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X-ray photoemission spectroscopic investigation of surface treatments,
metal deposition, and electron accumulation on InN
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The effects of surface chemical treatments and metal deposition on the InN surface are studied via
synchrotron-based photoemission spectroscopy. Changes in the toré level as well as the
valence band spectra are reported. The surface Fermi level po&igiomelative to the valence band
maximum was determined for both Au and Ti Schottky barriés.lies at an energy of 0.7 eV
above the valence band maximum for Au deposited on annealed InN and 1.2 eV above the valence
band maximum for Ti deposited on Ar-sputtered InN. These results that the surface Fermi level lays
at or above the conduction band maximum when a value of InN band gap of 0.7-0.9 eV is assumed.
© 2003 American Institute of Physic§DOI: 10.1063/1.1573351

INN is currently being investigated for use in optoelec-been observed through techniques that include: electron
tronic and electronic devices such as high-electron-mobilitgunneling®  high-resolution  electron  energy  loss
transistor{HEMTs).>% The surface electronic properties and spectroscopy;’® and  angle-resolved  photoemission
even the InN band gap is at present uncertain. Since Inlspectroscopy.Surface electron accumulation can be induced
materials are difficult to prepare, few studies have been pulldy a variety of factors and surface preparations, including
lished on the nature of the surface properties of InN. Schafgurface cleavage, surface reconstruction, and surface adsorp-
and co-workers have noted that Hg, Ti, Al, or Ni contacts totion of a few metal atoms. Submonolayer depositions of al-
an InN surface are ohmic and show low resistancé—iv kali and transition metals can also lead to an electron accu-
measurements? InN may possess a surface Fermi level at ormulation layer in InAs*~**
above the conduction band edge leading, potentially, to an Metal deposition on a clean InN surface allows the en-
electron accumulation layer at the surface, depending on th@/9y level position of the Fermi level to be spectroscopically
assumed value of InN band gap. distinguished in photoemission measurements. An electron

Both InAs and InSh exhibit an electron accumulation @ccumulation layer can be inferred if tfg- lies higher in
layer near the surface. A narrow conduction band minimunfn€rgy than the conduction band minimum. The photoemis-
around the center of the Brillouin zone is associated with thi$iOn t€chnique required for this anal}igls has been previously
charge accumulation layer observed in InAs sami‘JFébe used for a variety of metals on Gd‘N . )
surface electronic properties, in any case, are often domi- NN Samples were grown via migration-enhanced epi-

nated by the presence of surface states, which determine tII\%X% dl;rlng molgctular be;‘gaeoﬁ';a;@ﬂ“;;hfggC"”T‘;r C%n'
surface Fermi levelEg, position. Surface states can pin the centration was between . and L. cm ~an

) .\ : . » . the thickness was between 0.1 and Jufh for a given
Fermi level at an “effective midgap energy” that is some- sample. The acquisition of the photoemission spectrairnthe
times represented bfgp, the branch point enerdyThis pie. q P P l

energy is defined as the energy position within the band gaS'tu cleaning techniques and eventual metal deposition were

. Rarried out at the Synchrotron Radiation Center in Stough-
where the states change from a valence band-like to a con- y 9

duction band-like character. ThEgp energy position is ton, WI. All spectra were collected with an incoming photon
e ©UBP energy of 75 eV. Untreated samples were loaded and ana-
above the conduction band minimui@BM) for InAs.” As a 9y P

it the INA ; Fermi level b I 4 ab Ié/zed prior toin situ cleaning.
result, the InAs surface Fermi level becomes (_Jcate above  after initial analysis, samples were subjected to two
the CBM at the surface of InAs and results in a surfac

X etypes of cleaning treatments. The annealed InN was heated
charge accumulation lay®r. , via electron bombardment from a filament behind the sample
The electron accumulation layer at the InAs surface hagg|ger in the analysis chamber. Other InN samples were sub-
jected to Ar ion sputtering at an Ar pressure in the chamber
dElectronic mail: kuech@engr.wisc.edu of 4x 10 ° Torr and with an ion-sample current ofg8A for
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FIG. 1. TheEg position with respect to the valence band maximum is @ 5°Kmu:: v i s
shown for the annealed sample as a function of Au coverage, as determined e
through photoemission spectroscopy. The conduction band minifauis (b)

determined with an InN band gap of 0.74 eV, while the conduction band

minimum (b) is determined with an InN band gap of 1.89 eV. valence band region

4. normal incidence
sputter

10 min. The sputtering was done normal to or at a glancing
angle of 60° to the sample surface. After surface cleaning
treatments, samples were again analyzed via photoemission
spectroscopy before being transferred to the adjacent evapo-
ration chamber for metal deposition.

