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STRACT

. Deep 16\’31 irans;eﬁt Spectroscopy éDLTS§ was useé to: study dee;:; level defectsin
‘ :‘ﬁs—;}?piameé n-type 6H-SIC  samples. .Low dose. He-implantation . (fluence ~2x10%
~§Gﬁs/cmz} has been employed to keep: the as-implanted sample conductive so that studying
the introduction and the thermal evolution of the defects becomes feasible: A strone broad
DTS peak at 275K-375K (called signal B} and.another deep level at Ec-0.30eV were
_observed in-the as-implanted sample, The intensity of the peak B was observed to linearly
oropertional to- the Jogarithm of the filling pulse width, which 15 a-signature for electron
prare-into 3. defect related fo dislocation. - After annealing at 500°C, the intensity.-of peak
was significantly reduced and the remained signal has properties identieal to'the well knowa.
L/E deep defects, although v s wncertain whether the Zi/7 exist in the asaimplanted.
sample ‘or it is the annealing product. of the dislocation-related defect. . The BB defect
 (H03/04eV) was not presence. in the asampiam&d samiple, but. was observed after the

300°C annealing,

TRQE}BCTI()N L

. Silicon carbide (5iC)is a w;de %and»gap semm:;daca}r material having tzmqne ;}h}smui
ané electronic properties for fabricating high-temperature, high-power, and high-frequency
S%sctmm-c devices [1]. Ton-immplantation is an important technigue for the selective doping of
_ SiC because of the extremely small diffusion constantsof the dopant-impuritiss: in SiC.
l}efects are usually induced by the ion imgiantaﬁen or ‘the post-implantation annealing
 Drocesses and some of these defects do not armeal out at very high temperatares [2-41 fon
 implantation or particle irradiation induced deep level defects in $iC have been extensively
suidied by capacitance transient techniques such as deep level transient spectroscopy (DETS)
111 Deep levelsoat Bo-0.6/0.7eV (termed Zi/Zs) are generated either by electron
_uradiation o by ion implantation, and the copcentration of these centers s tediced by
annealing below 1000°C. Another pair of important deep levels Ec-0.3/04eV are nsually
clerred to BB, and the concentration of thess centers is.strongly reduced (the DUTS signal
E/Bs is below the detection limity by aﬁﬁeaiiﬁg 2t 1200-1400°C 12111 By are the
{ominant peaks in the DETS spectra of the as-electron~irradiated SH-SiC samples [4-8) For
; ‘ie cases.of deuaterium implanted [4], He .implanted [3.6,9], and neutron irradiated [101
i-iype 6H-SiC, EvE; are not the peaks having the highest intensities. However their
niengities increase with increasing annealing temperature before they start annealing out
. {3}4_ 16]. The less prominent peaks labeled E; at ~Ee-0.50eV is usually observed in electron
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irradiated” n-type 6H-8iC materials and they anneal out at s relatively low temperatare of
~300°C [7}.- "RDS5 'is another defect observed in He-implanted 6H-SiC and it has an
ionization energy of 0.43-0.47cV, ‘

In this work, n-type 6H-SIC samgies were imgjiar;{ed with He ion with a reiatzveh
low dosage { fluence ~2X 10" jonsfem™) so that the as-implanted samples remained in the
conductively range suitable for DLTS measurement. | DLTS technigue was then employed
study the formation and the thermal evolution of the deep level defects induced by the He
implantation process ‘ k

EXPERIMENTAL DETAHS

The starting n-type 6H-5iC material used in'the §re<eﬁt study was 5 umwthnk nitrogen
doped {0DO1} oriented epitaxial layer (1 X 10" em™) grown on n'-type 6H-SIiC substrate
(8 X 10"em™) purchased from Crec Research Inc. The samples were rinsed in boiling
acetone; ethanol, and de-ionized water; and were then cheniieally treated' in’ 10% hydroflveric
acid “solution. 1o témove the ‘oxidation layer, Large ared Ohmic contacts were made by
evaporating Al on the ‘substiate backside of Ehe Sampies fs lowed by a5 min aﬂneahﬁg
process at 800°C in pure nitrogen gas,

