & I-F LNA & H5t CB 5 CE 1§

WENTEETANRER (a) B8 FAH CB; (b) &

BT A4t CE

Fig. 21. Schematic of heavy-ion incidence on the transistors

of CB and CE in F-F LNA as well as I-F LNA circuits:

(a) Heavy ion incident CB; (b) heavy ion incident CE.
SIS HIRER A FM 28544 LK IM 2544 () LNA H,
P CB 5 CE MRS ITEE FAN. T
[ FERE = 0 B T AT CB, CE fh K4, OB b
PR 77 SET B /N T CE Ab b (44 77 A 11
SET Wiyt 3, Bir LASh 1 3K 31 58 4 (3 LN R4 R, %oF
T CB Ll M CE fhiR4s, S22 5l LET 620
50 MeV-cm?*>mg ' 5 LET {8 4 10 MeV-cm?>mg !
I ASTRE .

W 22 FE 23 s, 485 5 A S CB,

CE fb R 8 BRI, il T A0 A IR I, it DT
PC 28 AR TE], T LA 4 Ay 3 285 F D T ELAT AR ABLAY
TEA P IR AT FM 4548, I-F f0F BB
F, U 0 P VAR 2 i TR AT A [ 2 B 1 o

—— FM_cascode
0.005 1 /\ —— IM_cascode
<
Iy
E ot - £
% v Vout Vout
3
5 —0.005 Veas A Ve P
= CB CB
B
- Vin Vin
—0.010 + CE B
F-F ILF
0 5
BlE)t /(1010 )
K 22 OB e T ASISM T F-F FI-F SLILH E5 SET
R 55

Fig. 22. CB SET simulation results for F-F and I-F com-
mon source and common gate configurations under ion in-

cidence conditions.

—— FM_cascode
0.0002 | —— IM_cascode
<t
=
g ol
E \/./V‘—‘”* Vout
o
5
S —0.0002 Veas Veas
3 CB CB
[e]
O
Vin A Vi o
—0.0004 + CE on
F-F I-F
0 5
HHE) ¢/ (1010 )
K23 CE#EBTASAM T F-F 1 L-F SR &R SET
HEADL 55

Fig. 23. CE SET simulation results for F-F and I-F com-
mon source and common gate configurations under ion in-
cidence conditions.

SIS EE R, A CB MR I, 1-F B
F14) FEL 86 P e A L L F-F AR 97.5%; FRL L
SLA (] B M 4. 2Rl CB R E y TM-
SiGe HBT, iX$87E A M 300 T F i ad Hat ie-4E i
e, [ 4 FELAR Ao JEC A 7 A 9 50 F D B £ F AL -
FhL B i 11 &b W Jeg i o 5 291, 3K A Bl T AT L B8 iy
C1AR ) 4 s A (. SRT, 24 CB iR 4k F1E
B CR, RZH0E AR ZR T T AN & i f%
RN LA, UL, SET % (e R A IM 2544
P KA 2.

AN CE R4 8T, 1-F R0y v B 1 RS
T F-F B80S 66%; FL I 2% I 8] B 5 1 4
B, M TEAS CE RSN T, 4 CB ik
S FM B, KR/ AR i 14 IE i i =
RIS E R, i CB AR AL T IM 4
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T FM #5K, t CE @RS ™ Az 1 K 43 10 6 f
T2 O e E RS CB AR e IR-4E
HLl, XA B TREAK CE MRS St b i th SET
IBFASIEAE. PRI, SR IM Z5# £ F#A% SET s
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5 % #®
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0.13 pm SiGe HBT 4%, Dk SiGe HBT #44:
B Sl Seah, 58 T X BB LNA HLi%, X LNA
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[vi] Fsf A SC Al TV 85 48 K #4858 L SiGe HBT
Cascode SN #Z OB B B LNA F % 0% BAORE T35 7 .
D ARG S AL, TniELAE IM 4549 T 2308 /0 v %
PEREIR LR BE (AR TR bR, 7F ADS F43 58Sy F-
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Numerical simulation of single-particle transients in low-noise
amplifiers based on silicon-germanium heterojunction
bipolar transistors and inverse-mode structures
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Abstract

In this work, TCAD simulation modeling is carried out for silicon-germanium heterojunction bipolar
transistor (SiGe HBT), and an X-band low noise amplifier (LNA) circuit is built based on the SiGe HBT device
model to carry out the hybrid simulation of single-particle transient (SET). The rule of SET pulse varying with
LET value and incident angle of ions is studied, and the results show that with the increase of incident LET
value, the amplitude of SET pulse at the LNA port increases, and the oscillation time is prolonged; with the
increase of incident angle of ions, the amplitude of SET pulse at the LNA port first increases and then
decreases, and the oscillation time decreases. With the development of the characterization process, the cutoff
frequency (fr) and the maximum oscillation frequency (fyjax) of SiGe HBT device with IM structure, are
measured considering the use of inverse-mode (IM) common emitter and common-base structures (Cascode) to
reduce the sensitivity of the LNAs to single-particle effects. This work calibrates the devices of the TCAD
platform as well as the devices of the ADS platform, establishes F-F LNAs as well as I-F LNAs on the ADS,
respectively, and verifies the relevant RF performances of the LNA circuits by using the IM-structured SiGe
HBTSs as the core devices. The SET experiments are performed on the Sentaurus TCAD platform for the F-F
LNA circuit and I-F LNA circuit for ions incident on two positions: common base transistor and common
emitter transistor, respectively. It is concluded that the LNA with IM structure still shows good RF
performance compared with the standard LNA at 130 nm. The transient current duration of the LNA circuit
with IM Cascode structure is significantly reduced, and the peak value is reduced by 66% or more, which
significantly reduces the sensitivity of the SiGe LNA circuit to SET.

Keywords: silicon-germanium heterojunction bipolar transistor, single particle effect, inverse mode, hybrid

simulation
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