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Fig.1 Experimental effector’s circuit, pulse-modulated RF signals for injection and the Si LNA circuit
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Fig.3 Surface microscopy of abnormity inside the T2 transistor

of sample # A-1 after injection

& 4 J& £ A-1 FESVAE 1600 BRI AHT G (9 B 5 RE
PEXT HC S50 il 2. R e 1 3 P RT AR 1) T2 B AR/ RS
e B) 525 TE 56 LNA [ M 75 2 50% . il ADS2004A
BN LNA #5477 68 51 ARG S Rtk nd Oy & &
4 h Ay PR IR R E 3 b T2 45 54 4 8 AL 3 15 25k
HAEH ARSI T BB R, 5 05 45 R B8 E
AR F R.=0 WK, e AJG 0l R, 2l 6,
12 1 18Q = FiH B0, tr BL 0l EAS 2] T LNA M 75 R 4L
BEATR K R, WA, 59050 45 1w & . I 2% W g
AR B T2 48 AR 4 8 AL 405 80T ol B
BER M G £ A1 R i MR 3K

B 5 TC Py 3825+ A7 e Y L BEL AR 25 77 A 34
W TS XU 2 1 SR L RHL oy (A 36 A5 AIE 35 X AL B JE AR
TE 25 X H B R O 1) 4 B A B W BHL A B R OF HoAY
T A ] 2 S P S ) S ORI X T R R T
1) JCHL I 0z Bl e o | R i AR S FE L XTI RS T
BHOM R B FAME P HL RS  (EH Cew)® N

(ew)? = 4k, TRAS (3)

A ko i Boltzmann % % Af I & &R 48094 58

i (3) A5 S 4 7 45 1 2 % Cew)®/Af = 4k TR, B]

AT R TG O L S — A T PR O R R DU

FEL I U 9 2 S R b 4 R R 2 I %) 0k B BT 5 1R A HIORE
A HL I Y R

Cig)? = 2qIAf 4

6.5

o

Noise figure/dB
&
n
|
i
!
=

wn
(54
bt

s s
0 100 200 300 400 500
Frequency/Hz

L —— Without injection
——#A-1,15p] injected

W

0 100 200 300 400 _ 500
Frequency/MHz

Noise figure/dB

he
n

B4 o A-1 RN TE KT JG W P R0 L S2 56 il 22
Fig.4 Experimental curves of noise figures of sample # A-1

with and without injection

12.5

—— Without injection
——#A-1, 15pJ injected

0 100 200 300 400 300
Frequency/Hz
5 4 A-1 A TE ARG f5 R R0 e S 56 il 28
Fig.5 Experimental curves of gain characteristics of sample
# A-1 with and without injection

H g g I o S 20 s Af &
FRYMEFE L ORI P 10 A5 B E Cia)®/Af = 2q1 B2
— ol M P R RS R IC H, pn 5 L 4 -2f B2 ol 45 R
FEAE S 28 i o 4 35 43 1) 380 1 R R AR 5 RS 1Y F O
P #R 227 HORE 7 . LNA A B2 O 5 BRAIG I
A X8 R A S D IV 00 SR A i I ek aB Ak 5 2K
e fi e, L AR Rt 2 T 5 S L B DIC JEE A 22 4 AT o TR
FRE R 7 A R W A SR S 0 2 R SR T RE AR TE AR R
LNA BRSNS 50 R Tk

Or LA SRR S Z A 1 R B A BETE AR
A TR BT LB UMK i P s PR 5 MR P 1) A G
PEORBUTE - (1) 24§ (AR 52 BB R 0 1 0 CHn A 380
TEA VREFETE A SR {1 3 50 10 B BIF 4 3 SO s P 1R
AR P A RS [R] 6 2 A s (20 di AR A R TR AL TR
oA JZ b AT Sl o) A AR v TR R S N AR AR
I o P IR P A, 2 T A AL 19 22 4 5 (3D SR AL J= B BIF X
Si MR PN 22 BB 1 1 A& A7 AR K T R R ST v i
P BB PR 8] 5 252 1115 22 18 o358 i, ELWR 7S 5 b R4S 19 K
DM dR o WY, O 92 T IE ML ST XA
LNA 3§ g 09 15 [0 ZE 8 5 W= i A OGP A 15 T ik — 2
AT

