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Abstract—Electrical characteristics of a photonically controlled TABLE |
n-channel Aly 3Gag .7 As/GaAs/Ing.13Gag g7 As double heterostruc- THE EPITAXIAL STRUCTURE OF THEDOUBLE HETEROSTRUCTURER-CHANNEL
ture pseudomorphic HEMT(PHEMT) is reported. Experimental Alo 3Gay 7As/GaAs/Iny.13Gay.s7As PSEUDOMORPHICHEMT

results show a high optical sensitivity in the drain saturation
current, the transconductancefr, and fu,.x at the optical power
density P,,, = 78 mW/cm?. We also proposed a new optoelec- GaAs n*-type 5x10'% (Si) 300
tronic equivalent circuit model, which has photonically generated

Material Doping [cm™] Thickness [A]

- Aly3Gag7As Undoped 500

gate capacitances(Cysopt and Cyaope) and transconductance 035807 P o
(gm,opt), for accurate description of dc and microwave per- Alp3GagrAs N-type 1x107(S1) 100
formance of PHEMT's under optical control, and verified the Aly;Gag,As Undoped 50
accuracy of the proposed model with measured and extracted GaA Undoped 50

scattering parameters from the equivalent photonic microwave ans ndope

model. Ing 13Gag g7As Undoped 100
Index Terms—Equivalent circuit, HEMT, modeling. GaAs Undoped 50
Aly3Gag,As Undoped 50
| INTRODUCTION Aly5Gag-As N-type 1x10'(Si) 100
GaAs Undoped 2000

HE photonic control of microwave semiconductor de-

vices has been a fast-growing research area since they Semi-Insulating (100) GaAs Substrate
have possible applications to the optoelectronic integrated
circuits for high-speed photonic microwave signal processing
in the optical communication systems [1]-[3]. A HEMT
controlled by an external optical source includes the possibility
of integrating field-effect transistors (FET's) and photonic The epitaxial structure of the pseudomorphic HEMT was
devices on a single chip as a monolithic microwave int@own by a GSMBE and layers are shown in the Table I.
grated circuit to perform multiple circuit functions for high-Double heterojunction quantum-well structures were employed
performance optical communication systems. There have béde®btain better carrier confinement and improved carrier trans-
enormous efforts to implement highly responsive photonRort in the pseudomorphic dnzGay s7As layer. We obtained
microwave systems on a single wafer with high-performange. = 5000 cn¥/V-s andn, = 1.2 x 10*2 cm? for the 2-
HEMT’s [3], [4]. It is also necessary to characterize anBEG’s, which are characterized by the Hall measurement at
model optically controlled microwave devices for efficienB00 K. Physical dimension of the PHEMT hég = 1 um,
simulation and accurate prediction of performances in photorfigs = Lga = 1 pm, and W = 200 pym with V-shaped
microwave integrated systems. double-gate PHEMT structure, expecting better controllability

In this letter, we report dc and microwave characteristi@&nd sensitivity for optoelectronic applications.

of the n-channel AJ;Ga, 7As/GaAs/In 13Ga s7As PHEMT The optoelectronic performances of the fabricated PHEMT
under optical illumination. We also proposed and verified \&€re characterized on wafer by combining the HP-4156A, the
new photonic microwave equivalent circuit model for bettdrlP-8510B, and the Spectra-Physics laser diode module with

Il. FABRICATION AND PHOTONIC CONTROL
OF THE PSEUDOMORPHICHEMT’s

description of the HEMT’s under optical control. A = 0.83 pm for optical modulation of the PHEMT under
study. As typical dc parameters of the PHEMT’s characterized
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is carried via multimode optical fiber from the laser diode TABLE I
P _ = — 155 THE BIAS-DEPENDENT CURRENT GAIN CUTOFF FREQUENCY ( f7)
module, we obtainedlpss 23.5 MA, Gm(max) 155 P s > g™
AXIMUM FREQUENCY OF OSCILLATION ( Jmax
mS/mm,rqs = 40 k2, andVp = —1.2 V. o

