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Summary
STRUCTURE CHANGES IN GaAs CHIPS DEFORMED BY PRESSING AT 300 K
D. Moskal’, V. Nadtochiy, N. Golodenko

Structure changes around an impress of indenter on GaAs single crystals were investigated.
Samples in the shape of rectangular parallelepipeds with the sizes 2.4x3.1x3.2 mm’
conterminous correspondingly to the crystallographic directions [OIT] , [011] and [100] were
used. The impresses were being put on side surfaces (011) and (011) with loads on indenter

0.20 N. Then the sample was subjected to pressing along the direction [100] (the greatest
dimension) up to the stress 0 =83 MPa and was being maintained under the loading during
120 h at T=300 K. After the removal of the loading two types of dislocations were revealed by
chemical discriminating etching near the indenter impress. They were the prismatic loops, which
have issued from the stress concentration area in the process of creeping, and dislocations sliding
along the planes {111}. Running off of dislocations along the cleavage planes as a result of
splitting off of the chip was observed.

Keywords: GaAs, mechanical pressure, deformation, relaxation, dislocations.

AHoTauisn

CTPYKTYPHI 3MIHU B KPUCTAJIAX GaAs, JEOOPMOBAHUX CTUCKAHHAM
ITPA 300 K

/. C. Mockanw, B. O. Haomouiii, M. M. I'on00enko

JocmmkyBaaucs CTPYKTYPHI 3MiHH HaBKOJIO BIIOMTKA IHACHTOpAa Ha MOHOKpHucTajiax GaAs.
BukopucroByBanucs 3pa3ku y (GopMi HDpIMOKYTHHX IapalelIeHille/liB po3MipaMHu

2,4%3,1x3,2 MM?, 110 BIAMOBIAAIOTH KpHUCTaTorpahiuHuM HaIpsIMKaM [OIT] , [011] 1 [100].
Bin6uTkn HaHocuiMcs Ha Oiuni mosepxHi (011) i (011) IPU HABAHTAKEHHAX HA IHIECHTOP

0,20 H. ITotim 3pa3ok mijyiaBases cTUCKOBI y310Bxk [100] (Ginboro BuMipy) 10 HalpyKeHHs
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o =83 MIla iBuTpumyBaBcs mij HaBaHTaxeHHsIM 120 rogun ipu 7 = 300 K. I[Ticnst 3HATTS THC-
Ky XIMIYHMM BUOIPKOBUM TPAaBJICHHSM BHSBJICHO JIBa TUIMHU JUCIOKAINA IMOOIM3Y BiIOUTKA
IHIEHTOpA: MPU3MAaTHYHI T, 0 BUMIIUIN 3 00JIacTi KOHIEHTPAIIl HAIIPYKCHHS IUIIXOM IIe-
peroB3aHHs, 1 AUCIOKAIIil, IIT0 KOB3ar0Th 10 IutomuHax {111}. BusBieHo po30ir Iuciokalii mo
TJIONIMHAX CMAHOCTI B pe3yJbTaTi CKOJY KpUCTaa.

Kumrouogi cioBa: GaAs, MexaHiUHe CTHCKAaHHS, JehopMallis, pejakcarlis, JUCIoKaillii.

AHHOTAIUA

CTPYKTYPHBIE NBMEHEHUA B KPUCTAJJIAX GaAs, JE@OPMHWPOBAHHBbIX
CKATHUEM IIPHA 300 K

/. C. Mockanw, B. A. Haomouuii, H. H. I'onodenxo

HccnenoBanuchk CTpyKTypHBIE U3MEHEHHS! BOKPYT OTIEYaTKa MHICHTOPA Ha MOHOKPHUCTAII-
nax GaAs. Mcnonp3oBanuck o0pasiel B hopMe MPsIMOYTOJIBHBIX MapaJlIeIenuIe 0B pa3mepa-
Mu 2,4x3,1x3,2 MmM?, COBIagaromMUMH COOTBETCTBEHHO C KpHCTaorpaguuecKuMu Hampasiie-

