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The present invention relates to a semiconductor
device fabrication process.

In planar processes of semiconductor devicé
fabrication, impurities required to pfovide doped
semiconductor regions that form the electrodes of a
semiconductor device are introduced into a bulk of
semiconductor material through windows ih a mask laid
over a major surface of the bulk of semiconductor
material. The impurities required for the semiconductor
device electrodes are usually of more than one typé and
are requlred in dlfferlng concentrations, and it is
usually necessary to carry out several diffusion or
implantation operations, with the aid of masks, in the
fabricatibn of a semiconductér device. In a diffusion
operation, a mask is used to cover selected areas of a
semiconductor bulk and the entifé-aemiconductor bulk is
exposed to a gas conﬁaining the appropriate impurity in a
specific concentration, the result being that the
impurity diffuses thfough windows in the mask into the
semiconductor bulk and establishes a specific doping
level in a region of the sémiconductor bulk. In an
implantation opération, a beam of ions of an impurity is

directed through windows in a mask.
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the difficulty being in ensuring that, where several
masking operations are carried out in sequeﬁce, each
later used mask is:correctly positioned relative to
previously used masks. Also, the accuracy with which a
mask may be positioned relative- to a previously used mask
dictates the minimum sizes of semiconductor device
electrodes which méy be fabricated in a production
process.

Some of the difficulties faced in the positioning of
the masks used in the planar pfocesses may be alleviated
by the use of composite maéks which combine, on a single

- mask, the features of two or three correctly positioned
separate masks, and.the modification of the other
process steps in order to. effect the introduction of
impurities through only some of the unmasked areas of the
composite mask during each operation in which an impurity
is'introduced into a host material.

It is an object of_the present invenﬁion to provide
a semiconductor device fabrication process which
facilitates the use of a composite mask.

In accordance with one aspect of the present
invention, a semiconductor device fabrication process in
which the electrodes of a semiconductor device are made

by introducing impurities into a body of semiconductor
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material through Specific_areas of a major surface of the
body of semiconductor material during separate stages of
the fabrication process, includes the steps of:

forming a covering of a first semiconductor
compound, the first covering, on a major surface of the
semiconductor body, and including, in the first covering,
a plurality of windows each of which defines a respective
electrode of a semicondﬁctor device,

forming a covering of a second semiconductor
compound, the second covering, immediately on the first
covering, over selected ones of the windows and 1eéving
open the remaining winddws, which second semiconductor
- compound is removable without thé removal of significant
amounts of the first semiconductor compound; and

fabricating respective electrodes of the semicon-
ductor device, during separate stages of the fabrication
process, by, at each stage, introducing an impurityfintb
the body of semiconductor material through the open
windows.

In ac&ordance with another aspect of the pfesent
invention, a semiconductor device fabrication process in
which impurities are introduced into a body of semiqon—
ductor material through specific areas of a major sbrface
of the body of semiconductor material during separate
stages of the fabrication process, includes the steps
of:

forming a covering of a first semiconductor
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compound, the first covering, on a major surface of the
semiconductor body,

etching, in the first covering, windows which define
areas of the surface into which impurities will be
introduced into the body of semiconductor material during
the fabrication process,

forming a covering of a second Semiconductbr comp-
ound, the second covering, immediately on the first
covering, over selected ones of the windows and leaving
open the remaining windows, which second semiconductor
compound is removable without the removal of significant
amounts of the first semiconductor compound, and

introducing an impurity into the body of semiconduc-
tor material through thé open windows, ét one stage of
the fabrication process.

In accordance with a further aspect of the present
invention,.-a semiconductor bipolar device fabrication
process in which impurities are introduced into a body of
semiconductor material through specific areas of a major
surface of the body of semiconductor material during
separate stages of the fabrication process, includes the
steps of:

forming a covering of a first semiconductor
compound, the first covering, on a major surface of the
semiconductor body, and including, in the first covering,
windows which define areas of the surface into which

impurities are to be introduced into the body of semicon-
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forming'a covering of a second semiconductor comp-
ound, the second covering, immediately on the first
covering, over selected ones of the windows and leaving
open the.remaining'Windows, which second semiconductor
compound is removable without the removal of significant
amounts of the first semiconductor compound, and
introducing an impurity into the body of semiconduc-
tor material through the open windows, at one stage of
the fabrication process. |

The windows included in the first covering may be
made by applying a mask to the first covering and etching
the first covering over selected areas defined by the
mask}

Preferably, the etching is performed to remove
substantially all of the original covering at the
windows and a thinner layer of the same macterial is then
provided at the windows.

Preferably, forming the second covering over selected
ones of the windows includes the steps of covering all
the windows with the second covering and, subsequently,
removing the second covering from specific windows.

Preferably, for each introduction of an impurity into
the body of semiconductor hateriél, the second covering
is removed from every window through which an impurity
will be introduced.

Preferably, following the introduction of an impurity
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through through. open windows, the windows are closed by a
new covering, the third covering, of the material of the
first covering. |

Preferably, in preparation for the introduction of an
impurity through the last selected windows through which
an impurity is to be introduced, the remainder of the '

- second covering is removed.

Preferably, the semiconductor device fabrication
process includes the steps of removing the first covering
from the last windows through which an impurity is
introduced ahd-covering the exbosed semiconductor
material with the same material as the first coVering,
the fourth covering, thin enough to permit the implanta-
tion of an impurity. |

Preferably, the semicénductor device fabrication
process includes the steps of implantating an impurity
through the fourth covering.

Preferably, following the introduction of an
impurity through the lasf open windows through which an
impurity is to be introduced, the remainder of each
covering is removed in order to provide a substantially
piane surface for furfher processing.

A semiconductor wafer may include a plurality of
partly fabricated semiconductor devices prodﬁced by a
process in accordance with the invention.

A silicon semiconductor wafer may comprise a plural-

ity of partly fabricated silicon semiconductor devices



It is an object—of—the—present—invention to provide a sem conductor device
;ﬁiéqte the use of a conposite nask.

fabrication proc _'Q acl.|
| n acaordance w ?ﬁ]-s [] Hﬁ“gﬁggfgf‘, fhe present invention, 89
_ 'ﬁk

Rt Swlr H 2
devi ce fabricationi e "@%yeh the-el7ect rodes of a genicog
devi ce are made by : Wkirpurities into a body of '
mat erfal through specific areas of.a major surface of the body of
sem conduct or material _dyring separate stages.,of the fabricatjiqn process,
i ncl udes the §P&PsigFluding 2 ~f“8r3|‘ﬁrn§“§f@€%er%ﬁhr?d: daf & Pard °s€e(r)ﬁ' nductor .
conpound, thesg'ngt c%venin% on a mgfor surface aof the ”292@&%5& r body,
and incl udi ng;™i Pi. PRe SFMAEL ?&‘i&??-’na', §.rr5| Mi:1 E‘S?J&r \ﬂuﬁ ach whi ch
defines a resggg%k\iggelo%_ctsri 38:8?{) ﬁoﬁ@eﬁoﬁ%ga%te%\ge(&e’by first formng a

covering of a second”sem con
regions of a first thickness of silicon dioxide con-

t B34S BEEN

tiguous with second regions of a second thickness of
silicon dioxide and with third regions of a third
thickness of silicon dioxide, the second regions being
thinner than the first regions and thicker then the third

The process may be a bipolar process and the
.windows may defiﬁe the electrodes of a bipolar device.

The first semiconductor compound is, preferably,
silicon dioxide and the second semiconductor compound is,
preferably, silicon nitride.

Three examples of a semiconductof device fabrication
process, in accordance with the present invention; will
now be described by way of example only, with reference
to the accomp&nying drawings, in which:

‘Figs. 1 to 14 represent a first bulk of silicon
semiconducfor material subjected to fourteen steps of a
first form of the process to yield, as illustrated by
Fig. 14, an isolation region, a collector region, and a
base region, for a silicon planar transistor, provided
with a covering of silicon dioxide,

Figs. 15 to 18 represent a second bulk of silicon
semiconductor material subjected to the same initial
process steps as those illustrated by Figs. 1 to 10 and,

thereafter, to alternative steps to those of Figs. 11 to
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an inpurity into the body _of sem conductor material through the open
Wi ndows. 14, but providing a result, iljustrated by Fig. 18, which

is the same as that illustrated by Fig. 14,

Figs. 19 to .23 represent a third bulk of silicon
semiconductor material subjected to similar’pfocess steps
to those illustrated by Figs. 1 to 7 (but with a
different pattern of windows for the introduction of
impurities) to yield, as illustrated by Fig. 19, an
isclation region and a base region, and, thereafter, to
steps necessary to provide a resistor, as illustrated by
Fig. 23, and,

Figs. 24 and 25 represent in plan view the resistor
shown in Fig. 23 in relation to two possible positions of
its contact pads which will be provided, at a later
stage, by steps requiring the use of another mask.

