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Absl ract_ It is sh ow n  that the damajH* m e a s u r e d  f o l l o w i n g . 4 0  keV F 

i nip I ant at ion into G aA s  at r o om  t e m p e r a t u r e ,  d e p e n d s  s i g n i f i c a n t l y  u p o n  the 

ion d o s e  rate as well as ion d o se  S u b s t a n t i a l  pets i .i гор 1 int at i on a n n e a l i n g  

of the d a m a g e  at r o o m  t e m p e r a t u r e  w** »»lso «hs e iv e d.  Ihe i m po r t a n c e  of 

these r es u lt s  in m a k i n g  i n t e r c o m ^ a r i s o u s  b e t w e e n  iitferer.l ion spe» ies 

i m p l a n t a t i o n  in OaAs  is d te c us s e d .

( Н е с е н а !  f o r  P u b l i c a t i o n  J u n e  2 0 ,  1 Ч Н 4 )

I N T R O D U C T I O N

E a r l i e r  s t u d i e s  by one of the p.riscnt aulhorr. and c o l l e a g u e s  * ^ at 

M c M a s t e r  U n i v e r s i t y  pn P and Ai i mpl a m  a t i >n • • I O aA s  иг low t e m p e r a t u r e  

( a 4 0  K) and r o o m  t e m p e r a t u r e  s u g g e s t e d  that only m m *  r d i f f e r e n c e s  o c c u r r e d  

in il d a m a g e  p r o d u c e d  by both s pe c i e s  lor iow t e m p e r a t u r e  c o n d i t i o n s  but i>ub 

st ant i a 1 d i f f e r e n c e s  o c c u r r e d  b e t w e e n  the two s p e c i e s  in m e  d a m a g e  m e a s u r e d  for 

r oo m  t e m p e r a t u r e .  Ihese d i f f e r e n c e s  ve r e small tV.r h i gh dose im p la n ts  w h e r e  the 

s ur f a c e  t e g i o n  was a m o r p h i s t d  nut i n c r e as e d w it h  d<'creasing do s e and d a m a g e  

fraction.

In r e l a t e d  s t u d i e s  by a n o t h e r  of the prtst-'U a ut h o r s  a nd  c o l l e a g u e s  at
j 4 5

S a l f o r d  and at M c M a s t e r  ’ * U n i v e r s i t i e s  it w .ia round that (I) the d i s o r d e r

♦ 1. /» . 
p r o d u c e d  by a lignt ion, N , i m p i a m  at i on  of Ca A s  at ro o m  t e m p e r a t u r  : increa

sed w i t h  i n c r e a s i n g  d o se  t;.<re for g i v t n i o n  dos« , i he effect of d o s e  rate b e c o m i n g

of d i m i n i s h i n g  im p o r t a n c e  wi t h in c r e a s i n g  do s t and ( 2 )  for identical 4 0  к eV Sb*

i m p l a n t a t i o n s  into O aA s  ai r o o m  t emper *»t ni e l>. i h 1 abtfr.it oi i es , the d a m a g e

* Pe rnianen t address: 2 «Mi 106 Minsk, Kur t hai o v m  M  . ,

R e s e a r c h  ln.;t;r.;ie for A p p l i e d  I’t-ysicai Pr o blems.
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measured at MtMaster exceeded that measured at Salford exrept at high dusi* 

where the results were very similar.

It was shown"* that this difference could be ascribed to the different a n a 

lysis procedures at Salford and McMaster in which the Rutherford B a c k s e a t t e r m g /  

Channelling of 2 HeV He* ions was used for disorder assessment but where, at 

McMaster, analysis directly succeeded implantation in th* same substrate system 

whereas, at Salford, there was a variable time delay between implantation and 

analysis in two separate systems. Since in the P and Ai. implant studies ^ the
- у

dose rates of the two species were not maintained identical it was felt possib!*», 

in view of the N + and Sb* (lighter and heavier ions than P* and Aft*) behaviour, 

that at least part of the apparently different damaging propensity could t r * w H  

from differences in dose rate. The present study therefore was aimed at observing 

any dose rate behaviour and this communication reports the results of «<3 keV P* 

implantation into GaAs . The investigation was also extended to assess whether time 

delay between implantation and analysis resulted in disorder annealing and the 

results of this work ere also reported here.

(100 drientation single crystal GaAs was implanted with 40 keV P* ions to
1A 15 1^ - 2

doses of 10 * 10 and 10 cm at ion beam current densities of 0 . 5 . pa.cm and

5.0 pa.cm * (with an accuracy and stability over the implantation period o f *  bl)

at room temperature The GaAs substrates were tilted ~ 7° from the (100) axis in

order to minimise channelling effects

Analysis of the disorder resulting from these iwplantat ons was effected using
+ 4

RBS-cbannel 1 ing of ? MeV He ions. The backsct ered energy spectra were measured 

with a surface barrier detector employing I6fl( or 99° (to improve depth resolution) 

scattering angles, to determine tot .•» I disorder and diaorder-depth profiles These 

spectra were recorded, for each implant condition, at fixed rimes after the c o m 

pletion of implantation.

A linear dechannelling correction procedure, subtraction of the unimplanted

aligned spectrum and correction for the depth (energy) depet.di nee of the back-
• • • ’ *-* ..«• 'Vw- :
scattering cross section were employed to deduce, from the backscattering spectra,

the numbers of displaced atoms and their depth profile.

