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(71) . We, WESTERN ELECTRIC CoM- aviiila.b.le for the direct removal of these ., 
PANY,. INCORPORATED, of J95 nro~dway. projections. . 
New York City,' New York State. United . According to the present ·invention the~ 
$tates of America, a Corporation organized is provided a method of. removing projec..: 

5 and existing under the . laws of the State tions from the surface of a semiconductor 50 
of · New York, United States of America, layer ·epitaxially "epositcd ontO a substrate, .. 
do hereby declare the invei;ition for which wh,erein an oxide i~ produced on said sur-
we pray that a patent may be granted to face, including said projections, and wherein 
us .. and the method by which, it is to be the .following operations are effected ·· at 

10 performed. · to ~ particularly described in least. once: - · · · . SS 
and by the following statement:-'- "(a) said oxided s.urface is coated with a -

·Th.e inve~tion rela~. to ·the. pro.ces~ film in such a manner th_at the film includes 
of seinicondtictor. devices fa'{)ricated from pinl:to.les extending completely through its 
epitaxially-~epos.ited !aye.rs. · ~~:I.mess. which . pinholes tend to be 

15 ·Iii the production of integtated circuits located at the sites of said . projections. 6Q 
on semiconductor wafers. .it · is desirable ~ film being resistant to chemical etch-

. that the surfaces be as fla,t as p<;>ssible, in ~ng. : · · . 
order to obtain fine. dimensional acc.'11'8,cy Q>) the coated st¢ace is wetted by etchant 
during photolithographic contact pri,Dting of that preferentially attacks said oxide relative 

'9 the cil.'cuitry features. · Howeye:i;, <luring the ~o. saj,d filtn, thereby ·re~oving said oxide 65 
epitaxial deposition of semiconductor, Ja,y~rs over· said projections where they ·are · · 
onto subStrates. as. for e~ple. silicon exposed by s~d, pinholes, and · 
onto silicon ·wafers, projections .rising from. (c) the surface is wette4 by etchant that 
the surface often occur. · · prefe,~nti~y a~~ th~ uncoated semi-

25 Oil . epitaxial layers. which usuany n;mge CQn,cl:uctor ~terial. whereby said projec- 70 
from about 1 to about 15 ··m.icrometerS tions from which .the ·oxide has been · 

:~thick. the. projections may be obseryed to remov¢ ate preferentially removed ... 
. ··.:,"-vary from less· than 1 to about· 50 micro- In accordance w~t)i the preferred embodi-

meters in height. · As the ·ratio · of the pro- ment o~ the -invention. tJ:iere is provided a 
:30 jection height . to epitaxial layer thickness metJ:io.d · f()( remoying projectiriJi.S" · fron) 7~ · 

. increases, these . projectidns can ~come epita.Jfially-deposited ~ayers without substari.:; 
annoying in the · mailufact1ire ·of semicon· tia,\ly · al~rlng the integrity of the layer. 
ductor devices. . Generally~ from 5 to 5000 The . procedure . is useful. in. the. coinmeicial 
such projections per .. wafer ·may be production o~ se,n;liconductor devices pre-

. 35 observed·. The projections often iinpose a pared on epitaxial layers; in particular, 80 
limit on · the definition of small mask the preferred enibodiment pertains to · 
features than · can be achieved by the :use epitaxially-deposited silicon 18.yers. · 
of eontact prlnW.g · methods~ and, . more · An o.:itldtr ~yer is. fQ"~t grown .or deposited 
importantly. the projections can also in:tlict over the surface, and a. film which ·is resis'." 

40 cumulative scratch· or fraCture damage ·on · -~t to chemical· etching, is deposited over SS 
· the photomask the: oxide in such ·a· man,ner· as to be dis;. · • 

·Techriiques· have not· yet been developed continuous.· These discontinuities, called 
to ensure consistent preparation of epituial pin)ioles, ·ba:vl' a ·~ery: high probaDility ·of . 
layers, without these' projections .. · In addi· occurring at the sites of· the.· projections_. 

