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preseRrt.inventior relates to a novel method of - fabricating epitaxial .
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LOW COST METHOD OF FABRICATING EPITAXIAL
SEMICONDUCTOR DEVICES '

. The present invention relates to a novel
m2thod of fabricating epitaxial semiconductor devices
- on: a substrate, which method is much less costly than
1or art pollshlng methods, yet which results in
Csvlces functlonally the egqual of those conventionally
20 croduced.

j Silicon epitaxial layerS“aﬁe_conventiohally
' ' crown on. a mirror-like polished surface, thereby to
groduce the desired damage-free epitaxial layer. To
produce such a polished surface is expensive and
y _ labor intensive, but the polishing procedure has -
navertheless been for some time the conventional
_p*ocedure desplte its economic drawbacks. Many steps
; are reaulred to obtain the prior art mirror-like
i 30 sllshed surface. Industry stanaard steps that evolved

\“-,
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| abor Jﬁt%n5|ve but the pollshlng procedure has - neverthel ess been for
SomMR tlne the conventional procedure despite i'ts econom c drawbacks. Many
steps are required to obtain the prior art mrror-like 30 pol i shed

surface. Industry §Hé&%ards%&$1et% nevxﬂec‘fﬁgnlcal”QE?%@n%aWcile'a%'lﬂa.

mechani cal | appi ng, cleanlng, ding, caustic e , _anot her
cl eaning, followed B{g& ﬁmuﬂdkﬂ91)ctﬂﬁﬁ4%a@§ﬁﬂ#nééﬁ&ﬁPEaFlcﬁ@PP§h|ﬁ@llOWEd

with a final cleanipg %tmlw-%é‘e&,amﬂaal dhe methahedadyr baaesnings

produced are very prone to damage g | ing or otherw se. .
witha final cle nlng step before packaging. The
polished surfaces thus produced are very prone to

camage by handling or otherwise.

Grinding of substrates is, of course, known.
- Backside grinding of the substrate is conventlonally
10 carried out to reduce overall thlckness of silicon
wafers. however, so far as is known, the use of
_grlnalng to produce the desired mirror-like surfaces
of epitaxial devices has not been practiced in the

cast.

In accordance with the present invention,
the conventional back-side grinding process has been
rodified, and other fabrication stebs have been employed
-and adjusted, in order to produce the desired optimum
20 mirror-like surface on the wafer in but a fraction of
the time previously required when polishing was employed.
¥ith mechanically polished devices the overall process
time for the substrate is about two days, but with the
process here disclosed only about one hour of processing
time is involved. Pelishing alone, in the prior art,
kas taken one to two hours, whereas the grinding in. _
the present process takes but two to four minutes. The
? ¢rinding is followed in the present process by an o
. etching step, but that etching step takes only about
30 nine minutes. Hence the time comparison of the present =

."_'l . N\
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C?indiﬂgfof substrates is, of course, known. Backside grinding of the
substrate is conventionally carried out to retrce overall thickness of
silicon-wafers. However, so far as is known, the use of grinding to produce

the desired mrror-like surfaces of epjtaxial devices, has not been :
practiced in the pREOCEASaBEOCOAREESH thP thhe RIS IrhRIRFORHS LR¥PLVRS

provided the nethocié E8Rphadisotd vritiverd all SR GRS O a A@VHHESLONt RO
silicon substrate .ch co | ses: (%élsubjectlng the surface of said

substrate on whi ch ¥p#¥exia SRAF s FaRRL g PRy ORE nESPrEERRR $Ai ch
renoves material frowrgaugd.surface to a depth of at |east 65 mcrons; :

It is the ptime object of the present
invention to devise a process for the formation of
~ epitaxial semiconductor devices on a substrate which
will be less time consuming and costly than prio¥-art
10 methods'yet which will produce semiconductor devices
i of equal functional quality when compared to devices
- made by the prior art polishing process.

" The first step in the process of ths present
invention is, as has been indicated, the use 0f
grinding, and not polishing, to produce the deéiréd
surface on which to form the epitaxial layer. That
'grinding is best carried out ét high rotational'speeds
of the cutting wheels in order to optimize the surface .

20 finish that is produced and reduce internal structural
stresses. A speed of 4000-4300 rpm has been found to '
be appropriate. In addition, it has been found to be
preferable to carry out the grinding process in two
steps using diamond grinding wheels of different
degrees of fineness. In the first step the grinding

! wheel has_a grit of a 40-60 micron size to produce a -
comparaﬁively coarse grinding step, and in the second
.step the grinding wheel has a 4-6 micron grit to produce
a2 fine grinding step. 'The coarse grinding-is carried

30 out so as to produce a depth reduction of no less than
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(2)_9Jeaning said surface w thout polishing it,_£§) gas etching away said
unpaql i shed surface to a depth of"about 6-10 microns; and (4) subjecting
said surface to a chem cal vapor deposition process, thereby to grow

epitaxially a doped '%565199ﬁ§?%egﬁ“g_éc€h T?f g€¥fﬂéiﬂaa£tgﬁckssb@%rled out

grinding process has been np nd ot her I cat1 oh steps have been
enpl oyed and adj ust edtoi Fregiaus ir%ﬁdﬂﬁcéotmeC§@§$fedTBﬁtWﬂﬁﬁFhﬁﬂrSPmPV@é

surface on the wafer {gcluts rﬁéa{é}?té.&]]a%rébsrawy Py pYE! ¥xeeali bad wWikiron
pol i shing was enpl oyed. VVt mechani ca ol i shed devices the overal

process tine for the BEEsEEANG s éﬂvﬁtrﬁmﬁvﬂhyEat%u?aﬂnPﬁ FE@wﬁFocé§§nh§F@

di scl osed only. removal rate of approximately one-half micron per
second being optimum in many situations. During this
- grinding the surfaces being ground must be lubricated -
and cooled, and hence an excess of deionized cooling
water is provided, at a rate of at least 4 gallons per
10  wminute, with a rate of 5 gallons per minute being
creferred. .Moréover, it has been found desirable, in
order to minimize residual surface damage which might
otherwise result from the use of a grinding précess, _
- that the grinding wheels both at the end of the coarse
'grlndzng step and of the fine grzndlngnstep be caused
to dwell at a fixed position corresponding -to their
Zinal positions after the desired amount of material
r.as been removed. The dwell time at the end of the
coarse grinding step is at least 10-30 seconds, with
20 10 seconds being preferred, and the dwell time at
the end of the fine grinding step is 20 seconds or

more, with 20 seconds being preferred.

