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(54) PROCESSING SEMICONDUCI‘OR LAYERS

(71)  We, WBSTBRN, Erecrric  Com-
PANY, - INCORPORATED, of 195 Broadway,
New York City, New York State, United
States of America, a Corporation organized

5 and existing under the laws of the State
of New York, United States of America,
do hereby declare the invention for which

Wwe pray that a patent may be granted to

us,. and the method by which it is to be
10 performed, to be particularly descnbed in
and by the following statement:—

“The invention relates. to the. processing
of semiconductor devices fabricated ftom
epitaxially-deposited layers.

Tn ‘the production of integrated c1rcu1ts
on semiconductor wafers, .it is desirable
that thé surfaces be as flat as possible, in
order to ‘obtain fine dimensional accuracy
durihg photolithographic contact printing of
29 the circuitry features. - However, during the

epitaxial deposition of semiconductor, layers

onto substrates, as, for  example, silicon
onto silicon wafers, projections rising from

- the surface often occur. -

25 On epitaxial layers, which. usually range
from about 1 to about 15 “micrometers
~: thick, the projections may be observed to

15

~"vary from less than 1 to about 50 micro- .

- meters in height. " As the ratio of the pro-

: .i30 jection height .to epitaxial layer thickness

- increases, these . projections can - become
annoying in the manufacture of semicon-
ductor devices.’ Generally. from 5 to 5000
such projections- per - ~wafer 'may ‘be

* 35 observed. The projections often impose a
limit on the definition - of small mask

features than- can be achieved by the use
of contact printing methods, and, more
- importantly, the projections can also inflict

" 40 cumulative scratch or fracture damage on-

the photomask.

‘"Techniques’have not- yet been developed
to ensure consistent preparation of epitaxial
layers" without these projections.: In addi-

“45 tion,  there ‘are: no. techmques currently

[Przce 33p]

-~ occurring at the sites o

avallable for. the . direct removal of these °
projections. . :

According to the present -invention there
is provided a method of removing projec-
tions from the surface of a semiconductor
layer “epitaxially deposxted onfo a substrate,
wherein an oxide is produced on said sur-
face, including said prOJectlons, and wherein
the following . operatrons are effected - at
least -once:—

(a) said oxided surface is coated with a
film in such a manner that the film includes
pinholes extending completely through its
thickness, ‘which pinholes tend to be
located at the sites of said projections, 60
said film bemg res1stant to chemrcal etch-
ing, -

(b) the coated qu:face is Wetted by etchant
that preferentially attacks said oxide relative
to said film, thereby removing said oxide 5
over: said projections where they ‘are
exposed by said pinholes, and

(c) the surface is wetted by etchart that
preferentially attacks the uncoated semi-
conductor material, whereby said projec- 70
tions from which the oxide has been
removed are preferentially removed..

In accordance with the preferred embodi-
ment of the mventlon, there is provided a
method * for - removing projections. from 75 -
epltax1a11y-depos1ted layers without substan-

59

. 55

-

‘tially altering the integrity of the layer.

The procedure is useful in the. commercial
production of semiconductor devices pre-
pared on epitaxial layers; in particular, 30
the preferred embodiment pertains to
eprtaxrally—deposrted silicon layers. -

An oxide layer is first grown or deposited
over the surface, and a. film which is resis-
tant to chemical etching, is deposited over 85
the: oxide in such-a manner as to be dis- -
continuous. These dlsconhmuhes, called
pmholes, have a ‘very: high probability of
-the projections.
The oxrde layer over the: pro;ecuons is 90
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thus exposed to chemical etching and can-

. be stripped by such etching, while the
oxide layer over the rest of the surface
is substantially protected by the etchant-

5 resist film.
etchant-resist film, the projections are then
reduced in size by etching the entire wafer
in .a chemical solution that etches -the-pro-
jections relative to the oxide. =~ =

10 To ensure integrity of the surface,- the
preferred embodiment of the invention con-
templates repetition of this sequence of
steps, due to the statistical nature of the
generation of discontinuities. “While having

15 a high probability of occurring at the sites
of projections, the discontinuities also occur
at_random over the rest of the surface.
Repetition of the pracedure in accordance

