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Ion implantation wrth energies in the MeU region offers the possibi

lity to produce three-dimensional monolithiea11y integra~ed optoelectro
nic devices /1,2/. ' 

Depth and fluence dependences of damage production on GaP single
;r1 " 40 ++ 31 ++ 20 + 14 + 4 + 1 +crystals bombarded wlth Ar , P , Ne, N, Ile, and I~ 

ions ~ere studied in the range of energies E MeU/amu. lheo=(0.3-1.o) 
monoc{rystalline targets were irradiated wit-h heavy ions at the cyclo

tpon ~-300 of th; Labora~ory of Nucl~~r Reactions at the Joint·~ 
Institute for Nuclear Research, Dubna. For the irradiations with light 

iohs and for ~amage an~lyse~ we used the ~roton and He+-~eam from the 

Uan d& Graa~f-accelerator at the ~~~l Marx Uni~ersit~, Leipzig. lhe 

diameters of the cyclotron beams were in the range of ] mm and the 

angular divef~ences about TI:5~. lhe bombardment was performed at angles 

o f	 a bou t 3 Oo t o t he c r yst a ,I s u r f a c e u,nd e r 'r a ndom c ond i t i on s j f 1ue nc e s 
1B 2.ranged from 2.5xlo 13cm- 2 to 5xlo cm- A GaP single crystal of 0.6 mm 

thickness ur a s fastened o n a mas s ve met a.l Lí c plate in the vacuum chamberí 

to províde effective heat removal. larget orientation, damaging pnd ion 

dose during the irradiatiQn were controlled ·/3/ úsing plastic or glass 

track detectors. After mechpnochemical 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

tio~ at low ion doses. lhe distributions of ~he lattice damages were 

investigated by the Rutherford backscattering-chann~lingtechnique with 

1 MeU protons, some months af~eF the irradiations. With these data, 

t h e da ma 9 e Pr o f i 1e s' iue r e c ompu t e d usi n 9 a P r o9 r a m 'm od i f i e d' f o r 

compounds, on t~e basis of the model of multiple scattering /4/. lhe 

lattice expansions were measured using lhe prôton-inducedKossel 
effect /5/. . 

lhe depth profiles of damage density determined in this way are 

presented for several fluenpes in rig.1~ 

For alI ions qualitatively similar profi1es of damage density are 

produced at low fluences. lhese profiles are ch~racterized by relative

ly low and homogenoous damage densities in the higher energy region 

near the surfece ond by a maximum ncar the pcnetration depth. 

In the near-surface region the saturation behaviour of damage 

production oc cu r s (N~8t/No-;::::-10?ó), similar to that o bs e r ve d in pr o t o n 

or electron bombardments since at energies E > 100 keU/amu alI atomic o 
species investigatod produce similar defect structures as the av~rage 

energy transfer per binary encounter is suffieient to produce only 
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2-S atomic disp1acements. In the surface region (t ~ D.S ~m) the 

f1uence dependences of damage density and of the damage-induced 

1attice strain scale with the energy deposited into nuclear processes /6/ 

(Fig.2). 
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fig.1.	 Oepth profiles of damage density for (111) GaP 

implanted v i t h different fluences (o,Cm2).' 
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Fig.2.	 Fluence dependences of damage density (A, P, Ne, N,
 

He, H., I) and of strain (l!. 10 I e,. I Y ,O , + , V) for
 

ion-implanted (111) GaP.
 

The saturation behaviour of damage production by H+ b omba r dm'en.t , 

which was studied up to very hi~h fluencss, indicates that amorphiza

tion cannot be reached. Electron microdiffraction patterns on highly 

implanted samples confirm the crystalline order within the daIDage 

peak region. In H+ irradiated samples the highly damaged region is 

supersaturated with small, mainly vacancy-lype, defects embedded in 

a crystalline matrix, which are too smal1 to serve as centres for 

defect nucleation. Therefore, here the competing process of mutual 

annihilation af the Fren~el partners predominates over the defect 

growth. 