After grinding the silicon surface should
be kept wet to prevent any residual contaninants from
' settling on it. Hence the wafer, and preferably a _
group of ground wafers, are sprayed with a aelonlzed
water mist and then transferred to an ultrasormic '
cleaner where it 1s.subjected to a surfactant type

30  cleaning for at least 30 minutes. The surfactant is

Sheet Has Been Replaced

T



'-,2af; about one hour of processing tine isjgnuﬂved. Pol i shing alone, in
the.prior art, has taken one to two hours, whereas the grinding in the
. present process takes but two to four mnutes. The grinding is followed in

‘the present process.j naelﬂ%sa' BeeSLaRn il ddtle P SIEPe oL Rl Yng
about nine m nutes. nce time conparison of the prese
a resistance of about 18 megohms, after which the final
cleaning is a modlfled industry standard cleaning
generally desi§nated megasonic (40-60°C) SCl and SC2.
The SCl wash is preferably formed of one part hydrogen
peroxide, one part ammonium hydroxide and 10 parts of
water by wvolume, while the SC2 wash is preferably formed *
of one part of hydrogen peroxide and one part of hydrogen
_ chloride in 10 parts of water by volume. ' |
10 .
The wafer is now ready for the epitaxial '
deposition process. It is preferred that it have an
oXygen content of between about 25-40 pérts per million
~ absolute, with a.preferred content of about 30 parts

per million absolute.

The epitaxial deposition process is also
preferably a two-step proceés. In the first step the
wafer is provided with a surface etch at an elevated

20 temperature of about 1150°C to remove any residual scratche:
and possible remaining contaminants. This etching is
accomplished with hydrochloric gas at a temperature of
about 1150°C in a hydrogen atmosphere, and is preferably
carried out in two steps, the first step involving a high
rate of hydrochloric- gas flow (90% gas injection), the
second step involving a reduced flow of about 40% gas.
injectioﬂ. The etching is carried out to remove about
6~10 microns of material, with a value of 7 mictons belng
preferred, and at the ‘end of the etching a mirror-like

30 finish exists ready to be subjected to epitaxial
deposition.
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- 3- pnocéss as conpared to the polishing progess I nvol ves the conpari son
bet ween el even m nutes and one to two hours. ~ The consequent fabrication
cost r-eduction is obvious. It is the prime object of the present invent.ion

'to devise a process for the fﬂg _ é’@&}é)fagp;__t gp glhes gig:%[%ﬁ;tr%ce% vgfsteslgn

| . .
'a substrate which will be less Tine consuning an

cos prior

met hods yet which wihd gurawhiteo§eridopeldicsdl idoni deyest ogqudlyeumctanghalt

qual ity when conpa
The first step in t

10

20

30

Fn%gf %geoggasféggftﬁge%geégggts BE! .QﬁeabrarQ‘ilciuiréiI‘j%r@lq(frﬁ%?ary
steps to which the wafer has been subjected the rate

of the growth process can be effectively speeded up

by controlling the flow of the gases which produced

the epitaxial layer. While conventionally gas flow
during the epitaxy process is about 100 feet per second,
it has been found feasible to subject the wafers.produced
by the present method to gas velocities of between 350-450
feet per second, with 400 feet per second being preferred.
This higher velocity of gas flow increases the efficiency
of the epitaxial layer producing material, thus increasing
the nqrmél'growth rate by about one-half micron per
minute to produce a total deposition growth rate of about
2.7 microns per'minute. This faster growth rate reduces

-the growth time which further reduces the cycle time

and the overall cost of the process.

It should be noted, of course, that at the same
time the epitaxiél layers are grown and the doping is
formed in them, something not broadly new in itself, but
new here for the level of hydrochloric gas etching that

is involved.

It may be noted that in the conventional polish-
ing proceés the back side of the wafer is conventionally

lapped, followed by a caustic etching which removes

.material to a depth of only 2-4 microns. This made the

wafers very sensitive to residual stresses if they are

heated or cooled too rapidly. It has been found that
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invehiioh i s, .as has been indicated, the use gk_grindfng, and not
pol i shing, to produce the desired surface on Ich to formthe epitaxial
| ayer.. That grinding is best carried out at high rotational speeds of the

cutti-ng wheels in or t ptad Iy ce.20 -1 LLRI t [sS. .
produced and reduce ?ﬁt_&gr %Q%Og%%ﬁé ;h?ré#%%gsg% gmﬁlgkégd%&e ?I%g)é{l}gogfr p‘);r%e
has been found to bebappr sideatef the aRiferohs he hasgbremefinin@do and indeed,

preferable to carry t 1404 4 cesg; | , SpWSi ' d;
ori ndi ng wheel s of  diFf SeBt ALK IR et n@%%@s?%nﬁ%ﬁgép i ?{}g’é:ges%%e.ls
gri ndi ng wheel has argeifersiedh Umisothe dpapk sfdet ofptbgurefgr remain in

conparatively coarse; ggi PG § oo itk 1 n I NgnSEAORGE only reduces the
: susceptibility of the device to residual stresses, but
also, because of the relative roughness of the back -
side, improves the “gettéring" tendency of the device,
in which impurities tend to migrate to the back.side
10 during the high temperature process steps.

Wafers, when processed as described above and
fabricated into discrete devices, produce devices which

are equivalent in quality, yield and performance to
cevices formed by epitaxial growth on standard polished
{chemical/mechanical) waférs. However, the manufactured
cost of devices made according to the present invention
can be as much as 50% less than the manufactured cost

of the conventional polished wafers.

20
While oﬂly a limited number of embodiments of
the present invention have been here specifically
cdisclosed, it will be apparent that many variations may
pe made therein, all within the scope of the invention
&s defined in the following claims.
[ 30
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step the grinding wheel has a 4-6 micron gritzto produce a fine grinding
step. The coarse grinding is carried 30 out so as to produce a depth
reduction of no |less than -4- 50 mcrons, while the fine grinding step
is carried out to renove 15-30 or 40 microns. The material renoval rate in
each step preferably does not exceed one m cron per second. Fhe—+emoval

rate can be slower, wth the renoval rate of approxi mately ong.| g;Hnnfron
as Been

e e i

5
10
15 WE CLAIM:
1. The method of fabricating epitaxial
semiconductor devices on a substrate which comprises:
(1) subjecting the surface of szid
20 substrate on which epitaxial growth is to
occur to & grinding process which removes
material from said surface to a depth of at
least 65 microns; et e
. . . without polishing it
(2) cleaning said surfac%ﬁ _ )
- _ " unpolished
25 (3) gas etching away saldﬁsurface to a
depth of about 6-10 microns; and ' -
i (4) subjecting said surface to a
? chemical vapor deposition process, thereby
: t0o grow a doped layer on said surface.
: 30 ' '

R



grinding the surfaces being ground nust be l®ricated and cool ed, and hence
an excess of deionized cooling water is provided, at a rate of at |least 4
gal | ons per 10 mnute, with a rate of 5 gallons per mnute being
ipreférred. Moreover, it has been Tbenteddodr &l ¢laim ok deintwhichi kize

| residual surface daigge ﬂg&g@.@h?ﬂicaﬁggﬁg’?id#*%gtigﬁﬁTléﬂeaHSS 9L18city

. grinding process, that" t rin s both at the ‘end of the coarse
i grinding step and &f t3koutndS@rihli fgest dehsesansdd to dwel | at a fixed
' position corresponding to their final positions after the desired amount of

‘material has been renoved. The dwell time at the end of the coarse
‘grinding step3s at |east 10-30 s€B8nB&thed pf either of claims 1 or 2,

in which the surface of said substrate opposite that
on which said epitaxial growth occurs remains in its

"as cut" condition.

