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Fabr ication and Character ization of H igh-Voltage
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Shiwei( )% Liang Zhenxian ( )2, Xu Chuanxiang ( )?

(1Applied PhysicsDepartment, Xi’ an U niversity of Technology, Xi'an 710048)
(2 Institute of Electrical Insulation, Xi' an Jiaotong U niversity, Xi'an 710049)

Abstract A processisfirst developed for the fabrication of high-voltage ultra-fast GaA spho-
toconductive svitchesw ith all-0lid insulation technique M ultilayer trangarent dielectric as
passivation and insulation protection materialsw ere deposited and coated on the surface of the
GaA savitch Theideal dark 1-v characteristicsof fabricated device are observed, the hold-off
field strength reaches 35kV /am. A laser of 200 ps pulsew idth was used in tests to exam ine
the relations betw een electric field, rise time, delay and minmum optical trigger energy for
av itchesw hich reached 30 kV /am in a 50W transnission linew ith rise tine as short as 200
ps The lock-on effect observed in these devices are described
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1 Introduction

Photooconductive sam iconductor aw itches are commonly used as jitter-free, low induc-
tance awv itches for pulsed pow er gpplications A readily available photoconductive sw itch
material is sami-insulating GaA s This material has a large electron mobility w hich at
room temperature is about as large as that for cryogenic silicon Its dark resistivity is in
the range of 10'Q- an, w hich comparesfavorably to that of Si (10'Q- an). GaA sphoto-
conductive s itches exhibit sub-nanosecond pulsesw ith high peak pow er and isof interest
for ultraw ide bandw idth applications for radar and electronic countemeasures ™. Fruitful
research activities show that photoconductive v itches of some 111"V samiconductors can
operate in a nonlinear mode (or L ock-on effect, high-gain mode). T he advantagesof this
mode operation are high efficiency, enhanced voltage capability, and fast risstme In con-
trast to the linear modew here only one electron-hole pair is created by one photon, high-
gain mode gets anplification of carriers during light triggering and greatly reduces optical
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trigger energy by a factor of up to 500 1000". The pow er-sv itching capability of apho-
toconductor is given by the product of the current carrying capacity and its maximum
standoff voltage The dark current-voltage behavior of the switches is detemined by a
num ber of material, geometry, insulation, and fabrication paraneters*®. Applicationsof
photoconductive sw itches for high pow er pulsed sw itching become practical, w ith operat-
ing characteristics of high off-state blocking voltage, high on-state peak current, and very
fast (subnanosecond) opening/closing In this paper, high-voltage ultra-fast SI-GaA s
photoconductive sw itches fabricated w ith A u/Ge/N i metallization ohm ic contacts and pro-
tected w ith all-0lid insulation technique are reported The dark breakdow n field Iimits of
the swvitches and the switching characteristics including rise time, delay and its relation-
ship to electric field strength, optical trigger energies have been discussed experimentally.

2 Switch Fabrication And Exper ment

During the off-state, when the switch is not activated w ith light, the effective resis-
tance is extramely high and there isno transfer of energy in the transnission line Theoff-

top state resistance of the sanicoductor
view . . v itches may range as high as several
megohm s for GaA s Once pulsed laser is

introduced, carriers are produced and the

Sfde l organopolysiloxane gel _ L— S5Nesam iconductor converts from an insulator
view
L _SIGaAs____ ] to a conductor. Figure 1 show s the geom-
| planar transmission lines | ) . .
etry and the details on design of the insu-
Fig 1 Geometry and insulation lation structure of the awitches used for
structure of the sv itch this study. They consist of a rectangular

sami-insulating GaA s slab of 0. 6mm thick This rather smple geometry was chosen be-
cause it can be mounted w ith the least inductance into a parallel plate transnission line
structure that we used for testing The A u/GeMN i ohmic contacts(black area in Fig 1)
w ith a rounded corner w ere placed on one face of the slabw ith different gap, from Q 5mm

1 5an. Insulation protection of the svitch, different from high resistivity w ater or high
pressure SFs, has adopted multilayer trangarent dielectricm aterials coated on the surface
of the GaA swafer. The first layer was thick SidN 4 film and the second layer was a nev
type of 0lid-state surface protection material named O rganopolysiloxane Gel Itsinsulated
strength reaches 280kV /am ™.

In order to ensure mpedancematching, the samplew asmounted on a 50Q m icrostrip
line The dark current-voltage characteristic of the GaA s swvitches has been tested in dc
conditions Only one sample of a GaA s s itch was able to be tested for dark breakdow n
The entire test assambly is enclosed for optical and electrical isolation M easurements are
quasi-static, w here the voltagesw ere only gpplied until a steady current value is deter-
mined T he characteristicsof current versus voltage are shown in Fig 2



