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Application of photodeposited Cd to Schottky barrier diode and transistor
fabrication on InP and In, 53Ga, 4;AS substrates
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We report on using a thin (~200 A) layer of photodeposited Cd to form high Schottky
barrier height contacts to InP and Ing5;Gag4;As. Current-voltage measurements of the
Schottky diodes yield barrier heights of 0.70 and 0.55 eV to InP and Ings3Gag47As,
respectively. The photodeposition process has been integrated with conventional clean room
processing to fabricate Au/Cd/Ing5;Gag4;As transistors with high transconductances
{~200 mS/mm) and operating frequencies ( f,,.,~30 GHz). X-ray photoelectron
spectroscopy of thin Cd photodeposits on InP shows that the process produces an interfacial
(~10 A thick) Cd-InP reaction zone covered by metallic Cd.

Efforts to elevate the Schottky barrier heights to InP
and Ings3Gag 47As have generally been based on interpos-
ing a high band-gap layer or a pn junction between a metal
contact layer and the semiconductors.!™° However, recent
work has demonstrated that there are metals that exhibit
intrinsically high barrier heights with InP. Specifically, Sa
and Meiners found barrier heights of 0.62 and 0.92 eV for
electroplated cadmium and mercury point contacts with
InP."! Electroplated cadmium-based metal-semiconductor
field-effect transistors (MESFETs) were soon fabricated,
albeit with 100 um gate lengths.'? As electroplating of Cd
is not well suited to forming micrometer-scale device struc-
tures, and evaporation of uniform Cd layers is difficult,
alternative deposition techniques for Cd films are drawing
new attention.!>'*

Here, we present a single-step, potentially metallor-
ganic chemical vapor deposition (MOCVD) and metallor-
ganic molecular beam epitaxy (MOMBE)-compatible
method for the fabrication of Cd/InP and Cd/
Ing s3Gag 47As interfaces and demonstrate its applicability
to the formation of micrometer-scale electronic devices.
Specifically, a thin Cd layer is photodeposited on the semi-
conductor surface prior to evaporation of a thicker Au
contact layer. In this technique, which has been described
in detail elsewhere,'® low-power ultraviolet (UV) photons
irradiate the sample in a dimethylcadmium (DMCd) am-
bient. Dissociation of the gas and surface phase DMCd
molecules occurs through a purely photolytic mechanism.
Note that in all the experiments reported here, laser heat-
ing of the semiconductor surface was sufficiently small to
preclude pyrolytic dissociation of DMCd or diffusion of Cd
into the semiconductor. '

We have applied the photodeposition process to the
formation of Schottky barrier diodes on InP and
Ing 53Gag 47As, and Ings;Gags;As MESFETs. For the
Schottky diodes, a nonlithographic, shadow-mask process
was used to fabricate large-area (0.015 cm?) Au/InP, Au/
Cd/InP, Au/Ings;GagssAs, and Au/Cd/Ing5;Gag47As
contacts for determination of the Schottky barrier heights
through current-voltage [/(V)] measurements. Blanket
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AuGeNi ohmic back contacts were formed on bulk
5% 10'/cm® Te-doped semiconductor samples. The sam-
ples were degreased and then deoxidized for one minute
using an NH,OH/H,O solution (1:1 for InP, 1:10 for
Ing 53Gag 47As).!® The samples were then loaded within 2
min into a cryopumped stainless-steel high-vacuum cell
having a base pressure of 110~ Torr.

For Cd depositions, the vacuum cell was statically
filled to 1 Torr of DMCd. The A = 248 nm beam of a KrF
excimer laser was attenuated to 3 mJ/cm? per pulse. Blan-
ket depositions of Cd were accomplished using 2000 laser
pulses (10 Hz for 200 s), which resulted in the formation
of visible Cd films on the samples and cell window. Based
on Auger electron spectrocopy (AES) depth profiling of
our Cd films (Fig. 1), we estimate a thickness of ~200 A.

