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A deep level transient spectroscopy study of electron irradiation induced
deep levels in p-type 6H-SIC
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1.7 MeV electron irradiation-induced deep levelgitype 6H—-SIC have been studied using deep
level transient spectroscopy. Two deep hole traps are observed, which are lodatetl0ab5 eV
andE,+0.78 eV. They have been identified as two different defects because they have different
thermal behaviors. These defectE&gtt 0.55 eV ande,,+0.78 eV are annealed out at 500—200 °C,
respectively, and are different from the main defdeisE2, Z1/Z2 observed in electron irradiated
n-type 6H-SIC. This indicates that new defects have been formgdyipe 6H—SiC during electron
irradiation. © 1999 American Institute of Physid$0021-89789)05010-0

I. INTRODUCTION backside of the wafers in vacuum following a 950 °C metal-
. . . .__lization process in nitrogen gas for ohmic contact. 1.7 MeV
lon implantation has widely been employed to realize . :

. oo . . electrons, which can penetrate the wafer thus producing
selective area doping in SiC device processing. Recent re;

i i 4
search results have revealed that various defects exist evgﬁ1 mage throughout the eplla))e’-rwlth doses of 2.26:10"

5 . .
after a 1700 °C post implantation annealing.Therefore, it and 11310 efcn? were applied using a Van de Graaff

is important to understand the properties of radiation-induce&ccelerator' After the irradiation, Au/SiC Schottky barrier di-

defects. High-energy electron irradiation is widely used toOdes were fabricated by . depositing high purity gold.
Current—voltage and capacitance—voltage meters were em-

study the defects in semiconductors since it is a controllable : :
. S loyed to monitor the quality of the samples. DLTS mea-
method to introduce intrinsic defects and complex centers. | . ) .
surements were carried out ugia 6 Vreverse bias and a 6

past years, some results were obtained for electron irradiat -~ )
defects in 6H-SiC using different methotid! The proper- forward filling pulse. The DLTS system has been de
scribed elsewher¥

ties of the defects imp-type materials are important since Typical DLTS specira of the electron irradiateetype

n-channel metal-oxide—semiconductor-type devices hang_SiC are presented in Fig. 1. Two deep levels, named as
been widely used. However, very few studies have been C '

made onp-tvpe 6H—SIC and onlv some discrepant resultsH1 andH2, respectively, were observed in the temperature
were repgrt)(/e?j Several new negr—infrared Iineg were me%r-e gion of 180-400 K. Both deep levels are induced by elec-
sured in the electron irradiatasitype 6H—SiC after 750 °C ron irradiation since they are electron dose dependent and

X ; : . increase linearly with electron dose. Their positions in the
annealing using photoluminescerfcélectron spin reso-

. .band gap are 0.55 and 0.78 eV above the valence band, re-
nance measurement, however, revealed the existence of five

electron irradiation-induced deep centers that can be aspectwely, which are calculated from the Arrhenius plots

nealed off in the temperature region from 150 to 706@n hﬁ:ig. 2). From the intercepts of the Arrhenius plots, the cap-

the other hand, no positron trap was observed usin ositroture cross sections are calculated to be %.26" ™ cn for
nop P 9p 1 and 1.35 10~ 14 cn® for H2. The effective mass of the

annihilation spectroscopy measurementsin the present . . :
P Py P hole used in the calculation is 0./25.2* The generation rates

work, we report the experimental results of electron . _
irradiation-induced deep levels patype 6H-SiC using deep ?;sgécs\?éjlsz are approximately 0.008 and 0.012 cin

level transient spectroscofpLTS)—an electrical method.

The annealing behavior of the induced deep centers is also
discussed. [ll. DISCUSSIONS

To the best of our knowledge, only limited experimental

Il. EXPERIMENT AND RESULTS results on particles irradiatgatype (aluminum-doped 6H—
_ o _ SiC using DLTS technique have been reported’ A deep
The starting material in this work was 6H-S{€type  |gye| having an ionization energy of 0.49 dblose to our

6H-Siq0001) with an epilayer of 10um thickness from  present result of 0.55 @Vwas observed in the nitrogen-
Cree Research Inc. The alumlnu_m accept_or Concentrat'oqﬁ]plantedp-type 6H—SICS However, this deep level center
were 9.0<10"* and 6.6<10'® cm” in the epilayer and the o4 withstand 1100 °C heat treatment. In the 5.5 MeV al-
substrate, respectively. Aluminum was deposited on th%ha particle irradiateg-type 6H—SiC, two similar deep lev-
els, located atE,+0.56 eV and E,+0.69 eV, were
dElectronic mail: sfung@hkucc.hku.hk observed? Although these two levels existed in the starting
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FIG. 1. Typical normalized DLTS spectra of electron irradiapetgpe 6H—  FIG. 3. DLTS spectra of electron irradiatpetype 6H-SIC before and after

