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GaAs on Quartz Coplanar Waveguide Phase Shifter
M.S. Islam, A.J. Tsao, V.K. Reddy, and D.P. Neikirk

. illumination (frontside only)
Abstract - An optically controlled Schottky-contactetbplanar

waveguide(CPW) phase shifter on thin epitaxial GaAs film

bonded to a quartz substrate has been fabricated using the epitaxial
lift off (ELO) technique. This allows the originalsemi-

insulating GaAs substrate to beeplaced by anoptically

transparent, low dielectric constant quartz substrate. A significant =
reduction in insertion loss and increase inphase shift was
observed after lift off. The ELO device allows the uséaxkside
illumination for optical control, avoiding any metahadowing
effects,thus producinghigher sensitivity to the opticaignal.
From 5 to 40 GHz, the EL@evicegave aninsertion loss of
approximately -0.1 diper degree ofphaseshift. At a backside

illumination intensity of 0.65 mW/c# a one centimetelong
device produced over 350° of phase shift at 30 GHz.
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[. Introduction

Microwave signalscarried on aSchottky-contactedoplanar
waveguide(CPW) on GaAs substratesmn undergo large phase
shifts when the substrate is optically illuminateyen atvery
low illumination intensities [1]. Previouslevices allowed
illumination of theGaAsonly through the small gapsetween
the CPW electrodes. Itis now possiblerémove largeareas of
epitaxially grown GaAs from the original growth substrate using
the epitaxial liftoff (ELO) technique [2, 3]. The thin epitaxial
layer of GaAs carthen bebonded to anoptically transparent
substrate, such agquartz, using Van der Waals bonding [4]. ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
GaAs on quartz has also been proposed for use in micréik&ip
applications [5], and ELO GaAs on silicon Haeenusedfor the ilumination (backside)
fabrication of GaAs MSFETs [6]. For the CPW, use of &g 1: Cross-sectional diagram 6PW phase shifter (a) beforEpitaxial Lift
quartzsubstrate allows illumination of thdevice from its back o' (ELO) and (b) after ELO. The CPW central conductor isitOwide, with

! . : . S a 7um gap to the ground planes. The epitaxial layer is lightly-dapéghe
sidewhich avoidselectrodeshadowing, providindarger area for 7,105 cnr3) gaas.
light absorption.

rf ground
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combination. The CPVélectrodesonsist of 300 A ofchrome
and1.2 um of silver. Toremovethe epitaxiallayer and CPW
from the Sl substrate, Apiezon W waxadpplied overthe top of

Il. Device Description and Fabrication
The CPW phase shifter substrate consists ofepitaxial

layer of lightly-doped n-type (?xlO15 cm‘3) GaAs grown on a
semi-insulating (S1Y100)-oriented GaAs waferFor the lift off
sample, aradditional500 A thick AlAs release layer is grown
between the Sl substrate and then2 thick active epitaxialayer

the device. The sample is themlaced overnight in a 10%
hydrofluoric solution to selectivelyetch away the thin AlAs

release layer [2]. After the epitaxial layer Hmen lifted off it is
transferredonto aquartzsubstrateandthe combination isbaked

of GaAs (Figure 1). CPW electrodes are then fabricated on” thea?l 50" C overnight in a vacuum bag [3]. . F-O||OWIIE;JIIOV61|
GaAs/AlAs/SI GaAs substrate from the vacuum bag, the bake temperature is increased®& 90
to promote better adhesion to the quartz substrafeer cooling,
the wax isremovedwith trichloroethane. Across-section of the
) ) ) CPW phase shifter before and after ELO is shown in Figure 1.
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I1l. Results and Discussions
Maximum sensitivity to optical illumination isobtained
when a DCreversebias isapplied tothe CPWelectrodes which
just depletesthe epitaxial layer under the metal at zero
illumination intensity. At this DC biasery low levels of
illumination induce large changes ithe device capacitance [7].
For the doping concentration and layer thickness used
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Fig. 2: Insertion loss of the CPW before and after ELO at 20 \t@@rse bias Fig. 3: Optically induced phase shift at 20 V reverse bias before andEaf@r
applied to the ground plane conductorgilled dots @ : before ELO, no Open dotsO : before ELO, illumination from the front; open squal:ls: after
illumination; open dots O : before ELO, illumination from the front; filled ELO, illumination from the front; and open triangIeA . after ELO,
squares. . after ELO, noillumination; open squaresD . after ELO, illumination from the back. The optical illumination intensity was 0.65 mWicm

illumination from the front; and open triangIeA . after ELO, illumination
from the back. The optical illumination intensity was 0.65 mwicm

here, a DCreversebias of 20 Vapplied to the ground plane
conductorsproduced maximum sensitivity.  Thedevice was
illuminated with alaserdiode operating at 809m. Typical

maximum intensity at the sampurfacewas 0.65 mW/cr
The phasandinsertion losswere measuredith an HP 8510B
Automatic Network Analyzer and wafer probes.