The samples were implanted with He-jons at gnergies ei S5keV, 2§8ke\f 430keV,
665keV and 840keV {(each with fluence of ~2X 10" ions/em?) 50 as to produce a 2um deep
box-shape ‘implanted laver. “Schotiky contacts for- DLTS ‘measurement were prepared by
thermally evaporating gold dots of 8.6 mni diameter on the implanted surface of the epitaxial
layer:: The guality' of all the Schottky-diode-like samples ‘Was monitored by observing the
current-voltage (V) and ' the capacitance-voltage (€+V) “characteristics.” “Each “of ‘the
isochronal thermal annealing steps was cartied out in the afgon atmosphere for 30 min.

DLTS spectra were taken in the temperature range of 100-400K. “The ionization
energies and the capture cross sections of the deep level defects were determined from the
Arrhenius plots. The trap concentrations were evaluated from the peak heights of the DTS
signal. Tn the calculations, the defect capture cross sections were assumed to be temperature
independent.

RESULTS AND DISCUSSION
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Figare 1. DLTS spectra for He-implanted n-type 6H-SiC with subsequent annealing at 300°C,
500°C, 700°C, 900°C, and 1100°C, respectively.
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Figare 1" shows ‘the DEIS 'spectra ‘of the He-implanted samples sitbjes{eﬁ to different
annealing conditions. DLTS measurements were also: performed: on the as-grown: control
sample and no deep fevel signal was observed (detection Hmit ~108 em).  This indicates
that all-the “observed: defect’ levels “are  induced: by the: He implantation: - For the
as-Hesdimplanted sample, peak at =240K anil a broad iigmi {denoted by B were sieariv
. ohserved. Fron the Arrhenius plofs in figure 2, the activation energies of x%*e 240K peak and
- Ehs broad peak B was Eo-0.30eVand Ec-0.8%eV respectively. :
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Figure 20 Arrhenius plots ‘of the -emission rates T000KLa{ (e Ty ;aeipmcal iempsratme :&}r
the ohserved deep level defects, respectively. :

In order to investigate the nature of the broad signal in the as-implanted: sample,
DETS spectra with different filling pulse width and different reverse bias voltage were taken
and they were shown in figure 3.
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Bigure 3. DLTS spectra obtained uider (a) different filling pulse duration time tpjrand by
reverse bias Vr for the as-He-implanted n-type 6H-SiC.

- For'the spectra with different-filling pulse width'ip, it can be clearly seen that'the
 broad peak ‘Bconsists of more f?;aﬁ one peak and these peaks™ intensities "have  differcat
flling pulse width dependence. Tnterestingly, the intensities of the cbserved-dominant peak
(the broad peak B} increase even with filling pulse widths longér than 10 s (as shown'in
. Big3(a)y and the peak température position are found to shift to'higher temperature using the
same rate window with varying of measurement revise bias (as shown in Fig3 ®)).




For ideal point defects, electron capture of the trap is described by the rate.equation:

dN; / N :
. N ) o faiy (1)

Ny is the filled clectron trap density. Niqeris the total frap deusity, 1 is the free clectron density,
v is.the free glectron: thermal velocity. and o, is the capiure cross section of the trap, = This
imnplies after the filiing pulse period of 1, the filled electron rrap density would be equal fo:

N, @,)= N {-expl-nvo,1 ) @

However, Tor a defect related to the dislocation, the capture of an electron depends on the
potential barrier and thus the charge already possessed by the trap {111, The concentration of

the-free electrons that have enough energy to overcome the potential barier @(r) is given
by nexpl=g®(n1kT).  Therate equation for electron capture is-given by: [12]

aN . . = c{}{;} o : )
; ; b

=g vaN, |~ i llexp—"—t | 3
‘{' n”‘z I’{ f{ j ‘(}3 fCT { }

£{t).is the fraction of traps being filled and thus Ny=f Ne.The. time evolution of electron
capture of the dislocation is given by: [12] :

Ny (!p}z oy, kﬁ(rp il 4

where 1 is a constant,
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Figure 4 Dependence of the observed peak amplitudes on the logarithm of filling pulse time
tp ranging from 0.1 ps 10 10ms in the as-He-implanted sample.

