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Observation of inductively coupled-plasma-induced damage on n-type GaN
using deep-level transient spectroscopy
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(POSTECH), Pohang, Kyungbuk 790-784, Korea
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The effects of inductively coupled plasnieCP) etching on electrical properties oftype GaN
Schottky contacts were investigated by observing ion damage using deep-level transient
spectroscopy. An electron trap, not previously seen, localized near the contact, as well as a
pre-existing trap, was observed in the ICP-etched sample. The ICP-etched surface was found to be
N-deficient, which means that N vacancie&j were produced by ICP etching. From these, the
origin of the ICP-induced electron trap was suggested t¥p®r aVy-related complex of point
defects. The ICP-induced traps provided a path for the transport of electrons, leading to the
reduction of Schottky barrier height and increase of gate leakage curreB00® American
Institute of Physics.[DOI: 10.1063/1.155731]6

Because of the inherent chemical stability of GaN, de-trical properties of GaN Schottky diodes was suggested.
vice fabrication processes involving GaN-based material sys- The n-type GaN sample used in this study was a 1.5-
tem usually rely on dry etching, which is known to causeum-thick, unintentionally doped layer grown by metalor-
surface damageln particular, surface damage induced dur- ganic chemical vapor depositigMOCVD) on c-plane sap-
ing a recessed gate process in the fabrication of AlIGaN/Galghire. The epitaxial relationship between GaN anglane
heterostructure field-effect transistors could drastically resapphire was determined to 68001 GaN/{0001) Al,O,
duce the gate breakdown voltage unless very low plasmgom x-ray diffraction measurements. In Hall-effect measure-
power is used. ments performed at room temperature, the hole mobility and

Dry-etch-induced damage is attributed to the formation,gncentration was determined to be 55Ffvs and 5
of a nonstoichiometric surface due to preferential loss of ong, 10'/cm?, respectively. The free-electron concentration
of the elements Another possible origin for the degradation was determined to be 107 cm 3 from capacitance—
is the generation of trapping centers on the etched surfac%“age measurements. Ti/Al/Ni/Au(30/120/40/50 nm

Inducgvely gogpled alaﬁmicﬁ) e;iCh'ng of Ga’: Ie(;:l to se- opmic contacts were deposited in sequence using electron
vere degradations of the Schottky contact, the decrease Beam evaporator, followed by rapid thermal annealing in the

Schottky barrier height, and the increase of reverse Ieakagﬁ2 ambient at 600 °C. Prior to the deposition of 50-nm-thick

Currg::ﬂ;\?;ﬁ:?ﬂg:gﬁi oécrzzggnude_?é) is an effective Pt Schottky metal, the surface of GaN was etched using ICP
b P m with a mixture of C} (6 sccm and BC} (4 sccm for 1 min

tool in obtaining information about traps in semlconductors.at the inductive power of 400 W and the rf chuck power of

In particular, the depth distribution of deep levels is easily . . .
obtained, which is critical in interpreting the electrical prop- 20 W. For reference, Schottky diodes without ICP etching
were also prepared.

erties of the device3® This technique has been widely em- : .
ployed to investigate deep levels in GaN. In DLTS measure- Figure 1 shoyvs forward and reverkeV characteristics
ments onn-type GaN irradiated by high-energy eIectrons,Of Pt Schottky diodes for the reference and the ICP-etched
shallow levels with activation energies in the range of 0.18

and 0.22 eV were commonly observed, and were suggested 101

to be related to N vacancy).”® However, littte work has &  _.-=""""
been reported on DLTS measurements on ICP-induced dam- ~ 10° B~ ===-.___
age ofn-type GaN. 106 N
In this work, changes in the surface morphology and <
chemical composition afi-type GaN were investigated using £ 107
atomic force microscopyAFM) and angle-resolved syn- §

chrotron radiation photoemission spectroscpRPES, and
electrical properties of Schottky contacts on an ICP-etched
surface were evaluated throutfhV measurements. The sur-
face damage induced by ICP etching was characterized using 4o L