10 _ 4. The method of either of claims 1 or 2,
in which said substrate is silicon having an oxygen’
content of between about 25-40 parts per million

absolute.

15 ' 5. The method of claim 4, in which the
oxygen content of said substrate.is about 30 parts

Per million absolute.

6. The method of either of claims 1 or 2,
20 in which said grinding process comprises a coarse
grinding step in which the grinding element has a

crit size of between abbut 40-60 microns followed by

¢ fine grinding step in which said grinding element

ias a grit size of about 4-6 microns.

25
7. -The method of claim 6, in which said
l coarse grinding step removes haterial from said T
surface to a depth of at least about 50 microns, and -
‘in which said fine grinding step removes material
30 therefrom to a depth of about 15-40 microns.
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20 _ 10.seconds being preferred, and the dwelP-time at the end of the fine
gri hdi ng step is 20 seconds or .nore, with 20 seconds being preferred. After
grindi'ng the silicon surface should be kept wet to prevent any residual
cont.am nants fromsettling on 84. ThiEemethdd obf elaiand ,pref ertaldly tthecr oup
| of ground wafers, are.,spray Wi {.h eionj ze rom.st .a .nen
transferred to an u??ﬁ-‘ggg% gn%ctlee}a%aéﬁ I\?ﬁ‘é&ééfz'tg\‘g@égbjsgét%e "{}%’dtam&r&ré)ccieasfﬁ
type 30 cl eani ngikolests Itdest B wt nlitrescroffthpegusktaondnt i s

5 9. The process of claim 6, in which the
rotational speed of the grinding elements used in
said grinding process is about at least 4000-4300 C,
rpm. '

10 | 10. The process of claim 6, in which,

after the grinding element in each of said'grinding.
steps has been advanced to remove the desired amount
of material from said surface, the rotated grinding
~ element is caused to dwell at its last grinding
15 - position for at-least about 10-30 seconds after the
coarse grinding step and- at least about 10-20
seconds after the fine grinding step.

11. The process of claim 7, in which,
20 after the grinding element in each of said grinéding
steps has been advanced to remove the desired amount
" of haterial-from said surface, the rotated grinding
element is caused to dwell at its last grinding
position for at least about 10-30 seconds after the
25  coarse grinding Step and at least about 10-20
seconds after the fine grind;ng step.

'12. The process of claim 8, im which,

"after the grinding element in each of said grinding
30 steps has been advanced to remove the desired amount

/

"l
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then.rinsed off with deionized water preferablly-having a resistance of
about 18 nmegohns, after which the final cleaning is a nodified industry
‘standard cl eaning general |y desi gnated negasonic (40-60[err]C) SO and SC2.
‘The SO wash is. prebdr @iftefbrhetiron saddpanriapénoddie Fartaderd, gohed pagt

~ammoni um hydr oxi de g&%ﬂ&@a{ﬁ?sﬁ sUBLEL BueY?! B othitlbd ey art Fhdiugsh 1 s

preferably fornmed of one part dr ogen peroxi de and one ydr ogen
chloride in 10 part@QﬁlW%Q%rf%y @blhﬂéStléD?Hé %é*@ﬁ|%$QRﬂﬁ$e%E§e¥th§he

epi taxi al depositi 08 RIALS$rindind Ss@éﬁfgﬁﬁeﬁtthékéﬂ iR anpoxygen
m

content of between about 25-40 paris per li on
5 seconds after the fine 9r1nd1ng step.

13. The process of claim 9, in which,
after the grinding element in each of“said grinding
steps has been advanced to remove thé.desired'apount
10 of material from said surface, the rotated grinding
element is caused to dwell at its last grinding
oosition for at least about 10-30 seconds after the
coarse grinding stép and at least about 10-20 seconds
efter the fine grihding step.
15 '
l4. The method of. clalm 6, in which, aurlnc
said grlnalng process, cooling water is directed onto
sald surface at the rate of at least 4 gallpns per
minute.
20
15. The method of either of claims 1 or 2, in

25

which said cleaning process comprises ultrasonic cleaning
with a high purity surfactant followed by the application
of megasonic cleaning at 40-60°C of (a) a mixture of
kydrogen peroxide and ammonium hydroxide in approximately
egual parts with about 10 parts of water and thereafter
(b) a combination of hydrogeﬁ peroxide and hydrochloric
acid in approximately equal parts together with about

10 parts'of water. . -
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absolut€, with a preferred content of about 3Q2sarts per nillion absolute.
The.epi taxi al deposition process is also preferably a two-step process. In
the firrst step the wafer is provided with a surface etch at an el evated 20
| tenperature of about [err] to lé@novEhanpetbeoddoedl esditatcles alalimestidke2,

remi ning cont am nans iy 4641 00chEndaC UMy el WL T LENL P04 00888

at atammaUMeof err ogen “at nospher e I's prefera
~carried out in two §Nﬂﬁ§carkpf$r@epthepflﬁb@M@lﬂgmaQﬁQﬂﬁ rate of
~hydrochloric gas flow (90% gas injection), the second step involving a

reduced fl ow of about 4096gas i njection. The etching is carried out to
renmove about 17. The method of claim 6, in which said

etchlng step removes material from said surface to a

depth of about 7 microns.

18.. The method of either of claims 1 or 2,

10 in whlch said etching step utilizes hydrochlorlc gas
| as the etchant, the hydrochloric acid being applied

in two steps, the first step involving a hydrochloric
&cid concentration of about 90% and the second step

_ iavolving a_hydrochloric -acid ihjec;ion of about 40%,
15 atjan.elevated temperature in a hydrogen atmosphere.