It will be understood that each partly completed
device illustrated by the accompanying drawings
represents one of a plurality of siamilar devices which
are being fabricated all at the same time by the process
and which belong to a semiconductor wafer.

Referring to Fig. 1 of the accompanying drawings,
material suitable as the starting point for the doping
steps (the steps introducing impurities) in the
manufacturing process of a planar silicon transistor
consisté of a P-type silicon semiconductor substrate 1
‘having an Nt-type semiconductor buried region 2, an N-
typ= semiconductor epitaxial layer 3 in contact with the

substrate 1 and the buried region 2, and a silicon
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P~-type silicon semiconductor substrate 1 is, as explained
above, part of a éiliéon wafter in which will be found a
plurality of the devices produced by the fabrication
process.

" Referring to Fig. 2 of the accompanying drawings,
the silicon dioxide layer 4 is masked and etched to leave
some areas of the surface of the epitaxial layer 3
exposed and other areas of the surface of the epitaxial
layer 3 still covered by regions 41 and 42, of silicon
dioxide. The outer gap between the regions 41 and 42 may
be of circular or rectangular shape. That is, there may
be a circular or rectangular strip of exposed surface of
the epitaxial layer 3 between the region 41 and the outer
parts of the region 42. The exposed areas of the
epitaxial layer 3 are windows through which impurities
will be introduced into the epitaxial layer 3 at
different times, but the exposed areas are all defined in
one step by means of a single mask. The windows in the
silicon dioxide region 42 may have peripheries that are
circular, or partly circular and partly rectangular, when
the peripheries of the outer gap between the regions 41
and 42 are circular. When the peripheries of the outer
gap between the regions 41 and 42 are generally

rectangular, the windows in the region 42 may be expected
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drawings, photolithographic techniques are used in the
masking step, and the etching operation may be
accomplished by wet or dry etching. Dry etching, that
is, plasma-assisted etching, is preferred because it
provides a result that is more accurate than that
possible with wet etching (wet etching causes more
erosion of the sides of the windows). A dry etch will,
of course, attack silicon nitride as well as silicon
dioxide if both are present, but in the presence of
silicon dioxide alone, dry etching is possible. At the
stage represented by Fig. 2, the relative positions of
the windows in the silicon dioxide layer, which are’
intended to be identical to those present in the single
mask, may be examined in order to ensure that the
critical dimensions of the mask have een preserved in
the transfer of the mask to the silicon dioxide layer.

Referring now to Fig. 3 of the accompanying
drawings, the exposed areas of the surface of the
epitaxial layer 3 are covered by regions 51} 52 and 53 of
thermally grown silicon dibxide, of thickness of about
1000 A°. The formation of the regions 51, 52 and 53 of
thermally grown silicon dioxide does not alter the
relative positions of the windows which are still as
defin~a by the regions 41 and 42.

Referring now to Fig. 4 of the accompanying
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thickness about 2200 A°. The layer 6 of silicon nitride

may be formed by a deposition process such as that
involving the decomposition of silane (SiH4) and ammonia
(NH;) to yield silicon nitride (Sij3Ny) and hydrogen (Hj).

Referring now to Fig. 5 of the accompanying
drawings, the silicon nitride is removed from the oxide
region 51 by the use of an oversize mask that leaves
regions 61 and 62 of the nitride layer. Not only may the
mask used in the removal of the nitride be oversize, but
it need not be aligned with high accuracy because the
area into which a diffusion will be made is already
defined by the oxide regions below the nitride layer. as
will be evident from Fig. 5, the nitride layer is removed
to beyond the edges of the oxide regions 41 and 42, and
*he exact amounts Lv.which the oxide regions 41 an&’ 42'
extend beyond the nitride regions'sl and 62 are
relatively unimportant. The removal of regions of the
nitride layer is effected by means of an etchant capable
of etching the nitride at a much higher rate than it will
etch the oxide. The etch is stopped when it is estimated
that the thickness of the oxide in the region 51 is about
500 A°.

Referring now to Fig. 6 of the accompanying
drawings, the oxide region 51 is removed by applying an

oxide etchant which is allowed to remove all of the oxide
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Referring now to Fig. 7 of the
drawings, boron, a P-type impurity,
exposed region bounded by the oxide

the extent that the diffused region

accompanying
is diffused into the
regions 41 and 42 to

extends through the

epitaxial layer 3 and into the substrate i, effectively
separating the epitaxial layer 3 into an outer region 31
and an inner region 32. The inner region 32 of the
original epitaxial layer 3 is disc-shaped and isolated
from the cuter region 31 by the deep diffusion which
extends like a curtain around the inner epitaxial region
32. Thus, the diffusion step illustrated by Fig. 7
achieves the isolation of the inner epitaxial region 32
from the remainder of the original epitaxial layer 3 and
is completed by the growth of an oxide region 410 to shut
the window between the oxide regions 41 and 42.

Referfing now to Fig. 8 6f the accompanying
drawings, the next diffusion step in the'procegs begins

with the removal of the nitride region covering the oxide

region 53, using, again, an over-size mask which need not
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before, the etchant used is capable of etching the semi-
conductor nitride at a.rate higher than that at which it
etches the silicon dioxide, and, when time enough has
been allowed for the removal of the nitride covering the
oxide region 53, the thickness of the oxide region 53 may
have been reduced to 500A°.

Referring now to Fig. 9 of the accompanying
drawings, the inner epitaxial region 32 is prepared for a
second diffusion step of the process by the etching away
of the thin oxide region 53, there being, as before, a
slight reduction in the thickness of the oxide region 42
bounding the région 53 due to exposure to the oxide
etchant, and some attack of the surface of the inner
epitaxial region 32 because of the duration of etching
neecd~d-to ensure that &l11 of the oxide region 53 is
removed by the etchant.

Referring now to Fig. 10 of the accompanying
drawings, phosphorus, an N-type impurity is diffused into
the exposed surface of the inner epitaxial region 32 in
the exposed region previously covered by the oxide 53 to
the extent that the Nt doped matefial 323 extends through
thg inner epitaxial region 32 and into the N+~ty§e buried
region 2. The diffusion step is completed by growing an
oxide region 411 to shiit the window in the oxide region

42.
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thin oxide region 52 which will be furﬁher reduced in
thickness by the etching away of the nitride layer. The
oxide region 52 is removed by a further etching step.
The removal of the oxide region 52 results in soﬁe
removal of the semiconductdr material under the oxide
region 52.

Referring to Fig. 12 of the accompanying drawings, a
thin oxide layer 7 is grown over the exposed
semiconductor surface and boron ions are implanted
through the thin oxide layer 7 to provide a P-type region
8.

'Reférring now to Fig. 13 of the accompanying
drawings, the prodess is continued by the remcwal of the
thin oxide region 7 and the thicker oxide regions 41, 42,
410 and 411 covering the remainder of the surface, in
preparation for a further step in the process,
illustrated by Fig. 14.

Referring to Fig. 14 of the accompanying drawings,
the next step in the process requires the heating of the
structure to causé the diffusién of the region 8 into the
inner epitaxial region 32, and to grow a new layer 9 of
oxide over the entire surface of the structure.

The process illustrated by Figs. 1 to 14 is
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region 8, the opening of windows in the oxide layer 9
covering the regiohsls and 323, respectively, and the
provision of metal regions contacting the regions.s, 323,
and the additional region introduced into the region 8.
The device produced on the completion of the process is
an NPN planar transistor in which the region 32 is the N-
type collector electrode, the region 8 is the P-type base
electrode, and the additional N-type region diffused into
the region 8 is the emitter electrode. These completion
steps, forming no part of the invention, are not
illustrated or described in detail.

Figs. 15 to 18 illustrate alternative steps to those
illustreted by Figs. 11 to 14 in arriving at the result
represented by Fig. 14 fror the position represented by'
Fig. 10. |

| Referring now to Fig. 15 of the accompanying
drawings, the process steps illustrated by Figs} 1 to-lo
are followed by the removal of the nitride covering the
oxide region 52 without stripping off any of the nitride
elsewhere. The nitride covering the oxide region 52 is
removed by the use of anh over-size mask.leaving the edgesi .
of the thicker surrounding oxide region.42 exposed.

Referring to Fig. 16 ¢Ff the accompanying drawings,

the oxide region 52 is removed and replaced by a thinner
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of the semiconductor surface originally covered by the
oxide region 52, the implantation of an N-type impurity,
such as boron, into the epitaxial region 32 to provide
the implanted region 8.

Referring to Figs. 17 and 18, it will be apparent
that the further précessing Steps provide the same
results as are illustrated by Figs. 13 and 14,
respectively. | |

Figs. 19 to 23 illustrate the later stages,
beginning with that illustrated by Fig. 1, in the
fabrication of a semiconductor resistor in a planar
structures.

