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The Anodic Dissolution Reaction of InSb: 
Etch Patterns, Electron Number, Anodic Disintegration, and 

Film Formation' 
M. E. Straumanis* and Lih-da Hu 

Department of Metallurgical Engineering and Graduate Center for Materials Research, 
University of Missouri-Rolla, Rolla, Missouri 65401 

ABSTRACT 

The etching behavior  of the inverse  {111} planes  of undoped,  semiconduct -  
ing, n- type,  InSb single crysta ls  was explored.  Depending upon the etchant,  
including anodic dissolution, var ious  etch pa t te rns  were  obta ined on the in-  
verse  planes.  In genera l  the etch pits  on the  I n { l l l }  p lane were  round, and the  
face was shiny, whereas  the face of the  inverse  plane was da rk  and rough. 
The ra tes  of dissolution in the e lect rolytes  used were  ve ry  low, especia l ly  
in absence of oxidizers.  The components  dissolve as In 3 + and Sb 3+. At  cur ren t  
densi t ies  above  40 or  60 mA cm -2 (on Sb{-1]]} or I n { i l l } ) ,  g rowth  of a black, 
collodial  film of Sb405C12 containing very  fine metal l ic  Sb par t ic les  occurs on 
both planes. The Sb par t ic les  resul t  f rom the pa r t i a l  d is in tegra t ion  of InSb. 
Upon heat ing the film in vacuum, recrys ta l l iza t ion  occurs and the Sb aggre-  
gates to form la rger  part icles .  An  explana t ion  is offered for  the different  be-  
haviors  of the  inverse  {111} planes.  

The chemical  and  anodic dissolut ion react ions oc- 
cur r ing  on var ious  planes  of I I I -V  semiconductors  in 
severa l  e lect rolytes  have  been s tudied by  Gatos et al. 
(1, 2), P leskov  (3), Dewald  (4), Ger ischer  (5, 6), 
Ha rvey  (7), S t raumanis  et al. (8, 9), and others. De-  
wald  a t t empted  to expla in  why  the {111} inverse  faces 
of InSb in an aqueous solution of KOH behave  dif -  
ferent ly.  Anodic oxide films of va ry ing  composit ion 
wi th  the  rat io  of S b : I n  close to one at  the  surface of 
the  crys ta l  planes  were  formed dur ing  electrolysis.  

The aim of the  present  invest igat ion was, therefore,  
to check once more  the  etch pa t t e rns  formed on the 
inverse  {111} faces of InSb, to de te rmine  the valences 
of the ions ( In  and Sb) going into solution in acidic 
electrolytes ,  to look for d is in tegra t ion phenomena  and 
film formation,  and de te rmine  the composit ion of the 
films. 

Electrodes and Their Treatment 
The electrodes were  p repared  as for GaAs by  

mount ing  InSb wafers  ( ~  2 m m  thick and 8 to 12 in 
d iamete r )  into Teflon holders  provided  wi th  a screw 
cap and Cu lead wi res  (9). The wafers  were  cut from 
single InSb  crysta ls  obta ined f rom the Monsanto Com- 
pany  (St. Louis, Missouri) ,  g rown in the [111] d i rec-  
tion by  the Czochralski  or the g rad ien t - f reeze  tech-  
nique. They were  n - t y p e  wi th  no in tent ional ly  added 
dopants,  and the  impur i ty  level  was  less than  1 ppm. 
The {111}, {110}, and {100} direct ions were  es tabl ished 
from Laue  x - r a y  back  reflection pat terns .  Deviat ions 
f rom these faces were  ad jus ted  by  successive gr inding 
to give the  desired or ienta t ion on the Laue pat terns.  

These faces had  a m i r r o r - l i k e  appearance  af ter  
mechanica l  pol ishing (Fig. l a ) .  To remove  mechanical  
surface damage, t hey  were  subsequent ly  t r ea ted  wi th  
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etchant ,  colloidal Sb, Sb40~C12. 

CP-4 (2, 4) (mix ture  of concentra ted  acids HNO~, HF, 
and CH3COOH) for 2 sec, washed, and dried. Al though 
st i l l  mi r ro r - l ike ,  the  faces showed a s l ight  undula t ion  
in the in ter ference  microscope (Fig. l b ) .  