For He+ implanted GaP the higher nuclear energy 10ss is sufficient 

to produce bigger vacancy-type defecti (voids), which seem to have 

the minimum size sufficient for nucleation. 

If the	 c r í t c a l concentration Nd/N t;::; IS~~ is exceeded, theí o 
interface botween the high~y damaged and the less damaged regions 

moves towarda the surface due to the defect nucleation at this 

interface, thus producing a void layer with the remaininq crystalline 

order. 

In GaP I mpLa n t e d v í t h heavier ions (M>4), amorphization is reached 

by t h e over 1 a p p i n 9 o f i nd i v i duaIs t r on 9 1y d i s o r de r e d r e 9 i.on s wh i c h 

represe~t eentres for defect nucleation. 
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This process spreads to~ards the surface with increasing fluence 

since in the higher energy regian individual disordered zones are also 

produced but in concentrations orders of magnitude lower. With rising 

fluence their concentration increases due to the ~oint defect density. 

Th s ob s e r va t í on of the c oe x í s t e nc e of "hydrogen-type" and of "heavyí 

ion-lype" defects in th~ higher energy region is confirmed by similar 

r.esults on N+ implanted GaAs /7/ and Si /8/. 

Summarizing ane ~an state that bombardment of GaP with ions heavier 

t-h an He can be used to produce b u r i e d amollph,ous layers beyond a 

slightly damaged surface layer with thickne,ss ,t ~l ~m whi.ch is yet 

suitable for device app1içations. 
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AmepoH K. H AP. EI4-86-448 
ITpo~Hnb nOBpe~AeHHH GaP nocne HMnnaHTa~HH 

BblcoK03HepI"eTHtzHbIMH HOHaMH 

~
I 

! XapaKTepHCTHKH pemeTKH MOHOKpHCTanna GaP, nOBpe~eHHoH 

( B pesynbTaTe oõnytzeHHH BWCOK03HepreTHtzHbMH HOHaMH, Hccnep;oBa
HbI C nOMO~bW TeXHHKH pesep~opP;oBcKoro oõpaTHoro pacceHHHH Ka
HanHpoBaHHb~ tzaCTH~ H 3~eKTa KoccenH Ha nytzKe npOTOHOB. Mo
HOKpHCTa.TIJIbl oõnytzeHbI pasnHtzHWMH HOHaMH OT IH p;o 40Ar B p;Hana
SOHe 3HeprHH (0,3-1,0) M3B/HYKnoH. Anfl aHanHSa HcnonbSOBaH 
nytzOK 1 M3B npOTOHOB g ITonytzeHa saBHCHMOCTb OT P;OSW CTeneHH 
nOBpe~eHHH, rrpodmna ge~eKToB H napaxerpa pemarxa GaP. Cp;ena
HbI BbIBOAbI O TOM, xro HapHp;y C r-eaepanaeã p;e~eKTOB nytzKoMTR
xerrsrx tzaCTH~ npx KOMHaTHoií TeMnepaType npOHCXOP;HT rrpoueccu 
peKoMõHHa~HH nap ~peHKenH, a TaK~e oõ~ep;HHeHHH TOtzetzHWx p;e~eK 

TOB npH õonbmOH nnOTHOCTH a 

PaÕOTa BwnonHeHa B naõopaTopHH Hp;epHWX peaK~Hã ORHH. 
IIpeIIpIlHT OÔbeAHHeHHoro HHCTHT)'Ta smepH&IX accneaoaanaã. .uy6Ha 1986 

Ascheron C. et aI. Ei4-86-448 
Damage Profiling on High Energy Ion Implanted GaP 

Characteristics of the GaP lattice damag~d by high energy 
ion irradiations were studied using the Rutherford backscatte
ring-channeling technique and the pfoton-induced Kossel effect 
Single crystals were bombarded with ditferent ions from IH to 
40Ar in the energy range 0.3~I.O MeV/nucleon. An 1 MeV protori 
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 
Freqkel paira even at room temperature, as well as nucleation 

;~~ , of	 high density point defects are possible. 
I 

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