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Table III. Contrast of an As particle of thickness t 
in a 6.9 nm thick silicon matrix. 

Multislice calculation, 200 kV, bright field 

t /max  hi C 

0.8 2.57 0.028 1.09 
1.2 2.57 0.040 1.55 
2.4 2.57 0.064 2.50 

= /outside ,article -- /ms,de ~artmle; C = I/Imax. 

Conclusions 
This work has demonstrated the formation of arsenic 

precipitates in silicon for both the implanted doses and the 
anneal ing  temperatures  investigated in our experiments.  
In  addit ion to precipitation, other defects like RLD at 
450~ and dislocations, loops and stacking faults at 900~ 
have been observed. 

The arsenic content in the observed particles, assuming 
an SiAs composition, results to be much less than the inac- 
tive dose. Despite the presence of the other defects which 
could be in principle decorated by As atoms (e.g. RLD's, 
dislocations, and loops), the result ing overall As concen- 
tration is not sufficient to account for all the inactive dose. 
Even the segregation of As at the surface, which is known 
to occur, reduces but does not eliminate this discrepancy. 
The answer to this problem can be given by the invisibil- 
ity, in the electron microscopy images, of the particles in 
the subnanometer  range. This hypothesis is supported by 
computer simulation of HREM images, performed assum- 
ing particles of decreasing size. Work is now in progress to 
investigate in a more quantitative way the relevance of this 
phenomenon.  
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A Controllable Etchant for Fabrication of GaSb Devices 

J. G. Buglass~ T. D. McLean, and D. G. Parker 

GEC Research Limited, Hirst Research Centre, Wembley, Middlesex, England HA9 7PP 

ABSTRACT 

A survey of conventional etchants for GaAs shows them to be inappropriate for GaSb. The reasons for this are investi- 
gated and a novel etch for GaSb proposed. This etchant, consisting of HC1/H202/NaK (tartrate) solutions, gives controllable 
etch rates from 0.1 to 2.0 ~m min -1. Smooth surfaces free from etch pits and surface films are obtained. 

The alloy A1GaAsSb is potentially a suitable material for 
optical devices in the preferred spectral region 1.3-1.7 ~m 
(1-3). Recent advances in the epitaxial growth of this mate- 
rial suggest that it will shortly become of some technologi- 
cal importance (4-6). If such devices are to be realized, a 
controllable etchant system for compounds containing Sb 
is required. Examination of the literature reveals little sys- 

tematic study of etchants suitable for the fabrication of de- 
vices based on GaSb. 

Experimental 
The substrates were Bridgman grown GaSb (001) doped 

with Te or Zn. These were coated with 2.1 ~m photoresist 
(AZ1350J) and stripes ofh0 and 20 ~m width defined in the 
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Table I. 2" 4~ 

Etchant Action 

HC1 or H2SO4/H202/H~O 

HNOJH20 
KOH or NHJH2OJH20 

Inactive due to formation 
of passivating film 

Violent reaction 
Inactive 

(110) and (l i0) directions. The substrates were then 
mounted  on glass slides and exposed to freshly prepared 
etchant solution for 2 rain with manual agitation of the so- 
lution every 15s. The etch was quenched in water. After re- 
moval of the photoresist the depth of the etched step was 
measured with a dektak and the surfaces examined by op- 
tical and scanning electron microscopy. 

Results and Discussion 
A survey of convent ional  etchants from GaAs technol- 

ogy showed them to be inappropriate for GaSb (Table I). 
The mechanism of wet chemical etching consists of two 

distinct steps: (/) oxidation of the surface layer, and (ii) dis- 
solution of the result ing oxidized species. Failure of the 
second step leads to a buildup of a passivating oxide layer. 
Observat ion of a yellow film when GaSb was exposed to 
aeid/H~O~ solutions suggests that e tching fails due to 
buildup of Sb20~, a yellow solid known to be insoluble in 
aqueous acid or alkali (7). By contrast, As205 is soluble in 
aqueous media--hence the effectiveness of these etchants 
for GaAs. 

This observation suggests that etching might be achieved 
in the p resence  of some complex ing  agent  that  renders  
the oxidized Sb soluble. Severa l  soluble  compounds  of 
Sb(V) exist,  inc lud ing  two conta in ing  the tar t ra te  ion 
[CoH4Os] 2-. An inves t iga t ion  of e tching by solut ions of 
HCI/H20~/NaK (tartrate) was therefore undertaken.  

Figure 1 shows the dependence  of etch rate on the mo- 
lar concen t ra t ion  of  H202 ([H202]) at two concent ra t ions  
of tar t ra te  ion ([tartrate]). This figure i l lustrates  the two 
steps at which kinetic control of etch rate may occur. For 
low [tartrate] (83 mM) and at low [H202] (up to 700 raM), 
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Fig. 2. Variation of etch rate with concentration of HCI and NaCI 

the rate is controlled by the oxidat ion step and the reac- 
t ion rate is propor t ional  to [H202]. At high [H202] (>700 
mM), the etch rate is cont ro l led  by the d issolu t ion  step 
and becomes independent  of [H202]. This is confirmed by 
the observa t ion  of  oxide  films under  these  condi t ions.  
Inc reas ing  [tartrate] to 167 m M  increases  the rate of the 
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Fig. I .  Variation of etch rate with concentration of H~O2 for two con- 
centrations of tortrate. 

Fig. 3 .20  i~rn wide stripes etched in GaSb: (a, top) (110) orientation; 
(b, bottom) (110) orientation. 
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d isso lu t ion  step, and the etch rate becomes  dependen t  
on [H~O2]. The use of  very high [H~O2] (>1200 mM) leads 
to uneven  etching.  The reproduc ib i l i ty  of these  e tch 
rates is strongly dependent  on control of the agitation of 
the solution. The etch rate increases with more f requent  
agitation. This suggests that the etch rate is control led by 
diffusion of the reagents to the substrate surface. Under  
careful ly  cont ro l led  condi t ions  (one "swi r l "  every  15s), 
e tch rates could be controlled to -+ 10%. 