.. with the invention prevents etching into

20 the epitaxial layer. o

For a better understanding of the inven-
tion, reference is made to the accompanying
drawing in which:— o

FIG. 1 is a perspective. representation of

25 the appearance of the surface of an epitaxial
layer deposited on a substrate, illustrating
the random distribution of projections; and

‘FIG. 2 to 5 schematically represent a
cross-section of the wafer during four

30 separate steps of processing. :
" Briefly, the - preferred procedure for
removing projections from semiconduetor
layers - epitaxially-déposited - onto. wafers
utilizes. the following steps: (a) oxidation

35 of the surface of the epitaxial layer (or'the
oxide is produced by .deposition of an
oxide thereon), (b) application to the oxide
of a very thin layer of a film resistant to

. chemical etching in such a manner as to be

40 discontinuous, (c) removal .of the oxide
from the exposed projections by use of a
chemical  etching solution, (d) removal of
the resist film by dissolution of it in a
solvent, and (€} etching away of the . pro-

45 jections by use of a second cheémical etch-
ing solution - that_ etches the projections at
a much faster rate than the oxide. These
steps are discussed in detail below.

_ (a) Oxidaticn of the Epitaxiagl Surface

§0 - It is desirable for the practice of the
embodiment to produce a layer of oxide
over the epitaxial Iayer. The thickness of
this oxide layer is constrained by two con-

. siderations: it must be-thick enough to pro-

55 tect the epitaxial layer during the etching
steps, yet.must be thin enough so that its
rémoval, when the embodiment procedure
is completed, may be done within a prac-

tical period of time. L '

The lower limit depends on the second

chemical etchant to be used. In the silicon-

silicon dioxide system, for example, an

60

aqueous solution of potassium hydroxide .
will attack silicon dioxide at a rate of about

65 0.01 micrometers per minute and .silicon

- Following removal of the

at a rate of about 1.5 micrometers -per
minute. Assuming dn ‘average projection
height of about 18 micrometers, a minimum
of about 12 minutes will be required fo -
etch the projections. Therefore, the thin- 70
nest useful layer of silicon dioxide is about

0.1 micrometers. For other etchants con- \_,

templated in accordance with the embodi-

.ment, this valu¢ may be reduced to about

0.05 micrometers. =~

The upper limit of the thickness of the
oxide is about 1 micrometer, due to crack-
ing and fracturing of the oxide.
" There are many ways to produce an
oxide layer on the epitaxial layer. Such 80
methods include wusing RE sputtering,
plasma deposition, thefmal deposition, and
thermal -oxidation. For growing an oxide
layer on silicon, thermal oxidation is a
convenient method. As an example of 8§
theimal oxidation, the wafer is exposed:
to an atmosphere of water vapor at from

1000°C to '1100°C for about 30 to 60
minutes. Where it is contemplated that
an oxide is to be used on a system that 90
does not itself produce a protective oxide,
then silicon dioxide, for example, may be
used. In such a case, silicon dioxide is
conveniently deposited by RF sputtering.

(b} Application of an Etchant-Resist Film 9§

"The etchant-resist film can be, in general,
any film that is adherent to the oxide layer;
resistant to the chemical etchant used in
the practice of the embodiment, capable of
generating discontinuities, or pinholes, when 100
applied thin énough, and easily removed.
Thre¢ polymeric films that have been used
with success are the cross-linkage poly
(vinyl cinnamate) residms, the polyisoprene
plus diazido cross-linking systems, and the 105
polar phienolic type resins plus orthoquinone
diazides. These are well-known photoresist
formulations; however, the photoresist pro-
peérties are nof being utilized here. Rather,
these formulations are used in their uncross- 110
linked stafe and, moreover, are used at
reduced viscosities, in ' contrast to well-
known photoresist procedures, in order to
deliberately generate discontinuities: Other .
étchant-resist films having the requisite pro- 115
peities may also be appropriately used. "

" The embodiment relies. in part on the
observation that the discontinuities have a
high- statistical probability of forming -at
the sites of the projections; thereby leaving ‘120
the projections exposed. Aceordingly, in
order to generate discontinuities efficiently,

g solution of the etchant-resist should have
a sufficiently low viscosity se as to-form
discontinuous films upen complete evapora- 125
tion of the solvent. Too low a viscosity,
however, leads to an unacceptably high
pinhole density. Useful viscosities of solu-
tions of the etchant-resists range from
1 to 4 centipoises (viscosities of most photo- 130

R



»

» -‘ ‘»‘ §
3. £
s

1389941 . 3

resist formulations, as used in . photolitho-

. graphy, range from about 4.5 to 15 centi-
poises).