Referring to Fig. 19 of the accompanying drawings, a
deep isolation diffusion, along the lines described above
with reference to Fig. 7, has been completed to effect
.isclation of the regicn 32 of the epitaxial layer an& the
diffusion area has been covered by a silicon dioxide
region 410.

Referring to Fig. 20 of the accompanying drawings,
the nitride covering 63 is then removed to expose’the
thin covering 54 of silicon dioxide the area of which is
defined by the thicker silicon dioxide region 42.

Referring now to Fig. 21 of the accompanying
drawings, the thinner silicon dioxide covering 54 is
removed, by means of an etchant, to expoée the silicon

material surface.



Fig. 14, an |solar*Un—regrﬁﬁ—-a—GQLLector region, and a base region,

for a S|I|con planafnmggwgh§hg INY | ded with a covering of silicon
di oxi de, Fig esent a second bul COR

sem conduct or materi aﬂwﬂ 'Hﬁﬂ the sam® +nitial

those illustrated by and, t hereafter,

steps®to those of Figs. 11 to

Referring now to Fig. 22 of the accompanying
dfawings, a thin replacemenf covering 10 of silicon
dioxide is grown on the exposed silicon material surface
and a photo-resist pattern is applied to provide a photb—
resist covering 11 which has apertures defining two
regions with.redtangular peripheries, in the epitaxial
layer 32. A impurity is implanted using the photo-resist
covefing and the silicon dioxide covering as a mask to
provide doped regions 324 and 325. 'RéFerring now to Fig.
23, the photo-resist covering is removed and an impurity
implanted through the silicon dioxide covering 10 to
provide a semiconductor resistor body 326 connected to
the implanted regions 324 and 325, which serve as the
resistor terminals.

As before, following the stage illustrated by Fig. -
23, the remainder 41, 42, 410, and 10 of the original
silicon dioxide'covering is removed and replaced by a
fresh covering of silicon dioxide, in order to provide a
generally plane surface for subsequent processing steps.

Figs. 24 and 25 show, in plan, the body 326 of the
resistor, shown in Fig. 23, and the implanted regions 324
and 325 which are the semiconductor end contact regions
for the resistor which has, provided at a later stage in
the process, contact pads 27 and 28 for facilitating
external connections to the resistor body 326.

Referring to Fig. 24, the ccntact pads 27 and 28,

being smaller than the end contact regions 324 and 325,



14,~bu provi di ng-a-restutt—Hustrated by Fig. 18, which is the sanme as
that illustrated b¥§EQQaH&ﬁkmﬂhiﬁj Figs. 19 to 23 represent a third bulk

of sikicon semcon lﬂﬁ Eﬂﬂﬂm subj ected to simlar process steps to

those illustrated b (but w8 & differengtrpa ws
s) toyield, asillu trattesxg??z%ﬁga%fg;

for the introductio
may be so p051t10ned as to add the lengths of the shaded

an <

areas 21 and 22 to the length of the body 326 of the
resistor. Therefore, the value of the semiconductor
resistor will.be substantially the resistance of the body
326, but that valué will be increased very slightly by
the resistance of the total length of ﬁhe shaded areas 22
and 23 in line with the length of the body 326 of the
re51stor. |

Referring to Fig. 25, the contact pads 27 and 28 may
be positioned slightly differently on the;contact regions
324 and 325, but it will be evident thét'the-total length
of the shaded regions, shown in Fig. 25,Hwill be the same
as the total length of the shaded regions 21 and 22,
shown in Fig. 24, and.that, therefore, the resistor
provided by the arrangement represented by Fig. 24 will
have the same value as the resistor provided by the
arrancement represented by Fig. 25. That is, the
alignment of the mask for defining the area covered by
the contact pads 27 and 28 need not be performed with
great precision, the only practical restriction being
that no pad 27 or 28 should extend outside the regions
324 and 325. The totai_length of the éhaded areas 27 and
28 along the line of the body 326 of ﬁhe resistor is set
by the spacing of the windows for the contact pads 27 and
28 on the mask containing those windows.'

The semiconductor device fabrication process steps

described with reference to Figs. 1 to 23 of the



i sol ation region and a base region, and, thereafter, to steps necessary to
provide a resi st OThis $ifetild BE3A Replabd DY Fig. 23, and, Figs. 24 and 25
represent in plan or shown in Fig. 23 in rehg 6 Q
possi bl e positi onslﬂlm ummﬂﬁt pads"wk? ch will be prov de
stage, by steps re of anot her mask. I

under $tood that each partly conpleted- device illustrated by the

aCCOMPANY T N9 JE 3% BdRy 1 hPaEAERhGCREp kst Waok! elps®liH W p1dRUeeS

semlconductor device fabrication process and will,
therefore, yield sﬁbstantially complete planar
transistors, say, requiring only a conventional emitter
diffusion, final passivation and metallisation for the
completion of the planar tranéistors in a complete wafer.
It will be understood, thereforé, that wafers comprising
almost complete devices may be produced at one location,
by the fabrication process steps described herein, and
moved to anéthef location for completion.

The main features of the process described with
reference to the accompanying drawings are as follows:

1. The process is able to utilise a three-layer
composite mask providing, for a planar transistor, a base
region, a deep Nt connection to a buried collector layer,
and isolating barrier.

2, A foucr-layer composite mask may be used,
wheré_the fourth layer is for an implanted resistor.

3. In the application of the process to a
silicon wafer, dry (plasma-assisted) etching may be used
because the etching of the masking silicon dioxide
covering is carried out before any deposition of silicon
nitride is carried out. Additionally, the quality of the
features transferred from the_composite mask to the
silicon dioxide covering may be inspected before
proceeding further. Dry etching is 2 more precise

process than wet etching, and wet etching must be used



are being fabricat
to a sem conduct or hetHasBcen ding to Fig. 1 of
dr aw rrgs, naterlal s
(the steps |ntrodUC|n n t ire 20memuf act urijng pr @g
pl anar silicon tran5| of a P-type silicon SE
substrfate 1 haV|ng an N[err] -type sem conduct or buried reglon 2

type sem condugc |taX| er 3 |n g9 tact with the substrate 1 and
the buried reg‘l% %*&%oﬁ present.

4, The composite mask does not include any

ime by the process and which bel ong
e acconpanylng

registration tolerances (it does not require any
registration toierances), and, as a result, there is no
semiconductor material wasted in providing registration
tolerances. | |

5. Any defects in the first covering, that is,
the silicon dioxidé covering, when a silicon
semicénductor wafer is uséd, such és'pinholes or
scratches, will generally be covered by the second
covering during the process, and wili not cause defects.
Also, defects in the second covering will not lead to
exposure of the semiconductor material because of the
presence of the first covering.

6. As the first.covering may be inspected after
the etching step transfefring the features of the three
or four -layer composite-mask, all dimensions, including
critical dimensions, are available for inspection. That
would not be the case if etching of the first covering
were conducted with the second covering in place.

7. The practice of removing all of the
remaining first and second coverings before proceeding,
in a planar transistor, to beyond the implantation of the
base, means that any final-metallisation layer will
encounter no step higher than the thickness of a single
covering of semiconductor compound along the surface of

the finished device.



9 — di oxi de | ayer 4 covering the surface of the epitaxial Iayer 3 that is
renote fromthe suhgssheangsgemﬂ' dificeat Ni ckness of the silico '

about*1[err]m The n sem conduct or substrat
expl ai ned ,ﬂl, - 21 -
8. All dimensions are set by the mask used to-

define the windows in the first covering. The masks used
in making openings in the second covering need not be
manufactured or positioned with great accuracy, because
their ffunction is, in effect, the selection of windows
alreédy defined by the mask used for the windows in the

first covering.



abgVe, part of a silicon wafer. in which will be found a plu H("ﬁfBet
devi ces produced by‘the~#abLLg§LLgprchpcess Referring
t he actonpanyi ng dra t he Si di oxi de layer 4 is mas

etched to | eave so Wg rface28f "t he epitaxial |ayer

exposed and ot her ar ea @ye of the epitaxial layer 3 stlH

covered by regionsi4l and 4 OfSSI con dioxide. The outerj gﬁg §@;ﬂm§~~ ---------
- BEEN

the regions 41 may be of circular or rectangul ar shgpe. Thap A : I

hor e oty AXna LAGeD |

1. A semiconduétor device fabrication process in
which the electrodes of a semiconductor device aré made
by introducing impurities into a body of semiconductor
material through specific areas of a major_surface of
the body of semiconductor material during separate stages
of the fabrication process, including the steps of:

forming a covering of a first semiconductor
compound, the first covering, on a major surface of the
semiconductor body, and including, in the firsf covering,
a plurality of windows each of which is to define a
respective electrode of the semiconductor device,

forming a covering of a second semiconductor
compound, the second covering, immediately on the first
covering, over selected ones of the windows and leaving
open the vemaining windows, which second semiconductor
compound is removable without the removal of significant
amounts of the first semiconductor compound, and

fabricating respective electrodeé of the semicon-
ductor device, during separate stages of the fabrication
process, by, at each stage, introducing an impurity into
the body of semiconductor material through the open

windows.