19. The method of fabricating epitaxial
semiconductor devices on a substrate which comprises:
(1) subjecting the surface of szid
20 substrate on which epitaxial growth is to
occuf to a coarse grinding stép in which the
grinding element has a grit size of between
about 40-60 microns which removes material
-from said surface to a depth of at least about
25 Solmicrons, followed by a fine grinding step
in which said grinding element has a grit size
of about 4-6 miérons, said fine grinding step-
removing material to a depth of about 15-40
_ microns, the rate of material removed during
30 : said grinding prdcess being less than about
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6-10 n1c?ons of material, mnth a value of 7 mtérons being preferred;, and at
the end of the etching a mrror-like 30 fInISh exlsts ready to be
-subj ected to epitaxial depqgsi tj on. of .the .epitax
‘process is the growth of a%ﬂﬂﬁﬁFQﬁIP%an?S98? BP 98r§°téﬁ&qq?¥nﬂP%ﬁg
noted that because of the p;afrtﬁrc.gul@flmehgmgmamnegeaseaolwﬂserj_dh;a:vr&iﬁig
has been subjected t he rate of thelgromﬂhagrogesg f Qe %ffe tlveyy

out a eas 300

Speeded up rocess exrng
(2) cleaning sai surgdlsmn%: a
1

5 _ purity surfactant followed by a chemica cleanlng
| process comprising the application of a =zixture
of hydrogen peroxide and ammonium hydroxide in
approximately equal parts with about 10 carts
_ of water followed by a mixture.of hydrozzn
10 - - peroxide and hydrochloric acid in approx?*ately
' equal parts. with about 10 parts of water
(3) etching sangSurggce ﬁiﬁh h;:rochlorlc
gas at an elevated temperature in a hydrcgen
_ .. atmosphere to a depth of about 6-10 micrsas; and
15 . (4) subjectlng said surface to z chemical
vapor deposition process, thereby to grow a doped

layer on said surface.

20. The method of claim 19, in whick the
20 hydrochloric gas in said etching step is appliel in
two steps, the first step including a hydrochloric gas
injection of about 90% and the second step invoiving
a hydrochloric gas concentration of about 40%.

25 21. The method of either of claims 15 or 20,
in which, during the -chemical vapor deposition zrocess,
the chemical vapor is supplied at a velocity of about
350-450 feét per second. ' |

30
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by controlllng the flow of the gases which pildeuced the epitaxial |ayer.

VM|[e conventionally gas flow during the epi taxy process is about 100 feet
per second, it has been found feasible to subject the wafers. produced 10
lby the present nmethod to gas ¥8-ocThiecgeshofefic@ny3sd A et fo?lsetlnd,

with 400 feet per

e, bsfearp%tee@&%aﬁal 1kh@her el Yoofegas flow

I ncreases the efficiency of the epitaxial |ayer rodUC|n% mat eri al ,  thus

i ncreasi ng the nor FAiREHREhSEEPE BRpsabsen éﬁé’aﬁ‘éﬂe@ H

Pes thedesiped

‘produce a total depefddh@no8r AwkBriale febmakaul 2uf M ort&ep&;rm@uﬁ@
This faster growth rate reduces the g romﬁhéglne whi ch further duces the

cycle time and t he VRPN t8sCa8EenECpHY

10

20

30

dsin 1ts last grln ing
position for at least about 1l0-30 seconds after the
coarse;grinding step and at least about 10-20 seconds
after the fine grinding step.

23. The method of any of claims 19722i'in
which, during said grinding, cooling water is directed
onto said surface at the rate of at least 4 gallcns

per minute.

24. The method of any of claims 19-23, in
which said substrate is silicon having an oxygen
ccentent of between about 25-40 parts per million

absolute.

25. The method of any of claims 19-24, in
which the surface of said substrate opposite that on
which said epitaxial growth occurs remains in its

"as cut" condition.

ﬂmsmmHqunRﬁ aced
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20 .7 It should be noted, of course, that at the sane tinme the.

epltaXIaI | ayers are grown and the ping is fornmed in them sonething not

broadly new in itself, but new here"Tor the level of hydrochloric gas

- etching that is iny I e noted that int naI pol i sh-

t'ing process the ba ¢ YegA Uater is conventio%ﬁlgﬁﬂﬁgpped fol | oned
by a caustic etchil hY s material to a depth of only 2-4 mcrons.

Thi s made the 30 &ry Sensitive to residual stresses if they are

heat ed or cool ed tQBAwﬁE gyLa&%RQ%s been found that

LOW COST METHOD OF FABRICATING EPITAXIAL
SEMICONDUCTOR DEVICES '

ABSTRACT OF THE DISCLOSURE

- . Significant reductions in the cost of
- fabrication of epitaxial semiconductor devices without
sacrifice:of functional characteristics is achieved
by eliminating the conventional but costly polishing
procedure, instead subjecting the substrate to
grinding, cleaning and etching processes in which the
grinding removes material from the surface to a depth
of at least 65 microns and the etching further removes
material to a depth of about 6-10 microns, the
grinding preferably being carried out in two ste ps
the first being a coarse step and the second being a
a1

fine step, with the rotated grinding elements dwelling

at their respective last grinding positions for a
short period of time. The result is the eguivalent
ofi the prior art polishing procedure which took
considerably longer to carry out and which therefore
was much more costly. Complementing this grinding
rocedure is an improved and cost effectiVe epitaxial ’
.process utilizing a unique two-step hydrochloric gas
high temperature etch and a faster growth rate process
.with shorter cycle steps. In addition, oxygen control
and "gettering" capabilities result in a total process
improving the economics of formation of '

epitaxial semniconductor devices.
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-7-,when the present process is enployed the |apping of the2bEwls sirde of
thgwﬁafer is no |onger required, and indeed, is contra-indicated. Wth the
present process it is preferred that the back side of the wafer remain in
its-"as cut" condition, which not only redyces the susceptibility of the .
device to residual stresses, but also, because of the relative roughness of
the back side, inproves the "gettering" tendency of the device, in which
inmpurities tend to mgrate to the back side 10 during the high

t enper af UM GBI OKSMVENT BEEETRA €86, When processed as described above and
B Description : paged .\.. to paged ..7.
B Claim(s) :paged.f..to paged.\4
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LOW COST METHOD OF FABRICATING EPITAXIAL
SEMICONDUCTOR DEVICES ’

The present invention relates to a novel
m=thod of fabricating epitaxial semiconductor devices
on a substrate, which method is much less costly than
crior art polishing methods, yet which results in
tzvices functionally the egual of those conventionally

[ T

20 croduced.

Silicon epitaxial layers are conventionally
rown on & mirror-like polished surface, thereby to
oduce the desired damage-free epitaxial layer. To

H

{

AT ¢ BENYY]

:roduce such a polished surface is expensive and
bor intensive, but the polishing procedure has -
navertheless been for some time the conventional

,—l
1]

'.procedure' despite its economic drawbacks. Man;,"steps
are required to obtain the prior art mirror-like
"~ 30 g2lished surface. Industry standard steps that evolved
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fabricated into discrete devi ces, produce devices which are equivalent in

quality, yield and performance to devices forned by epitaxial growth on
standad pol i shed (chenical/nechanical) wafers. However, the manufactured.

cost_.of devices nade according to the present

|nvent|on can be as nuch as

50% l-ess than the manufactured ‘cost of t he.,conventional polished wafers. 20
Wile only a limted nunber of enbodinents of the present invention have
been here specifically disclosed, it will be apparent that many variations

may be made therejificl@dé #adhsDidéiey Sehaoficahe 1appenti onlasndedjned in

the fol I ow ng C'ﬁé@?é rounding, caustic etch, another cleaning, followed

30

by a multi—steb,ichemical and mechanical, polishing,
witha final cleaning step before packaging. The '
polished surfaces thus produced are very prone to
camage by handling or otherw;se.