ShiW ei( )et al : Fabrication and Characterization of 439

6 High-V oltageU Itra-Fast GaA s Photoconductive Sw itch
180
) 160
140
120
PR
E 80 -
Tos0f
40
Instrimentation included mode-locked gufse 200" o
laser systgm, Tektronix 7934 storage oscillosgpple, 0 0 5 10 15 20 25 30
light engrgy ratiometer (KDP 2210-CA , V/kV
TS100 atfenuator (DC  4GHz 400B), DELAY U -
N IT (HANNJAMA TSJU C1097). For a GaA s s\ i Fig 2 Dark current-voltage
of bp, w hen triggering by laser pulse enerpy characteristic of the sv itch
and electric field of 3.4kV /am, apgears
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Current waveform of a linear switch (b) Currentwaveform of critical state of a swvitch
(3 4kv /am, 43wJ. Y /div IV, X/div 2ns) (4kv /am, 63uJ. Y /div 500mV, X/div 2ns)

(c) Currentwavefom of a nonlinear switch (8kV /an, 42uJ. Y /div v, X/div 5ns)
Fig 3 Typical currentwaveform sof lihear | critical state and nonlinear sw itch
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linear, critical state and nonlinear svitch The rise time of the current pulse dependson
triggering condition such as the electric field and the rise time of the laser pulse Inour se-
ries tests, the fastest rise time of the fabricated GaA s swv itch is about 200ps

3 Resultsand D iscussion

High gain photoconductive svitches have a tamporal evolution that is very different
from that of linear svitches At low fields (below 3.5kV /an), carriers are generated as
the triggering light pulsew as absorbed, the switch rise tine is related to the laser pulse
Above 4.2kV /am, different behavior is observed Instead of follow ing the light pulse
shape, the svitch turned on and stayed on (L ock-on) until most of the energy in the cir-
cuit isdischarged W hile the av itch ison, thevoltage across its contacts doesnot go to ze-
ro. Instead, it dropsto aconstant value, theL ock-on voltage, w hich is independent of the
initial charging voltage Further testing at reduced optical trigger energies show s that this
high field svitching mode can be initiated w ith less than 0.1% of the optical energy re-
quired for comparable linear av itching Some type of gain mechanisn is being observed,
because there aremany more carriers generated than could be created directly by the inci-
dent photons Furthemore, the avitch continues to conduct formany recombination times
folding after the optical trigger pulse has ended

It is indicated by experiments that high gain svitching only occursw hen a sufficient
bias voltage and optical trigger energy are smultaneously present The relationships be-
tween theminimum trigger optical energy as a function of electrical field strength across
the GaA s switch, these two thresholdsare inversely related The rise timeof the electrical
pulse obtained from high gain sv itching is independent of the rise tine of the laser pulse
A lthough laser energy isafactor in detem ining the rise time, the strongest variable is the
electric field The turn-on delay to high field, nonlinear svitching, like the risetime and
minimum trigger energy, is inversely related to the average field across the swvitch at the
time of activation Far above the electric field threshold to trigger, the delay is less than
0.2ns N ear the threshold to triggering, thisdelay is greater than 1 ns The delay time is
measuredw ith regpect to theonset of linear photoconductivity in the svitch The variation
w ith applied voltage is show n to roughly follow an exponential in the inverse of the applied
voltage

The intrinsically electrical breakdown field for GaA s is 200kV /an. But in practical
device, the attainable hold-off field is Iimited by some failure factors such as surface
flashover, contact stylesand themal runav ay etc M any tem ination techniques including
field shaping, dielectric coating, and surface preparations have and are being developed to
continue to increase the breakdow n strength of these devices T hese tests are carried out
in high resistivity w ater and high pressure SFs asw ell asw ith different coating and surface
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treatments A n important issue in the design and development of high-voltage and high-
power GaA s w itch is its surface insulation protection U sing a planar contact geometry
flash-over occurred at electric fields above 12kV /an. W hile the sw itches mmersed in SFs
at 25psi, the fieldsof up to 21kV /am have been obtained T he best resultsof 143kV /am,
under pulse bias conditions, were obtained w ith GaA s sw itches in high resistivity w ater
w ithout metallized contacts In SFe, field of 26. 6kV /an w as sustained for 30-second time
interval W hile in dc tests a Cr-doped GaA s switch w ithstood 16.8kV /an for about 30
minutes There are two ways to improve surface flashover of high-voltage lateral GaA s
sv itches ohmic planar contactsw ith optimal geometry and nev type materials of surface
insulation protection W e are using both methods to mprove the dark hold-off field attain-
ablew ith the GaA s svitches Ohmic contact to 0lid state sv itches critically determines
the quality of the svitch It istheohmic contacts that pem it electrical access to the sw itch
and ideally they should not affect itsoperation In solid-state trangparent insulation pro-
tection materials, O rganopolysisoxane Gel has shown the greatest mprovanent overall

From the test results shown in Fig 2 the largest hold-off strength fields of over 35kV /am
has attained w ith the coated device The insulation protection of GaA s photoconductive
sv itches are an mportant issue for high-voltage gpplications D ark hold-off voltage isalso
a critical parameter to achieving high gain For our slab geometry the critical factors are
ohmic contactsw ith optimal rounded corner and solid-state dielectric coatings to prevent
surface flashover The largest hold-off strength of 35kV /am of fabricated devicew as ob-
tained By useof all-lid insulation technique to fabrication of high-voltage GaA s aw itch
made the device structuremore smple and more practicable
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