2. A semiconductor device iabrication process in

which impurities are introduced into a body of semicon-



be a circular or rectangular strip of éxposed surface of the epitaxial

| ayer -3 between the region 41 a the outer parts of the region 42. The
exposed areasI epi taxial layer 3 are w ndows through whi ch

i mpurities ”I m llhﬂl Iﬁﬂm ﬂant o the em3axial |ayer t THE SHER s

ti mes, but the H n l ﬁ all defined in one step y neanglg{ SBEé;]
singlb mask. . THe W nHows ih the silicon dioxide regi on 4Z may frave —

peri pheries that are circular, or partly circular and partly rectangul ar,
when the per|%%@?9§sm@Fe¥hél0§b§9ugap59§9$§éﬁ areagegfopsmajor surface

of the body of semiconductor material during separate

stages of the fabricatioﬁ process, including the steps
of:
forming a covering of a first semiconductor

compound, the first covering, on a major surface of the
semiconductor body,

etching, in the first covering, windows which define
areas of the surface into which impurities will be -
introduced intq the body of sgmiconductof material during
the fabrication process, -

forming a covering of a second semiconductor comp-
ound, the second covering, iﬁmediately on the first
covering, over selected ones of the windows and leaving
open the remaining windows, which second semiconductor
compound is removable without the removal of significant
amounts of the first semiconductor compound, and

introducing an impurity into the body of semiconduc-
tor material through the open windowé, at one stage of

the fabrication process.

3. A semiconductor bipolar device fabrication
process in which impurities are introduced into a body of
semiconductor material through specific areas of a major
surface of the body of semiconductor material during
separate étages of the fabrication process, inciuding the

steps of:

This Sheet Has Been Rep laced
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and™42 are circul ar. Wien the peripheries of the outer gap between the

regions 41 and—42—aﬁe~geﬁera##y**rectangular the wi.ndows in the region 42

e T -

%

forming a covering of a first semiconductor

compound, the first covering, on a major surface of the
semiconductor body, and including, in the first covering,
windows which define areas of the surface into which
impurities are to be introduced into the body of semicon-
ductor material during the fabrication proces,

forming a covering of a second semiconductor comp-
ound, the second covering, immediately 6n the first
covering, over selected ones of the windows and leaving
~open the remaining windows, which second semiconductor
compound is removable without the removal of significant
amounts of the first semiconductor compound, and

introducing an impurity into the body of semiconduc-
tor material through the open windows,'at one stage of

the fabrication process.

4. A semiconductor device fabrication process as
claimed in claim 1 or claim 3, wherein the windows
included in the first covering are made by applying a
mask to the first covering aﬁd etching the first covering

over selected areas defined by the mask.

5. A semiconductor device fabrication process as
claimed in claim 4, wherein the etching is performed to
remove substantially all of the original covering at the

windows and a thinner layer of the same material is then

provided at the windows. - This Sheet Has Been Rep

L 1}



Referring still to Fig. 2 of the acconpanying drawi ngs, photolithographic
techniques are_used in the nasklng step, and the etching operation may be
acconpl i shed byU t or g Dry etchihng, that S 7 assi sted

etching, is pre ~ provid®® A result that
t han t hat pos chlng (wet etching causes
the sides of the mﬁnd6MBf A dfy etch wll, of course, attack siTTCO

nitride as well as silicon dioxide if both are present, but in the
presence of : S

6. A semiconductor device fabrication process as
claimed in any one of claims 1 to 5, wherein forming the
second covering over selected ones of the windows
includes the steps of covering all the windows with the
second covering and, subsequently, removing the second

covering from specific windows.

7. A semiconductor device fabrication process as
claimed in any one of claims 1 to 6, wherein for each
introduction of an impurity into the body of semiconduc-
tor material, the second covering is removed from every

window through which an impurity will be introduced.

8. A semiconductor device fabrication process as
claimed in any one of claims 1 to 7, wherein, following
the introduction of an impurity through through cpen win-
dows, the windows are closed by a new covering, the third

covering, of the material of the first co&e:ing.

9. A semiconductor device fabrication process as
claimed in any one of claims 1 to.8, whefein, in
preparation for the introduction of an impurity through
the last selected windows through which an impurity is to
be introduced, the remainder of the second covering is
removed. |

-
heet Has Been Replaced
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siAT con di oxi de_al one, dry etching ié possi ble. At the stage represented

by Fig. 2, ther ' | t1ons —of the windows in the sili de
| ayer > which are-liﬂﬂ“ﬁﬂ H "uﬂfidentical to those present ifn
mask, may be exarls BV ensure 26arthe  critical d REPIs

t he mask have been preserved in ‘the transfer of the mask to the silicC
di oxi de | ayer. Referring nowto Fig. 3 of the acconpanying draw ngs,

t he exposed areas t surface_ of the ePita§igI.Ia er_3_are covered by
regions 51, 52 andP 3 semiconductor device fabrication procCess as

claimed in claim 9, which includes the steps of removing

the first covering from the last windows through which an
impurity is introduced and covering the exposed semicon-
ductor material with the same material as the first
covering, the fourth covering, thin enough to permit the

implantation of an impurity.

11. A semiconductor device fabrication process as
claimed in claim 10, including the steps of implantating

an impurity through the fourth covering.

12. A semiconductor device fabrication process as
claimed in any one of claims 1 to 11, wherein, following
the introduction of an impurity through the last open
windows through which an impurity is to be introduced,
the remainder of each covering is removed in order to
provide a substantially plane surface for further

processing.

13. A semiconductor device fabrication process
including steps substantially as herein described with
reference to, and as illustrated by, Figs. 1 to 14 of the

accompanying drawings.

14. A semiconductor device fabrication process

including steps substantially as herein described with

This Sheet Has Been Replaced
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thermal |y gromneﬁLLngn,d+exrd””ﬂ t hi ckness of about 1000[err]. The
formation of th \mw&\w 53 of thermally grown silicon dioxide

does not alter thjmg\m ons of the w ndows till as
defined by the redi 41 afld -Rferring no
acconpanying S -11-

reference to, and as illustrated by, Figs. 1 to 10 and 15

to 18 of the accompanying drawings.

15. A semiconductor device fabrication process
including steps substantially as herein described with
reference to, and as illustrated by Figs. 19 to 23 of the

accompanying drawings.

16. A semiconductor device fabricated by a process

as claimed in any one of claims 1 to 15.

17. A semiconductor wafer including a plurality of
partly fabricated semiconductor devices produced by a

process as claimed in any one of claims 1 to 15.

18. A silicon semiconductor wafer comprising a
plurality of partly fabricated siiicon semiconductor
devices each including a major surface that is a part of
the silicon semicdnductor wafer, each major surface
having a covering of silicon dioxide, 'characterised by
first regions of a first thickness of silicon dioxide
contiguous with second regions of a second thickness of
silicon dioxide and with third regions of a third
thiékness of silicon dioxide, the second regions being
thinner than the first regions and thicker than the third
r~gions, the third regions being adjacent only to fifst

regions, and each of the third regions having a covering
-

Sheet Has Been Replaced.
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| ayer <6 of silicon i formed by a deposition

that involving the deconp03|t|on of sitad® tSiH4) and annnnla N
yield silicon nitride (Si3N4) and hydrogen (Herr]). Referring no
Fig. 5 of the acconpanying drawi ngs, the silicon nitride is renoved from
t he oxi de

drawi ngs, the siI| s 41, 42, 51, 52, and 3..are covered
by a | ayer 6 of SI "H[‘ m,ﬂ!ﬂ t hi ckness about 2200[e|TH]S SHEE .
e :

of silicon nitride which extends over the adjacent first

regions.

19. A silicon semiconductor wafer including a
plurality of partly fabricated semiconductor devices
substantially as herein described with reference to, and

as illustrated by; Fig. 10 of the accompanying drawings.

20. A semiconductor device fabrication process as
claimed in claim 1, wherein the windows definé the

electrodes of a bipolar semiconductor device.

21. A semiconductor device fabrication process as

claimed in claim 2, which is a bipolar process.