· 4S tion~ · there.· ·are : no . techniques · currently The oxi<Je layer . over ~e: :Proj~()Ds· is 90 
[Price 33p] · · · · · · 
.. •, :-·:· 
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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-

S resist film. Following removal of the 
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 iiltegrity 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 pf occurring at the sites 
of projections, the discontinUities also occur 
at random over the rest of the surface. 
Repetition of the proCedure in· accordance 
with . the . invention prevents etching into 

20 the epitaxial layer. 
For a better' understanding· of the inven­

tion, reference is made to the ~ompariying 
drawing in which:- . · 

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

30 separate steps of proces.sing. 
Brielly, the preferred procedtire f01; 

removing projections from semiconductor 
layers · epiiaxially~deposited · onto. wafers 
utilizes .. the following steps : (a) oltidation 

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

. chemical etching in suclt a mann~r 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 {e) etching away of the pro-

45 jections by use of a second chemical etch· 
ing_ solution that. etches ·the projections at a . much faster rate. than the oxide. These 
steps are discussed in· detail below. 

(a} Oxidatilln of the Epitaxial $urface 
SO · · It - is desirable · fol' the practice of the 

embodiment to produce a layer of oxide 
over the· ~ epititxillli ·layer. The thickness of 
this oxide layer i& constrained. by two con· 

. siderations: it must be·thick enough to pro-
55· tect the epitaxial layer during the etching 

steps, yet . mus.t be thin:· enough so that its 
removal. wlien the embodiment proced~e 
J:s completed. may be done within a prac-

. tical period of time. . . . · 
60 The lower limit depends on the· second 

chemical etchant to be used. In the silicon• 
silicon dioxide system. for example. an 
aqueous solution of potassium hydroxide . 
will attack silicon dioxide at a rate of about. 

6S 0.01 micrometers per minute and silicon 

at a rate of about 1.5 micrQmeters . per 
minute. AsSuming an ·av~age projection 
height Qf about 18 micro:tneters. a mininium 
of about 12 minutes will be required to 
etch the projections. Therefore. the thin- 70 
nest useful layer of silioon dioxide ·is about 
0.1 micro~eters .. For oth~ etchants co1!· ·v­
templated m accordance with the embodi- •· .. · 
:ment. this value may be reduced to about 
0.05 micrometers. 75 

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 using RF sputtering. 
pla~a deposition. thermal deposition. and 
thetmal ·oxidation. For growing an oxide 
layer on silicon, thermal oxidation is a 
convenient method. As an example of 85 
thetmal oxid!ltion, ~ wafer is exposed· 
to an atmosphere of water vapor at from 
l000°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). Appli<:atiOn of an Etchant-Resist Film 95 
. The etchant-resist film can be. in general. 

any film that is adherent to the oxide layer~ 
·resistant tO the che:tnical etchant used in 
the practice . of the embodiment. capable df 
generating <P.scontinllities, or Pinholes~ ·when 100 
appli~ thin enough. and easily removed. 
Three· polyinenc films that have been used 
with suecess are the cross-linkage poly 
(vinyl cinnamate). resms; the polyisoprene 
plus diazj.do cross-linking systems. and the lOS 
pol~ phenolic· type ·resins.plus orthoquinone 
dia.i;.ides~ . These ·are well-~own photoresist 
iormlilations; however. the photoresist pro­
perties are not . being utiliz.ed here. Rather, 
these· formulations are used in their uncross• l 10 
linked· state and, moreover, are used at 
redticed viscosities, in · coritrast to well· 
'.ifuown photoresist proceClures. in order to 
deliberately generate discontiimities;. Other . 
etchant-resist "films having the requisite pro. ns 
petties ma:y also be. appropriately used. . . 
· The · embodiment relies. in part on the 

Observation that the disc0ntinuities have· a 
hlgh: statistical probability of forming ·at 
the sites of the projectioris; thereby leaving '120 
the projections exposed. Ac~ordingly, in 
order · to generate discontinuities efficiently. 
a solution of the etchant-resist should have a sufficiently fow viScosify so as to . form 
discontinuous films upcm. complete evapara;. 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- no 
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resist formulations. as us¢ in . photolitho- and the relative motion are to be selected so 
graphy, range from about 4.S to 15 centi;. as to produce a pinhole density appJ:Oxi~ 
poises). . mate to that of the projection density~ 

Etchant-resist coating is applied to the (c) Etching the Oxide from the Projec-. 
5 surface of the oxj4e. over the epitaxial tions · · 7() 
___ layer. Any technique that enables the A solution that preferentially attacks the . 

