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A contribution to etch polishing of GaAs 

When etch polishing GaAs to produce mirror- 
like surfaces, it is obvious that the removal rate 
is dependent upon the pressure applied to the 
sample. Under certain conditions, etch pits can 
be produced which are caused by dislocations. 
Both phenomena affect the fabrication processes 
of GaAs devices. So far, a systematic study of 
etch polishing with sodium hypochlorite has not 
yet been published. We have, therefore, under- 
taken this task, particularly with regard to those 
parameters where no systematic data are yet 
available. 

Etch polishing has been undertaken with such 
etchants as a weak bromine-methanol solution, 
and of 20:1 H~O: NaOC1 [1 ]. Owing to the chem- 
icalinertness of the latter etchant on the associated 
apparatus, it has often been employed. However, 
when metallization is to be applied to the 
surfaces, etch polished with NaOCI, a thin 
contamination layer has to be removed first. 

The material used for these experiments was 
(1 1 1) orientated chromium-doped GaAs. Slices 
of this material were attached, using dental wax, 
to the stainless steel polishing block of the etch 
polishing apparatus shown in Fig. 1. The 
pressure exerted on the sample during etch 
polishing was varied by placing weights on the 
hollow machined-out polishing block. The 
etchant consisted of a 1N solution of sodium 
hypochlorite (low in bromine) in a 0. ltq solution 
of sodium hydroxide and was diluted to the 
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Figure 1 Etch polishing apparatus.  1. Polishing arm. 2. 
Stainless steel holder. 3. Additional weights. 4. Polishing 
block. 5. Polishing cloth. 6. Etchant.  7. Sample. 8. Perspex 
bowl. 

required strength using distilled water. Fresh 
solutions were used each time because it was 
found that the solution strength (etch rate) 
decreased with increasing time between solution 
preparation and use. After each period cf 
polishing, the samples were thoroughly cleaned 
in distilled water to ensure that no further etching 
took place. 

Pressure dependence of etch rate. Experiments 
to determine the pressure dependent etch rates 
were carried out by varying the pressure applied 
to the sample and measuring the resultant etch 
rates, the rate of rotation of the polishing pad 
being the same each time; these results are shown 
in Fig. 2. 

According to Rideout [1 ], the primary process 
here is the chemical etching o f  the GaAs, the 
mechanical motion being used mainly to 
distribute the etchant uniformly over the surface 
of the sample; but there is also a contribution 
made by the mechanical polishing effects. These 
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Figure 2 Graph of variation of etch rate (R) with etchant dilution for various values of applied pressure. R is etch 
rate in ~tm rain -1. D is volumeNaOCl/volume H~O. & is for pressure = 12.87 kg cm -2. (3 is for pressure = 8.75kg 
cm -2. []  is for pressure = 2.77 kg cm -2. • is for pressure --- 0.0. 

Figure 3 (a) Etch pits produced on the (1 1 1) surface of 
GaAs by the sodium hypochlorite etchant ( • 60). (b) As 
(a) but ( x 200). (c) Distorted etch pits produced by nitric 
acid on the (11 I) surface of GaAs in the presence of some 
w a x .  
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detai ls  are verified by  the above  results. The line 
p = 0 in Fig. 2 represents  the results for  pure  
etching, when the ro ta t ing  sample  was suspended 
in a beaker  filled with the e tchant  where no 
pol i sh ing  pad  was present.  The remova l  rate of  
G a A s  as given by  Fig. 2 for  p = 0 takes place 
only for  abou t  1 rain. Then  the removal  ceases, 
obviously  owing to the fo rma t ion  o f  a layer  
which is insoluble  by  the etchants  (see [2] for  
exper imenta l  evidence). I t  is, therefore,  impor t -  
an t  to  employ  also some pol ishing ac t ion  simul- 
taneously  in o rde r  to cont inuous ly  remove any 
such layer  formed.  

The po in t  at  infinite di lut ion ra t io  o f  Fig. 2 
represents  the con t r ibu t ion  of  mechanical  polish-  
ing. Because these la t ter  results were s t rongly 
dependent  on the condi t ion  of  the surface of  the 
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polishing pad, they were taken when a new pad 
was used. 

The errors incurred in the calculation of these 
etch rates were ~ 0.1 gm min -1 for all points 
except those on the line p = 0 which were 
i 0.5 grn rain -1. This higher value of error 
range is caused by the formation of the con- 
tamination layer, so that the etch rate had to be 
calculated over shorter time periods. 

Good mirror-like surfaces such as those 
required for the nitric acid dislocation etch [3], 
were obtained with weak etchants, the weaker 
the etchant, the better the surface finish. 

Dislocation etch pits. On etch polishing with 
tow pressures, of the order of 1 kg cm -2 and 
strong etchants of dilution ratio 1/10 or stronger; 
the surface was found to exhibit conical etch 
pits, see Fig. 3a and b. If the etchant strength 
was decreased to a dilution ratio of 1/40, these 
etch pits could be polished away leaving a good 
mirror-like surface. 

To show that these etch pits correspond to 
dislocation etch pits, a sample was mounted on 
the polishing block and polished to produce these 
conical etch pits. The etch pit configuration was 
recorded and the sample was polished to give a 
flat mirror-like surface. The sample was then 
detached from the polishing block, cleaned and 
etched in a nitric acid solution [3], to reveal the 
location of dislocations~ These two etch pit 

patterns were compared and found to have 1 :I 
correspondence, showing that the etch pits 
produced by the sodium hypochlorite solution 
are also dislocation etch pits. 

It was found that if any wax, which was used 
to attach the samples to the polishing block, was 
present during the nitric acid etch, then deformed 
etch pits, as shown in Fig. 3c resulted. 
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