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High photoresponsivity of a  p-channel InGaP/GaAs/InGaAs double
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In this letter, we report the electrical and optical characteristigs-ctiannel Ig ;4G&, g7ASs double
heterojunction pseudomorphic modulation-doped field effect trangitODFET) structure grown

by gas source molecular beam epitaxy. The Hall mobility and the density of 2-DHGs
(two-dimensional hole gasgis the pseudomorphic jnGa, g/As channel were measured to be 250
cm?/V s and 1.5 10 cm 2 at 300 K, and 5800 cAV s and 1.5< 10*? cm™2 at 23 K, respectively.

The fabricatedp-channel MODFET shows a good mobility property which is due to high valence
band discontinuity of InGaP/GaAs/InGaAs double barriers. The peak energy in the
photoluminescence spectrum from trehannel pseudomorphic MODFET structure was found to
be 1.4 eV(\=881 nm. The photoresponsivity with this modified pseudomorphic MODFET
structure shows outstandingly better than that of a pin photodiode, particularly at low incident
optical power. ©1998 American Institute of Physid$$0003-695(98)03505-(

The optical responses of microwave devices have atfor the p-type dopant in the wide band-gap InGaP acceptor
tracted much interest because of their possible applicationiayers. The GaAs buffer layer was grown at the substrate
to the optoelectronic integrated circuits for detection of hightemperature of T,,;=580 °C.The Ig.GasP epilayer,
frequency optical signals in the optical communication syswhich is lattice matched to GaAs, was grown &,
tems. Recently, the optical response af-channel =490 °C. The growth rates of InGaP and GaAs layers were
modulation-doped field effect transistofdlODFETS have 1.0 and 0.5um/h, respectively. The strained pseudomorphic
been reported trying to figure out physical mechanisms ining 1{Ga, gAs channel layer was sandwiched between two
volved in the photonic microwave characteristic3. The  In, ,dGa,5;P/GaAs heterojunction barriers expecting better
p-channel MODFET performance is generally considered tdhole confinement and improved transport property. Active
be poor compared witm-channel MODFET due to the layers contributing to the MODFET operation include an un-
higher effective mass and the lower mobility of holes. Indoped GaAs buffer layer of 2000 A, gtype Iny 46Ga 5P
addition, the confinement of the 2-DHGs within the quantumacceptor layer of 100 ABe; 2x10'8 cm 3), an undoped
wells is less efficient compared totype structures for two-  |n, ,{Ga, s,P spacer layer of 50 A, an undoped GaAs layer of
dimensional electron gases because the valence band discgn A, an undoped kyGa, sAs channel layer of 100 A, an
tinuity is usually smaller than conduction band yndoped GaAs layer of 50 A, an undoped,J§Ga 5P
discontinuity®” In this work, we have fabricated the spacer layer of 50 Ap-type In, 4Ga =P acceptor layer of
p'Chann9| InGaP/GaAs/InGaAs pseudomorphic MODFET]_OO A (BE, 2% 1018 Cm_s), an undoped wide band-gap
by gas source molecular beam epitdMBE). This modified  |n; ,{Ga, P of 500 A for a better Schottky barrier, and a
pseudomorphic double heterostructure, which has a high vareavily doped p*-GaAs cap layer of 300 A(Be; 3
lence band discontinuity of InGaP/GaAs/InGaAs double het- 1019 cm=3) for improved p-type Ohmic contact. This
erostructure energy barriers, has been employed to improvgseudomorphic MODFET structure is expected to have a
electrical and optical properties in tipechannel MODFET.  higher hole concentration and better hole transport property

The epitaxial layers for thep-channel pseudomorphic  for two-dimensional hole gases in the strained InGaAs chan-
MODFET were grown on undoped semi-insulating GaAsne| |ayer which resulted from the valence band offset be-
substratgs by a gas source MBE system. Phos.phing)(PHtWeen InGaP/GaAs/InGaAs heterojunctions.
gas, arsine (Ast) gas, and elemental solid galliu®a), The electrical characteristics of tipechannel MODFET
indium (In) were used as source materials. Be has been usgghye heen measured by van der Pauw—Hall analysis. The
temperature dependence of the electrical properties have
3Electronic mail: khjoel@kistmail.kist.re.kr been measured using a He-circulated cryogenic cooler. In
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FIG. 1. The temperature dependence of the Hall mobility and the density oFIG. 3. Measured drain curremj vs gate-to-source voltagé,s for Vg

the two-dimensional hole gases in the InGaAs channel layer of the=—1.5V and—3.5V atT=2300 K. Open circles are measured data without

p-channel MODFET. optical illumination while the filled circles with optical input arBy
=2.15 mW at the end of the optical laser diode module 800 nnj.