DLTS. From these, the mechanism for degradation of elec- -10 5 0 1 2
Voltage (V)

Reference Sample
= = = |CP-etched Sample
L

dAuthor to whom correspondence should be addressed; electronic maiFIG. 1. |-V characteristics of Pt Schottky diodes fabricated on both the
jllee@postech.edu reference and ICP-etched surfaces.
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FIG. 2. Three-dimensional AFM images of a;omXx5-um area of GaN E "- _f
surface(a) before and(b) after 120 nm of GaN was removed using, Cl k= 1000/T (K) Y s
+BCl, ICP etching. o e W
5 {1 | | Ve
) ) Q & Vin
samples.. It |s'clearly seen that IQP etching caused severe 1, £ V=1V, V=0V
degradations in electrical properties. Namehg was re- O TV, VY, OV) = o-v,m0v V=2V
duced from 1.0 to 0.43 eV arlg, increased by five orders of = A0V, V=2V ] 3
magnitude after ICP etching. Furthermore, the linear region 100 200 30'0 200
in the forwardl -V curve of the ICP-etched sample almost Temperature (K)
disappeared and) was increased from 1.08 to 1.34. This
suggests that electron transport mechanism at the metal— -37.80
semiconductor interface can be no longer described in terms
of a thermionic emission model. -37.84
It was reported that dry etchings carried out at high bias &
voltages or powers could produce roughened surfaces, per- g -37.88
haps due to the preferential loss of nitrodeénFigure 2 £ 700
shows three-dimensional AFM images of au#aXx5-um E
area of GaN surfacé) before andb) after 120 nm of GaN % -37.96
was removed by ICP etching. As seen in the figure, surface
morphology of the etched surface still remains fairly smooth. -38.00
The rms surface roughness was decreased slightly from 4.67 -38.04 . . . . . .
to 3.24 A after etching. This indicates that degradations in 64 66 68 70 72 74 76 78
electrical properties after ICP etching, as shown in Fig. 1, are 1000/T
not related to the surface morphology. FIG. 3. (a) Capacitance DLTS spectra of Schottky diodes fabricated on both

Figure 3 displays DLTS spectra of the reference and théne reference and ICP-etched surfaces. The inset shows the temperature
ICP-etched samples. In the reference sample, an electron trégo‘?”dency of emission rate of each trdp.Dependence of capture cross
section of the ICP-induced trap on the peak temperafyreEnergy barrier
was observed at 270 KT(). In the ICP-etched one, how- for electron capture was determined to be 0.0134 eV from the slope of the
ever, another electron trap as wellek was observed at 145 |inear fitting of the plot.
K (T2). In order to obtain depth information of these traps,
the reverse Y,,) and the pulse bias\{;) were simulta-
neously changed. As the depletion layer width increase
deep into the bulk by changing the bias condition frovh, (
=1V, V,=0V)to (V,=0V, V,=-2V), T2 completely
disappeared. This result suggests that ICP-etching-induc
trap T2 was localized near the contact, bt was distrib-
uted deep into the bulk.

The temperature dependency of each trap is shown in t
inset of Fig. 3, from whictg, and o, were determined and
summarized in Table |I. The&E, and o, of T1, 0.58
+0.01eV and 8.8410 °cn?, agree well with 0.59 eV
and 2.9%<10 ¥ cn? of E2 observed in GaN grown by
MOCVD.® The peak temperature @1 moved towards the
higher temperature region a¥/(=0V, V,= —2V), result-
ing in a slight increase oE, by 0.03 eV. This can be ex-
plained by reduction in the barrier height for thermal emis-
sion of electrons by the electrical field or the Poole—Frenke
effect® Namely, electric field strength in a Schottky contact
is highest at the metal-semiconductor interface and then lin-
early decreases away from the contact into the semicondud/BLE |- Ea anda,
tor. Thus, theE, of T1 near the Schottky contact is smaller Trap level E, (eV) o, (cmd)
than that far from the contact. - - - —

