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Electrical properties of InAIP native oxides for metal-oxide—semiconductor
device applications
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Data are presented on the insulating properties and capacitance—voltage characteristics of metal—
oxide—semiconductofMOS) device-thicknesgbelow ~100 nm native oxides formed by wet
thermal oxidation of thin InAIP epilayers lattice matched to GaAs. Low leakage current densities of
J=1.4x10° A/cm? andJ=8.7x 101 A/cm? are observed at an applied field of 1 MV/cm for
MOS capacitors fabricated with 17 and 48 nm oxides, respectively. Transmission electron
microscopy images show that the In-rich interfacial particles which exist in 110 nm oxides are
absent in 17 nm oxide films. Quasistatic capacitance—voltage measurements of MOS capacitors
fabricated on botim-type andp-type GaAs show that the INAIP oxide—GaAs interface is sufficiently
free of traps to support inversion, indicating an unpinned Fermi level. These data suggest that InAIP
native oxides may be a viable insulator for GaAs MOS device application80@ American
Institute of PhysicgDOI: 10.1063/1.1861941

Due to the wide array of high electron mobility alloys of voltage (C—V) measurements indicate that the thin oxides
varying band gaps that can be epitaxially grown on its sursupport inversion. Transmission electron microsc6pgEM)
face, GaAs remains the most widely used semiconductor famages elucidate the microstructure of the InAIP native ox-
high-speed electronic applications. While Schottky gates ar@le of different thicknesses. We have elsewhere demonstrated
commonly used in high-speed GaAs transistors, the rea GaAs-based MOS field effect transistor using a thin
stricted forward biaga few tenths of a vojtthat can be (~10 nm native oxide of Ig4Algs;P as the gate
applied without excessive gate leakage currents limits theiihsulator’*
power handling capability. The electrical characteristics of  Samples are grown by metalorganic chemical vapor
native oxides of GaAs are far inferior to those of $ith Si,  deposition.N-type heterostructures grown on Si-dopél
and an alternative insulator has long been purktiéd en-  x 108 cr3) GaAs substrates consist of 500 nm of Si-doped
able the preferred metal-insulator-semiconductor gate stru¢--10'6 cm3) GaAs, an undoped ngAlos P layer with
ture. Many deposited insulator/ GaAs structures have beegne of three different thicknesséd3, 31, or 15 niy and a
investigaéted, .althoqgh pnly a few have yielded promisingsg-nm-thick undoped GaAs cap layer. Tpetype hetero-
results.” Native oxide films on GaAs can offer advantagesstryctures are grown on semi-insulating GaAs substrates, and

of processing convenience and low cost. Wet thermal oxidegonsist of 1000 and 500 nm C-doped GaAs lay@rg 1018
of AlGaAs’ have been studied but found to suffer from mid- gnd 1x 107 cni 3, respectively, an undoped If,gAlg 51

gap traps caused by residual interfacial?Ahese traps lead layer (63, 31, or 15 nmy and a 50 nm undoped GaAs cap
to increased interface recombination velotityand high layer.
leakage currents. However, the wet thermal oxides of The GaAs cap layers are removed by a 4:1 citric acid:
As-freeIng s(Al,Gay o P (lattice matched to GaAY > 3004 14,0, selective etch before samples are thermally oxi-
have been found to possess excellent insulality®and  dized at 500 °C from the surface in a 2-in.-diam quartz tube
interfacial propertieS"*>*"*°and may provide a viable na- fyrnace with 0.68 I/min of UHP Mbubbled through 95 °C
tive oxiqe for 1ll-V metal-oxide-semiconductoiMOS)  H,0. The 63, 31, and 15 nm InAIP layers are fully oxidized
devices’ and expand upon oxidatioffor 65, 30, and 15 min, respec-
In this letter, we report on the detailed electrical proper-tively) to corresponding oxide thicknessésbtained from
ties and microstructure of gnglg 514> native oxides scaled TEM image$ of 110+1.6, 48+1.7, and 17+1.1 nm, respec-
to reduced thicknesses more suitable for MOS device appliively. Variable-angle spectroscopic ellipsometry measure-
cations than the 110 nm oxides reported previolsf). ments show that the InAIP oxide has a real refractive index
Current-voltage(I-V) measurements on MOS capacitors of ~1.58 for the wavelength range from 600 to 1700 nm and
fabricated with oxides formed from thin InAIP epilayers negligible absorptiorimaginary indexk= 10~%) with an on-
show very low leakage current densities while capacitanceset of absorption below 600 nm indicating a band gap for the
oxide (from a Tauc pld®) of =4.0 eV
9Electronic mail: ycao@nd.edu MOS structures are fabricated by the evaporation of
PElectronic mail: dhall@nd.edu Cr/Au gate electrodes onto the oxide surfdecev measure-
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FIG. 1. Typical current density vs electric field curves for MOS capacitorsFIG. 2. Comparison of bright field TEM images ¢ 110-nm- and(b)
with (@) 17-nm- and(b) 48-nm-thick InAIP native oxide films om-type 17-nm-thick InAIP wet thermal native oxide films. The particles clearly
GaAs substrates. The capacitor contact #e®.8x 1074 cn?. Sweep rate  visible in (a) are not present anywhere in samfib.

