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Optoelectronic Microwave Switching via
Laser-Induced Plasma Tapers in GaAs

Microstrip Sections

WALTER PLATTE

A bstract— This paper presents a new type of high-speed optoelectronic The dynamics of carrier generation and recombination as well as the

G& microstrip switch controlled by a ptrfse-operated laser diode via overafl performance of the switch are quantitatively smafyzed and opti-

substrate-edge excitation. Tfre exponential decay of photoconductivity mized. This device is capable of switching with subnanosecond precision as

across a Iongitudirraf section of the microstrip forms a laser-induced well as with optical pnlse energies in the order of 1 p J. Theoretical and

electron-hole plasma wedge that works as a Iossy tapered transmission line. experimental results were found to he in good agreement.

I. INTRODUCTION
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Ilhrstrations of optoelectronic microstrip switches with top-side
;xcitation. (a) Single-gap structure, first used by Auston [11. (b)
Combined gap-shunt structure, first used by Platte [5].

precision, their simplicity of operation, and their inherently

high isolation of electrical and optical signals. These de-

ticescan besuccessfully used for various applications such

as the generation of ultrafast kilovolt pulses [1]-[3], high-

speed microwave switching and controlling [4]–[7], high-

frequency waveform generation [8], and picosecond high

isolation sampling [9], [10].

Without considering the different substrate materials

such as Si, GaAs, or InP, optoelectronic switches can be

classified by the method of excitation. The first group

includes devices with a single-gap structure (Fig. l(a)), in

which both the turn-on and the turn-off processes are

achieved at the same location in the substrate [1], [2], [4],

[7]-[9], [11], [12]. In this case, two optical pulses of greatly

differing wavelengths are required to produce regions of

highly conductive surface plasma and bulk plasma, respec-

tively. If fast-recombination materials are used, e.g.,

Cr: GaAs [3], the device can turn off automatically due to

the short lifetime of the excess carriers.

The second group includes optoelectronic switches with

a combined gap-shunt rnicrostrip structure (Fig. l(b)) [5],

[6], [10], [13], or with a coplanar gap structure [14], in

which the turn-on and turn-off processes occur at different

locations in the substrate. By this means, the controlling

optical pulses may have the same wavelength, which offers

the advantage of employing optical sources over a wide

range of spectrum.

So far all types of optoelectronic switches have been
controlled by focusing the laser pulses on a narrow gap or

slot in the upper conductor of the rnicrostrip as shown in

Fig. 1 (top-side excitation). During the on-state of the

switch the electrical signal is transmitted through a thin

highly conductive plasma layer across the gap. During the

off-state of the switch the transmission line is short-circuited

by a second plasma region, preventing further transmission

by totally reflecting the incident signal. Since the dimen-

sions of the excited regions are usually much smaller than

the signal wavelength, the overall performance of the switch

can be calculated by lumped-element analysis [4], [6], [10],
[12], [13]. In most cases of interest, the exponential decay

of photoconductivity within the excited semiconductor re-

gion is of secondary importance.

In contrast to the above mentioned top-side excitation,

this paper presents an alternative method of laser-controlled

Cr GOASsubstrate Slrlp
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Fig. 2. Illustration of the GaAs switch with substrate-edge excitation.

switching via substrate-edge excitation where the exponen-

tial decay of photoconductivity is the fundamental prere-

quisite for operation.

An open-ended GaAs microstrip section as shown in

Fig. 2 is excited by laser pulses which are incident per-

pendicular to the microstrip cross section. If short-duration

pulses are used and carrier diffusion may be neglected, a

true exponential decay of carrier concentration as well as

photoconductivity is produced along the z-axis of the mi-

crostrip. This specific distribution of the optically gener-

ated solid-state plasma between strip and ground plane

may be considered as a laser-induced plasma wedge that

works like a lossy tapered transmission line. During the

on-sta,te of the switch, i.e., if no optical excitation occurs,

the electrical signal passes through the microstrip section

without noticeable attenuation. It is then totally reflected

at the open end of the microstrip and reenters the circu-

lator after having passed through the microstrip section for

the second time (return trip). During the off-state of the

switch, i.e., if the laser-induced plasma taper is optimally

activated, the incident microwave signal is totally absorbed

within the excited substrate region, hence causing zero level

at port 2 of the circulator. Owing to fast recombination in

GaAs, the device returns automatically to its on-state.

