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Ion implantation with energies in the MeV region offers the possibi-

lity to produce three-dimensional monolithically integrated optoelectro-
: oo /1,27 ‘
nic devices .
Depth and fluence dependences of damage production on GaP single
‘ 4
AOAr++’ 31P++, ZONe+, 14N+, He+, and 1H+ ~

ions were studied in the range of energies ED:(D.B—l.U) MeV/amu. The

crystals bombarded with

monocrystalline targets vere irradiated with heavy ions at the cyclo-
tron Y-300 of thg Laboratory of Nuclgar Reactions at the Joint -
Institute for Nuclear Research, Dubna. For the irradiations with light
ions and for 'damage anélyses ve used the proton and He+-beam from the
Van de Graaff-accelerator at the Karl Marx University, Leipzig. The
diameters of the cyclotron beams were in the range of 1 mm and the
angular divefgences about 0:5%. The bombardment was performed at angles
of about 30° to the crystal surface under random conditions; fluences

13 2 to sx10'8 em 2. A GaP single crystal of 0.6 mm

ranged from 2.5x10 “cm”
thickness was fastened on a massive metallic plate in the vacuum chamber
to provide effective heat removal. Target orientation, damaging and ion

dose during the irradiatiqon were controlled'/j/

using plastic or glass
track detectors. After mechanochemical polishing and ion bombardment
macrodamages of the crystal surface were not visible. On the other hand,
in the spot region a blackening of GaP occurred which reached .satura-
tion at lov ion doses. The distributions of the lattice damages were
investigated by the Rutherford backscattering-channeling technique with
1 MeV protons, some months after the irradiations. With these data,

the damage profiles were computed using a program modified for

compounds, on the basis of the model of multiple scattering /4/. Th

e
lattice expansions vere measured using the proton-induced Kossel
effeet /5/.

The depth profiles of damage density determined in this way are
presented for several fluenFes in Fig.1l.

For all ions qualitatively similar profiles of damage density are
produced at lowv fluences. These profiles are characterized by relative-
ly low and homogencous damage densities in the higher energy region
near the surface and by a maximum ncar the penetration depth.

In the near-surface region the saturation behaviour of damage
production occurs (Nzat/Nocvlo%), similar to that observed in proton
or electron bombardments since at energies ED:> 100 keV/amu all atomic
species investigated produce similar defect structures as the average

energy transfer per binary encounter is sufficient tao praduce only
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2-5 atomic displacements. In the surface region (t = 0.5 Pm) the
fluence dependences of damage density and of the damage-induced
lattice strain scale with the energy deposited into nuclear procasses
(Fig.2].
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fig.l. Depth profiles of damage density for (111) GaP
implanted with different fluences ( D,CM<),
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Fig.2. Fluence dependences of damage density (A, P, Ne, N,

He, H, I) and of strain (A’O,.,O,V,O‘+,v) for

ion-implanted (111) GaP.

The saturation behaviaur of damage production by Th bombardment,
vhich was studied up to very high fluences, indicates that amorphiza-
tion cannot be reached. Electron microdiffraction patterns on highly
implanted samples confirm the crystalline order within the damage
peak region. In H* irradiated samples the highly damaged region is
supersaturated with small, mainly vacancy-type, defects embedded in
a crystalline matrix, which are too small to serve as centres for
defect nucleation. Therefore, here the competing process of mutual
annihilation of the Frenkel partners predominates over the defect
growth. '

For He* implanted GaP the higher nuclear energy loss is sufficient
to produce bigger vacancy-type defects (voids), vhich seem to have
the minimum size sufficient for nucleation.

If the critical concentration Nd/NO 7= 15% is exceeded, the
interface bectween the highky damaged and the less damaged regions
moves towards the surface due to the defect nucleation at this
interface, thus producing a void layer with the remaining crystalline
order.

In GaP %mplanted with heavier ions (M>4), amorphization is reached
by the overlapping of individual strongly disordered regions which
represent centres for defect nucleation.



This process spreads towards the surface with increasing fluence
since in the higher energy region individual disordered zones are also
produced but in concentrations orders of magnitude lower. With rising
fluence their concentration increases due to the point defect density.
This observation of the coexistence of "hydrogen-type" and of "heavy
ion-type" defects in the higher energy region is confirmed by similar
/17 and Si

Summarizing one can state that bombardment of GaP with ions heavier

results on N implanted GaAs
than He can be used to produce buried amorphous layers beyond a
slightly damaged surface layer with thickness t=1 pm wvhich is yet

suitable for device applications.
?
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lIpodunp noBpexgmenus GaP mociie UMILIaHTAaLHHU
BHICOKOSHEPre THUHHMU HOHAaMH

E14-86-448

XapaKTepHCTHKH DemeTKH MOHOKDHCTAalula GaP, moBpexmeHHOH
B pesynbTraTe OOIYYEHHs BbICOKOIHEpPI'eTHYHbIMH HOHAaMH, HCCIIeSORa-
Hbl C MOMOWmBH TEXHHKH pe3epPopZOBCKOro oGpaTHOI'O pacCEesHHA Ka-—
HaJIMPOBAHHLIX 4YacTHI H 3dbekTa Koccens Ha nmyuke npoToHos, Mo-—
HOKDHCTAIUI OG/IyYeHs DASIMYHLMH HOHaMH oT |H oo 40Ar B guama-
sone sHeprum (0,3~1,0) MsB/uykion, [1a aHanusa HCHOOIb3OBaH
ny4yok 1 MsB HpOTOHOBu‘HOHYQEHa 3aBHCHMOCTb OT [HO3bl CTEfleHH
nmoBpexgeHus, npo¢unsa nepekToB M mapamMeTpa pemeTku GaP, Cmema-
Hbl BbIBOOBHI O TOM, YTO HApAAYy C reHepauHei medeKToB IYYKOM Tsi—
XEJIBIX YaCTHU IPH KOMHATHOH TeMIepaType NPOHCXOZAT IIPOLieCChl
pPexoMbuHauHH nap ®peHkens, a Takke OOBEOUHEHHUS TOYEUHHX Hedek
TOB NpH GONIBPMOH ILIOTHOCTH,

PaGora BumonHeHa B Jla6opaTOpuH AHepHuX peakiuii OUIH,
HNpenpunt OGbeAuHEHHOro MHCTHTYTa SUIEPHBIX HccnemobaHwii. [lyGHa 1986
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Damage Profiling on High Energy Ion Implanted GaP

Characteristics of the GaP lattice damaged by high energy
ion irradiations were studied using the Rutherford backscatte—
ring-channeling technique and the proton-induced Kossel effect
Single crystals were bombarded with different ions from IH to
40Ar in the energy range 0.3<1.0 MeV/nucleon. An 1 MeV proton
beam was used for analysis. The dose dependences of the damage
density, damage profiles and of the GaP lattice parameters we-—
re extracted. Conclusions have been drawn that, along with de~
fect generation during bombardment, recombinations of the
Frenkel pairs even at room temperature, as well as nucleation
of high density point defects are possible.

The investigation has been performed at the Laboratory
of Nuclear Reactions, JINR.
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