Grinding of substrates is, of course, known.
backside grinding of the substrate is conventionally
carried out to reduce overall thickness of silicon
wafers. However, so far as is known, the use of
¢rinding to produce the desired mirror-like surfaces
of epitaxial devices has not been practiced in the

zst.

l!’

In accordance with the present invention,
the conventional back-side grinding process has been
modified, and other fabrication stebs have been employed
and adjusted, in order to produce the desired optimum
mirror-like surface on the wafer in but a fraction of

the time previously required when polishing was employed.

ith mechanically polished devices the overall process
time for the substrate is about two'days, but with the
process here disclosed only about one hour of processing
time is involved. Polishing alone, in the prior art,
has taken one to two hours, whereas the grinding in .
the present process takes but two to four minutes. The
crinding is followed in the present procéés by an o

etching ste?, but that etching step takes only about

nine minutes. Hence the time comparison of the present

This Sheet Has Been Reilaced
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30 . .-8- WE CLAIM 1. The nmethod of fabricating epitaxial sem conductor
devices on a silicon substrate which conprises: (1) subjecting the surface
of’sald substrate on which epitaxial growth is to occur to a grinding
process which renoves material fromsaid surface to a depth of at |east 65
mcrons; (2) cleaning said surface wi t hout ~golishing it,

-

10

20

30

process as compared to the polishing process involves
the comparison between eleven minutes and one to two
hours. The consequent fabrication cost reduction is

obvious.

It is the prime object of the present
invention to devise a process for the formation of
epitaxial semiconductor devices on a substrate which
will be less time consuming and costly than prior.art
methods yet which will produce semiconductor devices
of eqgual functional quality when compared to devices

made by the prior art polishing process.

- The first step in the process of tha cresent
invention is, .as has been indicated, the use of
¢rinding, and not poiishing, to produce the desired
surface on which to form the gpitaxial layer. _?ha
grinding is best carried out at high rotational speeds

rt

of the cutting wheels in order to optimize the surface
finish that is produced and reduce internal structural
stresses. A speed of 4000-4300 rpm has been found to
be appropriate. In addition, it has been foundé to be
preferable to carry out the grinding process in two
steps using diamond grinding wheels of different
degrees of fineness. In the first step the grinding
wheel has_a grit of a2 40~-60 micron size to produce a -

comparatively coarse grinding step, and in the second

.step the grinding wheel has a 4-6 micron grit to produce

2 fine grinding step. The coarse grinding is carried
out so as to produce a depth reduction of no less than

Thig Is the replacement sheat
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(3)=gae etching away said unpolished surface to a depth of about 6-10
m ¢rons; and (4) subjecting said surface to a chem cal vapor deposition

précess, thereby to grow epitaxially a doped | ayer on said surface. - 9-
2.  The method of cdaim1, in which in step 4 the chemcal gas flowis
supplied at a velocity of-about 350-450 feet _per second 5 3.

‘The method of either of clainms 1 or 2,

20

30

50 microns, while the fine grinding step is carried out
to remove 15 30 or 40 microns. The material removal
rate in each step preferably does not exceed one micron
Dar second. The removal rate can be slower, with the
removal rate of approximately one-half micron per
second being optimum in many situations. During this
crinding the surfaces being ground must be lubricated .
an@ cooled, and hence an excess of deionized cooling
water is provided, at a rate of at least 4 gallons per
minute, with a rate of 5 gallons per minute being
creferred. Moreover, it has been found desirable, in
order to minimize residual surface damage which might
therwise result from the use of a grinding process,
that the grinding wheels both at the end of tha coarse

'grinding step and of the fine grinding - 'step be caused

to dwell at a fixed position corresponding -to their
Zinal positions after the desired amount of materizl
nas been removed. The dwell time at the end of the
coarse grinding step is at least 10-30 seconds, with
10 seconds being preferred, and the dwell time at
the end of the fine grinding step is 20 seconds or

=ore, with 20 seconds being preferred.

After grinding the silicon surface should
be kept wet to prevent any residual contaminants from
settling on it. Hence the wafer, and preferably a
croup of ground wafers, are sprayed with a celonlzed
water mist and then transferred to an ultrasonic
cleaner where it is ‘subjected to a surfactant type
cleaning for at least 30 minutes. The surfactant is

This is the replacement sheet
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In which the surface of said substrate opposite that on which said
epi,taxial growmh occurs renmins inits "as cut" condition. 10

4. The nmethod of either of-clains 1 or 2, in which said substrate is
silicon having an oxygen content of betwesn about 25-40 parts per mllion
absol ute. 15 5. The nethod of claim4, in which the oxygen

cont ént of said substrate is about 30 parts per million absolute. 6. The
met hod of eithertléncrimsedloff witlp(eionizeghwehesapdedeirabiiyghaybeess

conprises a coargergii HghAde SEEPab StV & hdddfind!, | AELBY GhEERNERHAF:fa)
cleaning is a modified industry standard cleaning
generally de51gnated megasonic (40-60°C) SCl and SC2.
The SCl wash is preferably formed of one part hydrogen
peroxide, one part ammonium hydroxide and 10 parts of
water by volume, while the SC2 wash is preferably formed °
of one part of hydrogen peroxide and one part of hydrogen
chloride in 10 parts of water by volume. ‘

10
The wafer is now ready for the epitaxial

deposition process. It is preferred that it have an
oxygen content of between about 25-40 pérts per million
absolute, with a.p;eferred content of about 30 parts

per million absolute.