This e tchant  and severa l  others, inc luding anodic 
dissolution, were  used to check the previous  resul ts  
and to de te rmine  which of the  {111} faces was In {111} 
and which  Sb {111.} The dis t inct ion is based on x - r a y  
work  and its comparison wi th  the  resul ts  obta ined by  
etching (1, 10, 11). 

Results 
Etching.--The two inverse  {111} planes  of InSb, 

fol lowing etching for  5 o r  more  sec in CP-4, showed 
the expected results :  one side of the  wafers  was glossy, 
exhib i t ing  round, flat etch p i t s - - ( I n ( l l l } ) ,  and the 
other  was da rk  and r o u g h - - ( S b ( l l l } ) .  

The HNO3-HF etchant  (1:1 of the  concentra ted  
acids) worked  s imi lar ly :  rounded  etch pits  appeared  
on the glossy side, as on the G a { l l l }  side of  GaAs (8) 
but  on the  inverse  S b { l l l }  side, i r regu la r  t r i angu la r  
etch pits appeared  (Fig. 5). 

The HC1-FeC13 etchant  produced a different  k ind of 
pat tern ,  especia l ly  af ter  p ro longed  t r ea tmen t  (Fig. 2a 
and b and Fig. 3). 

Anodic  e tching ted to round  or  rounded,  t r i angu la r  
pits  on the  I n { i l l }  face. These pits grew in size wi th  
the t ime of etching and f inal ly merged  together  as 
observed by  Gatos and Lavine  (1). The anodic d is -  
solution in 2N HC1 lasted 15 to 45 min (10 m A / c m  2) 
and 60 min in 1N HNOs containing 1N ta r ta r ic  acid. 
F igure  4 shows a surface which  .displays merging,  
round  etch pits. 

The Sb{ill} plane becomes rough af ter  etching dis-  
p lay ing  i r regu la r  t r i angu la r  etch pi ts  (Fig. 5) and 
f r equen t ly  pi ts  wi th in  pits. 
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Fig. 1. Interference rings on InSb 
faces, 165X; a--highly polished; 
b--etched with CP-4 for 2 sec. 

Fig. 2. a - - In { I l l } ,  etchant: 
6N HCI-0.2N FeCI3; 20 min; 
80°C; 970X. b- - In{ I l l } ,  etch- 
ant: 2N HCI-0.SN FeCI3, 24 hr; 
25°C; 90X. 

Anodic or chemical etching, excepting FeC13 addi- 
tions, produced round pits on I n { l l l }  faces. The lat ter  
were then  treated wi th  the HC1-FeC13 etchant. Dense 
t r iangular  etch pits, as pictured on Fig. 2a, developed 
on these faces; even the walls of the deep round pits 
(Fig. 4) consisted of t r iangular  steps. Thus, sub-  
microscopic steps, which might  have been present  on 
the walls of the round pits were developed to micro- 
scopic size by the HC1-FeCI~ etchant. No super im- 
posed pa t te rn  was observed on the Sb{ l l l }  face. 

The main  characteristic in dist inguishing the two 
inverse faces is, therefore, the shiny appearance of 
I n { l l l }  and the dark, rough one of the inverse face. 
Considerat ion of etch pits only for recognit ion may be 

misleading as the etch pat tern  changes with the na ture  
of the etchant, its concentration, and t ime of etching. 

Apparent electron number of InSb.--Since some of 
the anodic dissolution experiments  were continued up  
to 24 hr, it was necessary to know the self-dissolution 
rate of the InSb used in the various electrolytes. 
These rates are summarized in Table I, which clearly 
shows that the self-dissolution rate of InSb in pure 2N 
HC1 is near ly  zero. It  increases considerably in the 
presence of oxidizers. There is some difference in the 
dissolution rates of the inverse {111} planes. 