After a 2 min exposure to air during transit, the Cd-
coated samples were mounted next to control samples in a
conventional thermal evaporator. A 1500-A-thick Au film
was evaporated through a Mo shadow mask to form the
diode structures. Before (V) measurements, all samples
were submerged in 25% HCI for 2 min to etch away all
exposed Cd, since failure to do this resulted in large short-
circuit currents carried by the Cd blanket film to the ohmic
back contact. Control samples not coated with Cd showed
no such shorting.

The Schottky barrier heights and ideality factors ()
were obtained from I(V) characteristics. The values of
¢, determined from these experiments are 0.70 eV for Au/
Cd/InP (n=103) and 0.55 eV for Au/Cd/
Ing 53Gag 47As (n = 1.08). These barrier heights are signif-
icantly higher than the barrier heights formed between Au
and InP or Ing 5;Gag 47As (0.43 eV!7 and 0.25 eV, 8 respec-
tively), thereby making fabrication of FETs on both sub-
strates feasible.

As a demonstration of the applicability of this process
to the fabrication of micrometer-scale devices, n-channel
depletion-mode Ing53Gag47As field-effect transistors with
Au/Cd gates were fabricated using conventional photo-
lithographic techniques. MOCVD was used to grow the
various epitaxial layers on a semi-insulating InP substrate.
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FIG. 1. Auger electron spectroscopy (AES) depth profile for Cd photo-
deposited on InP using 2000 pulses (10 Hz for 200 s) of 248 nm radiation
in 1 Torr DMCd. The sputiering rate was ~ 15 A/min.

A 2500-A-thick, 6x10'%/cm® Te-doped Ings;GagsAs
channel was chosen to provide a high transconductance
and a low pinchoff voliage, whereas the 1000-A-thick,
6% 10"%/cm® Te-doped cap layer was used to facilitate for-
mation of the ohmic contacts. Isolation mesas to the InP
substrate were formed by Ar-ion milling followed by a 1
min etch in HyPO:H,0,:H,0 (1:1:38). AuGeNi ohmic
contacts were used for the source and drain contacts. The
source resistance was measured to be 1.06 Q mm. Photo-
resist was patterned with openings for the 1.2-um-long
gates. The photoresist served as a mask both for the gate
recess etch and for the subsequent gate metal liftoff. After
the gate recess etch, the samples were deoxidized in dilute
NH,OH, and loaded into the Cd deposition cell. After Cd
deposition, as above, and evaporation of a Au blanket film,
a liftoff in acetone was used to define the 1.2 um gate. We
note that the photodeposition process produced a uniform
Cd layer over the ~1 em? samples used in these experi-
ments and did not limit the device yield.

The drain current-voliage characteristics for our 1.2
pm gate  length, 100 pum gate width Auw/Cd/
Ing 53Gag47As MESFETs have been shown previously.!?
Our devices showed Ipgg values of ~300 mA/mm at
Vps = 1.0 V and pinchoff voltages of ~ — 1.5 V. The best
device exhibited an extrinsic transconductance of 230
mS/mm (250 mS/mm intrinsic transconductance), Figure
2 shows our results for high-frequency operation. Specifi-
cally, we measured a best power gain cutoff frequency fiax
of 31.1 GHz (fy=22.3 GHz), demonstrating that there
was no significant potential drop across the metal/
semiconductor interface at high frequencies.

XPS analysis was used to investigate /n situ prepared
Cd/InP interfaces. In these experiments, a monochroma-
tized Al Ko line (1486.6 eV) was used to monitor the In
and Cd 3ds., peaks, the C and O 1s peaks, and the P 2p
peak. Exposure of chemically cleaned surfaces to the stan-
dard deposition ambient of 1 Torr DMCd for 5 min with-
out irradiation produced a slight elevation of the C peak
and the appearance of the broad, slightly asymmetric Cd
peak shown in Fig. 3. Due to the peak’s breadth and pre-
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FIG. 2. Power gain cutoff measurements for Au/Cd/Ings;Gag4rAs 1.2
pm gate length MESFET. The gate bias and current were — 1 V and 0.3
mA, respectively.

vious work,‘(’ we used three components to fit this feature.
The lowest binding energy component (405.0 eV) corre-
sponds to metallic Cd, whereas the higher binding energy
components correspond to reacted Cd species. Note that in
all our data analysis, the 0.5 eV peak separations were kept
constant. The absolute positions of the peaks, however,
were allowed to move in order to account for Fermi level
shifts and matrix effects.