K5 & # A-1 FE e fE 15, BB VE A RIS B9 3 48 45
PEAZ AT HE S0 it 26 2 R W BE A TR A LNA 193 43
FCIEARTA T W 038 . i 2 (b) 2 A-0 1 # A-2
TSR AE Y 2 0d 8 A 2400 M RE R E A S H 4R
B TE AR R R ELUTA R 0 A A B R AR R
N RE SR A9 T T A3 2 0 69 RE T AGE LNA 8 55 A%
B B AT L2545 SCHRAIGE 19 23 37 Si-npn 5K R )
SRR L AR SO AT LNA HL 5% (7 B2 A
2 e

TR RN TC B4 23 o B 05 A0 S 8RS
PP RIS SCRRE6 4B T XS 70 57 Si-npn 4 Y il i 75
S 45 2R AR T B A S T A e B
T3 A TS [R] 64 1E 1) PR A% . 181 6 H e A 4 O SCHRLE
2308 A9 4L T R4 37 Si-npn 85 7848 B A 4R R 525615



2406 FoF K E R 9529 %
12.3 PEAE S . Si R LNA 1Y ME A 28OS RE 1 1 AR S 1Y
12k Ahy/ iy =20% TR SR — S5 R W& I A GE =, LNA

N WP H IE H A S T R TR AR AR AR R B Aok B i

12.17 T J& Si Kk LNA Z 5B . 7640 L 6e & /8 F T 3¢k 55 1

M 120k R A5 L% BH G- 12 Al 453 1 5 | RS 1) 42 il ri BHEL 85 K DA

% Sy = 0% MBEZ =N EE T BT LNA MRS MR Ar 25 1
S 119+

)
=]

°}—20.0mA
o [~16.5mA ) 45
af-133mA er Y

O

11.8

N
'gm "[~10.0mA
B
s’
10 100, 10° 10*
11.6 . . . -
0 100 200 300 400 500
Frequency/MHz

K6 WU g1 hore B IS B] IE 0] 528 Kl G i 512 19 LNA 3 53 A2 4605 5
I

Fig.6
LNA gain variation caused by hye drift

Positive drift of BJT’s hp: and simulation results of

FUHY P R PER LG L B P e 2 0 0 A FH AT A9 00 46
(B 1T AP/ B S A ) I 3 4 JH TR 25 4 il 18 1 2446
SCHRL6 JIm) i 5 H 7 By BRI 3 4E I 23 57 Si-npn 48 Y
e B A S TR 92840 58 42— 3, 5 2L A
B VR 3 S 80T Si-npn B HL G 35 A 1Y BR
¥ BTt

A SCR P B b R o S B S A ST AR LNAL H
TEARE it 1E bG8 Do 938 B8 2 88 2 17 g 4 TR IR L s
BV Si B LNA i A4 52 560 5 SCHR L6, 12 T A9 in 2 73 fi
SEH AR T 7 SO AL Z Ak R AR SR R i E
A BTN TR) o B2 B4 5 3 DR A e i A B TR R OR 4
M. SCHER 6,12 113 2] 19 Si-npn 45 HL IR 25 Ao B N
JIAE I [ F) T 1] 55 % 52 56 45 3R mT DA S i e 1
REH T AJS Si Bk LNA 3 £5 2 {L 19 ADS2004A fjj 2
W g5 SiEE LNA PN AL B8 450 L R AR 3 B s Y
T2 & 5 W LA TERE B T8 A 1Y i B8 31 25 8 A ff E b s
¥ Sidk LNA RERTEASS T2 B hee R, B T2 4
Ahe/ B BERS 5318 R 10% A1 20 % , 475 A5 51 il &
TEAJG LNA N 45 B R 810 i 25 R8T 18 6, Horp
Ahe/ e =0 XN FRE & AT G IE . X L& 5 Al
6 g ST EA R MEN BB R - HY A
B UL Si Ak LNA 7ERE R TE AR Htl 45 o2 h T
WA T2 BB A X hee B IE MR . 1 T 1 ARE
RSP EC AR/ B BV EE KL TR 6 th T2 B TEAR
) Al / hoeeo B A% 1550 T 47 FLAG 21 A 1l 26 AH X A7 &
KEMFR R T LNA 93 £5 2 B8 A BE & /9 58
(DR 87 M w1 -

T
IR ERE RN TC PRI A /N A (R ] 1 HAS:

FBCR TS (55 e 7 » 6] B A B e T ] S R

et JE Si 3 LNA fE i AR E AL BURS Bz —,
32 KU A L U 3 25l B P B (R0 1 ) 358 8 1) 361 4
KRR, 2ot B VE AG LNA [958 25 T AR ST
A PTG K I BB g5 093G R 5 AR i CIE e, B
ali >R FH i i VR A IS 1 25 28 Ao & LNA (1 35445 %8007
B4 D T T AN AR T 11

