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Abdract : The experiment resultsdf ultranide band e ectromagnetic radiation with DC biased GaAs photoconductive semi conductor
snitch combining double ridge horn antenna triggered by high repeat frequency femte seoond laser pulse are reported. The GaAs
snitches are insuated by solid multi-layer trangparent dieectrics and the digance of two eectrodes is 3mm. The dectrode materid
o the swnitch isohmic contact through dloy technics with definite proportion of Aw Ge/ Ni. This saitch and double ridge horn an
tenna are integrated and the receive antenna is connected with the tes ingrument. From receiving antenna ,ultrafag dectricd puse
o 200ps rise time and 500ps pulse width isobtained ,the repetition rate of the puse is about 82MHz and the frequency gpectrumis
inthe range o 4. 7MHz 14GHz. The radiation characterigtic of the utrdag eectricd puse is andyzed.
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1 Introduction

The photoconductive semiconductor saitches( PCSS)
asanew kind of ultrafag microwave generator have dravn
nore and nore attention in recent years. The switches of-
fer unique properties such as GHz repetition rate , jitter
free, grdl paragtic inductance and cgpacitance ,optica
insulated triggering wide dynamic range being suitable for
various trangmisson lines ,etc. Besdes, PCSS can operate
a high wltage and high current, which is the nog
promisng in the high power ultrashort e ectromagnetic
pul s generation ,ultravide band dectromagnetic radiation
generation, and e ectromagnetic wegpons. The microwave
urce with PCSS is wideband. The rise time of eectro-
magnetic pulse is in submonaseoond or picosecond leve
and the relative wide of band exceeds 25 % ,whose fre-
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quency band is ranged from tens of MHz to severd GHz
and even to tens of GHz!* °!. In this paper ,the experi-
ment results of ultrawideband dectromagnetic radiation
by PCSS and double ridge horn antenna are reported. In
the experiment ,we tesed the radiated waveform and fre-
quency ectrum and got the eectromagnetic radiation
with the rise time of 200ps ,the pulse width of 500ps ,the
pulse repetition frequency of 82MHz ,and the pulse fre-
quency band wide of nore than 14GHz. At the same time,
we andysed the mechaniam and characterigic of the radi-
ation with PCSS.

2 Experiment

The ssmiconductor meteria used for photooconductive

spitch was a semi-insulating GaAs with a thickness of
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0. 6mm. The resigtivity in total darknesswas >5x 10Q -
cm ,and the nobility was > 5500cn?/ (V- s) . The sanple
gze was 9. Omm x 6. Onm ,and the digance between two
electrodes was 3mm. Two pardld dloy dectrodes of Au/
Ge/ Ni were deposted on the semi-insulating GaAswder ,
following which a 900nm d3N4 layer and a new type of
olidgate meterid  caled
orgaropolysiloxane gel was coated!®!. The GeAs snitch

insulation  protection
chip is mounted on the suited planar tranamisson line that
is connected to the outsde by two coaxia connectors. The
characterigic inpedance of coaxia trangmisson line is
502 ,and the bandwidth is 100ps.

A Ti-sgpphire laser sygem produces 100 fspulse
duration ,82MHz repetition rate ,and 0. 83 0. 90W aver-
age power a 800nm wavelength. The optica pulse trainis
lightly focused to a 1. 5Smmrdiameter ot and is incident
uon the center of 3mnrggp GAs photooconductive
snitch. The switch and double ridge horn antenna are in
tegrated and the receive antenna is connected with the os
cillograph and frequency analyticd ingrument through
ooaxid trangmisson line as shown in Fg. 1. The o<tillo-
graph is Leoory-8500A wavemader series with the band
widthof 0 6GHz. The gpectrum andyzer is HP 852921 ,
and its scan frequency is 9kHz and the band width is be-
tween 9kHz 22GHz. The antenna used is double ridges
horn antenna with bandwidth in the range of 1IMHz
18GHz.

FHg.1 Bperimentd stup of radiaion of GeAs PCSS
1:PCSS;2:laser; 3: energy radiometer ; 4 : ostilloscope/ pec
trum andyzer ;5 :antenna.

A good tenpora characterigic was observed when
the switch was under the biased DC woltage of 800V and
triggered with the fs laser pulses. A clear corregponding
output eectric pulse gring was cagptured ,as sown in Hg.
2.Being limited by the coaxia trangmisson line ,the width
o dectric puseisin subrmonasecond level . From the sanr
pling Snge pulse produced by PCSS biased a 5000V \we
can e that the rise time is less than 200ps and the width
of the pulse is about 500ps.

Hg. 2 Hectric puse gring triggered by femto second laser
puse

The PCSSwas triggered at different bias woltage be
tween O 10000V . The output eectrical pulse from snitch
was radiated and received by wideband antenna in the
sope of lab. At termind the dgna was inputted into os
cillogrgph or gpectrum anayzer. The e ectromegnetic wave
gring with repetition rate of 82MHz outputted from anten-
nawith PCSS biased at 5000V has been oollected by os
cillograph as sown in Hg. 3.