- ~; p~ctitioner to a;t>ply tJ;ie resist coating oxide is used to strip the oxide from the 
uniformly ·to a tliickiless capable of gene- projections. In the case of silicon dioxide. 
rating discontinuities in the coating.. such an example of such a solution is hydro-

10 as by spinning. spraying. dipping. or the fluoric acid. buffered with ammonium 75 
like. will suffice for the ·practi~ of the :fluoride to a pH of· approximately 2.0; · · 
embodiment One technique at these vis- this · solution etches silicon dioxide at a 
cosities that gives the demed results with rate of about 0.1 micrometers per minute. 
the poly (vinyl cinnamate) •. tile polyiso- The acid-resisUJ.nt properties of the poly-

IS prene. and orthoquinone-diazide polymers meric coating deposited in the preceding' 80 
is to spin the substrate on its axis at a rate l!tep. however, serve lo protect the rest · 
of from 5~000 to 20.000 revolutions per of the smface from substantial attack. 
minute for from 1 to 30 seconds (assuming (d) Removing the Polymeric Film from, 
a wafer diameter of about 30 to SO milli- · the surface 

20 meters): Below about s.ooo re.YQl1JtiODS per A dip of the- substrate into a CODllliOD 85 
minute, the pinholes no longer tend to organic solvent. such as ~cetone or· n-butyi '-· 
occur at the sites of the projections. while acetate. is sufficient to dissolve the etchant· 
above .about 20.00C> revolutions Per minute. re8ist film. AlteI11atively. the etchant-resist 
the pinhole density would be unacceptably materials may be removec:J. together with the 

2S high. A spinning . time of l second is a projections if this step is- bypassed. How· 90 
practical lower limit. for spiDBing the wafer. eve~-. the long term use of the etching· solu.­
while after 30 seconds of. spinnmg. the tjon described in the ·following step for 
coating is essen~y dry. Drop-wise. addi- removing both the projections and the 
tion of a solution of these polymers is a etchant-resist film will eventually ·.lead to 

30 convenient means for application to a spin- contamination of that solution. . 9S 
ning wafer. . · (e) Etching Away the· Projections 

The spinning substrit.te will, of course. At this stage in the process. the surface 
exert some force on the ph$resist solu- of epitaxially deposited layer is compri$Cd 
tion as · it is applied, causing it to spread of both an oxide covering the relatively fiat 

3S out across the wafer to some preferr~ portions of the surface· and a number of . 1.00-
tbickness. This force. will de~ primarily projections. which have been stripped of - · 
on sueh factor& as the viscosity of tb.e photo- oxide. Now an etchant that will prererenti­
resist solution. its surface · tension, the · ally attack the projections relative to oxide 
angular velocity ·of the wafer. and its is used to remove the projections. In the 

~ diameter. ·However. such a forc;e, which case of silicon dioxide on epitaxial silicon, lOS 
· results ·in a relative motion of the photo- aqueous potassium hydroxide may . be · -
resist solution across the wafer. can also used; it etches silicon at a rate of about 
be pr_oduced by other· forms of ·motion in I.S micrometers per minute and silicon 
addition to a liquid. solution on ~ spinning dioxide at a rate of 0.01 micrometers per 

45 substrate. For . example. spraying the inin:ute. The rate of etching is de~dent 110 
photoresist soluti~ across· ' a statj,9Jlaly on both the temperature of the etching solo- ' 
wafer .. as well ·as other forms of Jikc r~- tion and its concentration. The concentra-
tive motion. will a1so. serve .to apply a tion of ·the aqueous potassium hydroxide 
discontmuous photoresist film in. accordance solution may range from 2 to 12 molar; 

· 50 with the embodiment. so long as the :factors outside these limits. the rate of etching US 
influencing the force producing the relative decreases to· an unacceptable level. · · 
motion are- considered. For the practice of the embodiment, it is 

The values of the viscosity. of the poly- convenient to maintain the solution at 
meric s0lutions (subject to··. the co_asii:fera.. elevated temperatures. Since the etch rate 

55 tions of pinhole· densj,ty. me~tioued ·above), fucreases. as the temperature of the solu~ 120 
and of the relative motion of the splution tion' increases. temperatures greater than 
across the wafer $re selected· so as• to give 70°C give reasonable times of etching. 
a· coating having a maximum-thi~ess of However. the temperature employed is also 
0.3- micrometers. At thicknesses less.. than constrained at the upper limit by boiling 

:. 60 0.3- micrometers. the abovi-named: polymers of the- solution. 12S 
. ·- readily form pinholes. while at greater Other eicbants for the silicon-silicon . 