HUSMH [OIT] , [011] u [100]. OTneyaTKy HAHOCUIIMCH HA 60KOBbIe ToBepxHocTH (011) 1 (011)

npu Harpyskax Ha unaentop 0,20 H. 3atem o6pasen noaseprascs ckatuio Bioib [100] (6omb-
1Iero u3MepeHust) 10 Hanpsokenus: ¢ =83 Mlla u Bblep:kuBasics 1o Harpy3koi 120 yacos npu
T =300 K. Ilocne cHSTUS 1aBIEHUS, XHMUUYECKUM M30UPATEIbHBIM TPABICHUEM BbISBICHO /1BA
TUIA AUCIOKAIMKA BOINU3M OTIIEYaTKA UHJIEHTOPA: TPU3MATHUYECKHE TIETIIH, BBIIIEAINE U3 001a-
CTH KOHIIEHTPALIMU HAIIPSDKEHUI Iy TEM NIEPEIOI3aHus, U JUCITOKAINH, CKOJIB3SIIUE IO TIOCKO-
ctsm {111}. ObHapykeH pa3der AUCIIOKAIUI 1O MJIOCKOCTSIM CITAHHOCTH B PE3yJIbTATE CKAJIbIBA-
HUSI KpUCTAJIA.

KiroueBrnle ciioBa: GaAs, MEXAaHHUYCCKOC JaBJICHUC, I[C(I)OpMaLII/IH, peiaakcanus, AUCIOKal .

Investigation of the thin spectrum of relations
pressure—deformation and deformation-time in
diamond-like semiconductors Si and Ge has al-
lowed finding out microplastic deformation in all
temperature interval 77-600 K [1-5]. It was ascer-
tained with the help of optical and electron micro-
scopy, that the microplasticity in these single crys-
tals at the mentioned temperatures is conditioned
by the origin and motion of dislocations exclu-
sively in near-surface layers which have distin-
guishing structural and electrical properties as
well as dynamics of crystal lattice. Owing to the
stated causes and to a number of others [1] dislo-
cations in Ge and Si single crystals, including
those which originally had no dislocations, occur
at stresses on some orders of magnitude smaller
than that needed for homogeneous origin. The
specific role of a surface in dislocation multiply-
ing consists in the fact that a surface, being a po-
tent source of vacancies, intensifies processes of
creeping. Thus in Ge and Si is realized the process
alternate to the thermally activated mechanism of
overcoming of high Peierls barriers by slip of dis-
locations. As is well known, the mechanism of
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Peierls requires stresses about idealized shearing
strength of the chips.

The low-temperature plasticity at pressing in
diamond-like semiconductors of the group A B,
(GaAs, GaP, InP, InSb etc.) with ionic compo-
nent of bonding forces is studied less. The defor-
mation by pressing of GaAs at low temperatures
was being investigated in works [6-9]. It was
shown that in the temperature range 290-420 K
the deformation was created by twinning simulta-
neously with a slip of full dislocations, but very
high tensions (0.4-0.6 GPa) were needed for acti-
vation of the plasticity. It is marked [10] that at
middle and low temperatures the plasticity of
GaAs is determined by the mechanism of Peierls.

While surface of semiconductor combination
A.B; is indented, prismatic loops remain fixed
[11]. At the same time it was visually shown on Ge
single crystals that the dislocations near to an in-
denter impress can move at 300 K if the chip was
subjected to a long-term axial pressing deforma-
tion [12]. It was to be expected therefore that us-
ing a similar technique of deformation it would be
possible to watch scattering of dislocations on
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GaAs single crystals as well. Besides it was of in-
terest to establish whether the motion of disloca-
tions is possible in the field of low temperatures at
small and middle stresses in near-surface layers of
these chips, where realization of diffusion—dislo-
cation microplasticity is possible.

Experimental technique

Samples of GaAs single-crystal (trade-mark
AGChT-1-25a-1) in the shape of rectangular par-
allelepipeds with the sizes 2.4x3.1x3.2 mm’
conterminous correspondingly to the crystallo-
graphic directions [01 1], [011] and [100] were
used in the experiment. Imperfections from the
chip surfaces were removed by grinding with dusts
ASM-3, ASM-1 with subsequent chemical polish-
ing in solution H,SO,+H,O, (solution
33,9%) = 3+1. With the help of a microhardness
gauge PMT-3 the indenter impresses have being

put on side surfaces (011) and (011) with loads
on indenter 0.20 N. Then the chip with the im-
presses had been pressed through plastic gaskets
along the direction [100] and was being main-
tained under the loading at the stress ¢ =83 MPa

A

(011)

during 120 h. As it was shown in the work [4], such
stress level was enough for originating a microplas-
ticity in GaAs. After unloading samples were
etched in chemical solution AB [13] for exposing of
structure defects on different depth. It was estab-
lished that after etching in such solution during
10 s the surface layer with thickness 0.3 pm was
removed. Before each etching and after it the sur-
face of the sample was photographed.