Au or Ti was deposited on the samples in sub-nm quan- [ an ™ vam
tities at a rate of 0.01 nm/s. After each deposition, thedn 4 s o s 7 7
core level and Fermi edge photoemission spectra were col- e Erermy (€9
lected. This metal deposition process continued until the tota#1G. 2. Photoemission spectra for an InN sample, first untreated, then Ar

metal thickness was 15—20 nm. The first derivatives of théputtered at a glancing angle, was and then sputtered twice at normal inci-

. - - . Jence. The four spectra were collected with a photon energy of 7&agV.
Fermi edge spectra were fit to a Gaussian function to accdjrhe In 4d core level spectrum shows the appearance of the, &nd 4l

rately determine the Fermi level energy from each spectrunpeaks after the completion of the first normal incidence sputter treatment.

In order to determine the Fermi level position relative to the(b) In the valence band region, the two new features are indicated by | and

band edges, the Ind4core level to valence band maximum 11, in addition to the VBM feature, and the Fermi edd®;, which appear
! ' . fter the first I inci tter treatment.

energy differencef,_.) was first determined on the sample 3" the first normal incidence sputter treatmen

prior to metal deposition. The Ind4core level and metal _ _ .

Fermi edge were then measured at each coverage of meg@re level was, again, determined and the Fermi edge was

overlayer and used to determine the Id 8inding energy determined as described earlier. A plot of the Fermi level

(Eg). Once these values are known, e position within ~ position within the band gap of annealed InN with Au cov-

the gap with respect to the valence band can be determine&fage is shown in Fig. 1. THe: position remains at a value

3. normal incidence
sputter

2. glancing incidence
sputter

Intensity (A.U.)

1. untreated

through Eq.(1): of 0.7=0.1 eV above the valence band maximum. The band
gap of InN is a matter of controversy at present. The two
Er—VBM=Eg—Ey ¢ (1) conduction band minimum lines on Fig. 1 indicate the two

approximate values of the InN band gap presently discussed
in the literature. An InN band gap of 1.89 eV, was deter-

®gn=EgarEs. () mined through optical absorption techniqdés'® Recent

’ photoluminescence studies indicate the band gap of InN may

The determination of the barrier height is therefore depenbe as small as 0.7—0.8 é¥2? Depending on the value cho-
dent on an accurate value of the band gap,. sen for the band gap in ER), the surface barrier height of

The In 4d core level and valence band region spectra forAu on annealed InN could either be considered to be essen-
an annealed InN sample were compared. The thermal annedially zero or 1.2-0.1 eV. The choice of band gap also af-
ing shifts the In 41 core level by~0.5 eV to higher kinetic fects the conclusions drawn about the presence of an electron
energy, and the spin-orbit-splitd4,, and 4d5, peaks were accumulation layer in InN. The use of the smaller band gap
not observed. There is also measurable change in the valenemuld indicate the presence of an electron accumulation
band spectrum. A shoulder feature, seen on the higher kinetiayer, while the 1.89 eV band gap would lead to an absence
energy side, becomes more prominent postannealing. Thaf an electron accumulation layer with our specific samples
edge of this feature can be fit to a linear function and theand preparation techniques.
zero-photoemission intensity intercept can be used as the va- The photoemission spectra for an Ar-sputtered InN
lence band maximuniVBM). This VBM was used along sample are shown in Fig. 2. The sample was first sputtered at
with a Gaussian fit of the Indl core level on the annealed an angle of 60° before being sputtered at normal incidence to
sample to calculate af,_c value of 16.9 eV. After Au was the sample surface. Normal incidence sputtering leads to the

deposited on the surface, the binding energy of the dn 4 appearance of two peaks in the I £ore level spectrum
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Conduction Band Minimum (B) contact formatiohand would be consistent with the presence

1.8 of an electron accumulation layer.

1.64 - _ - Au deposited on annealed InN yields a Fermi level 0.7
5 %_ 141 T [ eV above the valence band maximum, while Ti deposited on
E‘-’ 121 ; : 12eV sputtered InN yields a Fermi level 1.2 eV above the valence
< E 10_4 I band maximum. If the smaller value of the band gap for InN,
&2 0.7 eV, is assumed, then neither metal forms a Schottky bar-
€ f“‘si Conduct B“d i R rier on InN and an electron accumulation layer would be
2 -F: °'6f onduction Ban nimum (A) possible.
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