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- Referring now to FIGURE 2, one or more

portions of thé silicon oxide laycr 11 are now

removed by any convenient method, leavmg
in the layer 11 at least one aperture 12 in
which is exposed a desired portion ‘of wafer

face 19. The desired portion .of the silicon .ox- -

ide layer 11 may be removed by either sand
blasting or grinding. Alternatively, the silicon
oxide layer 11 may be suitably masked with
an acid resist (not shown) such as paraffin wax,
ot apiezon wax, or with a- photoresist such as
a bichromated protein, and the unmasked por-~

“tions of silicon oxide layer 11 removed by

means of a suitable etchant, such as a concen-
trated aqueous solution of hydroﬁuonc acid.

A conductivity type modifier is then diffused.
into the unmasked portion of wafer face 19.

If an acid resist- or photoresist has been used
to define the aperture 12, the resist is removed
prior to the diffusion step.In this example,
diffusion is accomplished by heatmg wafer 10
in a nitrogen ambient containing. boron. oxide
vapours for approximately 35 minutes at
925°C, then heating the wafer in steam for
approximately two hours at 1200°C. The
boron diffuses into the unmasked portion of
wafer face 19. Since boron is an acceptor in
silicon, the boron-diffused wafer region 13 is
converted to P-type conductivity, and a p-n
junction 14 is formed at the interface between
the P-type boron-diffused region 13 and the
N-type bulk of wafer 10.

The unmasked portion of major face 19 is
now covered with a mask 15 (FIGURE 3).
The mask 15 may. suitably consist of silicon
oxide, and may be deposited by any convenient
method, such as by thermally decomposing a
siloxane compound to deposit silicon oxide on
the wafer, as described above. Ahernanvely,

when wafer 10 consists of silicon, as in this .
example, the silicon oxide layer 15 is formed

during the drﬁusxon step by the eﬁect of steam
on silicon. .

Referrmg now to FIGURE 4, one or more
portions of silicon oxide mask 15 are removed
by any convenient method, leaving in the mask
15 at least one aperture 16 in which is exposed
a desired portion of wafer face 19. A second
diffusion is now accomplished by heating wafer
10 in an ambient containing a conductivity
type modifier capable of inducing the original
conductivity type of the wafer (N-type in this
example). Convemently, this is accomplished
by beating wafer 10 in the vapours of phos-
phorus pentoxide for approximately 8 minutes
at approxxmately 1100°C The phosphorus,

‘which is a donor in silicon diffuses into the

unmasked portion of wafer face 19, and forms
a phosphorus-diffused N-type. region 17, The
time, temperature and modifier concentration

are selected so that region 17 is thinner than

region 13, and is completely surrounded by
region 13. A p-n junction 18 is formed at the
interface between phosphorus-diffused N-type

region 17 and the boron-drtfused P- i
13.

FIGURE"5. The silicon oxide coating is con~

veniently: removed. by treaung ‘wafer 10 in a

concentrated aqueous solution of hydroﬂuorrc
acid for a ‘few minutes. The wafer is then
washed in deionized or distilled water:

The surface of wafer 10 is now cleaned by
treatmg the wafer in a bath having the compo-
sition. 100 cc. concentrated hydrogen peroxide
solution and 0.5 to 10 cc. of a‘ concentrated

_strong acid, such as concentrated hydrochloric

acid. Tn thxs example, the hydrogen peroxide
solution. contains. approximately 30 weight per-
cent H,O, and the bath contains 1 cc. concen-
trated hydrochloric acid per:100 cc. of the per-
oxide- solution, The wafer.is immersed in the
bath at room temperature, and the bath is then
heated. to ‘from 85° to 95°C. This treatment
tends to remove: any .metallic traces or: other
impurities from the wafer surface, but. the hy-
drogen peroxrde may cause. the formation -of
a thin silicon oxide surface film when the wafer
consists of . silicon, as..in. thrs example, The
wafer is therefore treated again with concen-
trated hydrofluoric acid to remove any silicon
oxide film that has been formed, then washed
with boiling deionized or distilled water. -

Referring now to. FIGURE 6, a fresh layer
or coating 21 of silicon oxide is now deposited
on wafer face 19. The fresh silicon oxide coat-
ing 21 may be deposited by thermal oxidation
of a siloxane. compound as described - above,
Since wafer 10 consists of silicon in this’ exam-
ple, the fresh silicon oxide layer 21 i is conven-
iently formed by heating wafer 10 in steam
for approximately. 15 minutes at 1100°C.
During . this - heating step the phosphorus
diffused region 17 becomes thicker.