order to measure the electrical transport properties of the
two-dimensional hole gas, the'-GaAs cap layer was semiconductor band gap, the dominant photoeffects caused
etched away in order to remove parallel conduction duringpy illumination are believed to be a band-to-band photon
the Hall measurement. Figure 1 shows the temperature debsorption in the InGaAs channel layer and the two undoped
pendence of the Hall mobility and the density of 2-DHGs inGaAs layers close to the channel.
the p-channel MODFET structure. The mobility and the den-  The pseudomorphip-channel MODFET in this work
sity of 2-DHGs in the pseudomorphicdGa sAs channel  has been made with 2m of gate lengthl(,),1.5 um of gate
were obtained to be 250 &V s and 1.% 102 cm 2 at 300  source Lgs),and 1.5um of gate-drain spacingd (4). We
K, respectively, and 5800 citv s and 1.5¢10"* cm 2 at 23 used ar-shaped gate structure with the total gate widi)
K, respectively. The measured mobility of the 2-DHGs inof 240 um expecting better optical responsivity from the
this p-channel MODFET with the modified double hetero- MODFET. Mesa isolation was accomplished using a wet
structure pseudomorphic InGaAs channel is considerablgtching process with Auzn/Cr/Au for Ohmic contact. We
high even with an extremely high density of 2-DHGs com-also used the selective etching process during gate recess to
pared to previously reported resufts. get better thickness control. Theum gate was formed by
The photoluminescence measurements were carried oghotolithography and subsequent evaporation of Ti/Au. The
at 10 K using the 6328 A line of a He—Ne laser with an pECVD-grown silicon nitride(1000 A was deposited for
incident power of 10 mW controlled by an attenuation filter. the passivation of fabricated devices before characterization.
A 1000 mm focal length spectrometéresolution 0.2 N For the measurement of the optical characteristics of
and a cooled Ge detector were used for the measurement. fApricated 18,4653 5:P/GaAs/Ip 155G gAS p-channel
photoluminescence spectrum of the gropachannel MOD-  MODFET, aA=800 nm continuous laser diode source and
FET measured at 10 K is shown in Fig. 2. The peak energyn Hp 4156A semiconductor parameter analyzer have been

of the photoluminescence spectrum appears at 1.40eV ysed. Measured drain current versus gate-to source voltage
=881 nm and the full width at half maximuntFWHM) is (Vge) is shown in Fig. 3 for drain-to-source voltayés=

10.7 meV. When g-channel MODFET device is optically 15 v and—3.5 V with and without optical illumination.
illuminated by light of energy equal to or greater than thewith optical illumination there is a large change under a

large drain voltage for a givevys while different dependen-
T T T T v cies on theVy for a givenVys. This is believed to be due to
nm the photovoltaic effect caused by the optically generated ex-
1 cess carriers in the depletion region of the device. The opti-
P-channel MODFET cal response of thp-channel MODFET is characterized by

iy

- !“‘{ oK . the photoresponsivityR=1,,/P,,) which is defined as the
i
j

L 107 mev ratio of the photocurrentl () to the incident optical power

: (Popd - The photoresponsivities, as a function of the incident
5 i - optical power, is shown in Fig. 4 witNWys=0 V and Vs
I\ =1V for the same drain-source voltafgs=—3.5 V. The

i /\ i optical source was routed via an optical fikeleaved mul-

| i timode fiber, minimum illumination diameter of 2&m, nu-
merical aperture of 0.27%y bringing the fiber end close to
the top of thep-channel MODFET so that the light spot
covers the full active area of the devit@pproximately 200
FIG. 2. The photoluminescence spectrum of paehannel MODFET char- ~ #4M in diametey. The incident optical power was equal to the
acterized at 10 K. output power from the optical fiber. As expected, the photo-
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In summary, a p-channel Ig.Ga5P/GaAs/
Ing1Ga& 3/As pseudomorphic  MODFET  structure was
grown by gas source MBE. Improved electrical and optical
characteristics from thp-channel MODFET have been ob-

served mainly due to high valence band discontinuity at
InGaP/GaAs/InGaAs double barriers. We also obtained a
high mobility of the 2-DHGs with a very high density of the
2-DHGs. The photoresponsivity of tipechannel MODFET
was also measured to be significantly high at low incident
optical power and showed much better property than that of
a pin photodiode. We expect that tipechannel MODFET
with an InGaP/GaAs/InGaAs modified heterostructure can
be used for the high sensitivity optical detection systems.
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FIG. 4. Thep-channel MODFET photoresponsivities as a function of inci-
dent optical power with/,=0 V andVg,=1 V for the same drain-source
voltageVys=—3.5 V measured af =300 K. The data of a pin photodiode
are included for comparison.
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