Unlike top-side excited switches, this device operates with

inverted on- and off-states (i.e., optical pulse on turns

switch off). This operation can be reversed if necessary by

external circuitry such as bridge circuits, etc.

II. ANALYSIS OF OPTOELECTRONIC PERFORMANCE

A. Laser-Pulse-Induced Photoconductivity

For the following quantitative analysis the GaAs sub-

strate is assumed to have the typical properties of high-

resistivity single-crystal material without any trapping

effects, so that the applied laser pulses will cause a quasi-

intrinsic electron-hole plasma with a nearly neutral excess

carrier distribution, i.e., An= Ap. Neglecting carrier diffu-

sion, surface recombination and surface charge effects, and
supposing a nearly monochromatic radiation, the laser-

pulse-induced photoconductivity Ao within the excited mi-

crostrip section (see Fig. 2) can be calculated from [ 13], [15]

Aa(z)=Au.exp(a,z), Z<o (la)
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Fig. 3. Radiation absorption coefficient a, [ 16], [17] and relative spectral

response S [17] of bulk GaAs material as a function of optical wave-
length A.

with

Au. = (q/27rhc)(fl. +PP)(X,(A)S(A)(l –RO)-@OylW/A

(lb)

where Au, is the surface photoconductivity at z = O, q is the

electronic charge, h is the Planck’s constant divided by 27,

c is the velocity of light in free space, p. and pP are the

bulk nobilities of electrons and holes, a,(A) is the radia-

tion absorption coefficient [16], [17], and S’(A) is the rela-

tive spectral response of bulk Cr-doped GaAs [17]

exhibiting a peak response at AO (see Fig. 3). R ~ is the

surf ace reflectivity and q. is the quantum yield of internal

photoelectric effect, where the subscript O characterizes the

values at A ~. Bulk recombination effects are included in the

factor y,< 1 derived later in Section II-B. The variation or

modulation of photoconductivity is generally indicated by

the term W/A, i.e., the incident optical energy per unit

area assuming a homogeneous power distribution across

the illuminated substrate edge. Substituting in (lb) (p.+

pP)=4800 cm2/V. s, RO =0.32, q.= 1, and AO =0.874 pm

yields

Au. =Ka,(A )S(A )ylW/A (lC)

where K= 2.3X 10– 3 cm2/f2. pJ. When considering the

problem of focusing the laser beam (Section IV) and the

actual inhomogeneous distribution of irradiance across the

laser spot, it is useful to introduce a correction factor Y2 <1

according to the following expression:

W/A = yzWP/wh (2)

where w is the stripwidth, h is the substrate thickness, and

WP is the actual laser pulse energy which can be de-

termined from a direct energy measurement with a

calibrated detector or may be found approximately by

using the well-known relation WP= Ppt ~, i.e., the product

of the radiant peak power PP of the controlling pulses and

the pulsewidth t ~. If the transversal power distribution of

the controlling laser beam is given, e.g., as nearly Gaussian,

it is well known that Yz can easily be calculated. When

using laser diodes or arrays, however, the calculation or

measurement of yz is much more complicated and can only

be carried out approximately (Section IV).

B. Influence of Excess Carrier Recombination

The switching operations of the device are internally

controlled by carrier generation as well as by carrier re-

combination. These two physical mechanisms always work

against each other. Their dynamics are found to dominate

the performance of the switch [ 18] but cannot be separately

analyzed, in general.