Selected portions of silicon oxide coatmg 21

. are now removed by any convenient method,

sach as. grmdmg, sand blasting or etching. A
ring-shaped portion 24 (FIGURE 7) of .wafer
face 19 within the P-type region 13 is thereby
exposed, as well as a portion 22 of wa.fer face
19 within the N-type region 13.

Referring now to FIGURE 8, a meta.l such
as aluminium is evaporated on the exposed
portions of wafer face 19, thereby forming a
metallic contact 25 to the N-type emitter. re-
gion 17, and a contact 26 to the P-type base
region 13. The device is subsequently complet~
ed by, attaching electrical lead wires to contacts
25 and 26, mounting wafer 10.on a base plate,
and casing the device. These steps are accom-
plished by techniques known to the art, and
do not form a part of this invention.

It has: -unexpectedly been found that when
semiconductor: devices having a silicon oxide
surface layer are fabricated as described above,
with a silicon oxide layer utilized as a diffusion
mask, then removed from the wafer and the

_' regxon ’

All ‘of "the silicon oxxde coatmg on' wafer a
face 19 is now removed; leaving wafer 10 with
its diffused surface exposed -as ‘shown in:

75
80

85

95

100

105 . -

110
s

120

125

130



R

Cotgn,

- L
. -

1,055,724

3

10

15

25

35

50

55

65

wafer surface treated to remove contaminants,
the operating life of the device is improved.

‘Moreover, the device thus fabricated shows

improved resistance to elevated reverse volt-
ages. While the exact mechanism responsible
for the improvement is not understood, it is
theorized that in devices made according to
the prior art some traces of metallic and other
impurities are present on the surface of the
wafer and in the silicon oxide layer upon the
wafer surface, and that these impurities migrate
during the operation of the device, thereby ad-
versely affecting the electrical parameters of
the device. In the embodiment described
above, the silicon oxide layer is removed, after

. all diffusion steps are complete, the exposed

surface of the wafer is treated to remove me-
tallic and other impurities, and a fresh clean
layer of silicon oxide may then be deposited
on the wafer. Accordingly, the amount of im-
purities present on the wafer surface and in
the fresh siliconi oxide layer is reduced, thereby
improving the electrical parameters of the de-
vice, such as the breakdown voltage.

It will be understood that the above example
is by way of illustration only, and not limita-
tion, since various modifications and variations
may be made without departing from the scope
of the claimed invention. For example, only
a single diffusion step may be utilized, and
the devices may be made of semiconductive
materials other than silicon. The hydrogen per-
oxide acid bath utilized may contain lesser
amounts of hydrogen peroxide, and the wafer
treated in the bath for longer periods of time.
Other strong acids, such as hydrobromic acid
and nitric acid, may be utilized instead of the
hydrochloric acid.

WHAT WE CLAIM 1S: — _

1. A method of fabricating a semiconductor
device, comprising the successive steps of:
masking a portion of one major face of a semi-
conductive wafer of a given conductivity type
with silicon oxide; diffusing conductivity
modifiers into the unmasked portions of said
wafer face; removing said silicon oxide mask;
and cleaning said one wafer face to remove
contaminants therefrom.

2. A method of fabricating a semiconductor
device according to Claim 1 wherein the
diffusion of conductivity modifiers into the
wafer face is performed in the following man-
ner: diffusing an opposite conductivity type
modifier into the initially unmasked portions
of said one wafer face to cause diffused regions
to occur in said wafer, re-masking a portion
of each of said diffused regions on said one
wafer face; and diffusing a said given conduc-
tivity type modifier into the unmasked portions
of said diffused regions.