The epitaxial deposition process is also
preferably a two-step process. In the first step the
wvafer is provided with a surface etch at an elevated

20 temperature of about 1150°C to remove any residual scratches
and possible remaining contaminants. This etching is
accomplished with hydrochloric gas at a temperature of
about 1150°C in a hydrogen atmosphere, and is preferably
carried out in two steps, the first step involving a high
rate of hydrochloric gas flow (90% gas injection), the
second step involving a reduced flow of about 40% gas
injectioﬁ. The etching is carried out to remove about
_6-10 microns of material, with a value of 7 microns belng
-preferred, and at the 'end of the etching a mirror-like

30 finish exists ready to be subjected to epitaxial

deposition.
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grit- size of between about 40-60 mcrons followed by a fine grinding step
I n which said grinding elenment has a grit size of about 4-6 mcrons. 25 7.
The nethod of claim6, in which said coarse grinding step renoves naterial
fromsaid surface to a depth of at |east ghout 50 microns, and in which

said fine grinding step rempves material : therefromto a depth of
about -15-40 m crons. -10- .
The second part of the epitaxy process is
the growth of a doped silicon layer or layers, and it =

ray be noted that because of the particular preliminary
steps to which the wafer has been subjected the rate -
of the growth process can be effectively speeded up
by controlling the flow of the gases which produced ‘
the epitaxial layver. While conventionally gas flow .
during the epitaxy process is about 100 feet per second,
it has been found feasible to subject the wafers.produced
10 by the present method to gas velocities of betwean-350-450
feet per second, with 400 feet per second being preferred.
‘This higher velocity of gas flow increzses the eZficiency
of the epitaxial layer producing material, thus increasing
the nqrma:l ‘growth rate by about one-half micron per
minute to procfuce a total deposition growth rate of about
2.7 microns per minute. This faster growth rate reduces
the growth time which further reduces the cycle time

end the overall cost of the process.

20 ~ It should be noted, of course, that at the same
time the epiﬁaxial layers are grown and the doping is
formed in them, something not broadly new in itself, but
new here for the level of hydrochloric gas etching that

is involved.

It may be noted that in the conventional polish-
ing proce's's' the back Side of the wafer is conventionally
lapped, followed by a caustic etching which removes
‘material to a depth of only 2-4 microns. This made the
30 -wafers very sensitive to residual stresses if they are

heated or cooled too rapidly. It has been found that

This is the replacement sheet

Date: 1 5 AUG w



8. . The nethod of claim6, in which the rate of material renoval during
said grinding process is |ess than about 1 mcron per second. 5

9. The nethod of claim®6, in which the rotational speed of the grinding
el enents used in said-grinding process is about at |east 4000-4300 rpm 10
10. The nethod of claim6, in which, after the grinding elenent in each
of said grinding steps has been advanced™t/0 renpve the desired ampunt of
material fromsaid surface, the rotated grinding element is caused to dwel

at its last.grinding 15 position for at leasy abgui, 10430 seconds grter
back side of the yafer is no longer required, and indeed,
is contra-indicated. With the present process it is
preferred that the back side of the wafer remain in
its "as cut" condition, which not only reduces the
susceptibility of the device to residual stresses, but
also, because of the relative roughness of the back
side, improves the "gettering" tendency of the device,
in which impurities tend to migrate to the ‘back.side

10 éuring the high temperature process steps.

Wafers, when processed as described above and

tabricated into discrete devices, produce devices which

[T

re eguivalent in quality, yield and performance to
€evices formed by eéitéxial growth on standard polished
{chemical/mechanical) waférs. However, the manufactured
cost of devices made according to the present invention
can be as much as 50% less than the manufactured cost

cf the conventional polished wafers.

20
While only a limited number of embodiments of
the present invention have been here specifically
disclosed, it will be apparent that many variations may
be made therein, all within the scope of the invention
gs defined in the following claims.
30
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coarse grinding step and at |east about 10-20 seconds after the fine
grinding step. 11. The nethod of claim?7, in which, 20 after the
grinding elenent in.each of said grlndlng st eps has been advanced to renove
the desired anount of material fromsaid surgace, the rotated grinding
elenment is caused to dwell at its last grinding position for at |east about
10- 30 seconds after the 25 coarse grinding step and at least about 10-20

- seconds after the fine grinding step. 12. The nethod of cIa|n18 in mhlch

after the grinding elenment in each of said grinding 3 ced
advanced to renove the desired amount "’”"”I ’",

5
10
15 WEZ CLAIM:
) 1. The method of fabricating epitaxial
semiconductor devices on a substrate which comprises:
(1) subjecting the surface of szid
20 substrate on which epitaxial growth is to
occur to a grinding process which removes
material from said surface to a depth oi at
least 63 microns;
w1thout pollshing-lt
(2) cleaning said sur;ac%ﬁ e
23 _ (3) gas etching away saiéigﬁ?%gﬁﬁdto a
depth of about 6-10 microns; and ' .
{4) subjecting said surfacg to a
chemical vapor aep051tlon process, uhereby
to grow a doped layer on said surface.
30 _

. | P h t
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of material fromsaid surface, the rotated grinding elenent is caused to
dwel|l at its last grinding position for at |east about 10-30 seconds after

t he coarse grinding step and at |east about 10-20 5 seconds after the
fine grinding step. 13. The nethod of claim 9, in which, after the
grinding elenent in each of said grinding gteps has been advanced to renove
t he desired anmount 10 of material fromsaid surface, the rotated :

gri ndi ng elenent i s caused 50 d@ge me%hbﬁsol cla |r¥ln9n which in
step 4 the chemical gas flow is supplied at a velocity

of about 350-450 feet per second.

5 3. The method of either of claims 1l or 2,
in which the surface of said substrate opposite that
on which said epitaxial growth occurs remains in its

"as cut" condition.

..

10 4. The nethod of either of claims 1 or 2,
- in which said substrate is silicon having an oxygen
content of between about 25-40 parts per million

ansolute.

15 5. The method of claim 4, in which the
oxygen content of said substrate.is about 30 parts

Per million absolute.

6. The method of either of claims 1 or 2,
20 in which said grinding process comprises a coarse
grinding step in which the grinding element has a
t size of between about 40~60 microns followed by
in

e grinding step in which said grinding element

m |ﬂ

ri
i
I

ja )y

nas a grit size of about 4-6 microns.

25
7. The method of claim 6, in which said
coarse grinding step removes haterial from said -
surface to a depth of at least about 50 microns, and -
"in which said fine grinding step removes material
30 therefrom to a depth of about 15-40 microns.
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posiLfon for at |east about 10-30 seconds after the coarse grinding step
and at | east about 10-20 seconds after the fine grindiNng St®{3ShebfHat Been RdGaced

met hod of claim6, in which, during said grinding process, cdill
directed onto said surface at the rate of at |east 4 gallons

15. The nmethod of either of clainms 1 or 2.~1igp which said cle

S
0

conprises ultrasonic cleaning with a high purity surfactant foll owed by the
application of nmegasonic cleaning at [err] of (a) a m xture of

10

15 -

20

25

30

8. The method of claim 6, in which the
rate of material removal during said grinding process

is less than about 1 micron per second.

9. The process of claim 6, in which the
rotational speed of the grinding elements used in
said grinding process is about at least 4000-4300

rpm.

