¥ 1B ¥ Acta Phys. Sin.

Vol. 72, No. 17 (2023)

178101

GaAs St SR IELER AN T BB YIIE

Harskt %I T

HBEA HERE

(P T REHERE, V9% 710048)

(2023 4£ 5 A 4 BkE]; 2023 4F 5 H 30 BYEIENH)

e HL I AR LA 10 A L ELBE 5
ekt fih A 2 46 5 GaAs SECHLFIFOC, 7E Ml & G RE

RS S () [ 2 — . AR SR 1064 nm, k58 5 ns A9
1 mJ. f & HE 2750 V B 3RIGAE AR LR MR T . 3+

T W SR RY THER T T AR PN Dl A O T B T %%@%Jhiﬁm?m\%l\T?F/HVME%E{“L?E’JTE,
TETF AR N I DG AR B 72 5 O AT 05 M 30 5% 76 vl 128007 JUBE, X e A B e L P B E AT T 3R, 4

2 T ey ik 2 UL 1 T 0T e PAY 0 PR 378 v T A RO ASE o 2 i, SRR G I i 2R i ZUAY R v ﬁ?j‘ﬁf%f(
J 5 WY 0 A AR AR S Y M R S ML AT TR, RS S — B R T IR OB R AN R e
TE'FExJUL,X]‘ﬁﬁlﬁy:ﬁ'ﬁ?&ﬂ??éﬁilf\]%%ﬁﬁ{ﬁﬁ,,u%%%‘ﬂﬁ%aéﬁilﬁffﬁmﬂﬁ%%ﬁs GaAs AL 7 %7 57 54 1)

Z Witz LA . W58 9 ARLMEE B = IT G A )™ A LB KOG U F Ay 0 2L S

PRSI A AN IR S

K@ GaAs LI, AREMERI, BOGT WO, SEik = ik

PACS: 81.05.Ea, 72.40.+w, 85.30.Fg, 72.20.Ht

1 5

1 A PIT I IR D3 R GE % B,
HAALHGE T kb D) 202 v i Hh ek, FE AR
JE BRI KRR G B OCHE. LG8 ik ik
D RTF AT TRTF S, BN R4S (thyratrons) Al
KAEBRTF K (spark gap), B AITE7E = P12 Sk v i
6 RPN R G whili T IA L IR RS
T AR H T I S T G A AR B K i B
Bl TF A G | A BRI A2 B S5 [ A s, i FR
il T e AT R -

JtHL 5 F & (photoconductor semiconductor
switches, PCSSs) & A1 bk mifot 8% 5ot
SRR ES BB ) — 2 AL SO HL AR
LGOI, PCSSs AT IF G B (48D
) il AR ER (R ) | A B AN

il

DOI: 10.7498/aps.72.20230711

SERR TR PR R B AR AL, IR T v R SR R4
i, iU M R R T L R Bk ep = A 5 Y
(KT 0 40 A0 ok vb R B 5 7 B0 & AR A ) B
THz FR5TEGUEA Tz 1 I -1,
Wil & TR PCSSs 1l FH A1 BLA SiCL 4
NIf | InP. Si. GaAs %, 1T Si fl GaAs #1#HT
il £ T2 ARG, A PCSSs i =44 K
5 Si MBS, GaAs B FiTBRE . 5
SR BT AR R, FRillE GaAs PCSSs
R IAVE R T B B 735 A58 5 fif I
O T P T 0 ik 2 R IR D IR AT, A GaAs
BB A B e D 23 e i A A PCSSs I
VAR 1719 GaAs PCSSs HA M Fl A 6] i T4E
P etk AR AR M TR, S K
B HGICT A — BER, FFC TAEFAMRt,
AF I St H F bk e T S8 4 h ek & G Bk e I
KWW — T, 27— DR 700, O

* ERARPIERES @S 61427814, 61076087, 41975040) Hirf E -1 5 RlARE 4 GHEES: 20100481349) ¥ RIS,

t BIEYE#E. E-mail: tianligiang@xaut.edu.cn
©2023 HEHEFS Chinese Physical Society

http://wulixb.iphy.ac.cn

178101-1


mailto:tianliqiang@xaut.edu.cn
mailto:tianliqiang@xaut.edu.cn

) 32 % 3R Acta Phys. Sin. Vol. 72, No. 17 (2023)

178101

LS TP LR R A 2 ) Sl HLERAR 25 5 DG 1
IR B o 1 S R DU R, b
FE R O L e T3 — BB, PO TAE Tk
MR () A A2, 5 lock-on 2500 ), L8t
RURRIE 2 TF SR — Al P AR 2 -5
TP RAR Y & AE T 3T A ARl F ). A4k
P SIS BA B & | R AR B B, HAR S
F: 1) R AR fil &G RE AN F 3 R
2) fish &' Ik i R S E K e 22 B A A ] JE SR
3) JFR T, TFOCH AT AR R 2, 44
R FL T O AR PN A A% 47 38 B L 2 I P AR RS
B R 1—2 MR 4) TSR EUEfE—1
SE b Y AR N = S0P RN 3o S0k VX B
5) JF o5& 3l fr i b g bR PEA R /N 35 MK
W T ARG I A 55k 1 KT
PR, DTS | K R BT G AR R
MR BRI, ARG S AR LR
EEET R, HS@EeEHK A ps E8, Xk
BRI 1 I 6 4 i R B AR . TR L
T GaAs MEHRRIR B 45 1 5 B0 B T 2 24 8l
128470, HEIH AT, % GaAs PCSSs 1YARLE T
YEREGA RIE 58— i He 20-22,