3. A method of fabricating a semiconductor
device according to Claim 1 or Claim 2, com-
prising the additional steps after the cleaning
step, of: forming a fresh silicon oxide layer
upon said major wafer face; removing portions

of said fresh silicon oxide layer; and, deposit-
ing metallic contacts on the exposed portions
of said major wafer face. :

4, A method of fabricating a semiconductor
device according to Claim 1 or Claim 2 com-
prising the additional step after the cleaning
step of: forming-a fresh silicon oxide layer
upon said major wafer face.

5. A method of fabricating a semiconductor

device according to Claim 2 which comprises
using an acidified hydrogen peroxide solution
in the cleaning step ‘to remove contaminants
from said one wafer face; and, then forming
a fresh silicon oxide layer upon said one wafer
face. - '
6. A method of fabricating a semiconductor
device according to Claim 1 which comprises
cleaning said one wafer face by treating said
wafer with a mixture of hydrogen peroxide
and a strong acid; and then forming a fresh
silicon oxide layer upon said major face.

7. A method of fabricating a semiconductor
device according to Claim 1 or Claim 2 in
which the cleaning step comprises treating said
wafer with a mixture of hydrogen peroxide
and hydrochloric acid; and then treating said
wafer with hydrofluoric acid; and in which,
after the cleaning step a silicon oxide layer
is re-formed on the wafer.

8. A method of fabricating a semiconductor

device according to Claim 1 or Claim 2 in
which the cleaning step comprises treating said
wafer with a mixture of hydrogen peroxide
and hydrochloric acid; treating said wafer with
hydrofluoric acid; and then washing said wafer
with water; and in which a silicon oxide layer
is re-formed on the wafer after the cleaning
step. ,

9. A method of fabricating a semiconductor
device according to Claim 1 or Claim 2 which
comprises:  treating said wafer with
hydrofiuoric acid to remove said silicon oxide
mask; and cleaning by first treating said wafer
with. a2 mixture of hydrogen perozide and
hydrochloric acid; and by then treating said
wafer with hydrofiuoric acid; and finally wash-
ing said wafer with water; and re-forming a
silicon oxide layer thereupon.

10. A method of fabricating a semiconductor
device according to any one of the preceding
claims, in which the or each silicon oxide layer
is formed on said wafer by heating said wafer
in steam.

11. A method of fabricating a semiconductor
device -according to any one of Claims 1 to
3 which comprises: cleaning said one wafer
face by first treating said wafer with a mixture
consisting of 100 volumes concentrated hydro-
gen peroxide and one-half to ten volumes of
concentrated hydrochloric acid; by then treat-
ing said wafer with hydrofluoric acid; and
finally by washing said wafer with water; and
then forming a silicon oxide layer -on said
wafer by heating said wafer in steam.

12. A method of fabricating a semiconductor

70

75

80

85

95

100

105

110

115

120

125 -

130




o

I

>

improvement is niot ‘understood; ‘it 18

ieorized that in devices made according to
the prior art some traces:of met: flic-and other

impurities -are ‘present: ;on-ﬁf_the-.;'_surface of the

10 wafer and in the silicon. oxide Jayer upon the

15

_wafer surface, and that: ése impurities migrate
during ithe operation of ‘the device, thereby ad-
“versely affecting the el
the device

In -the " embodiment :d

. above, the silicon oxide layer.is reioved,

_all diffusion steps are ‘complete,
- surface of the wafer is treatéd to remove me-

~ tallic and other ir'npurities,_‘-and a fresh clean
layer of silicon oxide may :thén be deposited

20 on the wafer. Accordingly, the amount of im-

25

30 a single diffusion step may be utilized

35

55

60

65

purities present ont the wafer surface and in

the fresh silicon oxide layer-is reduced, thereby

improving the clectrical parameters of the de-
vice, such as the breakdown voltage.

It will be understood that the above example
is by way of illustration only, and not limita-
tion, since various modifications and variations
may be made without departing from the scope
of the claimed invention. . For example, onlg
, an
the devices may be made’ of semiconductive
materials other than silicon. The hydrogen per-
oxide acid bath utilized may contain lesser
amounts of hydrogen peroxide, and the wafer
treated in the bath for longer periods of time.
Other strong acids, such as -hydrobromic acid
and nitric acid, may be atilized instead of the
hydrochloric acid. :

WHAT WE CLAIM IS:—

1. A method of fabricating 8 semiconductor
device, comprising the ‘successive Steps of:
masking a portion of one major face of a semi-
conductive wafer of a given conductivity type
with silicon oxide; diffusing  conductivity
modifiers into the unmasked portions of said
wafer face; removing said silicon oxide mask;
and cleaning said one wafer face to remove
contaminants therefrom.