-
This Sheet Has Been R
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region 5t by the use of an oversize mask fhéflleaves regi ons 61 and 62 of

the nitride layer. Not only nmay the
nitride be oversize, but
the area into which a diffusion wll

oxi de regions below the nitride |ayer.
nitride layer is renoved to beyond the

mask used in the renova
it need not be aligned with high accuracy because
be made is already d

As wll

16

s of the oxide

of the

ned by the
be evident ffrumg

42, and the exact anounts by which the e regions:41 an
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rel.atively uninportant. The renoval of regions of the nitride layer is
effected by neans of an etchant capable of etching the nitride at a much
hi gher “rate than it will etch the oxide. The etch is sto p@ls&L
estimated that the thickness of the oxide in the region J1 1s

E&ItHAs BEEN
500[erk]. Referrlng nowto Fig. 6 of the acconpanyin FHACED he
oxi de region 51 is renoved by applyln%25?eSOX|de et chant which is all owe

to renove all of the oxide
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- 12 - = region 51 without significantly reducing'the extent of
regions 41 and 42 of oxide bounding the region 51,
region 51. In practice, in order

bei ng €onsi derably thicker than the

ensure the conplete renoval of the oxide region 51

permtted to over etch in the region 51, thus renoving

t he
the regions 41 and 42

to

the oxide etchant is
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sore of -t he sem conductor nmaterial in the region bounded by the oxide
regi ons 41 and 42. Referring nowto Fig. 7 of the acconpanying
draw ngs, boron, a P-type inpurity, is diffused into the exposed region
bounded by the oxide regions 41 and 42 to the extent tha he dlffused

regi on, extends through the epitaxial Iayer 3 and into the THS S B
effectively separating the epitaxial 763 I nto an outfer rempgA
he R

an inner region 32. The inner region 32 original ep
i s di sc-shaped and i sol at ed
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fromthe outer region 31 by the deep diffusion which extends Iike a
curtain around the inner epitaxial region 32. Thus, the diffusion step
illustrated by Fig. 7 achieves the isolation of the inner epitaxial region
32 fromthe remainder of the original epitaxial |ayer 3 ang— onpl et ed

by the-growth of an oxide region 410 to shut the mﬁndOM/be'WBHﬁSHBEr@%k_
regions 41 and 42. Ref erring now ig. 8 of the acceapanyBRUACED
drawi ngs, the next diffusion step in tggf cess begins wth the remnova
of the nitride region covering'the oxide
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regi orr' 53, using, again, an over-size mask which need not
- 13- be precisely aligned, in order to renove the nitride region to
beyond t he edges of the oxide region 53. As before, the etchant used is

capabi e of etching the sem -
pab 9 THIS SHEET HAS BEEN
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conductor nitride at a rate higher than that at which it etches the
silicon dioxide, and, when tine enough has: been allowed for the renoval of
the nitride covering the oxide region 53, the thickness of the oxide
‘regi bn .53 may have been reduced to 500[err]. Referring nowto Fig. 9
of the acconpanying draw ngs, the inner epitaxial region 32 is prepared
.for a second diffusion step of the process by the etching away of the

t hin oxi-de region 53, there being, as before, a slight reduction in the
thi ckness of the oxide region 42 -

ABSTRACT

A SEMICONDUCTOR DEVICE FABRICATTON PROCESS

A semiconductor device fabrication process in which
the features of a composite mask are transferred to a
first covering on a surface of.é semiconductor bulk, the
first covering its etched to provide windows for the
introduction of impurities into the semiconductor bulk,
'and-selécted windows in the first covering are masked by
a second covering différihg in composition from the first
cowering, to facilitate the introduction df.impuritieé
through open windows in the first covering into the

semiconductor bulk.

(Figure 5)



boundi ng the region 53 due to exposure to the oxide .etchant, and sone
of the inner epitaxial region 32 because of the

dur gt JREPLAEEMENISHEET needed to ensure that all of the oxide region 53 is
r emove[ by THE €t chant|

Referring nowi fobishe dibek- 2 MRciINine987N0

n N-type inpurity.is used 1nto the exposed
pitaxial region 32 in the exposed region previously
5{A SEMICONBUCIOR cDEVICE FABREGATIDN rRROCESSHed nmateri al 323

DS g £ pEgmaTuS
b of t he I nner

The present invention relates to a semiconductor
device fabrication process.

In planar processes of semiconductor device
fabrication, impurities required to provide doped
semiconductor reginns that form the electrodes of a
semiconductor device are introduced into a bulk of
semiconductor material through windows in a mask laid
over a major surface of the bulk of semiconductor
material. fhe impurities required for the semiconductor
device electrodes are usually of more than one type and
are required in differing concentrations, and it is
usually necessary to carry out several diffusion or
implantation operations, with the aid of masks, in the
fabrication of a semiconductor device. In a diffusion
operation, a mask is used to cover selected areas of-a
semiconductor bulk and the enﬁire semiconductor bulk is_.
exposed to a gas'containing the apprdpriate impurity ip a
specific céﬁcentration, the result being.that the
impurity diffuses through windows in the mask into the

K-f semiconductor bulk and establishes a specific‘doping
level in a region of the semiéonductor bulk. In an
implantation operation, a beam of ions of an impurity is

directed through windows in a mask.



the inner epitaxial {r RPACEMENANSHEEAt @ the N[ err] -type buried region 2.
The diffusion step ijs et rowi ng an oxide region 411 to shut the

wi ndow i n the oxide |rdgi 6% peé-1997 -14-
Substitute sheet - 2 December 1997

One significant difficulty of any planar process is
that of ensuring that the device electrodes, as defined
by respective masks, have the correct relative 1ocations,
the difficulty being in ensuring that, where several
masking operations are carried out in sequence, each
later used mask is correctly positioned relative to
previously used masks. Also, the accuracy with which a.
mask may be positioned relative to a previously used mask
dictates the minimum sizes of semiconductor device
electrodes which may be fabricated in a production
process. |

Some of the difficulties faced in the positioning of
the masks used in the planar processes may be alleviated
by the use of compésite masks which combine, on a single
mask, the features of two or three correctly positioned
separate masks, and the modification of the other
process steps in order to'effact the introduction of
impurities through only some of the unmasked areas of the
composite magk during each operation in which an impurity

is introduced into a host material.



Referring to Fig. 11 g drawi ngs, . the inner epitaxial
region 32 is prepa qumngmENEHi usion step of the process by the
removal of the partis —6 062 of {the original nitride |ayer 6 exposing

the thin oxide redidn E%‘ WI B w M Pe furtém{saﬁgg_ygﬁ&tl n% dé}jﬂﬂé‘ﬁ?gbby .

_"‘3

the etching away of{ the The 3 axide region 52 1s renove
further etching step. eHrE of| t he oxigde 'D“'nﬁ b2—fresthts I n sone
renoval of the sem onductor materi al] under t|hEHSSHEE ﬁ?F%WNEZ.

REPLACE

European Patent Application No. 0O 242 623 discloses
a semiconductor device in which a pair of element regions
6f a second conductivity type are formed to be electri-
cally isolated from each other on a semiconductor |
substrate of a first conductivity type, a complementary
MOS transistor being formed in one of the elemant regions
of the second conductivity type and a double-diffused MOS
transistor being formed in the other element region of
the second conductivity type. A dopant for the pair of
element regions of the second conductivity type is
 implanted through apertures in a silicon dioxide mask
while the remainder of the silicon dioxide mask is
covered by a photoresist layer which is.discarded on the
completion of the implantation step.

It is an object of the present invention to provide
a semiconductor device fabrication process which facilit-
ates the use of a composite mask.

The present invention provides a semiconductor
device faﬁrication process in which doped regions of a
semiconductor device are made by introducing impurities
s into a body of semiconductor ﬁaterial through specific

areas of a major surface of the body of semiconductor
material during the fabrication process, including the
steps of:

forming a first covering of silicon dioxide on a
major surface of the body of semicoﬁducﬁor méterial, and

including, in the first covering, a plurality of windows

This Sheet Has Been Replaced




Referfing to Fig. 12 of thﬁyﬁﬁgﬂﬂﬂﬁngﬂﬂg' rawi ngs, a thin oxide layer 7 is
grown over the exposed A-c-oRdHetoF r flace and boron |ons are inplanted

t hrough the thin oxide laygr de |a P-type re |on

Referring now to Fig. 13} of Qﬁﬁbgégﬁﬁg yln% bgzp X

continued by the renovaljof _the thin oxi i é%ﬁﬁier OXIde
regi ohs 41, 42, 410 and} 411 covering the ﬁz hs %;LA EDt he stirface, in
preparation for a furthel_step-inthe e

pfecass,
each of which definés a respective region of the
semiconductor device, each window being an area of the
first covering that is significantly thinner than the
maximum thickness of that covering,

'forming a covering of silicon nitride, the second
covering, immediately on and over the entire first
covering while ieaving opeﬁ at least one window,

fabricating a doped region of the semiconductor
device at the or each'open window by introducing an
impurity into the body of semiconductor material through

\_/ the or each open window, by diffusion, after rémoval of
the thinner silicon dioxide from the or each open window,

covering the or each doped region with further
silicon dioxide, the third covering,

opening at least one further window by removing the
silicon nitride covering from the further window or from
a plurality of further windows and

introducing another impurity into the body of-

- semiconductor material through the or each further open
window,_by diffusion, after-removal of the thinner
silicon dioxide from the or each further open window.