However, when employing optical pulses of pulsewidth

t ~ < T, where ~ is the excess carrier lifetime of the substrate,

carrier recombination may be neglected (yl = 1) during the

excitation phase (Os t S 2 t ~ ), thus the rise of photoconduc-

tivity can be calculated as

Arr,(t ) = (Ka,Sy&/Wh )@) dt (3)

where f(t) is the pulse shape as a function of time. When

using laser diodes or arrays, the pulses may be assumed to

have a pure cosine shape (see Fig. 9(a)) according to

f(t)= o.5[1-cos(Tt/tw)], O<t<ztw (4)

which can be considered as an excellent approximation [6].

Substituting (4) in (3) yields

Au,(t) = (Ka,SY2WP/2~Wh )

~[(7rt/tw)-sin(7rt/tw)], o~l~2tw (5)

where WP =PPtW and y, = 1.

It can be seen from (5) that there is a time delay t,

between the peak value of photoconductivity and the peak

value of the controlhg optical pulse resulting in td = t ~ if

tw <T. During the recombination phase (t> 2tW), the pho-

toconductivity decreases exponentially with exp [(2tW –

t)/T)].
In the more general case, i.e., when applying optical

pulses of pulsewidth tw > T, the recombination is fast

enough to diminish the optically generated electrons and

holes almost instantaneously. This clearly will have a strong

influence on the rise and peak value of photoconductivit y,

Assuming the excess carrier lifetime to be independent of

excitation level, the buildup of the plasma taper can easily

be calculated by studying the dynamics of the electrical

equivalent circuit. This circuit consists of a capacitor (C)

shunted by a resistor (R). C is charged by the load-

independent current pulse I(t) = 1Pf(t ) causing the voltage

U(t) across C. Consequently, the following pairs of analo.

gous parameters may be set up: C+ 1, R+ ~, IP + Pp, and

U(t) + W(t ). By this means, the photoconductivity can be

expressed as

Au~(t ) =M{ 1–COS (mt/tw) – (m/tw) sin (mt/tw)

+(m/tW)2[l -exp(-t/r)]}, 0<t<2tW (6a)

and

Au,(t) =M( m/tw )’exp ( – t/r )

. [exp(2tW/~)- 1], 2tW~tSeo (6b)
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Fig. 4. Plot of normalized delay time td/tw and relative loss of excess
carriers y, as a function of normalized excesscarrier lifetime T/cW.

where

M= Karsy2wp7/2M%lw[l + (7rT/tw )2] .

Now, td as well as y, is a function of ~, which can easily be

analyzed from (6a). The corresponding results are plotted

in Fig. 4 and are clearly independent of ~ and WP.

Finally, in the case of fast recombination where r/t ~ K 1,

(6) reduces to the simplified expression

exhibiting a pulsed photoconductivity that is proportional

to the optical pulse and follows it quasi-synchronously.

The total loss of excess carriers is indicated by yl = ~/tw

corresponding to a net pulse energy y, Wp = Ppr.

III. ANALYSIS OF MICROWAVE PERFORMANCE

A. Wave Propagation on Lossy Tapered Microstrip

When approximating the truly exponential decay of

photoconductivity by a stepped multisection distribution

of stepwidth Az and conductivity ratio m= Ao,+, /AuV both

being constant (Fig. 5, m> 1), then the relative power

reflection from a single step is given by

where

8=[(DD+1)(DP+, +1)] ’’2+[(Dp –l)(Dv+l–l)] ’/2

DV=(l+O; )”2 Dv+, =(l+rn’o; )l’2

Zv=Z1(l–jtiV)-1’2

@,= AaV/eOe,u .

Z. is the characteristic impedance of the excited microstrip

section v with the substrate conductivity y Au, being con-

stant, 2[ is the characteristic impedance of a lossless micro-

strip line [19], 8P is the ‘ excitation loss tangent ‘ due to the
induced photoconductivit y. c~ is the free space permittivity,

c, is the relative permittivity of the substrate, and a is the

angular frequency of the incident electrical signal. Since

conductor losses, dielectric losses and dark-conductivity

losses have been found to be of secondary importance for
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and its approximation. (c) Power distribution in a single section.

the relevant dynamics of the switch, these dark-substrate

losses may be neglected in the following analysis.

