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determined entirely by diffusion.
he effect of cathodic protection,
efly discuss.

individual planes is
This is related to t :
which we shall now bri

Cathodic protection

When a metal is in contact with another metal dur-
ing etching, the etch rates of the individual metals
may be changed considerably by galvanic effects LERLS
The etch rate of the less-noble metal tends to increase,
while the more-noble metal is etched more slowly.
The more-noble metal is then said to be ‘cathodically
protected’. ;

This effect is also found in the electroless etching of
different semiconductors or semiconductor regions in
contact with each other (18] Fig. 12 gives a schematic
representation of the current-potential curves for two
p-doped 11I-V semiconductors, A;B; and A;B,, of
equal area. Owing to the difference in ‘nobility’ the
anodic partial curves of A;B,; and A,B, are different.
On the other hand the cathodic partial curves coin-
cide, because the reduction rate is assumed to be de-
termined by the diffusion rate of the oxidizing agent in
the solution. Consequently the separate semiconduc-
tors are etched at the same rate, A;B, at the mixed
potential V; and A;B, at the mixed potential V,. If
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Fig.12. Schematic current-potential curves illustrating the occur-
rence of cathodic protection in the etching of two semiconductors
in electrical contact. Electroless etching of the individual semicon-
ductors A;B, and A;B, at the mixed potentials ¥, and ¥, takes
place at the same rate, determined by the constant value of the
cathodic partial current. If there is electrical contact the partial cur-
rents of A;B; and A;B; have to be added together (red). Etching
then takes place at an intermediate mixed potential, ¥, 5, so that
the ‘less-noble’ A;B, is dissolved faster and the ‘n(:bl;lze’izi A,B

more slowly. N . ANy
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A,B; and A,B, are in electrical contact, thei .
current-potential curves have to be added togert.
This results in a new curve for the anodic proce I_”;I,J
in a cathodic current that is (wice as large, becayge
areas of A;B; and A;B, are combined. This gp\
new mixed potential (F;,z). with a value higher thap
V, and lower than V;, which means that the etch bt
of A,B, is higher and that of A;B, lower. W

Cathodic protection can be useful for selectively
etching semiconductors in multilayer structures: whjj,
there is little or no difference in the etching behavig,
of the separate materials, there can be a considerap),
difference in etch rate because of the e.lectrical contact
between them.

e

Practical examples

The applications of wet-chemical etching of IIL.y
semiconductors are much too numerous for a detailed
description of each. We shall therefore confine our-
selves to a few interesting applications that we have
investigated.

Material quality control

Although the semiconductors used for making elec-
tronic devices are true single crystals, they always
have some crystallographic defects. These defects,
which may decide the quality and life of a component,
can be revealed by a treatment with a defect-selective
etchant. Defects usually correspond to crystallograph-
ically perturbed areas such as dislocations and stack-
ing faults. Since these areas will behave less ‘nobly’
than their environment, they can be selectively etched
in the dark. The higher etch rate at defects leads to the
formation of etch pits. The sensitivity of etchants
based on this principle is in general low: to make all
the defects visible it is necessary to etch away more
than 10 pm. Obviously this cannot be done for thin
films.

Crystallographic defects can also be revealed by
photo-etching, since it is known that effective recon
bination of free electrons and holes often takes plact
at such defects. Since the photo-etch rate depends of
the surface concentration of both types of charge car
rier, the increased recombination at crystal defects
produces a local decrease in the etch rate. Photo-etct”
ing therefore makes the sites with defects stand oU!
from their environment (‘hillocks’). The high sensiti'-

ity that can be achieved in this way is demonstrated I"

fig. 13, which shows a photomicrograph of n-GaAs
after photo-etching with an H,0,/H,SO, solutio™

Many defects are visible after removal of 0.4 K of

e surfaces Striations due to areas of different dopié
concentration alsg appear, as plrnllel lines.




Philips Tech. Rev. 44, No.3 ETCHING
TCHING I11-v SE:\-i]CONT)L'('TORS
: 71

Idlﬂ"usm_n-controlled chemical etching processes. are
}SOUODIC- We have also shown that the etching kinet-
ics can be changed, for example by raising the tem-
perature (fig.9). This makes it possible to influence
the etching profile fairly easily. Fig. 14 shows an ex-
amplv:'e in which the profiles were made in GaAs by
chemical etching at different temperatures. At 0 °C the
§urface reaction is still rate-determining and a V-groove
1s produced. At 20°C diffusion becomes important,

LY

Fig. 13. Ph'ol:om_icrograph (interference contrast) of n-GaAs after
g:?;g%‘]:hm with an Hy0,/H;S0y solution for revealing crystal
5 i

0pum
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The CrO4/HF solutions mentioned earlier are also  Fig. 14. Photomicrographs of profiles in GaAs after chemical etch-
ing with a Brp/KBr solution at different temperatures. A change in

suitab i i T

le etchants for the quahty control of III-V semi temperature has a pronounced effect on the etching kinetics and
conductors. In these etchants the crystallographic gives a completely different ctching profile: from a V-groove at 0°C
to an almost completely rounded profile at 40 °C.