A% 3R FH %K 1064 nm ., k55 5 ns 193806k
il & GaAs PCSSs, TEAR S AR L HEBOE I 2
Bilt 1, AR A H far 5 BRI (17 0 RO - IR A
R XTARL MG S il & R AR 5 R A
HOALPE | F S B BN L 2R TR P B R L
ST R AR TR BE AT BRI A AT I ST
RS BRI 0 171 o3 FL AL X Y B & L fr 6 (1)
s R T O B ARFSEN GaAs DR 7ETR
FLIZIEE T BRI T s ML 78 S L BRI A .

S8R A 19 PCSSs, H 45175 = N 1
Js, FERS R 482k (semi-insulating, ST) #iE
HHI (liquid encapsulated Czochralski, LEC) 54
GaAs, BAUEE R 1.5x107 cm 3, FARHEE A HLFH 2R
p = 5x107 Q-cm, HFTEHEHu > 5500 cm?/(V-s),
TSR R 0.6 mm ., %4 0.8 mm, 4 1.0 cm.
TFRHMCH Au/Ge/Ni G4 HIM, i@ oL T IRZE K
T2, ZB KAL PR IT 50 R R A 1 . FLAR
KRR 8 mm x 3 mm, HLARMEIBN 3 mm. FFEHY

B RPR M ZZEEEWN B (WA 1), 5 1)2
I U SigNy FIEIRIR, 2 2 R BUE B A Bl
TEEBEIE. JF I R T BT h i TR IERERY AL O,
P AR A O Bl 2 B st e L, S R el
I IRTF A /it i

e Eogke
O ommsmz ) ‘7 O s )

HATH RSN

________
| — A SN, K |
SI GaAs

BRI FIZ (ALOs)

'\\
e — /,,\\-—--L\\ _____\_JI._______I
27 ) = | (/Au/Ge/Ni\\, (oG A
ROITHLZIZ i el Sk E

B1 o JeH S IT SRR SR B

Fig. 1. Diagram of the structure of the lateral switch.
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Fig. 2. Test circuit of the switch.
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Fig. 3. Superposed linear waveform of fifty times output
from the switch under the bias of 500 V and trigger optical

pulse energy of 1 mJ.
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Fig. 4. Superposed nonlinear waveform of fifty times out-
put from the switch under the bias of 2750 V and trigger
optical pulse energy of 1 mJ, AU is the uncertainty limit of

output voltage caused by bias voltage fluctuation.
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Fig. 5. Schematic of the space charge domains with a trian-
gular shape electric field distribution, F, is the peak elec-
tric field within the domain, E, denotes the external elec-
tric field of the domain, and v, indicates the saturation drift
velocity of the carriers, z; and 1z, represent the posterior
and anterior position coordinates of the charge domain, re-

spectively.
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Fig. 6. Avalanche charge domain model, region A is steady
state avalanche charge domain, region B is seed charge do-

main, region C is unionized area.
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Fig. 7. Snapshots of the carriers concentration profile in the

bulk of switch at 360 ps after the optical trigger and under
a trigger optical power of 105 W.
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Fig. 8. Snapshots of the electric field profiles in the bulk of
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Abstract

Photoconductive semiconductor switch is of significance in the fields of ultafast electronics, high-repetition
rate and high-power pulse power system, and THz radiation. The mechanism of the nonlinear mode of the
switch is an important area of study. In this work, stable nonlinear wave forms are obtained by a semi-
insulating GaAs photoconductive semiconductor switch triggered by a 5-ns laser pulse with pulsed energy of 1 mJ
at a wavelength of 1064 nm under a bias of 2750 V. Based on two-photon absorption model, the photogenerated
carrier concentration is calculated. The theory analysis and calculation result show that the photogenerated
carrier can compensate for the lack of intrinsic carrier, and lead to the nucleation of photo-activated charge
domain. According to transferred-electron effect principium, the electric field inside and outside the domain are
calculated, indicating that the electric field within the domain can reach the electric field which is much larger
than intrinsic breakdown electric field of GaAs material, and results in strong impact avalanche ionization in
the bulk of the GaAs switch. According to the avalanche space charge domain, the typical experimental
phenomena of nonlinear mode for GaAs switch are analyzed and calculated, the analysis and calculations are in
excellent agreement with the experimental results. Based on drift-diffusion model and negative differential
conductivity effect, the transient electric field in the bulk of the switch is simulated numerically under the
optical triggering condition. The simulation results show that there are moving multiple charge domains with a
peak electric filed as high as the intrinsic breakdown electric field of GaAs within the switch. This work
provides the experimental evidence and theoretical support for studying the generation mechanism of the
nonlinear photoconductive semiconductor switch and the improvement of the photo-activated charge domain

theory.
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photoactivated avalanche charge domain
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