SiC with various electron dosesa) 1.13<10' e/cn? and (b) 2.26 annealing(a) Before annealingib) 200 °C annealing,c) 300 °C annealing,

X101 efcnf. The rate window used in the experiment for these spectra is2"d(d) 500 °C annealing.
6.82 ms.

are not the same. We think that the latter one is very likely to

material, they were still considered as irradiation damagee a new deep level introduced by the irradiation and the
related defects by the authors since their concentrations iformer one may well be the shoulder of the latter. The domi-
deed increased after-particle irradiation. The DLTS peak nant deep level situated at 390 K in the DLTS spectrum after
of the level Ey+0.56 eV, in Rybicki's experimertf, ap- jrradiation in Ref. 16 may have a position deeper than the
peared at the temperature of 280 K in the DLTS spectrunteported 0.69 eV in which case the level in question would
with a rate window of 21.5 ms as seen in Fig. 1 in Ref. 16. Inpe closer to the value ¢12 in our work. Thus this deep level
the present work, however, the DLTS peaktgf+0.55 eV induced by thea-particle irradiation is very probably the
is situated at 210 K in the spectrum with a rate window ofsame as defedd2 observed in this experiment. It has been
6.82 ms. This means that these are unlikely to be the samgoticed that the capture cross section of this level in Ref. 16
deep center, because if they were, the DLTS peak ofs 1.34<10 % cn?, which is about two orders smaller than
Ey+0.55 eV in our experiment would be located at a higherthat ofH2 (1.35< 10~ ** cn¥). This discrepancy may be due
temperature position. to the different methods for estimating the values of the cap-

The position of the deeper leveE(+0.69 eV), ob-  ture cross sections. It has been found that the capture cross
served by Rybicki, seems to be different from that in oursection measured by changing the filling pulse width is
observation. On comparing the DLTS spectra before and alsometimes smaller than that calculated as this Wbrk.
ter a-particle irradiation in Figs. 1 and 2 of Ref. 16, we can In order to understand the thermal properties of the de-
see that the position of the leveE(+0.69 eV} changed fects observed in the present work, 5 min isochronal anneal-
from 380 to 390 K after irradiation. In fact, one can also se€ing was carried out in nitrogen gas. Figure 3 gives the DLTS
that a shoulder exists on the lower temperature side of thgpectra of the samples before and after annealing, and Fig. 4
DLTS peak Ey+0.69 eV after irradiation. Although, Ry- shows the concentrations bfL andH2 as a function of the
bicki did not distinguish this difference, we believe that theannea"ng temperature. The deféd¢t was annealed out at
two peaks, which were considered as the same deep levehe temperature of 250 °C, whilé2 was thermally stable up
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FIG. 2. Arrhenius plots of hole emission rates of electron irradiation-
induced deep levels ip-type 6H-SIiC as a function of 1000/Here 7, is FIG. 4. Concentration of the electron irradiation-induced deep levels in
the rat window. p-type 6H-SIC as a function of 5 min isochronal annealing temperature.
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to 500 °C. It is clear that the two defedtkl andH2, have IV. CONCLUSIONS
different thermal behaviors. Namely, they are not the same
defect.

In the previous studies of electron irradiatedype SiC,

In conclusion, two deep centers have been observed in
1.7 MeV electron irradiateg@-type 6H-SIC in the tempera-

a number of deep levels were observed using DEF&The  ture region of 180-400 K using deep level transient spec-
main deep centers werE1/E2 and Z1/z2, which could OScopy. The deep level EV“LO;?? eV with an estimated
withstand a high temperature>1000°Q annealing® In capture cross sec_:tlon of 1.230 cn? can be anqealed
this work onp-type material, however, the deep centeis ~ ©ff at 500°C, while another O”_eMﬁVJrO'_?g eV having a
andH2 can be annealed out at 500 and 250 °C, respectivehFaPture cross section of 1.830 cn? dissociates at the
This indicates that the defedtl andH2 are different from temperature of 250°C. Their different thermal behaviors
E1/E2 andZ1/Z2 in n-type 6H-SiC. We recall that if the make it possible to identify these as two different defects. To

defectsH1 andH2 that were not observed imtype SiC did understand the st.ructures of these defects, further. wor.k is
exist in n-type material then they would only introduce deep necessary. In partlcylar, measurements on electron irradiated
levels in the lower half of the band gap and act as hole trap@0ron-doped SiC will be helpful.