Results and discussion

First of all it was important by creation of di-
rectional flows of point defects to realize in exper-
iment conditions, needed for creeping of disloca-
tions. It is known [14] that a difference of a vacan-
cy concentration can be created in a chip by
uniaxial pressing or stretching. So, application of
a pressing stress (Fig. 1a) increases probability of
formation of vacancies on side surfaces. Owing to
it, a directed flow of vacancies to the butts is
emerging, as it is shown in the same figure. If dis-
locations be introduced on the route of this flow,
than it is possible probably to ensure their non-
conservative movement, as it was observed in Ge
single crystals [1].

Fig. 1. a — a sample with an indenter impress (indicated by the cross) deformed by the pressure p =83 MPa . The

arrows indicate flows of vacancies; b — dislocation structure near to the indenter impress on the depth 3 um

from the surface; ¢ — the same impress after supplementary removing of surface layer 3.3 pm in thickness.

The indenter impresses were put on the side
surface of GaAs chip on the distance 110 pm
from the lower butt (near the right-hand edge in
Fig. 1a). After exposure of the chip under load-
ing, a dislocation structure (Fig. 1b) in the form
of dislocation half-loops, having moved away
from the impress (one of them is indicated on the
figure by a pair of arrows), was revealed by etch-

ing. On the depth 3.3 um additional loops have
appeared (Fig. 1¢). But after removing by the
chemical etching of the layer 5-7 pm in thickness,
dislocation were not found. It testifies that the
dislocations had been moving in a near-surface
layer. The sizes of loops made ~2-4 um. An at-
tention must be paid to the fact that the disloca-
tions are moving in the direction opposite to that
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of vacancy flow (in Fig. 1b and 1c). The directed
flow of vacancies is indicated by dotted lines. It is
possible to suppose the following mechanism of
the dislocation movement. Near to the indenter
impress there is a supersaturation on interstitials
[15]. Under the action of stresses and mentioned
supersaturation, prismatic interstitial dislocation
loops can arise. The flow of vacancies to the im-
press will promote counter movement of intersti-
tials. Thus the loops moving away in the begin-
ning will be extended with the interstitials and
augmented in the sizes. On large distances, where
the supersaturation on interstitials decreases and
the vacancy concentration grows, they will de-
crease or will completely be dissolved. It is ob-
served in Fig. 1b and lc.

The relaxation of stresses near to an indenter
impress, put on a side surface of the sample, hap-

pens also owing to generation of loops in definite
slip planes (Fig. 2a). In Fig. 2a the dislocations,
having moved away from the impress, lie in the
plane (111), and in Fig. 2b — in the cleavage
plane (011) . The observed structure can be treat-
ed as a set of dislocation loops, only one end of
each loop having moved away from the impress,
while the other end is fixed under the impress.

On the butt two types of dislocations were de-
tected: sliding dislocations, lying in a plane of
splitting off (101) (Fig. 3a), and half-loops
(Fig. 3b), being arisen as a result of creeping. A
feature of the last is the absence of their stringent
orientation in the system of planes {111}, as it is
observed at high-temperature tests by pressing.
Let’s mark, that the observed half-loops are de-
posited in a thin near-surface layer and arise at
reduced stresses.

][100]

b

Fig. 2. a — a train of dislocation pits having moved away from the indenter impress along a line of intersection of

a plane (011) and a slip plane (111) ; the structure is photographed after removing of the layer 0.25 pm in

thickness; b — a number of dislocation etching pits along the line of intersection of a surface (01 T) and a cleav-

age plane (101) on the depth 1.5 pm.

Fig. 3. a — the dislocation structure on the butt surface (100) with cracking along the plane (101) revealed by
discriminating etching; b — the enlarged image of the part of the butt enclosed with the rectangle in Fig. 3a. The

outlets of half-loops are indicated.
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Conclusions

Thus, the adduced results demonstrate that in
semiconductor combinations GaAs, as well as in
elementary semiconductors (Ge, Si), the micro-
plastic deformation in the temperature range of
brittle failure is controlled by diffusion processes.
It is necessary to allow the detected features of
motion of dislocations in materials with high Pei-
erls barriers when designing sensor devices on the
basis of diamond-like semiconductors.
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