10. The process of claim 6, in which,
after the grinding element in each of said grinding
steps has been advanced to remove the desired amount
of material from said surface, the rotated grinding
element is caused to dwell at its last grinding
position for at- least about 10-30 seconds after the
coarse grinding step and at least about 10-20

seconds after the fine grinding step.

11. The process of claim 7, in which,
after the grinding element in each of said grinding
steps has been advanced to remove the desired amount
of material from said surface, the rotated grinding
element is caused to dwell at its last grinding
position for at least about 10-30 seconds after the
coarse grinding step and at least about 10-20
seconds after the fine grind;ng step.

12. The process of claim 8, im which,

"after the grinding element in each of said grinding

steps has been advanced to remove the desired amount

-
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25 "hydr ogen peroxi de and armoni um hydroxi de in approxi mately equal parts
wi th about 10 parts of water and thereafter (b) a conbinat rl‘bnnsnﬁtmil ged aced

per oxi de and hydrochloric acid in approxi mately equal parts
. about 10 parts of water. 30 -12- 16. The met hod of elther
2, in which said etching step renoves materjal from said surface a ep

of about 7 mcrons.
of material from said sufféce, the rotated grinding
element is caused to dwell at its last grinding
position for at least about 10-30 seconds after the
coarse grinding step and at least about 10-20
5 seconds after the fine grinding step.

13. The process of claim 9, in which,
after the grinding element im each of’said grinding
steps has been advanced to remove the desired amount

10 oi material from said surface, the rotated grinding
element is caused to dwell at its last grinding
position for at least about 10-30 seconds after the
coarse grinding step and at least about 10-20 seconds

&after the fine grinding step.

15
14. The method of claim 6, in which, during
said grinding process, cooling water is directed onto
said surface at the rate of at least 4 gallons per
minute.
20

15. The method of either of claims 1 or 2, in
which said cleaning process comprises ultrasonic cleaning
with a high purity surfactant followed by the application
cf megasonic cleaning at 40-60°C of (a) a mixture of

25 hydrogen peroxide and ammonium hydrox1ce in approximately
ejual parts with about 10 parts of water and thereafter
(b} a2 combination of hydrogeﬁ peroxide and hydrochlo}ic

cid in approximately egqual parts together with about

"10 parts of water. . -
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5 . 17. The nethod of claim®6, in which said etching step
renoves material fromsaid surface to a depth of about 7 mcrons. 18. The
nmet hod of either aof clains 1 or 2, 10 in which said etching step
utilizes hydrochloric gas- as the etchant, tye hydrochloric acid being
applied in tw steps, the first step involving a hydrochloric acid
concentration of about 90% and the second step involving a hydrochloric

aci d injection of about 40% gl3 7heAeAthdd WYAIEHAHSIREE 3 Waemisn1a0kydr,0gen
at nosphere. 19. The nethod of fabricating epitaxial sem conductor devices
on a substrate wHitiWRbalr F3dg etrhiqghjstar erkesrdbeeiat £apg said -

surface to a depth of about 7 microns.

S 17. The method of claim 6, in which said
etching step removes material from said surface to a

depth of about 7 microns.

18. The method of either of claims 1l or 2,
10 in which said etching step utilizes hydrochloric gas
as the etchant, the hydrochloric acid being applied
in two steps, the first step involving a hydrochloric
acid concentration of about 90% and the second step
involving .2 hydrochloric -acid injection of about 40%,

15 2t an.elevated temperature in a hydrogen atmosgherse.

_ 19. The method of fabricating epitaxial
semiconductor devices on a substrate which comprises:
(L) subjecting the surface of szid
20 substrate on which epitaxial growth is to
occur to a coarse grinding step in which the
grinding element has a grit size of between
about 40-60 microns which removes materieal
from said surface to a depth of at least about
25 50 microns, followed by a fine grinding step
in which said grinding element has a grit size
of about 4-6 microns, said fine grinding step-
removing material to a depth of about 15-40
microns, the rate of material removed during
30 said grinding process being less than about

[T L This s e replacement shoet
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20 substrate on which epitaxial growh is to occur to a coarse
grlndlng step in which the grinding elenent has a grit size of between
about 40-60 m crons which renoves material fromsaid surface to a depth of

| east about 25 50 nmicrons, faljpwed by a fine grinding step in
mhlch sai d grinding el ement has a grit S|ze of about 4-6 nicrons,. said fine
grinding step renoving material to a depth of about 15-40 mcrons, the rate

of material renoved during3Qron per sectHd a9 @@'.Ien&ow&q%i)eg%d ess
than about of the grinding elements used in said grinding
process being about at 1east 4000~ 4300 r-m,
(2) cleaning satd surfgllShlg n & high
5 purity surfactant followed by a chemical cleaning
process comprising the application of a zixture
of hydrogen peroxide and ammonium hydroxide in
approximately equal parts with about 10 zarts
of water followed by a mixture of hvdro~=ﬁ
10 peroxide and hydrochloric acid in approxizately
egual parts with about 10 parts of water;
(3) etching safgvsurggge ﬁiﬁn hyZrochloric
gas at an elevated temperature in a hydrccen

.. atmosphere to a depth of about 6~10 micrsas; and
chemical

n

) %
15 = (4) subjecting said surface to
vapor deposition process, thereby to grow a doped

layer on said surface.

20. The method of claim 19, in which the
20 hydrochloric gas in said etching step is appliel in
two steps, the first step including a hydrochloric ga§
injection of about 290% and the second step invoiving
2 hydrochloric gas concentration of about 40%.

25 21. The method of either of claims 15 or 20,
in which, during the -chemical vapor deposition §rocesS,
the chemical vapor is supplied at a velocity of abouf
350-450 feet per second. -

30

LT This s the replacement sheet

Date: 1§ AUG 1096



1 micron per second and the rotational speed of the grinding el enents used
in said grinding process being about at |east 4000-4300 rpm w thout
potishing it (2) cleaning said surface with a high 5 purity
surfactant followed by a chem cal cleaning process conprising the
application of a mxture of hydrogen peroxi-ded-and anmoni um hydroxi de in
approxi mately equal parts with about 10 parts of water followed by a

m xturé of hydrogen 10 o per oxi de and_ hydrochloric acid in
approxi matel y equal parts wi ##-abdihe methad obfagmeaf; claims 19-21, in

which, after the grinding element in each of the
grinding steps has been advanced to remove the desired
amount of material from said surface, tne ¢grinaing

5  element is caused to dwell in its last grinding
positioh for at least about 10-30 seconds aiter the
coarse grinding step and at least about 10-20 seconds

gfter the fine grinding step.

10 . 23.  The method of any of claims 19-22, in
which, during said grinding, cooling water is dirscted
onto said surface at the rate of at least 4 gallc:as .

per minute.