2. A method of fabricating 2 semiconductor
device according to Claim 1 wherein the

modifier into the initially unmasked portions
of said one wafer face to cause diffused regions
to occur in said wafer, re-masking a portion
of each of said diffused regions on said one

wafer face; and diffusing 2 said given conduc-
tivity type modifier into the tmmasked portions
of said diffused regions.

3. A method of fabricating a semiconductor
device according to Claim 1 or Claim 2, conm-
prising the additional steps after the cleaning
step, of : forming a:fresh silicon oxide layer
upon said major wafer face; removing portions

ectrical - parameters -of -
gscribed @
oved, after
ﬂle E’xpose j .

of said fresh silicon: xide layer; and;’ deposit~
ing metallic ontacts On ‘the ‘exposed portl ons
»4,“A method- {
device ‘accordin

prising” the “additiotal
step’ of . for '

cco which: coimprises
an acl peroxide solutionl

using : - OyaLo; - ; oxt
in the cleamng -stép to ‘rémove ‘contamiinants

dified -hydrogen

from-_-said. onewafer face; and, then forming
a fresh sifice Oxi ¢"'13Y__e,f-"1_1pdﬁisaid one wafer

device according to Claim 1 which comprises
cleaning said one wafer face by treating said
wafer with a mixture of hydrogen peroxide
and a strong acid; and then forming a fresh
silicon oxide layer upon said major face.

7. A method of fabricating a.semicqnductgr

wafer with a mixture of hydrogen peroxide
and hydrochioric acid; and then treating said
wafer with hydrofluoric acid; and in which,
after the cleaning. step a silicon oxide layer
is re-formed on the wafer. .

3. A method of fabricating a semiconductor
device according to Claim 1 or Claim 2 in
which the cleaning step comprises treating said
wafer with a mixture of hydrogen peroxide
and hydrochloric acid; treating said wafer with
hydrofluoric acid; and then washing said wafer
with water; and in which a silicon oxide layer
is re-formed on the wafer after the cleaning
step.

9. A method of fabricating a semiconductor
device according to Claim 1 or Claim 2 which
comprises: treating  said wafer with
hydroftuoric acid to remove said silicon oxide
mask; and cleaning by first treating said wafer
with a mixture of hydrogen peroxide and
hydrochloric acid; and by then tredting said
wafer with hydrofluoric acid; and finally wash-
ing ‘said- wafer with water; and re-forming a
silicon oxide layer thereupon.

10. A method of fabricating 2 semiconductor
device according to any one of the preceding
claims, in which the or each silicon oxide layer

s formed on said wafer by heating said wafer

in steam.

11. A method of fabricating 2 semiconductor
device according to any one of Claims 1 to
3 which comprises: cleaning said one wafer
face by first treating said wafer with a mixture
consisting of 100 volumes concentrated hydro-

peroxide and one-half to ten volumes of
concentrated hydrochloric acid; by then treat-
ing said wafer with hydrofluoric acid; and
finally by washing said wafer with water; and
then forming a silicon oxide layer on said
wafer by heating said wafer in steam.

12. A method of fabricating a semiconductor
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devme accordmg to any one of the precedmg.
claims. which -comprises, treating said wafer
with hydrofluoric acid. to remove said silicen
oxide mask; washing said wafer with deionized
water; treating said wafer with a mixture con-

sisting of 100 volumes concentrated hydrogen
peroxide and one volume of concentrated
hydrofluoric acid; treating said wafer with
concentrated hydroﬂuonc acid; washing said
wafer with boiling deionized water; and then
forming a silicon  oxide layer on said wafer
by heatmg sa1d wafer in steam. .

13 A method .of fabncatmg a smucondr ct.Ot'

device. substantially: as: hereinbefore. described
with reference to the accompanying drawings.

.14, A semiconducter device when fabricated
by.a method according to -any one of the pre-
ceding claims.
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