DC current-voltage measurements taken before and after ELO
gave nearly identical results. Howevenderboth unilluminated
and illuminated conditions, the high frequency characterisftes
ELO showed a largalecrease irninsertion lossand increase in
optically-induced phasshift, compared tothat measured before
ELO (Figures 2 and 3). In general, tthevice performancbefore 1.0

lift off was much worse than for @@amparable hGaAs epitaxial . GH)
i ; ; i requency z
f“l};\esr Igr%\:vn Ejl'lfl;lesc'[llg o[’?mgrilsIS(jlfjtést[)aé?ﬁ:r{grr:ggtinthtﬂaijrvbeer;:ga Fig. 4: Loss per degree phase shift (loss figure) at 20 V reverse bias before and
at the gotfomsurfacg oftheyGaAs epitaxial Iayelbefore ELOg after ELO. Opendots O : before ELO,illumination from the front; open
. . . squaresD . after ELO, illumination from the front; and open triangIeA :
band bending atthe AlAs/GaAs interface accumulateshis ;qer £/0, iilumination from the back. The opticdllumination intensity was
surface, while Fermi level pinningdepletes it for either an (g5 mwien?.

epitaxial layer on SI GaAs or aquartz. AfterELO, comparing

front-side and backside illumination, backside illumination |ggg figure for front-side illumination before ELO, aafter ELO
produced aarger insertion lossand phaseshift for the same for poth front-sideand backsideillumination. Thelarger phase
illumination intensity. These effectse mainly attributed to the ghift from backside illumination (compared to front-side) is
lack of CPW electrodg sh_adowmg whigre deV|c_e isilluminated almostexactly compensated byhe largerloss, producing nearly
from the back, resulting in larger absorbedptical power. In jgentical loss figures for both front-side and backside
either illumination case, theperformance ofthe device was j|jumination. Forfrequenciesretween 5and 40GHz, theloss
dramatically improved aftdift off. For comparison, at 30 GHz figure of -0.1 dBper degree ofphaseshift is, to ourknowledge,
and comparable illumination intensity, a CPW on arepitaxial the bestperformance reported tdate for an optically controlled

layer directly on a S| GaAsubstrate gave a phashift of 45 Phase shifter. At 30 GHz, this is an improvement of about 50%
with an insertion loss of -15 dB when illuminated from ftant OVer the bestoss factor we havepreviously obtained from a

[8]; the ELO CPW omguartzilluminated from the frontgave a CPW on a pepitaxial layer / SI GaAs substrate [1].

phaseshift of about 250° with an insertion loss of -25 dB.

llluminated from the back, the phashift increased tB50° with IV. Conclusions

an associated insertion loss of -40 dB. _ A new optically controlled GaAs onquartz CPW phase
~ The most importantigure of merit forthis type ofphase shifter hasbeenfabricatedusing the epitaxial liftoff technique.
shifter is the loss per degree of phase shift. Figure 4 shows thie device exhibits a significant improvement in

Loss Figure (dB/degree)
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performance afterlift off, and also performs better than 4. E. Yablanovitch, D.M. Hwangrl.J. Gmitter, L.T.Florez,
structurally similar devices orf or [ epitaxial layergiirectly on a@ndJ.P. Harbison, "Vander Weals Bonfjlng of GaAg&pitaxial
allows front-side or backside illumination to be used. d@dce ©°6, 11 June 1990, pp. 2419-2421.

also exhibits extremely high optical sensitivity. At 30 GHz, a3 P- H. ?iegel, J. E. Oswald, R. J. Dengler, D. M. Sheen, and
cm long device illuminated from the back atiatensity of only S- M. Ali, "Measured and Computed Performance of a Microstrip

o . Filter Composed of Semi-InsulatingaAs on a Fuseduartz
0.65 mWi/cn? producedover 350° of phasshift. The use of bstrate,"'EEE Microwave Guided Wave Lett. 1, April

optimized doping and epitaxial layer thickness for the ELO CP 91, pp. 78-80
should lead to aneven greateimprovement in phase shifter6 DM. Shah. W.K. Chan. T.J Gmitter LT. Florez. H

performance. SchumacherB.P. Van Der Gaag, "DCand RF performance of
GaAs MESFET fabricated onsilicon substrate usingepitaxial
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