The electron number  determinat ions  were, therefore, 
carried out in 2N HC1 and in  tartaric-HNO3 acid 
(Table I).  The results can be read from Fig. 6, which 

Fig. 3. Sb{l l l} ,  etchant: 6N HCI-0.2N FeCI3; 20 min; 80°C; Fig. 4. In{111} etched anodically in 1N HNO~-IN H2C4H406; 
970X. 10 mA/crn2; 60 rain; 500X. 
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Table I. Self-dissolution rates of InSb in various electrolytes in 

Estimated accuracy: •  

S e l f - d i s s o l u -  
t ion  rate,  

Face Electrolyte  Time, h r  mg  cm-~ d a y  ~ 

I n{ I l l }  2N HC1 24 0.00 
Sb{ l l l }  2N HCI 24 0.00 
In(Ill}._ ~ IJ' 1NIN HNO~I~C4H~O~ 30 0,07 

S b ( l l l }  the same 30 0,04 J 
J 2N HC1 45 1.06 I n { l l l }  ] 0.005N FeC]3 

Sb(]  J.1} the same 45 1.33 
I n { l l l }  ~ 2N HCl 37 2,25 

[ 0.01N FeCl~ 
Sb{ l l l }  the same 37 2.60 J 

Fig. 5. Sb{i-11}; the same etch as in Fig. 4 or simple HNO:~- 
HF etchant. 

Fig. 6. Apparent electron number of InSb as a function of cur- 
rent density. The faces In(i11}, Sb(111}, (110), and {100} were 
dissolved anodically in 2N HCI. 

Fig. 7. Cross section of the black film formed on I n ( l l l )  of the 
InSb electrode. 2N HCI; 70 mA cm-2; 970X. 

indicates that up to current  densities below 50 mA 
cm -2 the electron number  is 6.00 wi th in  error  limits. 
Since In  goes into solution as In  8+ (12, 13), Sb must  do 
the same. The I n { i l l }  face seems to be more resistive 
than the inverse and the {110} and {100} planes, as 
it tolerates current  densities up to 60 mA cm -~. At 
higher current  densities, the apparent  electron number  
decreases, that  is more In  or Sb goes into solution than  
predicted by Faraday 's  law. This can be a t t r ibuted to 
the formation of ions of lower valency (14), increased 
local corrosion and /or  anodic disintegrat ion (15-18). 
However, no particles were observed separating from 
the InSb anode, only the formation of a film at current  
densities above 40 to 60 mA cm -2. 

Anodic ]~lm formation and disintegration.--The films 
formed on the anode at elevated current  densities were 
near ly  black, bu t  displayed a mother of pearl  luster. 
They had a stratified s t ructure  (Fig. 7) and were 
colloidal in na ture  as they did not produce x - r ay  dif= 
fraction lines. The electron diffraction method was not 
used. 

The same kind of film was produced on both in-  
verse (111} planes. The film could usual ly  be re- 
moved from the crystal  surface by a soft brush. The 
substrate side of the film appeared more even than the 
electrolyte side (Fig. 8a and b) .  

To investigate the composition of the films, frag- 
ments  were heated in vacuum at 350~ for about 2 hr. 
As a result  of this t reatment ,  an x - r ay  diffraction 
pat tern  consisting of m a n y  sharp lines was obtained. 
The position of these lines coincided with those of a 
powder result ing from anodic dissolution of pure Sb 
in 2N HC1 and with those of a precipitate obtained by 
(aqueous) hydrolysis of SbC18. According to Mellor 
(19) and the ASTM cards, the composition of the 
white precipitate is Sb405C12. Since the Sb is t r ivalent  
in this compound, this is a fur ther  confirmation for the 
t r ivalency of Sb ions going anodically into solution 
from InSb. 

The above x - ray  pat terns exhibited some weak, 
addit ional  lines. To ident ify them, the black anodic 

Fig. 8. Black film resulting 
from anodic dissolution of the 
In{111} face of InSb in 2N 
HCI at 70 mA cm-2; 970X. a - -  
Substrate side; b--Electrolyte 
side. 
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film f ragments  were  hea ted  in vacuum above 650~ 
(mel t ing point  of Sb-630~ At  that  t empe ra tu r e  the 
b lack  and the  whi te  ma te r i a l  separated.  The la t te r  
proved to be Sb405C12, whi le  the fo rmer  appeared  as 
mol ten  spheres,  identif ied as meta l l ic  Sb. 

