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Abstract　A p rocess is first developed fo r the fab ricat ion of h igh2vo ltage u ltra2fast GaA s pho2
toconductive sw itches w ith all2so lid in su lat ion techn ique. M ult ilayer transparen t dielectric as

passivat ion and insu lat ion p ro tect ion m ateria ls w ere depo sited and coated on the su rface of the

GaA s sw itch. T he ideal dark I 2V characterist ics of fab ricated device are observed, the ho ld2off

field strength reaches 35kV öcm. A laser of 200 p s pu lse w idth w as used in tests to exam ine

the rela t ions betw een electric field, rise t im e, delay and m in im um op tical trigger energy fo r

sw itches w h ich reached 30 kV öcm in a 50 W transm ission line w ith rise t im e as sho rt as 200

p s. T he lock2on effect observed in these devices are described.
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1　In troduction

Pho toconduct ive sem iconducto r sw itches are comm on ly u sed as jit ter2free, low induc2
tance sw itches fo r pu lsed pow er app lica t ion s. A read ily ava ilab le pho toconduct ive sw itch

m ateria l is sem i2in su la t ing GaA s. T h is m ateria l has a la rge electron m ob ility w h ich a t

room tem pera tu re is abou t as la rge as tha t fo r cryogen ic silicon. Its dark resist ivity is in

the range of 1078 ·cm , w h ich com pares favo rab ly to tha t of Si (1048 ·cm ). GaA s pho to2
conduct ive sw itches exh ib it sub2nano second pu lses w ith h igh peak pow er and is of in terest

fo r u lt raw ide bandw id th app lica t ion s fo r radar and electron ic coun term easu res[ 1, 2 ]. F ru itfu l

research act ivit ies show that pho toconduct ive sw itches of som e III2V sem iconducto rs can

opera te in a non linear m ode (o r L ock2on effect, h igh2gain m ode). T he advan tages of th is

m ode opera t ion are h igh efficiency, enhanced vo ltage capab ility, and fast riset im e. In con2
t rast to the linear m ode w here on ly one electron2ho le pa ir is crea ted by one pho ton, h igh2
gain m ode gets am p lif ica t ion of carriers du ring ligh t t riggering and grea t ly reduces op t ica l



t rigger energy by a facto r of up to 500～ 1000[ 3 ]. T he pow er2sw itch ing capab ility of a pho2
toconducto r is g iven by the p roduct of the cu rren t carrying capacity and its m ax im um

standoff vo ltage. T he dark cu rren t2vo ltage behavio r of the sw itches is determ ined by a

num ber of m ateria l, geom etry, in su la t ion, and fab rica t ion param eters[ 4, 5 ]. A pp lica t ion s of

pho toconduct ive sw itches fo r h igh pow er pu lsed sw itch ing becom e p ract ica l, w ith opera t2
ing characterist ics of h igh off2sta te b lock ing vo ltage, h igh on2sta te peak cu rren t, and very

fast ( subnano second ) open ingöclo sing. In th is paper, h igh2vo ltage u lt ra2fast S I2GaA s

pho toconduct ive sw itches fab rica ted w ith A uöGeöN i m eta lliza t ion ohm ic con tacts and p ro2
tected w ith a ll2so lid in su la t ion techn ique are repo rted. T he dark b reakdow n field lim its of

the sw itches and the sw itch ing characterist ics includ ing rise t im e, delay and its rela t ion2
sh ip to electric f ield st reng th, op t ica l t rigger energ ies have been discu ssed experim en ta lly.

2　Sw itch Fabr ica tion And Exper im en t

D u ring the off2sta te, w hen the sw itch is no t act iva ted w ith ligh t, the effect ive resis2
tance is ex trem ely h igh and there is no tran sfer of energy in the tran sm ission line. T he off2

F ig. 1　Geom etry and insu lat ion

structu re of the sw itch

sta te resistance of the sem icoducto r

sw itches m ay range as h igh as severa l

m egohm s fo r GaA s. O nce pu lsed laser is

in troduced, carriers are p roduced and the

sem iconducto r converts from an in su la to r

to a conducto r. F igu re 1 show s the geom 2
etry and the deta ils on design of the in su2
la t ion structu re of the sw itches u sed fo r

th is study. T hey con sist of a rectangu lar

sem i2in su la t ing GaA s slab of 016mm th ick. T h is ra ther sim p le geom etry w as cho sen be2
cau se it can be m oun ted w ith the least inductance in to a para llel p la te t ran sm ission line

structu re tha t w e u sed fo r test ing. T he A uöGeöN i ohm ic con tacts (b lack area in F ig. 1)

w ith a rounded co rner w ere p laced on one face of the slab w ith d ifferen t gap , from 0. 5mm

～ 1. 5cm. In su la t ion p ro tect ion of the sw itch, d ifferen t from h igh resist ivity w ater o r h igh

p ressu re SF 6, has adop ted m u lt ilayer t ran sparen t d ielectric m ateria ls coa ted on the su rface

of the GaA s w afer. T he first layer w as th ick Si3N 4 f ilm and the second layer w as a new

type of so lid2sta te su rface p ro tect ion m ateria l nam ed O rganopo lysiloxane Gel. Its in su la ted

streng th reaches 280kV öcm [ 6 ].