13 24. The method of any of claims 19-23, in
which said substrate is silicon having an oxygen
content of between about 25-40 parts per million

20 25. The method of any of claims 19-24, in
i the surface of said substrate opposite that on
h said epitaxial growth occurs remains in its

whic
i C

whi

"as cut” condition.

30

A
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(3), etching said surface with hydrochloric gas at an el evated tenperature
in a’hydrogen atnosphere to a depth of about 6-10 microns; and 15

(4) subjecting said surface to a chem cal vapor deposition process, thereby
to grow a doped | ayer on said surface. 20. The nethod of claim’19, in

whi ch the 20 hydrochloric gas in said etching step is applied in two

steps, the first step including ydrochloric gas injection of about 90%-.
and t'he second step involving a hydrochl oric gas concentration of about
40% 25 = 21. The nmethod of either of clainms 19 or 20, in

whi ch, during the chem cal vapor deposition process,

LOW COST METHOD OF FABRICATING EPITAXIAL
SEMICONDUCTOR DEVICES >

ABSTRACT OF THE DISCLOSURE

Significant reductions in the cost of
fabrication of epitaxial semiconductor devices without
sacrifice of functional characteristics is achieved
by eliminating the conventional but costly polishing
procedure, instead subjecting the substrate to
¢rinding, cleaning and etching processes in which the
grinding removes material from the surface to a depth
of -at least 65 microns and the etching further removes
material to a depth of about 6-10 microns, the
grinding preferably being carried out in two steps,
the first being a coarse step and the second being a
fine step, with the rotated grinding elements dwglling

&t their respective last grinding positions for &
short period of time. The result is the eguivalent

of the prior art polishing procedure which took
considerably longer to carry,out'and.which thereiore
was much more costly. Complementing this grinding
procedure is an improved and cost effective epitaxial '
.process utilizing a unique two-step hydrochloric gas
high temperature etch and a faster growth rate process
with shorter cycie steps. In addition, oxygen control
~and "gettering" capabilities result in a total process
improving the economics of formation of

epitaxial semiconductor devices.
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&econd. 308 Descriptionspagede it R dof- ahy of clains 19-21, in which, after
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10- 30 sedonds after the

DATE OF RECEIPT.2Al%......
i 1ig, mechanical lapping, cleaning, edge

L),

rounding, caustic etch, another cleaning, followed by a
multi-step, chemical and mechanical, polishing,'with a final
cleaning step before packaging. The polished surfaces thus
produced are very prone to damage by handling or otherwise.

Grinding of substrates is, of course, known. Backside
grinding of the substrate is conventionally carried out to
reduce overall thickness of silicon wafers. However, so far
as is known, the use of grinding to produce the desired
mirror-like surfaces of epitaxial devices has not been
practiced in the past.

In accordance with the present invention, there is
prbvided the method of fabricating epitaxial semiconductor
devices on a silicon substrate which comprises:

(1) subjecting the surface of said substrate on
which epitaxial growth is to occur to a grinding process
which removes material from said surface to a depth of at
least 65 microns;

(2) cleaning said surface without polishing it,

(3) gas etching away said unpolished surface to a
depth of about 6-10 microns; and ' _

(4) subjecting said surface to a chemical vapor
deposition process, thereby to grow epitaxially a doped layer
on said surface.-

The conventional back-side grinding process has been
modified, and other fabrication steps have been employed and
adjusted, in order to produce the desired optimum mirror-like.
surface on the wafer in but a fraction of the time préviously
required when polishing was employed. With mechanically
‘'polished devices the overall process time for the substrate
is about two days, but with the process here disclosed only.



coarse grinding step and at |east about 10-20 seconds after the fine
dgrinding step. 10 23. - The nmethod of any of clains 19-22, in
whi ch, during said grinding, cooling water is directed onto said surface at
"the rate of at least 4 gallons per mnute. 15 24. The met hod
of any of clainms 19-23, in which said substrate is silicon having an oxygen
content of between about 25-40 parts per mllion absolute. 20

25. The nethod of any of clains 19-24, in which the surface of said
substrate opposite that on which said epitaxial growh occurs remains in
its - 2a -

about one hour of processing time is involved. Polishing
alone, in the prior art, has taken one to two hours, whereas
the grinding in the present process takes but two to four
minutes. The grinding is followed in the present process by
an etching step, but that etching step takes only about nine
minutes. Hence the time comparison of the present



"as 'cut" condition. 25 30

WE CLAIM:

1. The method of fabricating epitaxial semiconductor
devices on a silicon substrate which comprises:

(1) subjecting the surface of said substrate on
which epitaxial growth is to occur to a grinding process
which removes material from said surface to a depth of at
least 65 microns; _

(2) cleaning said surface without polishing it,

(3) gas etching away said unpolished surface to a
depth of about 6-10 microns; and

(4) subjecting said surface to a chemical vapor
deposition process, thereby to grow epitaxially a doped layer
on said surface.
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8. The method of claim 6, in which the
rate of material removal during said grinding process

is less than about 1l micron per second.

9. The method of claim 6, in which the
rotational speed of the grinding elements used in

said grinding process is about at least 4000-4300

rpm.

10. The method of claim 6, in which,
after the grinding element in each of said grinding
steps has been advanced to remove the desired amount
of material from said surface, the rotated grinding
element is caused to dwell at its last grinding
position for at least about 10-30 seconds after the
coarse grinding step and-at least about 10-20

seconds after the fine grinding step.

11. The method of claim 7, in which,
after the grinding element in each of said grinding
steps has been advanced to remove the desired amount
of material from said surface, the rotated grinding
element is caused to dwell at its last grinding
position for at least about 10-30 seconds after the
coarse grinding step and at least about 10-20

seconds after the fine grinding step.

12. The method of claim 8, in which,
after the grinding element in each of said grinding
steps has been advanced to remove the desired amount
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of material from said surface, the rotated grinding
element is caused to dwell at its last grinding
position for at least about 10-30 seconds after the
coarse grinding step and at least about 10-20

seconds after the fine grinding step.

13. The method of claim 9, in which,
after the grinding element in each of ‘said grinding
steps has been advanced to remove the desired amount
of material from said surface, the rotated grinding
element is causad to dwell at its last grinding
position for at least about 10-30 seconds after the
coarse grinding step and at least about 10-20 seconds

after the fine grinding step.

l4. The method of claim 6, in which, during

said grinding process, cooling water is directed onto

'said surface at the rate of at least 4 gallons per

minute.

15. The method of either of claims 1 or 2, in
which said cleaning process comprises ultrasonic cleaning
with a high purity surfactant followed by the application
cf megasonic cieaning at 40-60°C of (a) a mixture of
hydrogen peroxide and ammonium hydroxide in approximately
egual. parts with about 10 parts of water and thereafter
(b) a combination of hydrogen peroxide and hydrochloric
acid in approximately equal parts together with about

10 parts of water. : .
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