'thickrtesses. it is· known that these materials ~oxide system include. aqueous solutions. 
d<) not form ·a substantial ·number. of pi~ of hydrazine and of ethylene diamine plus 
holes. In the application. <:>f other: etehant~ catechol. The useful concentration ruge 

, (iS resist. films to the oxide su$.ce. ~viscosity of the former . so!uton may vary from S to l~O 
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25 molar. while that of" the latter from S· tb,e wafer. IO described in. FiG. 1. prior .to. 
to: 15. molar of ethylene diamine aful 0.1 the ptocesii:tg ··steps in accordance with the 
to .1 molar of ca~b'ol. The practical embodim,eut. 
lower temperature liinit of the hydrazine FIG, 3· ··mustrates an oxide layer 20 as 

$ sol,ution ~s 90°C. while that of the ethylene produced 6n · thei ·surface of the epitaxial 70 
diamirie-catechol solution is 80°C. lay~r '12 .. an,d the projections 13. Th.e pre- _ 
' An etching time of from 12 tO 25 minutes fe:ried ·~cki>,ess ~f. the .oxide layer is from. ",,.,.;· . 

is usually. sufliciettt to ensui:e substantially 0.2' to OS micrometers. An· etchant-resist · 
complete · remov.aI of all projections from· :fib;n. 21. haVing a preferred thickness· of: . , 

10 the surface. regardless of the etchant used.· about 0.1 micrometers, is now deposited 7~ 
,· (f) Other Consid~rations ·· ov.er the oxide -layer 20. as shown in FIG. 4. 
~' Wbile the ·· above sequence of steps is Th.e pll;J.boles, · or discontinuities; 22 ·are 

sufJicient for th¢ practice of .the embodi-_ statistically generated at the sites of the 
nietit~ it is preferable. to repeat steps (b) oXide~covered, projections. thereby exposing· 

15 to· (d). inclusive. at least once. ·and to thein;\vhile ·the rest of the surface is sub- 80-
remove only ~t o.f the ·tbickn~ss of the stiui.tially. protecte9 J;>y . the ~tchant.;resist 
oxide ·.iayey eJl.Ch .time. It Will be recalled filri,i 21. The disc9:i;itinuities 22, bowev~r. 
that the :pinholes. which ate generated by ~Y ~o occ~t at t~dolP. ·across thC. sur-

. preparing the etchant-re,$1.st fihn sufficiently face of .the etchaJ1t-~esist film 21. A pre-
20 tbi:tt; .oecur • priri;lllrily at· the si:tes of th~ pro- ferre9 · · J:Iiethod for deposi~g tb,e discon-· 8~ 

jecti~ns. · Iil additi.On.; · however;· -a- wge· titlqous ·etc~t:..resist film 21 over the oxide­
nu.niber of pinh_oles - al.so occur at random 12· is· .to aj)ply a few drops of a dilute '(about 
acfos~ the slirface. . Thus.· et~ the oxide 3 · t.o' 4: ceptipoise.s) liquid solution· of the· 

. . fto:m, .. the, projectioi:.s · · eompletely would. at film· (Qot shown). to th~ surf~ce of ~e oxide: . 
25 the.·,same. tlln.e~ -.r~sult iii thQusands .. of pin• layer.' The· wafer 10 is ~en spun ~n its 96 

hoJes througq th~ ()Xide sui;.fa~e itself. The ws·· at a rate' of from 8,000 . to 10.000 
exjstence of the8e pinhole.a· wg:ulct thei;l have reyoltitioris · per .. minute foi: from 10 to · 16. 
the p6tentia,I e:ffecf ofleading to subsequent see0.nds · (as~iiming a wafer . diameter of. 3~· 
e:itenSive daniage. of . t\le epi~al layer to 50 ·. millini~ters)~ . . ' . 