is 10 mV/s.

of magnitude less leakage than the 64 nm

ments are carried out using an Agilent 4156C semiconductoGd, ;,Ga, 10, s/ Ga,05 dielectric stack of Ref. 6. Compared
parameter analyzer. Quasistatic and high-frequencyo other candidate insulator/ GaAs structures, INAIP native
(100 kH C-V measurements are performed using aoxides clearly possess the excellent insulating properties
Keithley model 82C-V measurement system. All measure- needed for MOS device applications.
ments are done at room temperature in a shielded probe sta- As shown in the bright-field TEM images of Fig. 2, dark
tion. All capacitors have a contact area of 24@  particles exist near the oxide/ GaAs interface in the 110 nm
X 240 um (5.8x 104 cn?). TEM cross-sectional specimens oxide of Fig. Za), while no dark interfacial particles appear
were prepared by standard methods of mechanical prethifin the 17 nm oxide of Fig. (). Such particles were also
ning (with dimple grinding or wedge polishindollowed by  evident in TEM images of >100nm oxides of
2 kV Ar-ion milling. INg 5(Al g 6Gay 1)o 8P grown at 500—550 ° & Figure 2b) is

Figure 1 shows leakage current density versus electrigepresentative of the entire observable area for this and a
field for MOS capacitors fabricated witt®) 17 nm and(b)  second wedge-polished cross section specimen, with the ab-
48 nm oxide films om-type GaAs. The jaggedness appear-sence of particles also confirmed for plan-view specimens
ing in (b) results from the 10 fA resolution of the measure- (not shown in which possible loss of particles due to ion
ment instrumentation. The electric field is obtained by divid-milling and electron beam interactions is suppressed by the
ing the applied voltage by the measured oxide thickness. At gact that they are protected from the vacuum by the substrate
field of 1 MV/cm, the measured leakage current densitiesind overlying oxide film. The interfacial particles in Figap
are 1.4<10°A/cm? for the 17 nm oxide and 8.7 are believed to be indium rich based @contrast TEM
X 10" A/cm? for the 48 nm oxide. Breakdown fields for all images® and secondary ion mass spectrom®&tand Auger
INAIP native oxides in this letter are in the 3—6 MV/cm depth profiling*® The size of the particles increases with the
range. Table | lists a comparison of these leakage currergrogressive consumption of the InAIP epilayer during
density and breakdown field results with other native andbxidation’® We hypothesize that In, the heaviest element in
deposited oxides on GaAs. At the same field strength, theéne structure, outdiffuses more slowly than the other alloy
48 nm InAlIP oxide of Fig. (b) exhibits more than one order constituents and hence accumulates near the interface during

oxide growth, forming In-rich particles.

TABLE |. Comparison of the leakage current densitigs,at applied field . Fl_gure 3 shows 100 kHz high-frequent@H) and .qua_
of 1 MV/cm (except as notgcand breakdown field€g, for various depos- sistatic (CQ) C—V measurements for the 17 nm oxides (_)n
ited and native oxide insulators and thicknessesn GaAs. All devices are ~ DOth n-type andp-type GaAs under standard microscope il-

MOS capacitors except as noted. lumination as is required for wide band gap semiconductors
due to the low thermal generation rate of electron—hole
Insulator dinm)  J(A/cm?)  Eg(MV/cm) Ref. pairs.23 The clear existence of three operational regimes—
Ga,0,(As,09° 30 1910+ 53 25 accumulation, depletion, and |nverS|on_—(_)f these MOS
G 0 structures for botm- and p-type samples indicates that the
(h3:G& 1005/ G805 64 1X10° 35 6 . ; . - .
AlLO, 8 9% 10°¢ 5 4 Fermi level is unpinned. Thicker oxid€48 and 110 nmon
INAIP oxide 10 o107l 6.3 17 both types of GaAs also show similar unpinned behafnot
AlLO:? 16 <1074 d 5 shown. The frequency dispersiofoffset between CQ and
AlGaAs oxide 45 4%107 3.8 26 CH curves in accumulationseen in Fig. 3 is commonly
' ' &> in 1I-v MOS struct Whil ibly at-
Ga05(As,0;) 65 2% 1077 4.7 27 observe n MO S_I’UC ure_s. !e possInly a
INAIP oxide 48 810l 3-6 This work  tributable to a low resistivity interfacial region of the oxide
INAIP oxide 17 1.4K10° 3-6 This work ~ Which reduces the effective oxide thickness and thus in-
MOSFET creases the apparent capacitance at low measurement fre-

bMaximum measurement voltage of S0/45 MV/cr). quenmes(MaxwglI—ngner effeéd), it is in general not well
°Range reported for voltages3 V(<1.88 MV/cm). understood. Using bias-dependent swept-frequency imped-
“Not reported. ance spectroscopy, a total interface state density of 8
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