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ABSTRACT

14 +SiC(6H) crystals amorphized ui th N -ion Implantation were annealcd
2

with C02 laser pulses at intensities of 20 to 100 MW/cm . Laser

produced crystallisation due to residual ray absorption was studied

U +
by means of optical spectroscopy, He -ion backscattering spectrometry

and channeling äs well äs Cu K . and Synchrotron x-ray diff ract ion

topography. At low laser intensities topographs revealed linear and

planar defects which contributed to increased dechanneling independent

of analyzing beam energy. Minimum of lattice disorder, which was in some

regions of the laser impact area smaller than that obtained in thermal
2

annealing, was attained at the peak laser intensities of about 50 MW/cm .
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It is known that thermal annealing of silicon carbide crystals does

not result in complete removal of radiation damage even at äs high

a temperature äs 1800 C, at which the crystal surface Starts to

decompose (l, 2). It is therefore of considerable intereat to explore

the possibilities of high intensity laser Irradiation which has proved

successful in the annealing of ion-implanted silicon (3, S).

Fig. l shows the optical absorption spectrum of SiC(6H) aingle crystals

(curve a) (6, 7) and that of SiC made amorphous by ion bombardment

(curve b). Curve b was calculated from the optical density and

reflectivity measured in this work using the value of the thickness of

the amorphous layer obtained from the measured He-ion Rutherford back-

scattering (BS) spectra. It is seen that there is a large shift of the

absorption edge towards lower photon energies when the crystal is made

amorphous. Consequently, possible lasers for annealing amorphous SiC

are Nd-, ruby or N2~lasers, whose photon energies are 1.17 eV, 1.79 eV and

3.67 eV, respectively. However, a strong dependence of the absorption

coefficient a on the degree of disorder should result in a dependence of

the required laser intensity on the implantation conditions. In addition,

a single N2-laser light pulse of 5 ns duration would heat only a thin

subsurface layer of some tens of a nm, because the absorption coefficient

for this light is rather large (a > 3 • 10 cm ).

Another possibility is to use a COj-laser, because its photon energy

(117 meV) is within the Reststrahlen (residual ray) band of lattice

absorption. According to Ref. 8, a • 6 • 10 cm for amorphous SiC and
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a = l • 10 cm for crystalline SiC at this photon energy, i.e.

the absorption does not depend significantly on the disorder. In

this case the laser light intensity necessary for annealing should sti l l

depend on the degree of damage because of the d i f fe ren t ref lect ivi t ies

of the aroorphous and crystalline EiC (20£ and 90%, respectively (8)) .

The results reported in thia work were obtained using pulsed TEA COj

lasers, the pulse length of which was 0.1 Us. Also some experiments

were made with pulsed Nd- and Nn lasers and it was found that they

probably can be used for annealing of Sie.

N-type SiC(6H) crystals, the net dnnor concentration of which was abouL

2 - 1 0 cm , were implantcd at room temperature with 45 keV N -ions.

The diameter of the overlapping CQ^-laser beam spots on the sample was

from 0.3 to l mm. BS random and in the <OOOI>-direction aligned spectra

of the etched as-grown, implanted and annealed parts of the SiC samples

were taken with a 0.8 mm diameter He -ion beam of a van de Craaff

accelerator. For further investigation of the annealed crystals x-ray

dif f ract ion topography using characteristic CuK radiation of an x-ray

generator and Synchrotron radiation of the DORIS electron-positron ring

was applied (9) . Optical measurements were performed with a curved

grating monochromator using a Xe-lamp äs a l i g h t source.

Figure 2 shows the random (a) and aligned (b to e) energy spectra of

4 +
J MeV He particles backscattered from the SiC crystal implanted with

]5 14 + . 2
8 • 10 N ions/cm , Curve b of Fig. 2 is the spectrum of the as-

implanted part of the sample, curve c was obtained after Irradiation with

partially overlapping l mm-diameter laser pulses whose maximum intensity

- 4 -

in the center was about 20 MW/cm . The optical absorption spectrum

of the same laser irradiated part of the crystal is shown in Fig. l ,

curve c. The absorption coef f ic ien t is 10 to 20% of that of the

amorphous material . Because of the simultaneous decrease of absorption

coefficient and the thickness of the damaged layer, the optical trans-

mittance of the Laser annealed region at 3 eV is only about 10% less

than that of the unimplanted region. Therefore by visual inspection it

is d i f f i c u l t to distinguish between the laser annealed and the unim-

planted regions of the crystal. The BS spectrum of Fig. 2 (curve c)

shows, however, that there is a lot of damage left in the crystal. A

striking featute of this spectrum is that the dechanneling level (ob-

servable in Fig. 2, curve c, at depths larger than 150 nm) is higher than

in the as-implanted crystal (Fig. 2, curve b) , although the damage peak

near the surface is lower than that in the. as-implanted crystal. This

can be explained by the existence of large scale imperfections such äs

stacking f au l t s , dislocations or twins. The analysis of the BS spectra

taken at d i f f e ren t He-ion beam energies (0.5 MeV, 1.0 MeV and 2,0 MeV) suggcsts

that major contribution. to the dechanneled component is due to defects ,

the dechanneling cross-section of which does not depend on the beam

energy. According to Ref . 10, this is the case of stacking faul t s , Only

about 1/7 of the dechanneling is caused by displaced atotns.