Amplitude/a.u.

10ns/div

Fg.3
82MHz outputted from antenna with PCSS biased a 5000V
From the gectrum anayzer fitted at the termina ,the

Ed ectromagnetic wave gring with repetition rate of
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frequency gectrum of electromagnetic radiation was ob-
tained shown in Fg. 4. The frequency ectrum begins

Fg.4 Hcture obtained by gpectrum anayzer
putted by receiving antenna.

3 Discussion

When the biased GaAs PCSS was triggered by fs
laser pulses ,the rise time and width of dectric pulse de
pend on rise time and width of the triggering laser pulse,
and thefdl time of eectric puse ismanly dfected by the
lifetime of the carriers recombination of semiconductor.
S the waveform of dectric pulse is determined by three
factors:the wavdform of laser pulse ,the lifetime of carri-
ers ,and the charge disspation codficient!” 1.

For the semi-insulation GaAs meteria ,the conduc-
tance can be expressed as

G(t) = @N(t)(1- R/L? (1)
The output wltage on load Z, can be deroted as
Vou = VinZo [V G(t) + Zo] (2)

where g isthe éectric quantity U is the nobility ,N(t)
is the number of carriers, R isthe reflectivity of the light ,
L isthe length of electrode gap ,Vin is the bias woltage.
Fom Egs. (1) and (2) ,it is noted if the fabrication of
the switches is certain,the change of output \oltage is
mainly limited by production rate of photogenerated carri-
ers.

After the laser pulse was terminated ,the recombina
tion of eectron-hole maekes the dendty of carriers de-

from 4. 7MHz and ends beyond 14GHz.

It shows the frequency ectrum of e ectromagnetic pul se out

clined. If the lifetime of carriersisT , ,the number of carri-
ers reduced can be described as: N(t) = Noexp ( - t/
T,) ,9 the photoconduction G(t) ep (- t/T,). Fom
Eg. (2) ,the conclusion can be drawn that the fal time of
PCSS outputting dectric pulse is determined by the life-
time of the photogenerated carriers.

The rise time and fal time have a very inportant in
fluence on the digributing of frequency. Supposng the
trigger pulse is® pulse,negecting the irfluence of dark
conductance ,and conddering the dfect of carriers reconr
bi netion ,conductance can be deroted as:

0, t<0O
Gy = goexp(- t/T,), t=0 3
where go is the peak conductance, Cy is the gap cepaci-
tance of switches. The outputting voltage of PCSSi's deter-
mined by!™
Vou = 1VrZzOOGCgo{1 + Zoéocgj'f _dtg(t) x
expl[- Y (t- t’)]} (4)

whereY = (1+ Zo &)/ ZyGp. Putting Eq. (3) into Eg.
(4) we get the expresson of outpuitting voltage

ep(- Ut - exp(- t/T)
Ut - VT,

Vin do
Cq
whereT . is the rise time of eectric pulse. The Fourier

Vou = (5)



14

26

trandorm method (FTE) was applied to Eq. (5) ,and then
we get the function of the frequency digribution of the
output electrical pulse as
Vint Zo
JZ_T X
T L

[(1-TT )2+, +1%"?
From Eq. (6) ,if both Zy and go are unchanged ,the fre-
quency didribution of the output eectrical pulse is only
influenced by the rise time of eectric pulse (T ¢) and the

| V(@) | =

(6)

lifetime of carriers (T,). f T, is gable and T . is nore
gmdller ,the dectric pulse will include nmore conponents of
high frequency ,in other words,the frequency bandwidth
will be wider.

4 Conclusion

In summary ,the experiments of ultranide band eec
tromegnetic radiation with a lateral semi-insulating GaAs
photoconductive semiconductor switch combining double
ridge horn antenna triggered by high repeat fregquency
femto- second laser pulse were reported. The saitches were
insulated by solid multi-layer trangparent dielectrics. The
eectric pulse gring with 200ps rise time, 500ps pulse
width,and 82MHz repeat frequency from the 3mmgep
GaAs switches were observed. Being limited by the coaxes
trangmisson line ,the width of eectric pulse is in sub-
monaseoond leve . Integrating the PCSS to the double
ridges horn antenna with coaxial cable ,the ultrawi de-band
€l ectromagnetic wave can be radiated by PCSS microwave
ource. In our teg the frequency ectrum of eectromag
netic wave begnsfrom 4. 7MHz and ends beyond 14GHz.
The mechanism and characteridic of the radiaion with
PCSS were anadyzed. When the rise time of the dectric
pulse was nore srdler ,the dectric pulse would include
nore conponents of high frequency ,in other words, the

frequency bandwidth would become wider.
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