Another possible model of the defddf. or H2 is a complex

center of vacancy and impurifgluminum in this work To

distinguish between these two cases, the employment of bCKNOWLEDGMENTS

ron dopedp-type material would be necessary. Unfortu-
nately, boron dopeg-type SiC material is not yet commer-
cially available.

In electron irradiatech-type 6H-SIC, the deep levels,
such asE1/E2, E3/E4, and Z1/Z2, usually appear in
pairs>®1! This was believed to be due to the inequivalent
lattice sites(two cubic k sites and one hexagonhlsite in LT. Troffer, M. Schada, T. Frank, H. Itoh, G. Pensl, J. Heindl, H. P. Strunk,
6H-SiO, which have the same nearest neighbors but differ- and M. Maier, Phys. Status Solidi 262 277(1997). .
ent next nearest neighbors. According to this model, any\'\,"v' 2‘;2%;;' X'p ;e‘éf:x;scl'_;fgeg?gé(sigggng’ G. Brauer, H. Wirth, and
vacancy or substitutional impurity related defect should be-ss ryng, M. Gong, C. D. Beling, G. Brauer, H. Wirth, and W. Skorupa, J.
long to either thek site or theh site. Therefore, it is reason-  Appl. Phys.84, 1152(1998.
able to expect that any irradiation-induced defect should ap—;‘L- Patrick and W J. Choyke, Phys. Rev.833253(1972.
pear in a paired form with concentration ratio of 2:Eor GJG'F',D e[r)'s' Iin‘?\ﬂwéj'Aggg%'gteéhpgysgalsﬁ nzsi‘;(nlgf%wo and N. Nor.
some defects, however, the variation due to the inequivalentgey; Diaﬁm’nd Relat. Mates, 1388(1997). T '
lattice sites may be too small to be observed, as for the’N. T. Son, E. Soman, M. Singh, W. M. Chen, C. Hallin, O. Kordina, B.
well-known D center(vacancy-boron comple))%'z the deep z\igg%mar, J. L. Lindstim, and E. Janze Diamond Relat. Mate6, 1378
!evel Ec—1.25 eV('E7) n .Ref' 11andthe levetc—0.51eV & Cha, H. Itoh, N. Morishita, A. Kawasuso, T. Ohshima, Y. Watanabe, J.
in Ref. 4. From Fig. 1, it can be seen that no small DLTS ko, K. Lee, and I. Nashiyama, Mater. Sci. For@84-268 615 (1998.
peak exists as a shoulder bfl. However, on the higher °S. Dannefaer, D. Craigen, and D. Kerr, Phys. Re\6131928(1995.
temperature side of deep leveR a shoulder exists. Just like ;A Kawasuso, H. itoh, and S. Okada, J. Appl. P88.5639(1996.
the experiment done by Rybicki,the highest measurement 3: ::pr}?rgs?i;z%maggg, O. Kordina, E. Janzend J. L. Lindstron,
temperature of our DLTS system is around 400 K; it is dif-12s. valkealahti, J. Schou, and R. M. Nieminen, J. Appl. Pi§f.2258
ficult to known if there was a smaller peak on the higher (1989. ' _
temperature side. Therefore, it cannot be sure that the shouf’-&gs’é Reddy, S. Fung, and C. D. Beling, Rev. Sci. Instri, 257
der is always accompanying with the defet and having a M. s. .Mazzola, S. E. Saddow, P. G. Neudeck, V. K. Lakdawala, and S.
fixed concentration ratio. As the defedtd andH2 are not We, Appl. Phys. Lett64, 2730(1994.
as therma”y stable a81/E2 andz1/Z2, they probab|y are 15C. Raynaud, K. Ghaffour, S. Ortolland, M. L. Locatelli, K. Souifi, G.

; ; a1 i Guillot, and J. P. Chante, J. Appl. Phygst, 3073(1998.
some kind of defect complex of vacancy and interstitial im 16G. C. Rybicki, J. Appl. Phys78, 2996 (1995,

purity. By using DLTS technique only, it is difficult to obtain 17y, Suttrop, G. Pensl, and P. Lanig, Appl. Phys. A: Solids Stf.231
further information about their structures. (1990.
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