30 during the. e~g .. of ·. tlte · pi,ojectfons. The btiffered ·hydrofluoric acid solution, 95 
Tbe.refore/by repeating steps (b) to (d) 1µ1d mentioned earlier. is then used to· etch• 
~eriiovfug only· ·parj: of the; tlrlckn~ss of tbe a:Wa.y . th.e oxide: over the projeetions. 'As 
oxide each time~ the: result will . be th.at fol· an exariiple of 'tl;i.e compQSitioh of this solu~ 
(oWing orie complete · sequen~ of proces- (ion~ 40- ·grams · of·. ammonium ·fluoride ·is 

35 $fug. On.ly part 0.f oxide thus ex.posed will dissolv¢d in 00 :gµJ.liliters of water. To 100 
also. be .. removed. thereby also forming 100 milliliters' of this. stock .. solution. 15 
thousands of' depressions in the, ox;ide _layer: niiililitel'!i of 49: percent. hydrofluoric acid 
:By · removing the etcharit~resist :f;il:i;n · an~ in water is ~dded; The p~ is maintained 
spinning · ori a new film , these depressions a,t aoout 2.0· bY use of the stock solution. · 

40 wUl fill up with the filiil. Yet. again. pin- .. N~it.r the etch~t-resist film. is temov~ 105 
holes will preferably be' generated at the in . :a: . cottl.nion ·organic solvent. such as 
sites' of projectio~s. While again there wilJ . acetone or·. n-butyl: acetate. . The wafer i~ 
also be large. num~~s ·of pinholes rimdorilly tlieri exposed. fo i}.n etchaJlt ~at. will attack 

. . distributed. across the surface·. they will not th,f' exp()sed· projections relative. to. the oxide 
.. 45 terid to ·occUt at--the sites: of the previous remafuii:lg"ori: the :surface.. . In th~ case of .110 

. random pinholes. . As a· consequence. the epitaxiaJiy~deposited silicon with· a protec-
oiil;y- sites where the o:Xide . will be com- tive coating of silicon di9xide ·on th~ sur• 
plefoly efohed away. folloWing the repetiti6n face.· a .. preferred· etchant is a s molar solu-
of. the ·sequence will be at the· sites of ·the tion df ·potassiu:i;n · hydroxide, main~ed . 

so projections. · ·.. ·· . · . · . ·· · af 85°C. · " ··· · · · · · 115 
. From less than 1 to. over 600 proJections · Once the · removar of the projections is . 

p~r sq~ar~ · :cen#~~ter h~ve. been · obs~~e~ complete. the removal· of the oxit;Ie layer is 
on epitaxial. silicon deposited on·· s1hcon accomplished by· techniques w~ll:kno~ ·in 

. . wafers. · In the practice of the prescribed the art. as, .·for. exa~ple. by_ use of the 
SS prb~ess with one repetiti0n, less than 1 hol~ bUffered ·. hydiofiuQric acid ·solution · . de:;. 120 

. per 'square millimeter i~ the epitaxial sili~n. scribed· above. A cross-section of the sur­
layer has been observed. . · · face. 'following th~ procedure. in acc~dance 
· llefer#n.g· to the drawing, FIG. 1 sltows with the embo~ent. has the appearance 
a wafer '10 comprised of a substrate ll on shown in FIG. 5. where depressions 23 now 

60 w,lµfh, a ~yer 12 .. ha-!! . been_' ~pi~ially d~~ exist in' sites· formedy o<tjlpied by the pre;;; · 125 
po81ted. · ><s a result .of the epi~ deposi- jections. The wafers can· no:w· ·be processed 
tfori process. projectlons 13 •. risihg above in' the manner usual ~or the production : of 
ihe:surtace~ ocem.·; · · · · ' ·' · . · : tjrcuiti:y.· and .so forth. as is ·customarily 

. . ~ EIG.-;1. to 5· are a cross-section of the pptcticed in. the' art · _., ''. ' . ·· . · 
65 wafer alongthe direction 2~2; 'FIG; 2 shows ;Ari eXa.iripie' ·:1s ·given befow to ·aid . the 130 

·.· .. 
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practitioner in the application of the em­
bodiment. While the ex~ple i~ given in 
terms of ep~y-deposited sijicon and a 
particular etcb!int-re.i;ist. it shpuld be noted 