Etchant-resist . coating . is applied to the

§ surface of the oxide over the epitaxial
_. layer. - Any .technique that enables the
-\/ practitioner to apply the resist coating
: uniformly -to a tBickness capable of gene-
rating discontinuifies in the coating, such
10 as by spinning, spraying, dipping, or the
-like, will suffice for the ‘practicc of the
embodiment. . One technique at these vis-
cosities that gives the desired results with
the poly (vinyl cinnamate), the polyiso-
1S prene, and orthoquinone-diazide polymers

is to spin the substrate on its axis at a rate.

of from 5,000 to 20.000 revolutions per
minute for from 1 to 30 seconds (assuming
a wafer diameter of about 30 to 50 milli-
20 meters). Below about 5,000 revelutions per
minute, the pinholes no longer tend to
occur at the sites of the projections, while
above about 20,000 revolutions:per minute,
the pinhole density would be unacceptably
25 high. A spinning time of 1 second is a
practical lower limit for spinning the wafer,
while after 30 seconds of spinming, the
coating is -essentially dry. Drop-wise addi-
tion of a solution of these polymers is a
30 convenient means for application to a spin-
ning wafer. - S
‘The spinning substrate will, of -course,
exert some force on the photoresist solu-
tion as it is applied, causing it to spread
35 out across the wafer to some preferred
thickness. This force will depend primarily
on such factors as the viscosity of the photo-
resist -solution, its surface" tension,
angular velocity ‘of the wafer, and its
40 diameter. However, such a force, which
- results in a relative motion of the photo-
résist solution across the wafer, can also
be produced by other forms of motion in
addition to a liquid solution on a spinning
- 45 substrate. For example, spraying the
photoresist solution across @ statiopary
wafer, as well as other forms of like rela-
tive - motion, will also serve to apply a
discontifuous photoresist film in accordance
- 50 with the embodiment, so long as the factors
influencing the force producing the relative
motion: are considered. . - o
The values of the viscosity of the poly-
meric solutions (subject- to- the considera-
§5 tions of pinhole density mentioned above),
and of the relative motion of the solution
across the wafer are selected so as to give
a coating having a maximum thickness of
0.3 micrometers. At thicknesses less than
: 60 0.3 micrometers, the above-named polymers
readily form pinholes, while at .greater
thickriesses, it is known that these materials
do¢ not form 'a substantial number of pin-
‘holes. In the application. of other; etchant-
. 65 resist films to the oxide surface, the- viscosity

the

and the relative motion are to be selected so
as to produce a.pinhole density approxi-
mate to that of the projection density.

(c)- Etching the Oxide from the Projecs.

tions 5 _ 70

A solution that preferentially attacks the
oxide is used to sfrip the oxide from the
projections. In the case of silicon dioxide,.
an cxample of such a solution is hydro-.
fluoric - acid, buffered  with ammonium
fluoride to a pH of approximately 2.0;
this ' solution etches silicon dioxide at a
rate of about 0.1 micrometers per minute.
The acid-resistant properties of the poly-
meric coating deposited in the preceding 80
step, however, serve to protect the rest
of the surface from substantial attack.