In the case of an inhomogeneously excited microstrip

transmission line as shown in Fig. 5, i.e., a lossy tapered

transmission line, the major portion of losses is caused by

the dominance of shunt conductance per unit length (G’),

at least within tbe high-excitation region near z= O, result-

ing in R’/wL’< 1 and G’/uC’ >1, where R’, G’, L’, and C’

are the commonly used line parameters per unit length.

Hence, the propagation constant y maybe expressed by

2 1/2
y=a+jfl= [– (1 ‘j~)popfo~r.u 1

with
(9)

PI= [@2Po/4’%?] 1’2
where a is the attenuation constant and f? is the phase

constant, ~, is the phase constant of a lossless microstrip

line, p. and p, are the free space and relative permeabili-

ties, respectively, c,. is the effective dielectric constant of

the microstrip and 8= AU/CoC,ti = G’/tiC’ assuming a uni-

form substrate excitation within any cross-sectional plane

being parallel to the illuminated substrate edge.
If we neglect all multiple reflections between the individ-

ual differential sections, the power balance for a single

section v (Fig. 5(c)) is given by the following terms:

relative return power

p,= P,/l’i. =11’P12exp(-4aVAz) (lo)

relative transmitted power

p,= P,/Pi. =(1–lrE12)exp (–2a,Az) (11)

relative absorbed power

pa= Pa/P~n = 1 –p, –pl (12)

where Pfi is the reference input power and a, = a(AoV).

The total distribution of p,, pl, and pa per stepwidth Az

as a function of z along the plasma taper has been obtained
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via computer analysis by taking the relative output power

P, of section v as the relative input power of the following
section v+ 1, and so on, This method yields a triple set of

curves of discrete values for p,(z), pf(z), and p.(z). A

successive reduction of stepwidth finally results in curves

which agree excellently with the analytical results reported

later in Section III-B.

The most important result of this computer analysis is

the fact that p, of any individual section vanishes as Az

approaches zero, independently of Au. This effect can be

verified analytically from (8) by using the relationship

between m and Az in the case of an exponential decay of

photoconductivity, i.e., m= 1+ a,Az, which finally yields

11’Ul=a,Az[t’1j/4 (1+0~)], ifa,Az<l. (13)

From this, one obtains Irp \ + O if Az + O, which is found to

be valid everywhere along the taper. Accordingly, the inci-

dent microwave signal is attenuated continuously in a

smooth fashion without any reflections when propagating

along the exponential plasma taper.

B. Ooerall Transmission and Absorption of Signal Power

After having found the incident microwave signal propa-

gating along the plasma taper without any reflections, the

total attenuation A and the total phase shift B across a

finite taper length d=zz –zl can be calculated analytically

by summing up all the individual contributions obtained

from (9) according to

/()A= “a Z dz
21

(14)

and

B=jz2~(z)dz (15)
21

where —co<zlsz<zzs O.

Letting z, + – cc and Zz + z, the relative transmitted

power (of an incident wave propagating in the positive

z-direction) as a function of z is given by

with

pt(z)+=exp

= exp

-q:m+)dz]

—~<z<o

a(z)= {[l+02(z)] 1’2–1)1’2

1’
(16a)

where 0(z) =8, exp ( a,z ) and O, = Au, /c ~c,@, assuming that

the microwave signal is totally absorbed before reaching

the open end of the microstrip (see Fig. 6(b)).

If the signal is not totally absorbed (Fig. 6(a)), then it

will be reflected at z= O and will propagate back to the

input. In this case, letting z, - z and Z2 + O, the correspond-

ing power transmission in the negative z-direction can be

-B -6 -4 -2 0-8 -6 -6 -2 0
normalized distance CI, Z normalized distance K,Z

(a) (b)

Fig. 6. Plot of relative transmitted power P,+ and p,– as well as norma--
lzed absorbed power per unit length p~/p~ ,e~ against normalized
distance a,: in the case of: (a) y2WP=0. 1 #J; and (b) Y2WP= 1 pJ.