AR AETE A LNA 75 PERE T [ M 1 25 45 15
J& FHAGR , FEAE T Re B 3, BE i AR 9 LNA 545
ROV AE R S 2 HATIEE#ETT 2 R RE it i AT 1) BRI
PO B A4 A0 TC 1 Kk 5455 () Re 48 493) T 5

S % 3k
[ 1] Masetti G,Graffi S,Golzio D,et al. Failures induced on analog in-

tegrated circuits by conveyed electromagnetic interferences:a re-
view. Microelectronics Reliability,1996,36(7/8) :955

Kim Kyechong, Iliadis A A, Granatstein V L. Effects of micro-
wave interference on the operational parameters of n-channel en-
hancement mode MOSFET devices in CMOS integrated circuits.
Solid-State Electronics,2004,48(10/11):1795

Wang H X,Rodriguez S.Dirik C,et al. Electromagnetic interfer-

2]

[3]
ence and digital circuits: an initial study of clock networks. Elec-
tromagnetics, 2006,26(1) : 73

[4] Dobykin V D. Analysis of thermal damage to semiconductor de-

vices from high-power electromagnetic pulses.Journal of Commu-

nications Technology and Electronics (Russia),2004,49(3):338

Dobykin V D,Kharchenko V V. Electromagnetic-pulse functional

damage of semiconductor devices modeled using temperature gra-

dients as boundary conditions. Journal of Communications Tech-

nology and Electronics(Russia) ,2006,51(2) :231

[ 6] Zhuang Yiqi.Sun Qing. Correlation between 1/f noise and hrg

long term instability in silicon device. IEEE Trans Electron De-

vices,1991,ED-38(11) : 2540

[ 77 Tolpadi A.Srivastava R S. Generation of interface states and ox-

ide charges in n-MOS structures due to high electric field. Solid

State Electron,1987,30(10) :919

Dimitrijev S, Stojadinovic N. Analysis of CMOS transistors insta-

bility. Solid-State Electron,1987,30(10):991

Liu Xingbin. Correlation between parameter’s instability and low

[8]

frequency noise in MOSFET. Thesis for Master’s Degree, Xi’an:

Xidian University.1989 (in Chinese) [ X 2%3#. MOSFET £ (A

Tt 5 1 5 IR MR 7 g SR 2R PG 22 HL T B R A 36 5. 1989
[10] Zhuang Yiqi, Sun Qing. 1/f noise as a reliability prediction for
subsurface Zener diodes. The Proceedings of the 3rd International
Conference on Solid-State and IC Technology, Beijing,1992
Fleetwood D M, Scafield J H. Evidence that similar point defects
cause 1/f noise and radiation-induced-hole trapping in metal-ox-
ide-semiconductor transistors. Phys Rev Lett,1990,64(5) :579
Zhuang Yiqi, Sun Qing. Noise and low-noise technique of semi-

[11]

[12]
conductor device. Beijing: National Defence Industry Press,1993:
207 (in Chinese) [JEZEHL. AN . 2 IR EF b (0 MR P T AR W 7
PR AR . b st « [ B Tl Ak . 1993207



%12 3 SeH AR R DU AR MR AR A i A B AR 7 5 LR 2407

Mechanism of Energy-Injection Damage of Silicon Bipolar
Low-Noise Amplifiers”

Chai Changchun®, Yang Yintang, Zhang Bing, Leng Peng, Yang Yang, and Rao Wei

(Key Laboratory of the Ministry of Education for Wide Band-Gap Semiconductor Materials and Devices ,
School of Microelectronics, Xidian University, Xi’an 710071, China)

Abstract: Experiments of the energy injection into silicon bipolar low-noise amplifiers (LNA) are conducted by introducing pulse-
modulated 150MHz radio frequency (RF) signal at LNAs inputs. The results show that the noise figure and the gain characteristic of
silicon LNAs are sensitive to the injection energy. The metallization damage between the base and the emitter is correlated with the
energy injection from the sample dissection analysis. The noise figure increases due to increased metal-semiconductor contact resist-
ance of the base. The gain of the LNAs also increases with injection energy following the positive drift damage model of A for the
silicon bipolar devices. Therefore, the traditional way to evaluate the damage effect of devices and circuits simply by the change of
the gain is not comprehensive due to the complexity of the energy injection induced damage.
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