(d) Removing the Polymeric Film from:.
- the surface .
. A dip of the substrate into a common 85
organic solvent, such as acetone or n-butyl
acetate, is sufficient to dissolve the etchant-
resist film. Alternatively, the etchant-resist
materials may be removed together with the
projections if this step is bypassed. - How-
ever, the long term use of the etching solu~
tion described in the following step for
removing both the projections and the
etchant-resist film will eventually "lead to.
contamination of that solution. : 95
- (e) Etching Away the Projections _

At this stage in the process, the surface
of ‘epitaxially deposited layer is comprised
of both an oxide covering the relatively flat
portions of the surface and a number of 100
projections, which have been stripped of
oxide. Now an etchant that will preferenti-
ally attack the projections relative to oxide
is used to remove the projections. In the
case of silicon dioxide on epitaxial silicon,
agueons potassium. hydroxide may  be
used; it etches silicon at a rate of about
1.5 ~micrometers per minute and silicon
dioxide at a rate of 0.01 micrometers per
minute. The rate of etching is dependent
on both the temperature of the etching solu-
tion and its concentration. The concentra-
tion of the aqueous potassium hydroxide
solution may range from 2 to 12 molar;
outside these limits, the rate of etching
decreases to an unacceptable level.
- For the practice of the embodiment, it is
convenient to maintain the solution at
elevated temperatures. Since the etch rate
increases as the temperature of the solu- 120
tion increases, temperatures greater than
70°C give reasonable times of etching
However, the temperature employed is also
constrained at the upper limit by boiling
of the solution. o

Other efchants for the silicon-silicon
dioxide systemr include aqueous solutions
of hydrazine and of ethylene diamine plus
catechol. The useful concentration range
of the former soluton may vary from 5 to 130
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25 molar, while that of the latter from 5-

to 15 molar of ethylene diamine and 0.1

to 1 molar of catechol. The practical

lower temperature limit of the hydrazine

5§ solution is 90°C, while that of the ethylene
dramme-catechol solution is 80°C.

¢ An etching time of from 12 to 25 minutes

is usually sufficient to ensute substantially

complete removal of all projections from:
10 the surface, regardless of the etchant used-

= (f) Other Considerations
< While the :above sequence of steps is

sufficient for the practice of the embodi-.

nient, it is preferable, to repeat steps (b)

15 to - (d), inclusive, -at ‘least once, and to
remove -only: part of the thickness of the
Tt will be recalled

oxide layer each time.
that- thé pinholés, which are generated by

. preparing the etchant-resist film sufficiently
20 thin; occur primarily at ‘the sites of the pro-
jections.
number of pinholes also occur at randoin

across the surface.. Thus, etching the oxide
from the, projections completely would, at

25 thesame time, result in thousands of pin-
holés through the oxide suiface itself. The
éxistence of these pinholes would then have
the potential effect of leading to subsequent

. éxtensive damage of the epitaxial layer

30 during the etching of * the projections.
Therefore,’ by repeating stéps (b) to (d) and
removing only part of the thickness of the
oxide each time, the: result will be that fol-
Iowmg one complete sequence of proces-

35 sing, only part of oxide thus exposed will
also be removed, thereby also forming
thousands of depressions in the oxide layér.
By removing the etchant-resist film  and
spinning ‘on ‘a -new film these depressxons

40 will fill up with the film.  Yet, again, pin-
holes will preferably be generated at the
sites of projections. While again there will
also be large. numbess of pinholes. randomly

.. distributed across the surface, they will not

“45 tend to occur at ‘the sites' of the previous
-fandom pinholes..” As a consequence, the
only sites where the oxide will be com-
pletely etched away following the. repetition
of the -sequence will be at the sites of ‘the

50 projections.

. From less than 1 to. over 600 pro;ecnons
per square ‘centimeter have been- observed
on _epitaxial ‘silicon deposited on' silicon

... wafers. ~In the practice of the prescribed

55 process with one repetition, léss than 1 hole
. per square millimeter in the eprtaxral silicon
layer ‘has been observed.

Referfing to the drawing, FIG. 1 shows
‘a wafer ‘10 comprised of 4 substrate 11 on

60 which a layer 12 has been 'epitaxially de-:

posxted AS a result of the epltamal deposi-
tiori" process, pro;ectlons 13, risrng above
the surface, occur.
.. “FIG.'2 to 5 are a cross-section of the
-65 wafer along the direction 2-2; FIG: 2 shows

‘In ‘addition, however, -a large”

jections. -

the wafer 10 described in FIG. 1, prior to-
the procesing ‘steps in’ accordanoe w1th the
embodlment.