Fieure 3 shows a f l l • 12} characteristic CuK -radiation back reflection
«l

topograph and Fig. 3b a { 0 1 - 1 } white Synchrotron radiation transmission
2

topograph of the same 20 MW/cm -laser annealed crystal whoae optical

absorption and RS spectra were shown in Fig. 2 (curve c) and in Fig. l

(curve c). In Fig. 3 unimplanted (1), implanted (II) and laser pulse

irradiated (in) regions are seen. A dark line between areas I and II is
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due to lateral strain caused by the expansion of ehe implanted amorphous

layer (II). Traces of the circular laser Spots are seen in region III.

Within each spot there are three Systems of narrow ("Hpm) s t ra ight l ines

(L) parallel to < 1 ] • 0> , These lines are more clearly visible in Fig. 3c

which is a larger magnification than in Fig, 3a and b from a part of

region III. The lines may be interpreted äs d i f f r a c t i o n images of slip

planes or stacking fau l t s in agreement with the conclusion ma.de from the

analysis of the BS spectra. However, enough Information f rum different

reflections was not yet obtained to perform a complete f au l t vector

analysis.

Circular lines (C) around the laser spots in Fig. 3a and b are most

likely of the same origin äs the boundary line between region I and TI ,

i.e. they separate the crystalllne (laser annealed) and the amorphous

(aa-implanted) regions, The transmission topograph (Fig. 3h) shows how

the strain field extends outside the laser spot. Two short sections of

the boundary Üne between regions I and II were hit by the laser beam.

As seen from the topograph they did not, however, disappear indicating

that complete restoration to the original state was not attained. In

addit ion to the defects caused by ion Implantat ion and laser irradiation,

some curved long dislocations äs well äs stacking faul ts deep in the

crystal are seen in Fig. 3b. Also the damage caused by the He-ion beam

(A) is visible in the x-ray topographs (Fig. 3a, b and d).

Curve d of Fig. 2 showa the BS spectrum of SiC measured a f te r Irradiation

2
with 50 MW/cm laser pulses. Although the residual damage is considerably

smaller than after 20 MW/cm2 irradiation (curve b), the normalized yield

behind the damage peak is about 10? which is still larger by a factor o£

- 6 -

about 3 than that of the unimplanted crystal (curve f ) . An x-ray
2

topograph of the 50 MW/cm annealed crystal is shown in Fig. 3d. Only

separate dark spots (S) in the raiddle of large annealed areas are seen.

They are evidently due to daraage in the center of the laser spots

where the light intensity has its maximum.

When the laser light intensity is increased up to 100 HW/cm , the BS

spectrum (Fig. 2, curve e) shows no damage peak near the surface.

However, the dechanneling level is rather h igh , A similar phenomenon

and A t-hange in the Ga to As concentration ratio has been observed in

laser damaged GaAs (12) . Ln SiC, however, no noticeable change in the

Si to C concentration ratio cnuld be found. An x-ray reflection topo-

graph (Fig. 3e) shows dark spots uhich are larger than those in Fig. 3d

2
observed a f te r 50 MW/cm irradiation.

It is interesting to notice that t-he largest removal of daraage by means

of C02 laser pulses calculated in this work £rom the BS spectra (Fig, Zd)

is very closely the same äs that obtained by thermal annealing at 1700 C

of 30 keV n -implanted SiC crystals ( 1 3 ) . The analysing He-ion beam was

larger in diameter than the distance between the small dark laser damaged

spots in the x-ray topograph (Fig. 3d). Lower level of damage might have

been observed in the BS spectrum, if the spots could have been excluded,

This , in turn, means that laser annealing is probably more eff ic ient than

thermal annealing.

This work was supported by the Finnish Hinistry of Education (V,V.M.) ,

the Alexander von Humboldt-Stiftung (T .T. ) and the Emil Aaltosen säätio

( K . N . ) .
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Captions of Figur

Fig. l

Fie. 2

Fig. 3

Optical absorption specttum of (a) monocrystalline SiC(6H),
2

(b) ion-implanted amorphous and (c) 20 MW/cm (XK-laser

annealed SiC.

l MeV He backscattering spectra of SiC: (a) random

and (b) <0001>-aligiied incidence on 8 • 10 N ions/cm

implanted sample. <0001>-a]igned spectra were also taken

after (c) 20 MW/cm , (d> 50 MU/cm2 , (e) 100 MW/cm2 pulsed

C02~laser annealing. (f) is ehe <0001>-aligned spectrum of

the unimplanted crystal.

(a) ( I I ' 12} ref lect icm CuK -topograph, (h) {01 • 1}

Synchrotron radiation transmission topograph of a SiC crystal
2

showing unimplanted ( I ) , implanted (II) and 20 MW/cm laser

annealed (III) regions. (c) Magnification of (a), region HJ..
2

(d) { I I - 12) r e f l ec t iün CuK -topograph of a 50 MW/cm
2

laser annealed SiC cryatal and (e) that of a 100 MW/cm laser

annealed crystal. (Regularly spaced parallel straight lines in

(e) are similar to those observed in R e f . 34, 15). 3 4

PHOTON ENERGY (eV)

FIG.1
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