Although the peaks at 405.5 and 406.0 eV have been
atiributed to an adsorbed layer of partially and undissoci-
ated DMCd on other substrates,'” changes in the peak ar-
eas after heat treatment and as a function of the amount of
deposited Cd'® argue that for DMCd on InP, these peaks
correspond to reacted Cd compounds. In one such exper-
iment, ~30 A of Cd was photodeposited on a chemically
cleaned surface [Fig. 4(a)] which was then heated to
300 °C in vacuum for 5 min [Fig. 4(b)]. Figure 4(b) shows
that the heat treatment caused the high-energy peaks from
reacted Cd to increase at the expense of the metallic Cd
peak under conditions where no physisorption of DMCd
was possible. Note that the high-energy side of the as-

Cd 3dy,
As Chemisorbed

Intensity {arb. units)

409 407 205 403
Binding Energy (V)

FIG. 3. Cd 3d;,s peak from monochromatic Al Ka XPS of chemically
cleaned InP exposed to 1 Torr of DMCd for 5 min with no irradiation
(as-chemisorbed). The peak was fitted with three components corre-
sponding to metallic Cei (405.0 eV}, a spontaneously formed interfacial
InP-reacted cadmium compound (405.5 eV}, and oxidized Cd (406.0
ev).
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FIG. 4. Cd 3ds,, XPS peak for 30 A of photodeposited Cd (a) before and
(b) after heating to 300 °C in vacuum for 5 min. Upon heating, the higher
binding energy peaks increase at the expense of the peak at 405.0 eV. Note
that desorption of the Cd upon heating resulted in a drop in the measured
Cd 3d intensity before normalization to yield this plot. However, the
absolute intensity of the reacted Cd peaks increased by ~ 50%.

deposited spectrum [Fig. 4(a)] was fitted using only one
component, since the attenuated high-energy peaks from
the buried reacted layer were too weak to fit unambigu-
ously with two components.

Separate experiments on UHV-prepared surfaces indi-
cate that the component at 405.5 eV corresponds to a Cd-P
compound, and the component at 406.0 eV corresponds to
oxidized Cd. Thus, dark adsorption of DMCd onto chem-
ically cleaned InP results in spontaneous dissociation of the
DMCd to form metallic Cd, a Cd-P compound (from re-
action with the substrate) and a Cd-O compound (from
reaction with the monolayer-scale native oxide). After the
reacted interfacial layer has formed, photodeposition of Cd
produces a clean metallic layer with no elevation of C over
the as-chemisorbed levels.

Attenuation of substrate peaks and reacted Cd peaks
as a function of the amount of Cd photodeposited on the
surface shows that the extent of the spontaneously formed
reacted layer and any associated disruption of the interface
is only ~10 A or so at room temperature. Our measure-
ments of In and P core level spectra did not allow us to
determine the stoichiometry of the substrate-reacted Cd
compound. However, based on the lack of a measurable
shift in our In peak (which would indicate segregated In),
and thermodynamic considerations presented eIsewhere,15
we believe the interfacial compound to be a Cd,In P, com-
pound.

To conclude, we have shown that Cd interlayers on
InP and Ings3Gag4rAs substrates can be photodeposited
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Schottky barrier heights for ideal diodes are larger than
those measured for more commonly applied metals and are
high enough to be useful for electronic devices. XPS anal-
ysis indicates that a reacted interfacial layer spontaneously
forms upon exposure of InP to DMCd, and photodeposi-
tion produces a clean Cd overlayer. The photodeposition
step is easily integrated into conventional ciean-room pro-
cessing and yields high-performance transistors with
micrometer-sized gates. To date, there are no obvious ob-
stacles limiting the application of this technique to smaller,
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