" The éemiconductor device fabrication process can
include etching, in the first covering, the windows which
define the respective areas through which impurities will
be introduced info the body of semiconductor material

during the fabrication process and covering the etched

Th:s Sheet Has Been Réplaced
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illustrated by Fig. 14 ' ReferTing to'Fig. 14 of the acconpanying
drawi ngs, the next ﬂﬁepAﬂEMENTeSbEEJCE ss requires the heating of the

struct-ure to cause it H~-fuston of

—

he region 8 into the inner epitaxial

region 32, and to g h@{;ﬁgd a9 |9 |of OXiQE?%ﬁte%%efg%ngémbfe?%ﬁ

t he styucture.

cess il|l Ustrate 1 9.
THIS SHEET HAS BEEN
: REPLACED -

areas with a layer of silicon dioxide that is sig-

nificantly thinner than the original silicon dioxide
covering. |

The semiconductor device fabrication process can
include forming doped regions of bipolar semiconductor
devices by introducing an impufity into the body of semi-
conductor material through the open windows, by dif-
fusion, after removal of the thinner silicon dioxide and
forming further doped regions of the bipolar semiconduc-
tor devices by introducing another impurity through the
further open windows,.bf diffusién, after removal of the
thinner silicon dioxide.

Preferably, the windows included in the first
covering are made by applying a mask to the first
covering and etching the first covering over selected
areas defined by the mask.

Preferably, the etching is performed to remove
substantiglly all of the original silicon dioxide
covering at the windows and a thinner layer of the same
méterial is then provided at the windows.

Preferably, forming the silicon nitride covering,
the secoﬁd covering, over selected ones of the windows
includes the steps of covering all the windows with
silicon nitride and, subsequently, removing the silicon
nitride from sbecific windows.

Preferably, for each introduction of an impurity

into the body of semiconductor matérial, the second

- This Sheet Has Been Replaced”
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- 15- conpl eted by h%ﬁﬁﬁﬁﬁwﬁﬂfé?ﬁETw ndow in the oxide |layer covering
the P-type region 8, thetintroduction,{ preferably by diffusion, of an
N-type region into the ed) 4 DES ¥%e bppni mgisodupETHIMEEEN |t he oxi de | ayer
9 covering the region and 323, respe,tgxghéﬁgﬂﬂg; Vi S

metal regions contacting the Tegions 8, BZ eﬁ%%&.ﬁﬁ) "#6{1%97

i htroduced into the regi on 8.

covering is removed from every window through which an
impurity will be introduced.

Preferably, the semiconductor device fabrication
process includes the steps of removing the first covering
from the last windows through which an impgrity is to be
introduced and covering the exposed semiconductor |
material with the same material as the first covering,
thin enough to permit the implantation of an impurity.

Preferably, the remainder of each covering is
removed in order to provide.a substantially plane surface

U for further processihg; following the introduction of an
impurity through the last open windows through which an
impurity is to be introduced.

The windows may define the doped regions of a
bipolar device such as, for example, a planar bipolar
transistor.

An intermediate stage of the semiconductor device
fabricatipn process provides a silicon semiconductor
Qafer comprising a plurality of partly completed silicon
. semiconductor devices each including a major surface that
- is a part of the silicon semiconductor wafer, each major

surface having a continuous covering of silicon dioxide,
characterised by first regions of a first thickness of
silicon dioxide through which no impurity can be
introduced into the semicoﬁductor wafer, secohd regions

of a second thickness of silicon dioxide through which an
/ .
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The device produced on the conpletion of the process is an NPN pl anar

transistor in which the '“"iuu 32 Egllect rode, the
regionn 8 is the P-type ba “‘rﬁ% rP;)eéﬂgs pi@%ﬁ ype regi on
diffused into the regi |s t he enltter

steps, ;formng no part of Ihe 4 pEEINEn, %Stwﬁ ff%??‘a‘t%aj%Préfﬂ’B%PQBZd
in detail. Figs. 1b fo 18 illustr alternatlve steps to those

illustrated by Figs. 11 fo
Fig. 14 fromthe positiop represented by _
impurity Has been introduced into the semiconductor

g lat the result represented by

wafer and third regions of a third thickness of silicon
dioxide through which an impurity is yet to be introduced
into the semiconductor wafer, the second regions being
thinner than the first regions and thicker than the third
regions, the third regiohs being adjaéent only to first
regions, and each of the third regions having a covering
of silicon nitride which extends over the adjacent first

regions.

R
eet Has Been Rt’alﬁa‘“-‘1
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Fig. 10. Referring now to Fig. 15 of the acconpanying draw ngs, the
process steps illustrated by Figs. 1 tq s suaseTiHAY gemdl by the renoval of
the nitride covering the o P {on |52 wi RBRBLACESX ri pping of f any of the
nitride el sewhereg: e rTdgHkEOveéri ngot h n by
the use of an over- & (‘E!\#‘NW fin th‘g7edg’é‘}s&w§te{ﬁg&#hlgléércsesurroun ?ng
oxi de* regi on 42 expdsed. efleriring to Fig. 16 of the acconpanying
drawi ngs, the oxide rénﬁ ngg s removed and repl aced by a thinner

‘accd

,,-i—”"'~’k'#’f/
“Y\ii\\\\\\\\\\\\\\\\\\\\\

The process may be a bipoclar process and the

windows may define the electrodes of a bipolar device.

| The first semiconductor compound is, preferably,
silicon dioxide and the second semiconductor compound is,
preferably, silicon nitride.

Three examples of a semiconductor device fabrication
process, in accordance with the pfesent invention, will
now be described by way of example only, with reference
to the'accompanying drawings, in which:

Figs.ll to 14 represent a first bulk of silicon
semiconductor material subjected to fourteen steps of a
first form of the process to yield, as illustrated by
s Fig. 14, an isolation region, a collector region, and a

base regidn, for a silicon planar transistor, provided
with a covering of silicon dioxide,

Figé. 15 to 18 represent a second bulk of silicon
semiconductor material suﬁjected to the same initial
process steps as those illusﬁrated by Figs. 1 to 10 ahd.

thereafter, to alternative steps to those of Figs. 11 to
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oxi de regibn 7, In steps which effect sone cutting down of the.

sem conductor surface originally covered by the oxide region 52, the
i mpl antation of an N-type inmpurity, such as boron, into the epitaxial

region 32 to provide

"
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14, but providing a r 1t, illustrated by Fig. 18, which
is the same as that illustrated by Fig. 14,

Figs. 19 to 23 represent a third bulk of silicon
semiconductor material subjected to similar process steps
to those illustrated by Figs. 1 to 7 (but with a
different pattern of windows for the introduction of
impurities) to yield, as illustrated by Fig. 19, an
isolation region and a base region, and, thereafter, to
steps necessary to provide a resistor, as illustrated by
Fig. 23, and, |

Figs. 24 and 25 represent in plan view the resistor
shown in Fig. 23 in relation to twé possibie positions of
its contact pads which will be provided, at a later
stage, by steps requiring the use of another mask.

It will be understood.that.each partly completed-
device illustrated by the accompanying drawings
represents one of a plurality of similar devices which
are being fébricéted all at the same time by the process
and which belong to a semiconductor_wafer.

Referring to F1g 1 of the accompanylng drawings,
material suitable as. the starting point for the doping
steps (the steps introducing impurities) in the
manufacturing process of a planar silicon transistor
consists of a P-type silicon semiconductor subétrate 1
having an N*-type semiconductor buried region 2, an N-
type semiconductor eﬁitaxial layer 3 in contact with the

substrate 1 and the buried region 2, and a silicon



the inplanted region 8. .. Referrifg
t hat the fuftmgﬁApﬂmaﬁssHﬁﬁfsteps provi de the sane results as

appar ent

to Figs. 17 and 18, it wll be

are illustrated by Figsy—43—and—1a77 gspecti vely. Figs. 19 to 23

illustrate the later pthg rm_ﬁg ni
the fabrication of ajse ii% ?%? r

Referting to Fig. 19 ¢f |the acca

R T R
ng draw ngs, a

dioxide layer 4 covering the surface of the epitaxial

layer 3 that is remote from the substrate 1. The

thickness of the silicon dioxide layer is about.lum. The
P-type siiicon semiconductor substrate 1 is, as explained
above, part of a silicon wafer. in which will be found a
plurality of the devices produced by the fabrication
process. |

Referring to Fig. 2 of thé;accompanying drawings,
the silicon dioxide layer 4 is masked and etched to leave
some areas of the surface of the epitaxial layer 3
exposed and other éreas of the surface of the epitaxial
;ayer 3 still covered by regions 41 and 42, of silicon
dioxide. The outer gap between the régions 41 and 42 may
be of circular or rectangulaf shape. That is, ﬁhere may
be a circular or rectangular strip of exposed surface of
the epitaxial layer 3 between the region 41 and the outer
parts of the region 42. The exposed areas of the
epitaxial }ayer 3 are windows through which impurities
will be infroduced into the epitaxial iayer'J at
different times, but the expoéed areas are all defined in
one step by means of a single mask. The windows in the
silicon dioxide region 42 may have peripheries that are
circular, or partly circular and partly rectangular, when
the peripheries of the outer gap between the regions 41
and 42 ére circular. When thé peripheties of the outer
gap between the regions 41 and 42 are generally

rectangular, the windows in the region 42 may be expected-
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of Ii€h is defined by the thlcker
Referrldg nowto Fig. 21 of the

to have generally rectangular peripheries.