Figure 4 shows the DLTS intensities of the broad signal B and the 0.50eV peak as a
function of t,. The data of the bread peak B follow a linear relationship for over four orders
of magnitade of tp and the increase of the intensity of the signal B-with log(t,) over a wide
range from 107 o 1675, mereover, the peak intensity of peak B increases with increasing
filling pulse width even for filling pulse width as large-as 10ms indicating that the broad peak
B is indeed related to defects due to dislocation-like or point-defect cluster with dangling
bonds, where charge buildup potential barrier governs the capture rate (refer to equation (4)).
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The saturation of the 0.50eV peak intensity at large r? is the typical behavior for point defect,
as from equation (2} Ngt,) saturates as ~E;:>>§mf<§yﬁ} (4 the other hand, DITS measurements
f under different foverse hias show the bias @e;}enduﬁcs of the decp level activation eﬂe{gses
{as-shown infgure 3thyy ’i‘i}e Arthenius plotin hgure 2 shows that the activation energies of
_ signal B is Ec-0.8% Y, T was found that with roverse bias Ve 5:1¥, the activation energy for
sional B has changed 1o BE¢-0.68V. For the case of the 0.5eV mgrxai the deduced activation
enargy does not show any ﬁet{cea‘tﬁe change with respect to the bias voliage. The everse
; blas dependent activation energy. of the of the broad peak B indicate that the broad peak B
should be related to continuots band-like states, which was expected of the model involving
defect cluster consisting of dangling bonds, which introduce the continoous %ami—hke states
i the band gap of SIC[11,12] . o

From fipure 1, it can be scen that the'intensity of signal B was ﬂgmﬁcaﬁt}} reduced
nd jts shape was: also:modified while the sample anneals up 1o 560 °C. We have also
nyestigated the pulse filling width dependence of this broad sighal for the 500°€ aﬂaeaica‘
ample. Triwas found that the intensities o these 1w peaks in the 500°C annealed samg}le‘
o not dépend on the filling pulse width with tp>100jis.  Moreover, the activation energies
£ these two peaks were foimd to' be Ec0.6/0.7cV, which are close to those of the
vell-known Z,/Zx. This annealing behavior is also similar to that of the deep level Z;jZ>
We thus sisgpest that the peaks observed at T=300-350K in the DTS spectra of samples
nnealed at 500°C or above be the 7417, deep levels, This implies that the dislocation
chated defect contained in the broad signal has already been zmneaieﬁ out at 500°C. As
cen fromr the. DETS spectrom of the as-implanted sample in figure 1, it has alwady been
ointed ont that the broad signal should consist of more than one signal and the intensity
ependendes of ‘these signale have' different filling pulse width dependence. Ve thus.
onclude thar the Zy¢/7s also exists in the as-implanted sample although it is difficole to
unambiguously desompt;se the signals of - the broad ‘peak “in’ the ayxmpiarted bﬁﬁﬁ)iﬁ
pectium. : ~
‘ Another pait of deep level éefccis E{/B; (with activation energies of Ec-0.3/04eV)
were ‘clearly observed after the S00°C annealing although they were not §resen‘; i the
simnlanted sample spectrum,  Thermal annealing smé;e& showed that these two paai{s
were still detected after the 1100°C annealing,

CONCLUSION

. Low dose He-implantation induced decp level defocts in a-6H-8iC were investigated:
Dislocation related defect was observed inthe as-implanted sample.Tnthe DLTS spectra, tiis
dislocation-like ‘defect ovedaps 'with the %%, deep Jevels: The dislocation-like defects™
anneal at S60°C. © By/B> defeets 'were not-detected in the as-implanted samople, but they are
learty observed after the 500°C anvealing. " Deep level a0 0.50-0.33¢V {possibly B or RDS)
below the conduction band was observed 1 the as-implanted sample.  Ey/E; and the defect
at Eo-0.53eV persist after the 1100°C annealing.
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