- ; ) . UNDER OPTICAL ILLUMINATION Popy = 78 mWi/cny
The effective pinchoff voltage change under optical illu

mination is expected to be caused by the photovoltaic effectVos | Vos Ip[mAl | fr[GHz] | foe[GHe]
which requires more negative gate voltage to turn-off the M | V] |Nondll 1L |Nonill. M. iNomin.
transistor due to photogenerated excess carriers [3]. The drain | 0.0 9.2 172 1 407 530 @ 0382 -

current atVgs = —0.7 V in the saturation region of operation 5 03 | 512 133 3.98 695 | 165 _
shows 2.9 mA compared Wity s,y = 0.2 mA under no j

optical illumination. A significant increase in the drain current ;
with the photonic input is mainly resulted from optically
generated carriers in the GaAs spacer and pseudomorphi@'4
Ing.13Gay s7As channel layer, which is expected to be the L 07 | 014 273
most responsive layer and contribute to the generation of

excess electron—hole pairs for channel carriers under optical

L 07 | 014 27
L oo | 140 218
b 03 | 773 1578

i 0.843 5.30 % 2.8 3.40
6.62 10.4 { 2.52 4.07
5.24 9.35 1 275 4.12
1.51 573 1 332 444

illumination of A = 0.83 pum. Cod opt

Even with a large increase in the drain saturation current ] F_”_l
under a photonic control, however, the maximum transcon- ¢ G I D ’\/\[7\),~o
ductancey,,(max) does not change so much with optical illu- ., . o .
mination. This is supposed to be mainly due to the increased 84 Drain
effective channel lengthL .q) with optical illumination Cosopt " ;:CXS @
(which is larger than the metallurgical gate length), and & P %"ds — Cus
the effective channel length under no illumination. This is also - RS | Bmopthapi(Tes)
verified by the dramatically increased output resistancg—

under illumination. In the two optically responsive regions of s

the PHEMT under optical illumination, one between the gate Rg
and the source and the other between the gate and the drain,

optical illumination induces a high density of photoconductive Source

excess carriers and makes them more conductive in the space o . o . i
1. A new photonic microwave equivalent circuit model with the optical

. . s 1J.
reg!ons, _0therW|Se’ the_y are cour_f_[ed as parasitic source %r_gqsion capacitance@ss opt . Cyd, opt ) @and the photonic transconductance
drain resistances. This is also verified by the reduced parasitig, opt) in the optically controlled PHEMT.

source and drain resistancéBs, Rp) caused by both the
enhanced photoconductivity and the reduced effective spacings
with optical illumination. performances of the characterized PHEMT are summarized in
the Table Il as a function dfgs andVps. Experimental results
in the Table Il show that the strongly depends ofps
lll. PHOTONIC CONTROL OF MICROWAVE and Vs both in the linear region and saturation region, even
CHARACTERISTICS IN THE PHEMT though f7 is almost constant over the saturation region for a
Microwave scattering parameters were measured on wa@#yen Vas. The maximum frequency of oscillatiofy,.x also
by the HP8510B vector network analyzer up to 40 GHz aftéfrongly depends on theps both in the linear and saturation
calibration process performed by the SOLT technique. Duriri§gions.
the photonic microwave characterization, the HP4156A wasContrary to the variation of thefz with Vgs, the fi.x
used for simultaneous biasing and measurement of curre#@esn’t change so much with the gate-to-source bigs,
voltage characteristics of the PHEMT under test. especially under the saturation mode operation. This can be
The common-source current gain cutoff frequengy) and explained by the photonic control effect on the channel carrier
the maximum frequency of oscillatiofy,,..) Were obtained concentration, parasitic resistances, and capacitances in the
from the current gain(|hs:|) and the unilateral power gainn-channel PHEMT under optical illumination. Because the
(JU]), respectively. Extrapolatingho; | and the|U| curves to fr is predominantly decided by the drain current via the
0 dB, maximum values of thg; and thef.,.. were found transconductancg,,, the total gate capacitaneg, = Cy, +
to be 6.62 GHz a/gs = 0 V and 3.32 GHzVgs = —0.7 Cga, and the intrinsic transit time of carriers limited by the
V, respectively, in the near pinched-off state of the PHEM@ate length, the dominant contribution to the improvement in
with Vps = 2.4 V. the fr comes from the improved transconductance with opti-
With an optical input poweP,,; = 78 mW/cn¥, maximum cally generated excess carriers in the pseudomorphic InGaAs
values of thefr and thef,... were improved and measuredchannel. Considering almost constgiptwith Vs observed in
to be 10.42 GHz aVgs = 0 V and 4.44 GHz aVos = —0.7 the saturation mode of operation, dominant parameters limiting
V for the sameVps = 2.4 V. The maximum value of the the fr of the PHEMT under optical illumination are supposed
fr was increased by 50% while the maximum of tfig,. to be the transconductance and the drain current for a given
was improved by 34% under the optical input. Bias-dependespierating point.