(a, =5.55 cm–i, S=02, Yl=l. h=O.08 cm, w=O.05 cm, ~=8 GHz,
e,= 12.9, E,, =8.4, p,=l, p~ ,,f=3.8. )

calculated from

[
Pt(z)-=P@)+ex P –zf”~(z)dz

z 1
[{

2@
= exp — ~~, 2a0–a(z)–@tar-’fi

r @

_, a(z)

–}1‘*tan P ‘ ‘m<z<o ‘16b)

where

aO=a(z=O)= {[l+~~]l’2–1)1’2.

If the switch is operated with microwave signals having

power levels in the range of 500 mW or more (which

clearly must all be dissipated within the excited semicon-

ductor region), the substrate should be mounted on a heat

sink preventing further signal absorption due to a therm-

ally increased substrate conductivity during the on-state of

the switch. For this case, it is useful to study the relative

absorbed power per unit length p;(z) as a function of z.

Referring to the stepped multisection distribution of Au

(Fig. 5(b)), the relative signal power pJzz) being absorbed

in the differential section n may be expressed by

Pa(z2)=pa(z2)/pin( zl)

=[1-exp(-2anAz)]

“exp(-2ZaAz)o ’17)

Allowing Az to become infinitesimally small, i.e., Az - dz,

(17) becomes

P~(zj)=2a(z2)dzexp (-2(2a,z,dz) ,18,

and hence, the relative absorbed power per unit length as a
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function of z can be obtained from

p~(z)+=~D1a(z)p, (z)+, —~<z<f) (19a)

pj(z)-=~l?la(z) pt(z)-, –@<z<() (lgb)

yielding in total

P:(Z) =P:(Z)++P:(Z)-. (19C)

Some typical shapes of P,(z)+, A(Z)-, and P:(z) along

with two different excitation levels are shown in Fig. 6. In

the case of low excitation (Fig. 6(a)), the incident signal is

continuously attenuated during its round trip through the

plasma taper without being totally absorbed (p,- (– m)>

O). An effective power dissipation is obtained within the

normalized distance a,z = 6 which corresponds to an effec-

tive taper length 1=1. 1 cm. The maximum power dissipa-

tion occurs at z= O.

When using sufficiently high excitation levels (Fig. 6(b)),

the incident signal is totally absorbed ( p~+(0) = O) before

being reflected at z = O. The effective taper length is nearly

1.5 cm (a,z= 8). In this case, the region of maximum

power dissipation is located at a depth of 0.4 cm (a,z = 2.3)

below the illuminated substrate edge. Although the pho-

toconductivity has been increased, the peak of P:(z) is

lower than that of the low-excitation taper.

Moreover, it should be noted, that the signal wavelength

Am on the excited microstrip section is a function of z due

to the locally varying phase constant ~(z). In the high-

excitation region where ~>> 1, Am decreases exponentially as

z increases according to the following expression:

A~(Z)=(4TC,/C,epOp,~AU, )l/2

.exp(– O.5a,z), –00<2<0. (20)

In general, this relationship ensures excellently matched

plasma tapers having an effective taper length l>~~.

C. Inherent Propagation Delay

When studying in detail the propagation of an incident

optical pulse as well as the propagation of an incoming

microwave signal through a semiconductor substrate hav-

ing ultrafast carrier recombination (td <1 ps), it is seen

that the switch response to the optical pulse appears with

an inherent time delay t,. This delay becomes minimal if,

for example, picosecond laser pulses are used along with a

wavelength that ensures strong optical absorption in the

substrate. In this case, the incident laser pulse is totally

absorbed within a thin surface layer below the illuminated

substrate edge preventing further pulse propagation in the

negative z-direction. Nevertheless, a small portion of the

incoming microwave signal is absorbed by the thin plasma

layer so that a somewhat reduced microwave signal prop-

agates along the dark-substrate microstrip in the negative
z-direction. Assuming that signal detection and recording

are accomplished at z= – L where L is the actual length of

the microstrip (Fig. 2), the minimum propagation delay

can be obtained from ti tin= L(pOp~OEJ1/2 yielding ti
=245 ps if p,=l, t,,tin =8.4, and L=2.54 cm.