In o rder to en su re im pedance m atch ing, the sam p le w as m oun ted on a 508 m icro strip

line. T he dark cu rren t2vo ltage characterist ic of the GaA s sw itches has been tested in dc

condit ion s. O n ly one sam p le of a GaA s sw itch w as ab le to be tested fo r dark b reakdow n.

T he en t ire test assem b ly is enclo sed fo r op t ica l and electrica l iso la t ion. M easu rem en ts are

quasi2sta t ic, w here the vo ltages w ere on ly app lied un t il a steady cu rren t va lue is deter2
m ined. T he characterist ics of cu rren t versu s vo ltage are show n in F ig. 2.

834 　　　　　　　　　　　　　　　半　导　体　学　报　 19 卷



F ig. 2　D ark cu rren t2vo ltage

characterist ic of the sw itch

Sho rt pu lse laser t riggering of the fab rica ted
GaA s sw itches w as done by u sing a 200 p s w ide
ligh t pu lse from a frequency doub led, m ode2locked
N d: YA G laser a t 0153Λm w ith an inciden t energy
of app rox im ately ΛJ～ m J . T he vo ltage sw itched
w as 014～ 510kV , w h ich co rresponds to a field of
113～ 1616kV öcm. T he experim en t w as carried ou t
in a 508 test circu it.
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In strum en ta t ion included m ode2locked pu lse
laser system , T ek tron ix 7934 sto rage o scillo scope,
ligh t energy ra t iom eter ( KSD P 22102CA S21 ) ,
T S100 at tenuato r (DC～ 4GH z, 40dB ) , D ELA Y U 2
N IT (HAM AM A T SU C1097). Fo r a GaA s sw itch
of 3mm gap , w hen triggering by laser pu lse energy
of 43ΛJ , and electric f ield of 314kV öcm , appears
linear m ode, w h ile app lied filed streng th reaches 8kV öcm , laser pu lse energy 42ΛJ , h igh
gain m ode (o r non linear m ode) ob ta ined. F igu re 3 show s the typ ica l cu rren t w avefo rm s of

(a) Curren t w avefo rm of a linear sw itch

(3. 4kV öcm , 43ΛJ. Yödiv 1V , Xödiv 2ns)

(b) Curren t w avefo rm of crit ical state of a sw itch

(4kV öcm , 63ΛJ. Yödiv 500mV , Xödiv 2ns)

(c) Curren t w avefo rm of a nonlinear sw itch (8kV öcm , 42ΛJ. Yödiv 1V , Xödiv 5ns)

F ig. 3　T yp ical cu rren t w avefo rm s of linear, crit ical sta te and non linear sw itch



linear, crit ica l sta te and non linear sw itch. T he rise t im e of the cu rren t pu lse depends on

triggering condit ion such as the electric f ield and the rise t im e of the laser pu lse. In ou r se2
ries tests, the fastest rise t im e of the fab rica ted GaA s sw itch is abou t 200p s.

3　Results and D iscuss ion

H igh gain pho toconduct ive sw itches have a tem po ra l evo lu t ion tha t is very d ifferen t

from that of linear sw itches. A t low fields (below 315kV öcm ) , carriers are genera ted as

the triggering ligh t pu lse w as ab so rbed, the sw itch rise t im e is rela ted to the laser pu lse.

A bove 412kV öcm , d ifferen t behavio r is ob served. In stead of fo llow ing the ligh t pu lse

shape, the sw itch tu rned on and stayed on (L ock2on) un t il m o st of the energy in the cir2
cu it is d ischarged. W h ile the sw itch is on, the vo ltage acro ss its con tacts does no t go to ze2
ro. In stead, it d rop s to a con stan t va lue, the L ock2on vo ltage, w h ich is independen t of the

in it ia l charg ing vo ltage. Fu rther test ing a t reduced op t ica l t rigger energ ies show s tha t th is

h igh field sw itch ing m ode can be in it ia ted w ith less than 011% of the op t ica l energy re2
qu ired fo r com parab le linear sw itch ing. Som e type of ga in m echan ism is being ob served,

becau se there are m any m o re carriers genera ted than cou ld be crea ted d irect ly by the inci2
den t pho ton s. Fu rtherm o re, the sw itch con t inues to conduct fo r m any recom b ina t ion t im es

fo ld ing after the op t ica l t rigger pu lse has ended.