IEEE MICROWAVE AND GUIDED WAVE LETTERS, VOL. 8, NO. 1, JANUARY 1998 37

R=0 0.2 1 H INF 2.9 1.43 0 1.43 2.9

Fig. 2. Measured and simulated microwave characteristics of the PHEMT®E (45 MHz to 40 GHz) biased at;s = —0.3V and Vps = 1.0 V.
The simulated result obtained from the proposed equivalent circuit model with the optical diffusion capaditépges:, Czq,opt) and the photonic
transconductancé g.., opt ).

We also note that the most dominant limiting element in [VV. CONCLUSION
the finax under optical input is parasitic gate capacitance. |, this work, we investigated photonic microwave charac-
Considering these experimental observations, we proposeghastics of an n-channel ALGay 7As/GaAs/In, 13Gay s-AS
new optoelectronic equivalent circuit model for photonic MipyEMT. DC and microwave characteristics of the PHEMT

crowave characteristics of the PHEMT as shown in Fig. 1. We, \/_shaped double gate structure are characterized with
included new model parameters, called the optical diffusion G@ser diode moduler = 0.83 um. For the optoelectronic

pacitance(C,p:) and the photonic transconductar(@..opt).  microwave characterizatiot,,, = 78 mWi/cn? was applied

The Coy, parallel to the gate-to-source depletion capacitangg \he pPHEMT on wafer. With the optical illumination, the

(Cgs) which decreases with Vs but independent of th&,.,  pHEMT shows a significant change in the dc and microwave

increases with thé”,,; due to increased excess carriers u”d%rerformance parameters such as the maximum drain satura-

optical illumination, but independent of the electrical gate-tq;on, current (Ipss), the transconductancgy,,,), the current

source biasV_Gs. We also included photonic_tran_sconductan ain cutoff frequency(fr), and the maximum frequency

(9m, opt), Which solely depends on the optical input, parallgl¢ ,scijjation (fuax). Physical mechanisms contributing to

to the electrical transconducta, ), which is determined by the yariation of those performance parameters mainly came

the electrical biase¥gs and Vps. .. from the increased photoconductivity and the photovoltaic
We verified the accuracy of the new model containing t&tect of the channel and reduced parasitic resistances due to

optical diffusion capacitance and the photonic transcondygssica|ly generated excess carriers. In addition, we verified that

tance. Without optical input, we obtaineflp = 5.9 @, e optical diffusion capacitance®y, op; and Cyqop:) and

Rs =25 &, EG = 11'_7 Qf Cg% = 0.54 pF, Cya = 0.29 photonic transconductan¢e,., .+) should be included in the

pF in the equivalent circuit. With these model parametersynyentional equivalent circuit model for better description of

microwave scattering parameters were matched well Wiffe photonic microwave characteristics of the PHEMT under
measured microwave characteristics. Under optical input @fii-ai ilumination

Popy =78 mW/cn? for the PHEMT with a gate capacitance

Cys = 0.54 pF, we obtainedy,, opt = 25 mS/mm,Cy ope = REFERENCES

|4 — i —
0.15 pF, andCyq,ope = 0.07 pF. We also Obtame(rRD —  [1] W. R. Robertson, Optoelectronic Techniques for Microwave and
33 Q, Rs = 23 Q, Rg = 99 Q, Cgs = 0.54 pF, Millimeter-Wave Engineering Boston, MA: Artech House, 1995.
and ng = 0.29 pF as model parameters under opticaI[Z] R. N. Simon, “Microwave performance of an optically controlled

. . e . ; AlGaAs/GaAs high electron mobility transistor and GaAs MESFET,”
illumination. Parasitic resistances are reduced while the total (=27 =™ =0 ~oF Theory Tectvol. MTT-35, p. 1444, Dec.

gate capacitance is increased under optical input. Changes in 19s7.
the parasitic elements in the photonic microwave equivalerigl M. Q- IF]EOTT:ﬁfoyr']V'-t Ad- <t3 ':{'aftinez,h and P. R. r';!eLCZflemty “An af;)ffll!i’tifa'

H . . . moael 1or the photoaetection mechanisms in nigh-electron mobility tran-
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under optical input. Simulated microwave characteristics with  pec. 1996.
new photonic microwave model for the optically controlled] B B. Pal and S. N. Chattopadhyay, “GaAs OPFET characteristics
PHEMT Il with . tal tteri t considering the effect of gate depletion with modulation due to inci-

agree _We with experimental scattering parameters o radiation,”IEEE Trans. Electron Devicewol. 39, p. 1021, May
as shown in Fig. 2. 1992.