o~
,0-1 1 10 I

normohz!?d optical exc[falmn y,y2WP/ f (@/GHz )

1015

,2

Fig. 7. Plot of inherent propagation delay t, as a function of normalized
excitation yl y2WP/~. ( Z1 = 50 Q, h =0.08 cm, w= 0.05 cm, L= 2.54 cm,
E,, =8.4, W,= 1, a, =5.55 cm-’, ,s=0.2.)

On the other hand, when employing laser pulses of

pulsewidth tw > tp where tp is the time required by the laser

pulse to propagate from z = O to z = – L (e.g., tP = 305 ps in

GRAS if L = 2.54 cm) and assuming low optical absorption,

the buildup of the plasma taper to its full effective length

may be considered to be instantaneous. In this case, the

signal propagation on the excited microstrip section is

characterized by a locally varying phase velocity VP(Z)

which decreases as z increases. The delay between the peak

of the detected microwave signal and the peak of the

optical pulse then may be calculated from the following

expression:

where 1 is the effective taper length, e.g., 1= 1.1 cm as

estimated from Fig. 6(a).

However, since the physical determination of the actual

effective taper length is impractical and prone to large

experimental error, it is more useful to estimate the propa-

gation delay from its upper limit where 1= L, i.e., when the

plasma taper extends over the full substrate length. Using

the results obtained in Sections III-A and III-B, the propa-

gation delay then may be calculated as

L=:j” B(.)dz=(2PoP#06re)’’2J0b(z)ch
2=—L z=— L

(22)

where

b(z)= ([l+o’(z)]l’2+1)”2

and further, after integration

ti = (W)WI)%,)l’2
ar

where bl=b(z= –L) and b2=b(z=O). If i3~=0, one ob-

tains b,= bz = c, and hence ti = 2ti ~n. Fig. 7 shows a plot
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oft, as a function of ylyz WP/f calculated from (23).

In general, dropping the restrictive condition of ultrafast

carrier recombination, the total time delay between the

switched output signal and the controlling laser pulse is

clearly governed by both the propagation delay ( ti ) as well

as the delay caused by the optical generation of the plasma

conductivity ( td ). In most cases of interest, this total delay

has been found to be given approximately by the sum of t,

and td, especially in the case of t ~ ~ tp, t ~ >>t,, and, of

course, t ~ z 1/f, which is applicable to the experimental

conditions described in Section IV.

D. Optimum Switch Performance

Considering that the actual effective region of the plasma

taper extends typically 10 to 100 optical penetration depths

(which clearly depends on laser wavelength and excitation

level) and furthermore, assuming that this effective taper

length is smaller than the total length of the microstrip

used, the input reflection coefficient 17~of the microstrip is

approximately given by

[Jrm=roexp –2 0 a(z)dz–j2J0 p(z)dz 1(24)
—m —co

where rO is the reflection coefficient of the open-ended

microstrip section at z = O. Hence, using s-parameter analy-

sis and substituting rO =1, the power transmission coeffi-

cient ISzl 12= P1 \P1 of the complete switch (i.e., including

the circulator as shown in Fig. 2) can be obtained from the

following expression:

l~2112=lrm12

assuming that the circulator is ideal. Of course, the same

expression can be obtained from ( 16b) by letting z- — m.

Referring to the results obtained in Section II, it can be

seen from (25) that the overall performance of the switch

strongly depends on the laser wavelength A, the effective

optical pulse energy y1y2WP and the signal frequency f=

ti/2 n. To ensure optimum switch performance, the actual

values of these basic parameters must be optimally related

to each other. This often results in a troublesome experi-

mental procedure.