S that the invention is not restri~ed to these 
but rather is ·applicable to the removal of 

(' projections ~n any film generated d~g 
' .-its growth. us1p.g ~Y aviµlaQJe. etcluuit~J,".em..st. 

io;,=~r~~ di~~on~=:::·:{n w1ft01te~~~-
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. O.S 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 ll00°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.S 
centipoises were spun onto the oxide sur-

25 face at 9000 revolutions per minute for lS 
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 hydrofiuoric 

30 acid solution. buffered to a pH of 2.0 with 
ammonium fluoride. for 2.S minutes to 
etch SO . percent of the thickness of the 
silicon dioxide film. . 

D. The etchant-resist film was removed 
3S 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 onee.-
F. The surface of the wafer was etched 

40 in S 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). 
4S 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 ·ai1 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 

SS 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.S percent. 

WHAT WE CLAIM IS:-
1. A method of removing projections 

65 from the surface of a semiconductor layer 

epitaxially . deposJ.~.d onw a. subs~~. 
w}J.ere.in an O)[lde i$ prodJlced: on_ said sµr.· 
face. including said projections •. and wb.e~ 
in the following operati~ a:i:e effe.c.tecl l\t. 
least once:- · · ·· -~· . 70 

.:; .. · · ... 

(a) said oxided surface is coated with a 
fi!m in such ~ ~er .that tb~ filn.l, inc1uq,.,,, ·-:': 
pmh.ol~ ~ten.du;ag, · completeJy ·. tbroJigb. ,113 ;•. '°". 
thickness. which pinholes tend to be lac- 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 80 
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- 8S 
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 9S 
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 claini 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 O.OS to 1.0 micrometers. 105 

6. A method according to claim s. 
wherein the thickness of said oxide ranges 
from 0.2 to O.S 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 115 
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. 120 
wherein the said film has a thickness of 
substantially 0.1 micrometers. 

10. A method according to claim g 
wherein said film is one selected from th; 
group consisting of poly (vinyl cinnamate) 130 
resins. polyisoprene plus diazido resins and 
polar phenolic type resins plus o'rtho­
quinone-diazides. 

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

........ 
~--~~--.·-~ 
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practitioner :ip. .. tJie a.ppUcation of the . em­
bodiment .. WJ;iile, th~f e11:~pl~. i~ given in 
terms of ep~y~d:ePP..s~~ sijicon and a 

epitw~y · d~ps.j_~ . O.JJ.tQ. · a. $:tJ.bS.trate. 
w.J;t_eJ:e.i», an. o)[,i,dC} 'i'- P.to®.~.d.: o~_ Sfl.id sµr. 
tac~. iAcbJd.ing · s.a.id: p~ojedi.<>.JJS .. and· wh..e.te.­
m, !b~ f9Uo.\vh)g opera.ti.on$. ~~ e.«-~ed~ ~-least once':- .· '.. . . . . . 70 

. . particular etcMn.t:-i:e_sj_~t~ i.t s,i,,_gw_4, be noted 
S that the iJ,J,yejJ.tj:_O.ri, is l)Qt te.st.tJctt:d. to these 
- but rather is applieable to' ffi.e· ~moval of 

\.....; projections ~n any filID: generated- dur~ (a). said oxided surface is coated. with a 
. . .• I.ts _.arQw:tb,. u.sipg-~y. aviP.JaQ.Jct ~tc!m.nl-.teai,st < . filll!-; m such ~ 1'Jalm~r .tlt,at,. th~ :film,, mclu@.$.,. . . ·. 

thaq::·. . . 'ka .. . . 'd. thin . . . i>"h" . 00 ....:-1. Jes te A~-. . . . "·l. .l thr . h ..• ., -... ,~· t.: .ca.n ··'.""'- prep~ :· · .. 5:,~npu~ · ·· p....._..p. . ~!'J. J;J.,!olll.lg·'. c~mp .... c;te>Y•: ... ~_ug .· ,1}0?. • 
10 generate discontinuities that will thereby·· thie.lmess. which pinholes tend to be loc- 75 

preferably expose such projections. ated at the sites of said projections. said 
Epitaxially-deposited silicon on silicon film being resistant to chemical etching • 