Discussion 
Since no reducing species were  in the black anodic 

deposits, meta l l ic  Sb must  have a l r eady  been present  
as very  fine part icles .  

The explana t ion  of the anodic behavior  of InSb is 
then as follows. Both components  dissolve anodical ly  
as t r iva len t  ions 

In--> In s+ + 3e [1] 

Sb--> Sb ~+ 4- 3e [2] 

Al though the In s+ pass d i rec t ly  into solution, the 
Sb 3+ ions hydrolyze,  pa r t i cu l a r ly  at  increased cur ren t  
densit ies (above 40 to 60 mA cm-2 ) ,  as a sufficient 
amount  of H + cannot  pene t ra te  to the surface of the 
anode 

Sb ~+ + H , , O + H C I ~ S b  ~ O  +3H + [3] 
" C l  

or complete hydrolysis may occur 

2Sb 3+ + 3H20 .~ Sb203 + 6H + [4] 

The oxychloride as well as the oxide or hydroxide 
Sb(OH)3 are relatively insoluble and adhere to the 
anode as layers consisting of crystallites of colloidal 
dimensions. A further reaction may occur on the sur- 
face and after heating 

Sb2Oa + 2SbOC1 ---- Sb40~Cl2 [5] 

Simultaneously, during heating, the colloidal product 
is converted into a crystalline one, detectable by x-ray 
diffraction. 

Since metallic Sb is much more noble than In, the 
Sb atoms of the InSb have a tendency to retain their 
valence electrons whereas In is readily oxidized and 
goes easily into solution. Consequently, especially at 
increased current densities, the In atoms surrounding 
the Sb atoms dissolve and some of the latter embed 
themselves into the oxychloride film (Eq. [5]), which 
is simultaneously formed according to Eq. [3] and [4] 
by a par t  of Sb ~+. The oxychlor ide  film prevents  the  
Sb a toms f rom collecting into par t ic les  la rger  than  
colloidal  (20). As a consequence, the white,  poss ibly  
t r ansparen t  film turns  dark,  and the e lect ron number  
(or the apparen t  va lency)  drops. Thus, pa r t i a l  d is in te-  
gra t ion  of the  Sb on the  surface of t he  InSb occurs, 
and the resul t ing  product  does not produce x - r a y  in-  
te r fe rence  lines. The film format ion  process m a y  pro-  
ceed periodical ly,  s ta r t ing  where  there  is a weakness  
in the  thin film or where  a b r eakdown  of the film 
takes  place. A film of strat if ied s t ruc ture  resul ts  (Fig. 
7). Upon hea t ing  in vacuum, the col loidal  par t ic les  of 
the  oxychlor ide  and the Sb grow sepa ra te ly  to form 
la rge r  ent i t ies  which can now produce  x - r a y  diffrac- 
t ion lines. 

That  the  S b { l l l }  is more  suscept ible  than  I n { l l l }  
to pa r t i a l  Sb dis in tegra t ion  (Fig. 6) depends  evi-  
den t ly  on the character is t ic  s t ruc ture  of these inverse  
planes.  According  to Ga laev  and Gore l ik  (21), the 
bond s t rength  on the Sb{lfl-} plane should be weake r  

than on the I n { l l l }  plane.  Consequently,  the fo rmer  
is easier  to dest roy;  its hardness  is less; and the outer  
Sb a toms are more remote  f rom the In  atomic layer  
than  on the inverse  side (21). This expla ins  w h y  the 
pa r t i a l  Sb dis in tegra t ion  on S b { l l l }  and on {110} and 
{100}) planes  s tar ts  at  lower  anodic cur ren t  densi t ies  
than on In{ l l l } .  

F ina l ly  the  weaker  bond s t rength  on S b { l l l }  sug-  
gests that  this  p lane  should be a t t acked  by  e tchants  a t  
a fas ter  ra te  than the inverse  plane. Table  I shows 
the  correctness  of this conclusion. The difference in the 
ra tes  of corrosion of the two inverse  {111} planes  in 
HNO3-tar tar ic  acid is, however ,  wi th in  the  l imits  of 
error .  
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