defects are revealed by the formation in the dark of a
thin passivating film, which is slightly thicker at the
defects than on a perfect surface (7). The defects are
thus preferentially passivated, so that they are etched
away more slowly. In n-GaAs and n-InP the sensitiv-

ity can be increased further by illumination; this effect

can again be attributed to increased recombination of Another factor that has an important bearing on
electrons and holes at the defects. : the shape of the etching profile is the orientation of
2 the mask in relation to the crystal orientation. If for

Profile etching example a narrow track in the [110] direction is etched

The etching of special shapes and profiles with the into a (001) surface, the result is a channel with a
V-shaped cross-section, formed by two (111} planes

aid of a resist is a very important process in 11I-V

i icular
SHER Seinolosy.: £ . fake & pprt (16) J. J. Kelly and C. H. de Minjer, An electrochemical study of
example’ structures with symmetncally rounded edges undercutting during ett:him;9 of duplex metal films, 1. Electro-

i -secti fre- chem. Soc. 122, 931-936, 1975;
oF, BFo i L s ot S j. J. Kelly and G. J. Koel, Galvanic effects in the wet-chemical
quently used for semiconductor lasers. Good use can siching of metal films, Philips Tech. Rev. 38, 149-157,
ing ki i 1978/79.

pffen. b made e el {1 1P SN0 AS. Wc e (6] H. Lowe and 1. Barry, Zur Kinetik der Qermaniumauﬂﬁsuns
shown, etching processes with a rate-determining sur- H. e e Hexacyanoferrat-IIl-Losungen,  Z. Phys

; . it 80, 1972.
face reaction give structures with facets, whereas the Chem., Leipzig 249, 7380, 13

with the result that the profile is slightly rounded. At
40 °C diffusion is rate-determining and the result is an
almost completely rounded profile.
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Fig. 15. Scanning electron-microscope photographs (scale divisions
I um) of GaAs after chemical etching with a Bry/HBr solution for
two different mask orientations. When a narrow track is etched in

the [110] direction a V-groove is formed (2). When this is done in
the [110] direction, the result is a ‘dovetail’ (b).

with A atoms; see fig. I5a. The characteristic etching
angle between the side planes and the surface is 352,
corresponding to the angle between the (001) plane
and the (111} planes. If on the other hand a narrow
track is etched in the [110] direction (i.e. perpendic-
ular to the [110] direction), then the etching spreads
outwards with a characteristic.angle of 125°, corre-
sponding to the supplement of the angle between the
(001) plane and the {111} planes. This results in a
channel with a ‘dovetail’ cross-section (fig. 155),
In electroless etching the etch rates for the various
crystal planes are clearly often diffusion-controlled,
and yet profiles with facets are obtained. In these
cases the etch rate is determined by the cathodic par-
tial current due to the reduction reaction (figs6 and 7).
During etching at 2 mask edge various crystal planes
are exposed to the etchant. As we have shown, these
have different V,-values (Table I) and the anodic-
current-potential curve depends on the crystal plane.
This means that galvanic effects can occur between the
planes of the same crystal. In an analogous way to
that shown in fig. 12, the most-noble plane is cathodi-
cally protected by the rest of the surface, and this re-
sults in the formation of a facet.

This effect does not occur when, as ip fig

th
e
lley

etch rate is determined by g diffusion-c,,,
anodic current. This situation is shown schemn ‘
in fig. 16. In this case the diffusion-controlleq ., <l
current (not shown) is very high and there ., _':-1‘,;

planes of quite different nobility. It can P .0
the anodic current at the mixed potential that ;1. h.']"”
trical contact between the planes has no effect o, ,,
etch rate. There is no cathodic protection, sq ¢ a,n_m"
planes dissolve at the same diﬂ'usion—conrr-.w:_q {8
and a rounded profile is obtained. -

In the photo~etching of III-V semiconductqy
light of very $hort wavelength (e.g. 350 nm) ap exi;
tionally high anisotropy can be achieved (" .°

™~

strong absorption of the light induces a relanivew\-‘; 1 »
concentration of holes in the €xposed part of t}, )en
conductor surface, resulting in a highly directiq,
dependent etching process. Since the etcheq a
acts as a waveguide for the incident light, and dissoi\;
tion only occurs at the bottom of the cavity, sir,.
tures with very deep holes or 8rooves can be Produgeq.
Structures of this type offer interesting Prospects f,,
practical application.
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Fig. 16. Schematic current-potential curves for the etching of w0
crystal planes ! and /7, of dissimilar ‘nobility’, with no cathodic
protection. Both planes give the same diffusion-controlled consian!
anodic current, which is much lower than the diffusion-controll

cathodic current (not shown here). At the mixed potential V7,

total anodic current (red) is equal to the sum of the constant aﬂ‘f‘
currents of 7 and 1/, so that the electrical contact between [ an
has no effect on their etch rates.