"FIG. 3 ‘illustrates an oxide layer 20 as
produced on" the surface of the epitaxial 70
layer 12 and the projections 13. The pre-
ferted ‘thickness of thé oxide layer is from.
0.2' to 0.5 micrometers. An- etchant-resist
film 21, having -a preferred thickness of _
about ‘0.1 ‘micrometers, is now deposited 75
over the oxide layer 20, as shown in FIG. 4.
The pinholes,” or discontinuities, 22 ‘are
stafistically generated at the sites of the
oxide-covered projections, thereby exposing
them, while -the rest of the surface is sub- gp
stantially -protécted by .the etchant-resist
film 21. The discontinuities 22, however,
may also occur at random across the sur--
face of the etchant-resist film 21. A ‘pre-
ferred “method for depositing the discon- ggt
tinuous ‘etchant-resist film 21- over the oxide:
12'isto apply a few drops of a dilute (about
3 to 4 centipoises) liquid solution of the
film’ (not shown) to the surface of the oxide
layer. " 'The wafer 10 is' ‘then spun on its 9
axis' at 'a rate) of from 8,000 “to 10,000
revolutions per minute for from 10 to 16
seconds (assiiming 2 wafer dlameter of 30-
to 50 millimeters).

The buffered hydroﬂuonc acid solutlon, 95
mentioned earlier, is then used to etch
away - the - oxidé over . the projections.  As
an example of the composmon of this solu-
tion, 40 ‘grams of ammonium fluoride is
dissolvéd in 60 milliliters of water. To 100
100 millilitérs of this stock solution, 15
mﬂhhters of 49 percent hydrofiuoric acid
in water is added: The pH is maintained
at about 2.0 by use of the stock solution.

'Néxt; the etchant-resist film is removed 19§
in ‘a -common ‘organic solvent, such as

_acetone or n-butyl*acetate. The wafer is

then exposed.to an etchant. that. will “attack
the exposed projections relatrve to the oxide

rémaining on the ‘surface. “In the case of 110

epitaxially-deposited- siticon with a protec-
tive  coating of silicon dioxide on the sur<
face. a preferred etchant is 2 5 molar solu-
tion - of potassmm hydroxrde mamtamed

" at 85°C. 115

- Once the ‘removal of the projections is
complete, the removal of the oxide layer is .
aocomphshed by “techniques well” known in
the art, as, ‘for example, by use of the
buffered - hydrofluoric acid ~solution ' de: 120
scribed above. A cross-section of the sur-.
face, followihg the procedure in accordance
with the embodiment, has the appearance
shown in FIG. 5, whiere depressions 23 now
exist in’sites formerly occupied by the pro- 125
it The wafers can now be processed

in’ the ‘manner usual for the productron of
circuitry, " and - so forth, as 1s customanly
practrced in the’ait,

‘An- example is ' given below o "aid: the 130
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practitioner in the application of the em-
bodiment. While the example is given in
terms of epitaxially-deposited silicon and a
particular etchant-resist, it should be noted
S that the invention is not restricted to these
_but rather is applicable to the removal of
" projections on any film generated during

> -its growth using any available etchant-resist .
--.»that:.can -be prepared -thin - enough to-

10 generate discontinuities that will
preferably expose such projections.
Epitaxially-deposited silicon on silicon
wafers (having diameters of about 30 milli-
meters) have been processed as follows:

A. A film of silicon dioxide, 0.5 micro-
meters thick, was grown on the surface of
an epitaxially-deposited silicon layer. Ex-
posure to an atmosphere of steam at a
temperature of 1100°C for 32 minutes

20 [(100) orientation] or 36 minutes [(111)
orientation] was sufficient to do this.

B. Two drops of a dilute solution of poly
(vinyl cinnamate), having a viscosity of 3.5
centipoises were spun onto the oxide sur-

25 face at 9000 revolutions per minute for 15
seconds, thereby producing a - polymeric
film about 0.1 micrometers thick.