It is ind ica ted by experim en ts tha t h igh gain sw itch ing on ly occu rs w hen a sufficien t

b ias vo ltage and op t ica l t rigger energy are sim u ltaneou sly p resen t. T he rela t ion sh ip s be2
tw een the m in im um trigger op t ica l energy as a funct ion of electrica l f ield st reng th acro ss

the GaA s sw itch, these tw o th resho lds are inversely rela ted. T he rise t im e of the electrica l

pu lse ob ta ined from h igh gain sw itch ing is independen t of the rise t im e of the laser pu lse.

A lthough laser energy is a facto r in determ in ing the rise t im e, the strongest variab le is the

electric f ield. T he tu rn2on delay to h igh field, non linear sw itch ing, like the riset im e and

m in im um trigger energy, is inversely rela ted to the average field acro ss the sw itch a t the

t im e of act iva t ion. Far above the electric f ield th resho ld to trigger, the delay is less than

012n s. N ear the th resho ld to triggering, th is delay is grea ter than 1 n s. T he delay t im e is

m easu red w ith respect to the on set of linear pho toconduct ivity in the sw itch. T he varia t ion

w ith app lied vo ltage is show n to rough ly fo llow an exponen t ia l in the inverse of the app lied

vo ltage.

T he in trin sica lly electrica l b reakdow n field fo r GaA s is 200kV öcm. Bu t in p ract ica l

device, the a t ta inab le ho ld2off f ield is lim ited by som e fa ilu re facto rs such as su rface

flashover, con tact styles and therm al runaw ay etc. M any term ina t ion techn iques includ ing

field shap ing, d ielectric coa t ing, and su rface p repara t ion s have and are being developed to

con t inue to increase the b reakdow n streng th of these devices. T hese tests are carried ou t

in h igh resist ivity w ater and h igh p ressu re SF 6 as w ell as w ith d ifferen t coa t ing and su rface
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t rea tm en ts. A n im po rtan t issue in the design and developm en t of h igh2vo ltage and h igh2
pow er GaA s sw itch is its su rface in su la t ion p ro tect ion. U sing a p lanar con tact geom etry
flash2over occu rred a t electric f ields above 12kV öcm. W h ile the sw itches imm ersed in SF 6

a t 25p si, the fields of up to 21kV öcm have been ob ta ined. T he best resu lts of 143kV öcm ,
under pu lse b ias condit ion s, w ere ob ta ined w ith GaA s sw itches in h igh resist ivity w ater
w ithou t m eta llized con tacts. In SF 6, f ield of 2616kV öcm w as su sta ined fo r 302second t im e
in terva l. W h ile in dc tests a C r2doped GaA s sw itch w ith stood 1618kV öcm fo r abou t 30
m inu tes. T here are tw o w ays to im p rove su rface flashover of h igh2vo ltage la tera l GaA s
sw itches: ohm ic p lanar con tacts w ith op t im al geom etry and new type m ateria ls of su rface
in su la t ion p ro tect ion. W e are u sing bo th m ethods to im p rove the dark ho ld2off f ield a t ta in2
ab le w ith the GaA s sw itches. O hm ic con tact to so lid sta te sw itches crit ica lly determ ines
the quality of the sw itch. It is the ohm ic con tacts tha t perm it electrica l access to the sw itch
and idea lly they shou ld no t affect its opera t ion. In so lid2sta te t ran sparen t in su la t ion p ro2
tect ion m ateria ls, O rganopo lysisoxane Gel has show n the grea test im p rovem en t overa ll.
F rom the test resu lts show n in F ig. 2 the la rgest ho ld2off st reng th fields of over 35kV öcm
has a t ta ined w ith the coated device. T he in su la t ion p ro tect ion of GaA s pho toconduct ive
sw itches are an im po rtan t issue fo r h igh2vo ltage app lica t ion s. D ark ho ld2off vo ltage is a lso
a crit ica l param eter to ach ieving h igh gain. Fo r ou r slab geom etry the crit ica l facto rs are
ohm ic con tacts w ith op t im al rounded co rner and so lid2sta te d ielectric coa t ings to p reven t
su rface flashover. T he largest ho ld2off st reng th of 35kV öcm of fab rica ted device w as ob2
ta ined. By u se of a ll2so lid in su la t ion techn ique to fab rica t ion of h igh2vo ltage GaA s sw itch
m ade the device structu re m o re sim p le and m o re p ract icab le.
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