Referring still to Fig. 2 of the accompanying

drawings, photolithographic techniques are used in the

masking step, and_the etching operation may be

accomplished by wet or dry etching. Dry etching, that

is, plasma-assisted etching, is preferred because it

provides a result that is more accurate than that

possible with wet etching (wet etching causes more

erosion of the sides of the windows). A dry etch will,

of course, attack silicon nitride as well as silicon

U dioxide if both are present, but in the presence of

silicon dioxide alone, dry etching is possible. At the

stage represented by Fig. 2, the relative positions of

the windows in the silicon dioxide layer, which are

intended to be identical to those present in the single

mask, may be examined in order to ensure that the

cr;tical dimensions of the mask have been preserved in

the transfer of the mask to the silicon dioxide layer. .

Referring now to F@g. 3 of the accompanying

~ drawings, the exposed areas of the surface of the

epitaxjal layer 3 are covered by regions 51, 52 and 53 of

thermally grown silicon dioxide, of thickness of about

100 nm.- -

The formation of the regions 51, S2 and 53 of

thermally grown silicon dioxide does not alter the

relative positions of the windows which are still as

defined by the regions 41 and 42.

Referring now to Fig. 4 of the accompanying
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drawifigs, the silicon dioxide.regions 41, 42 51, 52 and
53 are covered by a layer 6 of silicon nitride, of
thickness abo;t 220 nm. The layer 6 of silicon nitride
may be formed by a deposition process such as that
involving the decomposition of silane (SiH4) and ammonia
(NH3) to yield silicon nitride (SijN,) and hydrogen (Hj).
Referring now to Fig. 5 of the accompanying
drawings, the silicon nitride is removed from the oxide
region 51 by the use of an oversize mask that leaves
regions 61 and 62 of-the nitride layer. Not only may the
mask used in the removal of th; nitride be oversize, but
it need not be aligned with high accuracy because the
area into which a diffusion will be made is already
defined by the oxide regions below the nitride layer. Aas
will be evident from Fig. 5, the nitride layer is removed
to beyond the edges of the oxide regions 41 and 42, ahd
the exact amounts by which the oxide regions 4: and 42
extend beyond the nitride regions 61 and 62 are
relatively ﬁnimportant. The removal of regions of the
nitride layer is effected by means of-an etchant capable

of etching the nitride at a much higher rate than it will

".etch the oxide. The etch is stopped when it is estimated

-that the thickness of the ox1de in the region 51 is about

50 nm.
Referring now to Fig. 6 of the accompanying
drawings, the oxide region 51 is removed by applying an

oxide etchant which is allowed to remqve all of the oxide

This Sheet Has Been Re ‘ace
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region 51 without significantly reducing the extent of
~ the regions 41 and 42 of oxide bounding the region 51,
the regioné 41 and 42 being considerably thicker than the
region 51. In practice, in order to ensure the complete
removal of the oxide region 51, the oxide etchant is
permitted to over etch in the region 51, thus removing
some of the semiconductor material in the region bounded
by the oxide regions 41 and 42.
Referring now to Fig. 7 of the accompanying

drawings, boron, a P-type impurity, is diffused into the

exposed region bounded-by the oxide regions 41 and 42 to
the extent that the diffused:region extends through the
epitaxial layer 3 and into the substrate 1, effectively
separatihg the epitaxial layer 3 into an ocuter region 31
and an inner region 32. The inner region 32 of the
original epitaxial layer 3 is disc-shaped and isolatéd
from the outer region 31 by the deep diffusion which
extends like a curtain around the inner epitaxial region
32. Thus, the diffusion step illustrated by Fig. 7
achieves the isoclation bf the inner epitaxial region 32
from the remainder of the original epitaxial layer 3 and
is completed by the growth of an éxide region 410 to shut
' the window beﬁween the oxide regions 41 and 42.

Referring now to Fig. 8 of the accompanying
drawings, the next-diffusion step in the procéss begins
with the removal of the nitride region covering the oxide

‘region 53, using, again, an over-size mask which need not
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- general |y plane surfdcd_for subseguedt |processing steps. Figs. 24 and
25 show, in plan, thg body 326 of the |resistor, shown in Fig. 23, and the

4 S
' mpl ant ed reglon§p§£c1sely allgned in order to remove the nitride

region to beyond the edges of the oxide region 53. As
before, the etchant used is capable of etching the semi-
conductor nitride at a rate higher than that at which it
etches the silicon dioxide, and, when time enough has
been allowed for the removal of the nitride covering_the
oxide region 53, the thickness of the oxide region 53 may
have been reduced to SOIh;_

Referring now to Fig. 9 of the accompanying
drawingé, the inner epitaxial region 32 is prepared for a
second diffusion step of the process by the etching away
of the thin oxide-region 53, there being, as before, a
slight reduction in the thickness of the oxide region 42
bounding the region 53 due to exposure to the oxide
etchant, and some attack of the surfacelof the .inner
epitaxial region 32 because of the duration of etching_
needed to ensure that.all of the oxide region 53 is
removed by_the etchant.

Referfing now to Fig. 10 of the accompanying
drawings, phosphorus, an N-type impurity is diffused into
N the exposed surface of the inner epitaxial region 32 in

the exposed region previously covered by the oxide 53 to
the extent that the N* doped material 323 extends through
the inner epitaxial region 32 and inté theIN+-type buried
region 2. The.diffusion step is completed by growing an
oxide region 411 to shut the window in the oxide region

\R
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and 325 which are the sem conductor end contact regions for the resistor

whi ch has,

provi de
28 for facilitatin
Referring to Fig.

end contact region

elin the process, contact pads 27 and
cltions-to the resistor body 326.

ads 27 aggpefiute ¥hBE - 2'BbLEMUSRAFDINE
- 14 - '

i . ) .
Referring to Fig. 11 of the accompanying drawings,

the inner epitaxial region 32 is prepared for a third
diffusion step of the process by the removal of the parts
61 and 62 of the original nitride layer 6 exposing the
thin oxide region 52 which will be further reduced in
thickness by the etching away of the nitride layer. The
oxide region 52 is removed by a further etching step.

The removal of the oxide region 52 results in some
removal of the semiconductor material under the oxide
region 52.

Referring to Fig. 12 of the accompanying drawings, a.
thin oxide layer 7 is grown over the exposed
semiconductor surfacé and boron ions are implanted
through the thin oxide layer 7 to provide a P-type region
8. |

Referring now to Fig. 13 of the accompanying
drawings, the process is continued by the removal of the
thin oxide region 7 and the thicker oxide regions 41, 42,
410 and 411 covering the remainder of the surface, in
preparation for a further step in the process,
illustrated by Fig. 14.

Referring to fig. 14 of the accompanying drawings,
the next step in the process requires the heating of the
structure to cause the diffusion of the region 8 into the
inner epitaxiél region 32, and to grcw a new layer 9 of
oxide over the entire surface of the structure.

‘The process illustrated by Figs. 1 to 14 is



-18 - may be so positioned as to adg—the Ic"%*‘hc of—the shaded ar eas
21 and 22 to the |engfh glf’LAtClEﬂER?dﬁ?ﬁEﬁG of 1§ REEET HASiBRENr [ Therefore, the

val ue: of the sen conddic

of the body

resistance of the total || BgtDEGTI9%%e|shaded areas

|_heRERMCERNt i al Jy the resistance
326, butf tthat value wil} bggl E&&%ﬁﬁé& sg [gggémbe-lggyhe

ine wth

the length of the body 326 of the r ¢sijstor.

completed—by the opening of a window in the oxide layer 9

covering the P-type region 8, the introduction,
preferably by diffusion, of an N-type region into the
region 8, the opening of windows in the oxide layer 9
covering the regions 8 and 323; respectively, and the
provision of metal regions contacting the regions 8, 323,
and the additicnal region introduced into the region 8.
The device produced on the completion of the process is
an NPN planar transistor in which the region 32 'is the N-
type collector electrode, the region 8 is the P-type base
electrode, and the additional N-type region diffused into
the regioh 8 is the emitter electrode. These completion
steps, forming no part of the invention, are not
illustrated or described in detail.