C. After a 10 minute air dry, the wafer
was immersed in an aqueouns hydrofinoric

30 acid solution, buffered to a pH of 2.0 with
ammonium fluoride, for 2.5 minutes to
etch 50 .percent of the thickness of the
silicon dioxide film. )

D. The etchant-resist film was removed

35 by immersion of the wafer in acetone for 3
minutes, followed by a 3 minute rinse in
de-ionized water. o

E. Steps B to D were repeated once:

F. The surface of the wafer was etched

40 in 5 molar potassium hydroxide at 85°C
for 24 minutes, thereby removing substan-
tially all projections. The wafer was then
rinsed in de-ionized water for 3 minutes.

ercby

One hundred wafers, including both (100)'

45 and (111) oriented surfaces, were processed
using the procedure outlined above. Micro-
scopic examination of the wafers before
and after treatment indicated that more than
90 percent of all measurable projections

50 were eliminated; yet very little damage to
the epitaxially-deposited silicon layer itself
resulted. Far less than one hole per square
millimeter in the epitaxially-deposited
silicon layer could be ascribed to random

5§ holes in the etchant-resist film. :

Prior to use of this procedure, nearly 22
percent of photomasks inspected were re-
jected for scratches and other damage
caused by the presence of projections.

60 Following use of this procedure, the rejec-
tion rate dropped to about 2.5 percent.

WHAT WE CLAIM IS:—
1. A method of removing projections
65 from the surface of a semiconductor layer

epitaxially . deposited onto - a  substrate,
wherein an oxide is produced: on said sur-
face, including said projections, and where-
in the following operations are effected. at
least once:— ' .. 70

(a) said oxided surface is coated with a
film. in such a manper that the film. includes, -
pinholes extending. complete]y - throngh. -its . =
thickness, which pinholes tend to be loc- 75
ated at the sites of said projections, said
film being resistant to chemical etching,

(b) the coated surface is wetted by etchant
that preferentially attacks said oxide rela-
tive to said film, thereby removing said g0
oxide over said projections where they are
exposed by said pinholes, and

(c) the surface is wetted by etchant that
preferentially attacks the uncoated semi-
conductor material, whereby said projec- g5
tions from which the oxide has been re-
moved are preferentially removed.

2. A method according to claim 1,
wherein prior to being wetted by the second
mentioned etchant the said film is removed, 90
and wherein the second etchant preferen-
tially attacks the uncoated semiconductor
material relative to the oxide.

- 3. A method according to claim 1 or 2,
wherein the sequence of steps is followed 9§
at least twice, only part of the thickness of
the oxide exposed by said pinholes being
removed at each stage.

4. A method according to claim 1, 2 or
3 wherein said epitaxial layer comprises 100
silicon. '

5. A method according to claim 1, 2, 3 or -

4, wherein the oxide is produced on said
surface, including said projections, to a
thickness of from 0.05 to 1.0 micrometers. 10§

6. A method according to claim 5,
wherein the thickness of said oxide ranges
from 0.2 to 0.5 micrometers.

7. A method according to any one of
the preceding claims, wherein the discon- 310
tinuous film is generated by depositing a
solution of said film, ranging in viscosity
from 1 to 4 centipoises, onto said oxided
surface. -

8. A method according to any one of the 115
preceding claims, wherein the film resistant
to chemical etching comprises an organic
polymer, having a maximum thickness of
0.39 micromett;.rs.

. A method according to claim 8,
wherein the said film has a thickness of 120
substantially 0.1 micrometers.

10. A method according to claim 9,
wherein said film is one selected from the
group consisting of poly (vinyl cinnamate) 13¢
resins, polyxso_prene plus diazido resins, and
polar phenolic type resins plus ortho-
quinone-diazides.

11. A method of removing projections,
substantially as hereinbefore described with 125
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practitioner in. the apphcatmn of the eﬁx- ‘

bodiment.. While the: example is given in
" terms of epitaxially-deposited silicon and a
._ particular efchant-resist, it should. be noted
'3 that the invention, is not restricted to these

. but rather is applicable to the rémoval of

“\w projections on any film generated during

preferably expose such projections.

Epitaxially-deposited silicon on silicon
.wafers (having diameters of about 30 milli-
meters) have been processed as follows:

15 A. A film of silicon dioxide, 0.5 micro-
meters thick, was grown on the surface of
an epitaxially-deposited silicon layer. Ex-
posure to an atmosphere of steam at a
temperature of 1100°C for 32 minutes

20 [(100) orientation] or 36 minutes [(111)
orientation] was sufficient to do this.