Electron capture dynamics into the ICP-induced traps E gp;éx’ xm;‘j\z’)v) g':gzg'gi ;'2i 18,15
was investigated by monitoring the change in the magnitude, = * ~ " " 0.23¢0.02 5241017
of DLTS peak heights on the filling pulse duration. The

LTS signal is dependent on bothj and capture rat€,,;

C(tp) =ACma[1—exp(-Cyit)]" where AC., is the
maximum change of the capacitance due to filling all the
traps. In addition,C,,= o(vyyn=o..(vp)N- exp(—Eg/KT,y,

herec is the electron capture cross secti¢ny,) the elec-
tron average thermal velocity, the free-electron concentra-
tion, Eg the capture energy barrier, amg, the peak tempera-

re. Figure 8) shows the temperature dependenceoof
From the slope of the linear fitting of the plot, the capture
barrier energy was determined to be 0.0134 eV.

In order to suggest the origin for the ICP-induced trap
T2, the change in chemical composition was investigated
using angle-resolved SRPES measurements. At a smaller
take-off angle ¢, the intensity of photoelectrons emitting
from the surface becomes dominant due to the inelastic mean
ree path of photoelectrons The atomic percentage of each
Leak was determined using the peak area and the atomic

for T1 andT2 traps.
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TABLE II. Atomic percentage determined by integrating the area of each (i)
SRPES spectrum and the ratio of Ga/N on the as-grown and the ICP-etched (i) ¢ .
surfaces with the take-off anglé. Values were normalized to that &t - ~ (iiy
=90° .
90°. 0o Ec
0(°) Ga N o} c Ga/N Z/”E"’/ -
7
2 =F
As-grown 90 76.6 9.5 7.8 6.1 1.00 ’/ \ Ers
(at. % 60 73.0 9.2 10.2 7.2 0.94
30 65.4 8.2 11.0 15.4 0.99 Ey
ICP-etched 90 72.7 7.8 12.7 6.8 1.00
(at. % 60 715 82 122 81 093 ®)
30 65.9 45 13.3 16.3 1.57

FIG. 4. Schematic illustration of electron transport through the interface of
metal with ICP-etched GaNa) forward bias condition an¢b) reverse bias
condition.

sensitivity factor of each element are summarized in Table ”sample, an electron trap2 (E,=0.23+0.02 eV), not pre-
The ratio of Ga/N increased significantly on the ICP-etcheq,ious|y seen, localized near the contact, as well as a pre-
surface at)=30°. This means that the GaN surface becameexisting trapT1 (E,=0.58+0.01 eV) were observed. From
N-deficient and @ number ofy were produced by ICP etch- 4nqie-resolved SRPES measurements, the ICP-etched sur-
ing. Thus, it can be suggested that the originT@fis Vi 0 face was found to be N-deficient, which means that a number
aVy-related complex of point defects. _ of Vy were produced by ICP etching. From these, the origin
'The th|ckpess of the_ IQP—mduced damage region can b&f T2 was suggested to Béy or aV,-related complex of
estimated using the definition af Namely,\ is defined as  qint defects. Degradations in electrical properties of the
the depth from the surface, wheree Iof the photoelectrons Schottky diode could be explained by the role of the ICP-

produced there can escape and is a function of the electrqqyced traps as a conducting path for electrons with lower
kinetic energy. When the incident photon energy is 600 eVenergy barrier.

which is used in the present measurements, the electron ki-
netic energy originating from Ga3core level is 580 eV, and This work was performed through the project for “Na-
\ corresponds to about 10 &.The maximum escape depth tional Research Laboratory” sponsored by the Korea Insti-
can be assumed to be about three tim¢4/e®>=0.05) or 30  tute of Science and Technology Evaluation and Planning
A in this case. As seen in Table II, the ratio of Ga/N of the (KISTEP). SRPES measurements were carried out at 2B1
ICP-treated sample is nearly the same as that of the as-groviieamline in the Pohang Accelerator Laborat@PAL).
one aboved=60°. Thus, the thickness of ICP-induced dam- | _ _
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