Figure  2 il lustrates the dependence  of etch rate on HC1 
concen t ra t ion  ([HC1]). No e tch ing  is observed  for very  
low [HCI] due to buffering of the solution by the tartrate 
ion. Above  a th reshold  of  [HC1] = 200 mM, the etch rate 
rises to a m a x i m u m  of 2.3 ~m min -1 but  then falls with 
increasing [HCI]. This fall in etch rate appears to be a re- 
sult of the increased chloride ion concentrat ion,  since it 
can be r ep roduced  by addi t ion of NaC1 to the react ion 
mix tu r e  (Fig. 2), whereas  addi t ion of NaBF4 actual ly  in- 
creases the etch rate. The origin of this effect is thought  
to lie in the complex  effect of different ions on diffusion 
rates in aqueous media. 

Figures 3a and b show electron micrographs of etched 
s t r ipes  in the (110) and (110) direct ions,  respect ively .  
Undercu t t ing  is observed in Fig. 3a and a mesa shape in 
Fig. 3b, indicat ing the orientation of the stripes (8). It is 
clear  f rom these  micrographs  that  the e tched  surfaces 
are smooth and free from etch pits. 

Conclusion 
The etchant  system HC1/H~OJNa K (tartrate) gives con- 

trollable etch rates from 0.1 to 2.0 ~m min- ' .  Smooth  sur- 
faces free from etch pits, and surface films are obtained. 
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Reaction Mechanism of GaAs Vapor-Phase Epitaxy 
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ABSTRACT 

Reaction mechanisms of GaAs epitaxial growth using GaAs-AsCI~-H2 and GaAs-AsC13-N2 systems have been investi- 
gated by means of infrared spectroscopy, and probable reaction models are discussed. Over the whole temperature range 
of 400 ~ - 840~ dominant gallium chlorides observed by a sampling method are Ga2C1G and an unidentified gallium com- 
pound with chlorine that has an absorption band at 1600 cm ' in the hydrogen carrier system, but only Ga2CIG in the nitro- 
gen carrier system. Analyses by a mechanical balance have suggested that GaC13 samlSled frorfi ~reactor  should dimerize 
into the greater part of Ga2C16 in a gas cell. A photoenhancement  of AsC13 reduction by H2 has been examined by irradi- 
ating with an excimer laser. A photoexcitation of GaC13 has been ascertained, and epitaxial growth with a single flat tem- 
perature profile has been realized at low temperatures below 600~ by irradiation with a 249 nm laser. 

The preparation of highly perfect epitaxial layers whose 
thickness is controlled to a single atomic dimension is nec- 
essary for the fabrication of extremely high speed devices, 
ul t rahigh f requency devices with a hyperabrupt  doping 
profile, and optoelectronic devices of a high quan tum 
efficiency. III-V compound semiconductors have such an 
essential problem that a deviation from the stoichiometry 
occurs easily at high tempera tures  (1). Since nonstoichio- 
metr ic  defects badly affect basic properties of those de- 
vices, development  of low temperature  processes is quite 
urgent.  Low tempera ture  processes would be classified 
into two groups; plasma process (2) and photoexcited pro- 
cess. One of the authors (J. Nishizawa) proposed 
photoexci ted  process in 1961 (3) and extended its use to 
the vapor-phase epitaxial growth of Si and GaAs (4-6). 
Through those studies, it has been shown that irradiation 
of UV light onto the substrate provides both-the improve- 
ment  of  crystal qual i ty and the enhancement  of  growth 
rate at low temperatures.  Moreover, the author combined 
this photoexcitation technique with GaAs molecular layer 
epi taxy to realize single crystalline film growth at a sub- 
strate temperature as low as 350~ (7). 

In order to derive full advantage of such advanced 
growth techniques  as photoexci ted  epitaxy, molecular  
layer epitaxy, etc., and to keep them in an op t imum con- 
trol, it is necessary to understand the mechanism of crystal 
growth from the vapor phase. A layer growth mechanism 
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dominated by surface migration of adsorbed clusters was 
proposed for the vapor-solid phase interaction (8-10), but 
the reaction process in the vapor phase has not been 
clarified yet, especially in the GaAs epitaxial growth. Be- 
sides an early work by Shaw (11), a number  of models  of 
vapor-phase reactions and transport  phenomena  in GaAs 
epitaxial  growth were deduced mostly from an equilib- 
rium viewpoint  (12-14). Actual reactions, however, are not 
necessarily in equilibrium. Therefore, an essential premise 
to the unders tanding of GaAs vapor-phase epi taxy is in 
situ analysis of the gas in a reactor. 

On the basis of above considerations,  we have investi- 
gated the reaction mechanism of GaAs epitaxial growth 
using the halogen transport method by means of infrared 
absorption spectroscopy, which has an inherent advantage 
in its use of low energy light source providing no extra 
exci tat ion of molecules,  compared  with Raman spectros- 
copy (15) and mass spectroscopy (16, 17). And so it was al- 
ready applied to the analysis of Si and GaAs vapor-phase 
epitaxial growth (18, 19) and plasma etching (20). This pa- 
per describes the results of basic invest igat ion about  the 
react ion mechanism of GaAs vapor-phase epi taxy using 
the halide t ransport  method  and also about  photoexcita-  
tion effects on the reactions. 

Experimental 
The gas analysis by infrared absorpt ion spectroscopy 

was carried out in the halogen transport  system using 
AsC13. A schematic diagram of the experimental  apparatus 
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