However, this procedure can be successfully simplified

by using the optimum performance diagram shown in Fig.

8 which has been obtained from an extensive computer

evaluation of (25). The plotted curves are based on a

characteristic impedance (dark substrate) of 21=50 !2 as

well as an on– off signal ration of 40 dB corresponding to

1,s2,1 =0.01.

It is seen that the optical pulse energy must be increased

as the signal frequency is decreased with a fixed laser

wavelength, as expected. In the lower wavelength region

(850-900 nm) the optical pulse energy decreases monotoni-

cally with increase of laser wavelength for a given signal

frequency. This may be explained by the fact that a long

smooth plasma taper at 900 nm (a, = 10 cm– 1) is more

=+ 10 I -4-
~

850 940
opt Icol wavelength A [ nm )

Fig. 8. Optimum performance diagram showing the effective opticaf
pulse energy y] y2W required to produce I$21I= 0.01 as a function of
optical wavelength \. The broken lines give the contours of-constant
excitation loss tangent. (Z, =50 L!, h= 0.08 cm, w= 0,05 cm, e,= 12.9,
E,e=8.4, pr=l, IJ211=0.01.)

(b)

Fig. 9. Plot of the calculated switch response to a cosine opticaf pulse.
(a) Controlling pure cosine pulse of radiant peak power Pp and pulse-
width tW. (b) Calculated power transmission coefficient IS2112 as a
function of normalized time t/t. with normalized excesscarrier lifetime

T/~W as parameter. (a,= 5.55 cm– 1, S=0.2, h=O.08 cm, w=O.05 cm,
Cr= 12.9, Ere= 8.4, p,= 1,~= 1 GHz, y2WP=0.2 pJ, t, ~td.)

effective than a short steep one at 850 nm (a, = 104 cm–l).

Further, having passed a minimum at about 900 nm, the

optical pulse energy increases with increasing laser wave-

length due to a nearly constant absorption coefficient

along with a strong decrease in photosensitivity. The

minimum optical pulse energy is obtained between 900 nm

and 910 nm, which obviously demonstrates the excellent

optoelectronic adaptation between the GaAs substrate and

the GaAs laser array used in the experiments.

Finally, the relative output power Is21(t)l 2 of the switch

as a function of time can be calculated from (25) by

substituting (6) in (25). Some typical envelopes (output

signal after square-law detection) for the switch response to

the controlling optical pulses are shown in Fig. 9 assuming
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Fig. 10. Schematic of the experimental setup.

that t,< tti. These curves clearly show the strong influence

of excess-”carrier recombination on the dynamic perfor-

mance of the switch.

IV. EXPERIMENTAL RESULTS

The results reported here are based on a 50-0 microstrip

transmission line (w= 0.05 cm, h= 0.08 cm, gold structures

of 6-pm film thickness) fabricated on a Cr-doped GaAs

substrate measuring 2.54 cm X 2,54 cm X 0.08 cm. The typi-

cal dark-substrate resistivity was 106 Q” cm and the typical

carrier lifetime was about 10 – 8 s. The device was con-

trolled by cosine-like pulses of 90-ns pulsewidth and 1OO-HZ

repetition rate which were generated from a GaAs laser

ar;ay (RCA C 30009, four-strip type) radiating at 906 nm.

