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flbstract
This paper presents a novel model for

the optical switching of the PHXFET. ThQ
model is based on basic principles and
predicts the optical ~switching
performance as function of the optical
signal parameters, the bias level and
the device physics and geometry. The
results and conclusicm% from “W? theory
are verified by meawvwnwits. Tlm new
model can serve as a d~’sign tool for
designing an optimal llESFET for optical
switching purposes.

Introduction
The GaAs FIESFET, the basic building

block of M1’lICs., can be u%ed as a
photodetector embedded an the monolithic
chip itself, and thus serve a~ an
optical input port. A comprehensive
model for the response under constant
ill~(mination has been presented recently
by the authors ([111). In the pres~nt
paper theoretical and experimental
investigations of the MESFET under
pulsed liqht conditions are presented.

Several authors have investigated “the
optical switching properties of the
PIESFET and demonstrated its feasibility
([21-[61). Ttle mod~lling presented here

predicts ttle response of the VIESFET to
pulsed illumination. Thw model is based
cm basic principles nam$?lyr the device
physics. It predicts “the performance as
function of the optica~ w:cit ation
<intensity, waveler]gthY puls~
properties:)p electrical bias and device
physical parameters and geom~try. (lur
theoretical as well as experimental

results indicate that %Imndard——
commercially available microwave flE5FETs
are not fast o~tical switches, and their,

response time runs in the microsecond
range.

~LIY iM7al)%~S (3”F “kk? l’![~SF~T [~l~:j h~~

shown that the optically induced drain
c~lrrent is made up of thl”&(2 main
Compol-lents: l:)phlotocond~(c”tive current in
the active channel. 2:)excess current clue
to the int~rnal ptl(3tcivoltaic effect.
~:)e;.:ces~ current duw “to the external
photovoltaic effect. The photoconductive
current is very snukll (submicroampl due
to the small 5ize of I;hw ch{mn~l,, The
internul photovoltaic ~ f .f’,ec.t j, s

appreciable (mi,~liamp range:). The
external photuvoltaic effect is the
largest ttens of mill.iamps)Y and is the
cmIy effect ‘tllii t allows complete
switching of the device. In view of the
above, tl-l(+! analysis

ir\Cjl,L(d@% %;:
the optical

switching intwnal and
external photcwoltaic effects.

The internal photovoltaic effect
“1’hti internal [JFlutc)vo:lkik~.(: effect is

associated with tlw barrier which exists
at the epi/substrate interface du(? to
the large doping step. The e:.:act nature
of this effect and its properties for
constant illumination are e:.:plained in
[11. When the illumination is pul%ed~
thwe are rise and fall times associated
with this proces!i due to “the e::istence

of tho barrier capacitance.
Kletailed an~ilysis of the pulsed-

illuminatticl t?pi/Hd3!5t)”a’tw interface
yields a nonlinear differential equation
for thw phcrtovolta~~e across tlw barrier:

dVP~/dt~~()(l-VPi:)-~VPj, (i-VPj,:)1i2-

“1/2[~}~p((& PL‘(l~(l-Vpi) u ,:) -12 (1:)

whtire ‘pi ‘s the normalized

plwtovoltmge. The tlww characteristic
frequencies associated with this effect:
~ rel,ated to ttw optical %ignal of the

light pul,w? WS r~iat(ad to ‘the substrate
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V=Vggn((l-K1eXp[-WRx(Vggn)li2tl)/(l+Klexpt-

‘Rx(vggn)
l/2t])}2

wtiere K1=(i-K:)/[i+K:). From

seen that the fall *ire@ is

of I/c qxcuggn. .)l/2~y

independent ori ttle optical

Simulation
The results of tlw numerical solution

to Eqs. 1 and 5 are depicted in Fig. 1.

The optical power density is 5xi03 w/m2

[Fig. l(a:):) and l;.f105 w/,m2 tFig. itb:}:).

The optical pulse width is 1
mlcroseccmd. The response due to the
internal pl-lotovoltaic effect alone is
depicted by a dad-led line as w~ll as in
an enlarged version in the insert, The
response associated with We total
photovoltaic effect i% shown by solid
line. The response corresponding to tl-lc
internal effect alone i% limited in size
to a few milliamps. The total responseP
however, is seen to b~ much larger (tens
of milliamps:). For the total response
the rise and fall times are in the
subrnicrosec rang~ for reasonable optical
power levels. For ttle internal
photovaltaic effect alone - ttle rise
time is around 0.1 microsec and the fall
time is abol~t 2 mlCrOSeC for large
optical power density. A large increase
in rise time occurs for lower optical
power levels, as ‘shown in Fig. l{b:);
tlowever~ tl-le fall time is thus same for
the two power levels.

Experirmmtal results
The conclusion% from tlw theoretical

modelling above are verified by
experimental rwmlts. Ttie mea%urr%men”ts
were performed on a FUJITSU FSX31X
MESFET. The MESFET was illuminated by a
pulsed Gail% diode laser operating at 850
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Fig.1 Ilrain current optical pulse respmse of the MESFET {solid line - total? dashed.

line and insert - internal:), optical p~wei- density = (a:) 5xi05 w/m2 (’b:) i;.f~os w\m2
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Fig. 2 Rise and fall times for the IWJITN.I MESFET opcwated under PUISGX1 illumination
<a:) withj~l~t gate resistol~ {b:) with a 470k gate resistor.
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