Fig. 1 displays the backacattering data for the implant conditions described

earlier and with a one hour delay between implantation and analysis. These raw

data illustrate very clearly that, for each implen. dose, the resulting disorder
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channel number

Tig 1 2MeV H e* ion R B S  s p e c t ra  from GaAs following 40VeV P4 
implantation  at room t em p era tu r  e for d«f fer ent implant  
conditions. Scatter ing  ang le  — 16ft"
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increases with increasing done rate but 4he re 1 at ive increase is lea» at the 

higher doses. This result is totally equivalent to the earlier studies with N* 

implants and clearly indicates that the differences do not arise because of anneal* 

ing effects resulting from substrate temperature rise which would increase with 

increasing ion dose rate (beam power).

The damage/dose relationships deduced from Fig. 1 «re shown in Fig. ? for both 

implant Jose rates and, for comparison, the equivalent study at M c H a s t e r * ’̂ with 

a substantially lower dose rate but with 60 keV I* ions and note rapid analysis.

It is clear that, lor the higher doses in the present f idy, the quasi-saturation 

levels of damage, are rather independent of dose rate, quite identical to the 

earlier studies with N* *'** and Sb* ** implants. The 60 ke,V Ht hast er data**^ reaches 

a higher qua*i-saturatinn levels as anticipated from the increased depth over which 

disorder is created by the more energetic implants. At lower doses the present 

data 'brackets' the McMaster data, suggesting that the different parameters of ion 

energy, ion dose i »le and analysis delay time are m u t u a l 1 у involved.

The explanation of the form of the damage dose (Ф) behaviour and the

dependence on ion dose rate (.1) is probably closely analogous to that proposed ear*
f у U Ъ

lier for N implantation * * , In tlus model the lif*ht ions produce simple defects 

and defect clusters, seme of which are stable and some of which may migrate ther

mally and anneal or agglomerr.tr at room temperature. As dose increases the defect 

density increases locally to form unstable zones which collapse to amorphousness 

and these amorphous zones increase in dens it у u n t i 1 they overlap to produce a c o n 

tinuous amorphous layer. As ion dose rate is increased the defect generation, 

agglomcrat ion and amorphous zone produrtion processes compete more favourably witb 

defect migration and annealing so that the resulting disorder is larger for a given 

ion dose At high doses, where continuous amorphous layers develop, simple defect 

annealing, except for deeper in the solid beyond the amorphous layer, becomes v -

unimportant and the disorder produced and measured becomes insensitive to ion dose 

r a t e . _

Since s£H| a model suggests defect migration and annealinf&during implantation 

it might be anticipated that further annealing could occur after annealing and so 

the implantation - analysis delay time studies were conducted with the results 

shown in Fig. 3 for three initial implant conditions. This figure indicates that 

for all implant conditions, including the quasi saturation damage regime, there is
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Fig. 2 Damage (N0 ) as a (unction o1 P*  ion dose ( | )
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Fig. 3 Residual damage recorded as a (unction of delay time

between implantation and analysis for 3 initial damage conditions
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* measurable poet implant anneil in| « t too* temperature. F.ach analysis w»s per

formed on a different area of the implanted substrate »o that problems arising fro* 

additional disorder creation by the He ion* wa* minimised It is.clear that the 

annealing ia largest for the low dose, low dose rale (and thus 1ow initial damage) 

condition and amounts to » ?0X over a period of 100 hours For higher initial

disorder concentrations the annealing is substantially reduced. These results

1 В
ere similar to room temperature annealing studies * in ion implanted InF where 

damage recovery continvies for months after implantation and in which similar d e p e n d 

ences of measured damage upon ion dose rate have been observed

Since annealing occurs following implantation it is^quite reasonable to expect 

it to have occurred during implantation also and this supports the model of damage 

generation and annealing discussed earlier and accounts, at leant in part, for the 

observed dependence of measured damagrQiipon dose rate. Whether this dependence of

observed damage upon dose rate, clarified h*re for P* implants, ran fully explain
С 1 ,2 * ♦

the earlier measured ’ differences between F and At implants is uncertain since

the A? ion dose rates were uncertain. It van argur^ that this discrepancy resulted 

from different interactions of the implant speries which either enhanced defect 

stabilisation or diminished defect annealing. The differenc es w e r e . however, noted 

at implant and defect concentrations < II of the GaAs atomic density where it would 

seem unlikely that the implants would exert an influence over a substantial lattice 

distance. Moreover the low temperature studies, where defects are substantially 

immobilised in GaAs \  revealed little difference in damage production and stability 

for the two ion species. This would be entirely expected since the kinematics of 

collisions in the cases of the similar mass F and А» would be almost identical.

Consequently although a ’’chemical" inhibition difference in disorder stabilis

ation for F* and At * implants in GaAs rahnot be ruled out by the present studies

with P* implants alone, caution in such interpretation is advocated since th,e effects
3,4,5

of ion dose rate ate quite extreme. 71» i s study serves as a further reminder 

that in both research and c c*twne r c i a 1 implantation of GaAs net only must i o O d o s e  

be carefully controlled but so also must ion dose rate and substrate temperature.

Care and precision in analysis procedures must also be excersized.
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