The radiation emitted from the four array strips was focused

rather weakly on the substrate edge to obtain the substrate-

edge illumination as uniform as possible in the area where

the field of an incoming microwave signal is mostly con-

centrated. The corresponding laser spot size detected via an

image converter was found to be about 0.2 cm X 0.08 cm

yielding Yz w 0.25. Using the above-mentioned values of

carrier lifetime and pulsewidth, the relative loss of excess

carriers was found from Fig. 4 to be yl=O.111. Also the

time delay due to optical carrier generation was obtained

from Fig. 4 to be td = 10 ns, The maximum available

radiant peak power actually incident on the substrate edge

was measured with a calibrated detector resulting in PP =

54 W, and hence ylyzW, = 0.135 pJ.

Fig. 10 shows the experimental setup containing a signal

path- 1–2 used for the detection and recording of the

switched microwave signal and a reference path 3– 4 used

for. the detection and recording of the controlling laser

pulses. Much care was taken to balance the external delay

of each path, so that the specific time delay of the switch

could be directly read from the oscilloscope, A typical

pattern is shown in Fig. 11 where the upper trace monitors

the switched and detected 1-GHz signal and the middle

trace gives the zero-reference for the switched signal. The

time delay between the switch response and the optical

pulse monitored by the lower trace is about 12 ns which

agrees fairly well with the theory: using Y1Y2WP= 0.135 I.JJ

and ~= 1 GHz yields ti = 0.6 ns (Fig. 7), and hence ( ti + td )

= 10.6 ns. Furthermore, an increase in ~ and/or a decrease

in J$$Pcaused a small reduction of the total delay, which

confn-ms experimentally the results obtained in Section

III-C.

Fig. 11. Typicaf oscilloscope traces showing the switched and detected
1-GHz signal (upper trace), the zero-reference for the switched signal
(middle trace), and the controlling 54-W laser pulse (lower trace).

t

“..”. .0
.. 8.0 ~ . ~ . . .

L . ...
PP=54W

dots ot

0.5-
3GHZI.1

calculated curves, f = IOGHZ .

0=
O2L681O12I4I2 5 10 20 50 100

slgnai frequency f ( GHz) rodmnt penk power PP (W)

(a) (b)

Fig. 12. The variation of minimum power transmission coefficient
Iszl I’min as: (a) a function of signal frequency fi and (b) a function of
actually incident radiant peak power Pp. (a,= 5.55 cm–’, S= 0.2,
/r=O.08 cm, w=O.05 cm, p,= 1, Z1=50 Q, e,= 12.9, Ere=8.4, tW=90 ns,
~= 10 ns, ~1=O,111, ~2= 0.25.) Note that the measured data in (a)

exhibit a quasi-penodicity due to the interference between the switched
signrd and the signaf which leaks directly through the circnfator.

To operate the RF detector in its square-law region the

incident microwave power was kept sufficiently small. By

this means, a vertical scale reading linearly proportional to

Is,, 12 was obtained, e.g., l.s,l I~~ =0.26 from Fig. 11. The

variation of ISzl I~. as a function of the signal frequency ~

as well as of the actually incident radiant peak power PP is

recorded in Fig. 12.

V. CONCLUSIONS

A new type of high-speed optoelectronic rnicrostrip

switch on GaAs substrate using substrate-edge excitation
has been presented. The dynamics of the switch and its

overall performance have been studied theoretically as well

as experimentally. The experimental results have been

found to verify the theory fairly well considering that

several of the parameter values involved in the theory may

differ from the actual specimen values.
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In comparison with top-side excited switches, this device

can be operated at lower pulse intensities ranging from 0.5

to 5 p.1, which offers the advantage of employing small

diode lasers for highly effective optoelectronic switching.

Owing to the excellent optoelectronic adaptation between a

Cr-doped GRAS substrate and a GaAs laser diode radiating

near 900 nm, an integration of the switch and the control-

ling laser diode in a single substrate should be possible.

This would open a wide range of new applications.

Although nanosecond laser pulses were used in these

experiments (laser diodes producing shorter pulses were

not available at the time these experiments were performed),

the device is capable of switching with subnanosec-

ond precision. For example, when employing picosecond

pulses, the switch can successfully be used in the field of

high-isolation sampling technique if the inherent propaga-

tion delay is kept sufficiently small and picosecond-

recombination substrates are used. On the other hand,

when employing CW-operated light emitting diodes, the

device can work as a light-controlled matched or adjustable

resistive load, which should allow interesting possibilities

in the area of microstrip measurements. Corresponding

investigations are currently in progress,
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