. wafers (having diameters of about 30 milli- (b) the coated surface is wetted by etchant 
meters) have been processed as follows: that preferentially attacks said oxide rela-

15 A. A film of silicon dioxide. O.S micro- tive to said film. thereby removing said 80 
meters thick. was grown on the surface of oxide over said projections where they are 
an epitaxially-deposited silicon layer. Ex- exposed by said pinholes, and 
posure to an atmosphere of steam at a (c) the surface is wetted by etchant that 
temperature of 1100°C for 32 minutes preferentially attacks the uncoated semi-

20 [(100) orientation] or 36 minutes [(111) conductor material. whereby said projec- SS 
orientation] was sufficient to do this. tions from which the oxide has been re-

B. Two drops of a dilute solution of poly moved are preferentially removed. 
(vinyl cinnamate). having a viscosity of 3.S 2. A method according to claim 1. 
centipoises were spun onto the oxide sur- wherein prior to being wetted by the second 

2S face at 9000 revolutions per minute for 15 mentioned etchant the said film is removed. 90 
seconds, thereby producing a polymeric and wherein the second etchant preferen­
:film about 0.1 micrometers thick. tially attacks. the uncoated semiconductor 

C. After a 10 minute air dry. the wafer material relative to the· oxide. 
was immersed in an aqueous hydrofluoric · 3. A method according to claim 1 or 2, 

30 · acid solution, buffered to a pH of 2.0 with wherein the sequenee of steps is followed 95 
ammonium fluoride. for 2.5 minutes to at least twice. only part of the thickness of 
etch SO percent of the thickne8s of the the oxide exposed by said pinholes being 
silicon dioxide film. removed at each stage. 

D. The etchant-resist film was removed 4. A method according to claim 1. 2 or 
35 by immersion of the wafer in acetone for 3 3 wherein said epitaxial layer comprises JOO 

minutes. followed by a 3 minute rinse in silicon. 
de-ionized water. S. A method according to claim 1. 2. 3 or 

E. 'steps B to D were repeated once. 4. wherein the oxide is produced on said 
F. The surface of· the wafer was etched surface, including said· ~ojections, to a 40 in s molar potassium hydroxide at· 85°C thickness of from 0.05 to 1.0 micrometers. 105 

for 24 minutes, thereby removing substan- 6. A method according to claim 5. 
tially all projections. The wafer was then wherein the thickness of said oxide ranges 
rinsed in de-ionized water for 3 minutes. from 0.2 to O.S micrometers. 

One hundred wafers. including both (100) 7. A method accordiilg to any one of 
4S and (111) oriented surfaces. were processed the preceding claims. wherein the discon- 110 

using. the procedure outlined above. ·Micro- tinuous film is generated by depositing a · 
scopic examination of the wafers before solution of said filni, ranging . in viscosity 
and after treatment indicated that more than from 1 to 4 centipoises. onto said oxided 
90 percent of all measurable projections surlace. so were eliminated; yet very little damage to 8. A method according to any one of the 115 
the epitaxially-deposited silicon layer itself · preceding claims. wherein the film resistant 
resulted. Far less than one hole per square . to chemical etching comprises an organic 
millimeter in the epitaxially-deposited polymer, having a maximum thickness of 
silicon layer could be ascribed to random 0.3 micrometers. 

SS holes in the etchant-resist film. 9. A method according to claim 8, 120 
Prior to use of this procedure. nearly 22 wherein the said film has a thickness of 

percent of pbotomasks inspected were re- substantially 0.1 micrometers. 
jected for scratches and other damage 10. A method according to claim 9r 
caused by the presence of projections. wherein said film is one selected from the 

60 Following use of this procedure. the rejec- group consisting of poly (vinyl cinnamate) 130 
tion rate dropped to about 2.5 percent. resins. polyisoprene plus diazido resins, and 

· polar phenolic type resins plus ortho-
WHA T WE CLAIM IS: - . quinone-diazides. 
1. A method of removing projections 11. A method of removin~ projections 

65 from the surface of a semiconductor layer substantially as hereinbefore described with 125 
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teferenee to·=the ·accomp~ying drawing. 
·· 12. A subStrate .com.prising -a semicon­
d\lctoi Jayer from which· Projections have 

. beeil reriioved ·by the method_ according to 
·. S any one preceding claim. · 
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