B. Two drops of a dilute solution of poly
(vinyl cinnamate), having a viscosity of 3.5
centipoises were spun onto the oxide sur-

25 face at 9000 revolutions per minute for 15
seconds, thereby producing a polymeric
film about 0.1 micrometers thick.

C. After a 10 minute air dry, the wafer
was immersed in an aqueous hydrofluoric

30 acid solution, buffered to a pH of 2.0 with
ammonium fluoride, for 2.5 minutes to
etch 50 percent of the thickness of the
silicon dioxide film.

-D. The etchant-resist film was removed

35 by immersion of the wafer in acetone for 3
minutes, followed by a 3 minute rinse in
de-ionized water. '

E. Steps B to D were repeated once.

- F. The surface of the wafer was etched

40 in 5 molar potassium hydroxide at 85°C
for 24 minutes, thereby removing substan-
tially all projections. The wafer was then
rinsed in de-ionized water for 3 minutes.

One hundred wafers, including both (100)

45 and (111) oriented surfaces, were processed
using the procedure outlined above. -Micro-
scopic examination of the wafers before
and after treatment indicated that more than
90 percent of all measurable projections

50 were eliminated; yet very little damage to

the -epitaxially-deposited silicon layer itself:
resulted. Far less than one hole per square

millimeter in the epitaxially-deposited
silicon layer could be ascribed to random
55 holes in the etchant-resist film. .
Prior to use of this procedure, nearly 22
percent of photomasks inspected were re-
"jected for scratches and other damage
_caused by the presence of projections.
60 Following use of this procedure, the rejec-
tion rate dropped to about 2.5 percent.

WHAT WE CLAIM IS:—

1. A method of removing projections

65 from the surface of a semiconductor layer

~:its growth, using.any. available etchant-resist ..
--«-that> -can --be preparéd - thin: enough. - to-
10 generate discontinuities that will thereby -

'ep'i"'taXial_ly'~ deposited onto - a substrate,

wherein an oxide is produced: on said sur-
face, including said: projections, and where-
in the following operations. are. effected. at

least once:— . - 70

- (@) said oxided surface is coated with a
film. in. such a manner that the film, includes, .-
pinholes extending. completely - through. its.
thickness, which pinholes tend to be loc- 75
ated at the sites of said projections, said
film being resistant to chemical etching,

(b) the coated surface is wetted by etchant
that preferentially attacks said oxide rela-
tive to said film, thereby removing said g0
oxide over said projections where they are
exposed by said pinholes, and '

(c) the surface is wetted by. etchant that
preferentially attacks the uncoated semi-
conductor material, whereby said projec- g5
tions from which the oxide has been re-
moved are preferentially removed.

2. A method according to claim 1,
wherein prior to being wetted by the second
mentioned etchant the said film is removed, 90
and wherein the second etchant preferen-
tially attacks the uncoated semiconductor
material relative to the oxide.

- 3. A method according to claim 1 or 2,
wherein the sequence of steps is followed 9§
at least twice, only part of the thickness of
the oxide exposed by said pinholes being
removed at each stage.

4. A method according to claim 1, 2 or
3 wherein said epitaxial layer comprises 100
silicon. .

5. A method according to claim 1, 2, 3 or .

- 4, wherein the oxide is produced on said

surface, including said' projections, to a
thickness of from 0.05 to 1.0 micrometers.

6. A method according to claim - 5,
wherein the thickness of said oxide ranges
from 0.2 to 0.5 micrometers.

7. A method according to any one of
the preceding claims, wherein the discon- 110
tinuous film is generated by depositing a
solution of said film, ranging in viscosity
from 1 to 4 centipoises, onto said oxided
surface. '

8. A method according to any one of the
preceding claims, wherein the film resistant
to chemical etching comprises an organic
polymer, having a maximum thickness of
0.3 micrometers.

9. A method according to claim 8,
wherein the said film has a thickness of
substantially 0.1 micrometers.

10. A method according to claim 9,
wherein said film is one selected from the
group consisting of poly (vinyl cinnamate)

105
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- resins, polyisoprene plus diazido resins, and

polar phenolic type resins plus ortho-
quinone-diazides. - .

11. A method of removing projections,
substantially as hereinbefore described with 125
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