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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

- or a substrate, which method is much less costly

1or art pollshlng methods, yet which results in

Csvlces functlonally the equal of those convent

20 croduced.

than

ionally

Silicon epitaxial layers are conventionally

crown on & mirror-like polished surface,

thereby to

groduce the desired damage-free epitaxial layer. To

produce such a polished surface is expensive and

labor intensive, but the polishing procedure has

navertheless been for some time the conventloncl

_p*ocedure desplte its econemlc drawbacks.

are reaulred to obtaln the‘prlor art mirror-like

30 sllshed surface.
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include saw slicing, mechanical iapping, cleaning,

edge rounding, caustic etch, another cleaning, followed
by a multi-step,'chemical and mechanical,_polishing,
witha final cleaning 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

carried out to reduce overall thlckness of silicon
wafers. however, so far as is known, the use of

crinding to produce the desired mirror-like surfaces

of epitaxial devices has not been practiced in the
st. |

ll‘
i

In accordance with the present invention,
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 previously required when polishing was employed.
wWith 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 proce551ng
time is involved. Pelishing alone, in the prior art,
kas taken 6ne 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 =

."_'l . N\
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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 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
methods yet which will produce semiconductor devices

| of equal functional quality when compared to devices

made by the prior art polishing process.

* The flrst step in the process of the present
invention is, as has been indicated, the use of
grinding, and not polishing, to produce the deéiréd
surface on which to form the epitaxial layer. That

'grinding is best carried out at high rotational speeds

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 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 p;oduce a-

comparaﬁively coarse grinding step, and in the second

.Sstep the grinding wheel has a 4-6 micron grlt to produce

a2 fine grinding step. 'The coarse grinding . is carried
out so as to produce a depth reduction of no less than

I —
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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
per second. The removal rate can be slower, with the
removal rate of approximately one-half micron pér
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

minute, with a rate of 5 gallons per minute beihg:
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
'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 material
r.as 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

more, 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
group of ground wafers, are sprayed with a aelonlzed
water mist and then transferred to an ultrasormic '
cleaner where it is.subjected to a surfactant type

' cleaning for at least 30 minutes. The surfactant is
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then rinsed off with deionized water preferably having

a resistance of about 18 megohms, after which the final
cleaning is a modified 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 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. ' |

The wafer is now ready for the epitaxial '
deposition process. It is preferred that it have an
oXygen content of between about 25-40 perts per million

_ absolute, with a- preferred content of ‘about 30 parts

per mllllon absolute.

The epitaxial deposition process is also
preferably a two-step procees. In the first step the
wafer is provided with a surface etch at an elevated
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.
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
finish exists ready to be subjected to epitaxial
deposition.
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The second part of the epitaxy process is
the growth of a doped silicon layer or layers, and it
may 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 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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when the present process is em@lbyed_the lapping of the
back side of the wafer 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" conditién; 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 “gettéring" tendency of the device,

in which impurities tend to migrate to the back.side
during the high temperature process steps. '

Wafers, when processed as described above and
fabricated into discrete devices, produce devices which
are equlvalent in quallty, yleld and per;ormance to
{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. |

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.
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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 surface/; )
- _ " unpolished
25 (3) gas etching away saldﬁsurface to a
depth of about 6-10 microns; and ' .
(4) subjecting said surface to a
chemical vapor deposition process, thereby
to grow a doped layer on said surface.
30 ' :
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2. The method of claim 1, in which in
step 4 the chemical gas flow is supplied at a velocity

‘of about 350-450 feet per second.

3. The method of 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.

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.

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,
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

o

has a grit size of about 4~6 microns.

7. -The method of claim 6, in which said
coarse grinding step removes material from said _
surface to a depth of at least about 50 microns, and -

‘in which said fine grinding step removes material

therefrom to a depth of about 15-40 microns.
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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 1 micron per second.

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

/
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of material from said surface, the rotated grinding
element is caused to dwell at its last grinding
position fér 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 in each of’said grinding
steps has been advanced to remove the desired amount

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 grinding 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
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

25 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. . -
30
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16. The method of either of claims 1 or 2,
in which said etching step removes material from said

surface to a depth of about 7 microns.

5 - 17. The method of claim 6, in which said
étching step removes material from said surface to a

depth of about 7 microns.

_ 18. The method of either of claims l or 2,
10 in which said etching step utilizes hydrochloric gas
| as the etchant, the hydrochloric acid being appiied
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 &t an.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 process being less than about
. This Sheet HiilIIBTIrTlTﬁii:ed
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1 micron per second and the rotational speed
of the grinding elements used in said grinding
process being about at least 4000-4300 r,m,
(2) cleaning Sal& surgdlsmn%: 2 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 carts
of water followed by a mixture.of hydrozzn
10 - - peroxide and hydrochloric acid in approx?ﬁately
' equal parts. with about 10 parts of water
(3) etching sangSurP'ce ﬁiﬁh h;irochlorlc
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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22. The method of any of 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, thne grinding
elemenﬁ is caused to dwell in 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.

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
ccontent 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.
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