Selective etching

In III-V semiconductor technology there is @ need
for selective etchants that are highly sensitive t0 t.h c
composition of the materia] High selectivity is partl;
ularly important for etching thin-film structures, ]0
semiconductor lasers, in which the active layer is "

thicker than 0.1 um. To illustrate what can be “mc::
n this field we sha]] discuss a few typical exampl
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Fig. 18, Scanning electron-microscope phot
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With chemically dissimilar materials
selectivity can often be obtained by usi
priate etchant. For instance, [np can
selectively with respect to lnxGﬁl_;As).‘Pl,y by chem-
ical etching in a concentrated H(CJ so]utioﬁ, in which
the In,Ga;_,As,P;_, is hardly attacked at all. Fig, /7
shows a multilayer structure with these semiconduc-
tors, in which the InP has been partly removed by
selective etching. The opposite selectivity can be ob-
tained in electroless etching, e.g. with a Ce**/H,S0,
solution. The In,Ga,_,As,P, , readily dissolves in this
solution, while the InP is passivated, probably be-
cause of the formation of an oxide film on the sur-
face. An example of a multilayer structure etched in
this way is shown in fig. 18.

Both forms of selectivity are also possible with
GaAs and Al,Ga,_,As. In etching multilayer struc-
tures with these materials the Al,Ga, ,As is pas-

the required
ng the appro-
be dissolved

In,,Ga,_,AsyP,_y

InP

Fig. 17. Scanning electron-microscope photograph of a multilayer
structure of InP and In,Ga,_,As,P,_y, after chemical etching with a
concentrated HCI solution. Only the InP layers have been partly
etched away.

ograph (scale divisim_-ls
d InyGaj_AsyP1-y, In
solution has only

| ym) of a multilayer structure of InP an
Which electroless etching with a Ce**/H2SO4
AMected the In,Ga,_,AsyP,..
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sivated to such ap extent in some solutions, by the for-
mation of an oxide film, that virtually only the GaAs
is attacked; see Jig. 19. A suitable method for selec-
tively dissolving Al Ga,_,As with respect to GaAs is
based on the difference in the nobility of these com-
pounds in electroless etching. Fig, 20 shows a mul-
tilayer structure treated by this method. Etching

through a mask first produces a narrow hole in the up-
per GaAs layer, and then a much wider hole in the
Al,Ga;_,As layer beneath it. The bottom GaAs layer
is not attacked, however, because of its greater nobil-
ity and the cathodic protection.

Fig. 19. Scanning electron-microscope photograph (scale divisions
1 um) of a multilayer structure of GaAs and Al.Ga,_.As, in which
only GaAs has been partly removed by chemical etching with an
Hz0; solution.

GaAs’

‘ Al.Ga-... As

Fig. 20. Photomicrograph of a multilayer structure of GaAs and
AlfGal_xAS- Electroless etching through a mask has produced a
relatively small hole in the top GaAs layer and a much wider hole in
the underlying Al;Gai--As layer. The bottom GaAs layer has not
been attacked, however.
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The selective etching of semiconductor materials

that differ only in the type of doping is in general not
possible by electroless or chemical etching. Although

some selectivity may be obtained wixhh electroless

photo-etching, the most reliable method is based on
anodic etching. The principle can be simply illustrated
with reference to fig. 3. The p-GaAs is selectively dis

solved in the dark at a potential near its flat-band po-
tential (about 0.3 V), whereas on exposure to light
and with a lower potential only the n-GaAs is dis-
solved. In this way regions on either side of a pn-junc-
tion in GaAs can be etched selectively. A p-doped InP
layer can also be completely removed from an n-InP
layer beneath it by anodic etching.

Fig. 21. Scanning electron-microscope photograph (scale divisions
I um) of a GaAs layer in which the heavily doped p* region has
been etched away with a K3F. e(CN)g solution; the less heavily doped
p region has hardly been attacked.
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By using a difference in potential distributi
cathodic protection, we have succeeded in sel
etching semiconductor materials that differ oy
doping concentration. Such combinations ;
erials are found in laser structures with a g aaq
of p-GaAs that is heavily doped (p*) locally )
good electrical contact. The contact region cap _:lgr;
vealed by selective etching with a solution of -f';‘.‘{%
K3Fe(CN)g at a pH of 14: see fig. 21. The i
difference between the p and p* regions shown hey, .
the doping, concentration: 10'® and 102° em™? B
cause of the near-metallic nature of the p* region.
potential distribution at the interface with the ‘Q]J
tion is quite different from that for a conventiong]
type semiconductor. The p* region is less nobje and
more rapidly dissolved when in contact with 2 large

p-type area.

Summary. 111-V semiconductors like GaAs can be wet-chemica]ly

etched by three mechanisms: electrochemically with an external

voltage jsource, electrochemically using an oxidizing agent (elee.

troless), and chemically with a reactive compound. In some case

the etching process only proceeds when the semiconductor i
exposed to light. The etch rate depends on the relative reaction rate
at the semiconductor surface and the mass transfer in the solution.
Other important factors are the effect of the crystal planes, the
orientation of a mask with respect to these planes, and the electrica
contact with other materials. Wet-chemical etching of III-V sem:-
conductors can be used on a large scale for various applications,
including the detection of crystallographic defects, the fabrication
of special profiles and the selective dissolution of closely related
materials in multilayer structures.