Figs. 15 to 18 illustrate alternative steps to those

illustrated by Figs. 11 to 14 in arriving at the result

represented by Fig. 14 from the position represented by
Fig. 10. . |

Referring'now to Fig. 15 of the accoﬁpanying
drawings, the process steps illustrated by Figs. 1 to 10
are followed by the removal of the nitride covering the
oxide regioﬁ 52 without stripping off any of the nitride
elsewhere. The nitride covefing the oxide region 52 is
removed by the use of an over-size mask leaving the edges
of the thicker surrounding oxide region 42 exposed.

Referring to Fig. 16 of the accompanying drawings,

the oxide region 52 is removed and replaced by a thinner

- This Sheet Has Been Replaced




Referring to Fig. 25, the contact pads 27 and 28 may be positioned :
slightly differently on_the co egions 324 and 325, but it will be
evident that the tdt shaded regi ons, shown in Fig. 25,
will be the sane S of th haded regi.on 1 and 2

shown in Fig. 24, 4n , the ?%é?%tttﬁe s'bg?}v'l géiewngﬁre%997
arrangenment repres nt{edd 7724wl | _haye _the sanme val ue as the

resi stor provided RQy lt he g représented by Fig. 25. That is, the
al i gnnent of the sk for defining the area covered by

oxide region 7, in steps which effect some cutting down

of the semiconductor surface priginally covered by the

oxide region 52, the implantation of an N-type impurity,
such as boron, into the epitaxial region 32 to provide

the implanted region 8.

Referring to Figs..l7 and 18, it will be apparent
that the further processing steps provide the same
results as are illustrated by Figs. 13 and 14,
respectively.

Figs. 19 to 23.illustrate the later stages,
beginning with that illustrated by Fig. 1, in the
fabrication of a semiconductor resistor in a planar
structures.
| Reférring to Fig. 19 of the accompanying drawings, a
deep isolation diffusion, along the lines deécribed above
with reference to Fig. 7, has been completed to effect:
isolation of the region 32 of the epitaxial layer and the
diffusion area has been covered by a silicon dioxide
region 410.

- Referring to Fig. 20 of the accompanying drawings,
the nitride covering 63 is then removed to expose the
thin covering 54 of silicon dioxide the area of which is
defined by the thicker silicon dioxide region 42.

Referring now to Fig. 21 of the accompanying
drawings, the thinner siliéoh dioxide covering 54 is
removed, by means of an etchant, to expose the silicon

material surface.



t he contact pads 27 and 28 need not _be performed with great precision, the

only practical restri EEMEMTSHEE[ o pad 27 or 28 shoul d extend

out side the regions 2,~“.v S2b—-—FHreytpbtal |length of the shaded areas 27
and 28 along the ling of th b IS
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contafning those w nd mr. The_s conductor device fabrication

process steps descrilped with referencejto Figs. 1 to 23 of the

Referring now to Fig. 22 of the accompanying
drawings, a thin replacement covering 10 of silicén
dioxide is grown on the exposed silicon matérial surface
and a photo-resist pattern is applied to provide a photo-
resist covering 11 which has apertures defining two
regions with rectangular peripheries, in the epitaxial
layer 32. A impurity is implanted using the photo-resist

'.covering and the silicon dioxide covering as a mask to
provide doped regions 324 and 325. Referring now to Fig.
23, the ﬁhoto-resist covering is removed and an impurity
implanted through the silicon dioxide covering 10 to
provide a semiconductor resistor body 326 connected to
the implanted regions 324 and 325, which serve as the
resistor terminals.

As before, following the stage illustrated by Fig.
23,'the remainder 41, 42, 410, and 10 of the original -
silicon dioxide covering is removed and replaced by a
fresh covering'of-silicon dioxide, in order to provide a
generally piane surface for subsequent processing steps.

Figs. 24 and 25 show, in plan, the body 326 of the

\J’ resistor, shown in Fig. 23, and the implanted regions 324
and 325 which are the semiconductor end contact regions
for the resistor which has, pfovided at a later stage in
the process, contact pads 27 and 28 for facilitating
external connections ﬁo the resistor body 326.

| Referring to Fig. 24, the contéct pads 27 and 28,

being smaller than the end contact regions 324 and 325,
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may be so positioned as to add the lengths of the shaded
areas 21 and 22 to the length of the body 326 of the
resistor. Therefore, the value of the semicondﬁctor
resistor will be substantially the resistance of the body
326, but that value will be increased very slightly by
the.resistance of the total length of the shaded areas 22
and 23 in line with the length of the body 326 of the
resistor. _
Referring to Fig. 25, the contact pads 27 and 28 may
be positioned slightly differently on the contact regions
N 324 and 325, but it will be evident that the total length
of the shaded regions, shown in Fig. 25, will be the same
as the tqtal length of the shaded regions Zi and 22,
shown in Fig. 24, and that, therefore, the resistor
provided by the arrangement'represented by Fig. 24 will
have the same value as the resistor provided by the .
arrangement represented by Fig. 25. That is, the
alignment of the mask for definihg the area covered by
the contact pads 27 and 28 need not be performed with
great precision, the only practical restriction being
that no pad 27 or 28 should extend outside the regions
324 and 325. The total length of the shaded areas 27 and
28 along the line of the body 326 of the resistor is set
by the spacing cf the windows for the contact pads 27 and
28 on the mask containing those windows;
The semiconductor device fabrication process steps

described with reference to Figs. 1 to 23 of the



conpl etion of the pramar—tramsi Slin a conplete wafer. It will be
unggrstood, t her ef r&ﬂ%ﬁﬁﬁw fgﬁgﬁccnprising al nost conpl ete devi ces may
be produced at one |l dcation, by thelfabrication process steps described
herein, and noved ftd apof DEC W9Eati qn for anipdkithic®bhest - 2 DILUINBE 1997
features of the prdcgss described W tlh =r&ference to the acconpanyl ng
drawi ngs are as .fol] ows: T The process is able to utilise a
three-1ayer conposjte mask providing, for a planar transistor, a base

[ N er rT—connection to a buried col|ector |ayer,
region. a de%&cémpai&fng drawgngs represent major stepsyln a planar

semiconductor device fabfication process and will,
therefore, yield substantially complete planar
transistors, say, requiring only a conventional emitter
diffusion, final passivation and metallisation for the
completion of the planar transistors in a complete wafer.
It will be understood, therefore, that wafers comprising
" almost complete devices may be produced at one location,
by the fabrication process steps described herein, and
moved to another location. for completion. |

The main features of the process described with

~ reference to the accompanying d:awings are as follows:

1. The process is able to utilise a three-layer
composite mask providing, for a planar transistor, a base
region, a deep N* connection to a buried collector layer,
and isolating barrier.

2. A four-layer composite mask may be used,
where the fourth layer is for an implanted resistor.

3. .In the application of the process to a
silicon wafer, dry (plasma-assisted) etching may be used

N because the etching of the masking silicon dioxide

covering is carried out before ahy deposition'of silicon
nitride is cérriedlout. Additionally,:the guality of the
features transferred from the composité mask to the
silicon dioxide covéring may be inspected before.
proceeding further. Dry etching is a more precise

process than wet etching, and wet etching must be used



and isolating barrier. 2 A four-layer conposite mask may be

used, where the fourth |aver is for _an inplanted resistor. 3.

In the application pfpidi@acem [fetkp @ silicon wafer, dry _

(pl asma- assi st ed) et CW&M ; Lsed b-eCa%&ﬂﬁté%ﬁ@éﬁgg%eéaﬁbgﬁ 6970
silicon dioxide coyjefing, is carried put-bghore any deposition of silircon
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o the silicon dioxide covering my be
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conposi t e nask

if silicon nitride is present.

4. The composite mask does not include any
registration tqlerances (it does not require any
registratioh tolerances), and, as a result, there is no
semiconductor material wasted in providing registration
tolerances. |

S. Any defects in the first covering, that is,
the silicon dioxide covering, when a silicon
semiconductor_wafer is used, such as pinholes or
scratches, will generaily be covered by the second
covering during the process, and will not cause defects.

Also, defects in the second covering will not lead to

exposure of the semiconductor material because of the

presence of the first covering.

6. As the first covering may be inspected after
the etching step transferring the featufes of the three
or four-layer composite mask, all dimensions, including
critical digensions, are available for inspection. That
would not be the case if etching of the first covering
were conducted with the second covering in place.

7. The practice of removing all of the
remaining first and second coverings before proceeding,
in a planar transistor, to beyond the implantation of the
base, means that any final-metallisation layer will
encounter nc step higher than the thickness of a single
covering of semiconductor compound along the surface of

the finished device.



proceedi ng furthgr—-bry-—etching {s a nore precise process than wet :
et ching, and wet | eRIAAGERBNE SHIDET q%ed If silicon nitride is
present . 4 Tre—conposi tie mask does not include any
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8. All dimensions are set by the mask used to

define the windows in the first covering. The masks used
in making openings in the second covering need not be

manufactured or positioned with great accuracy, because
their -‘function is, in effect, the selection of windows

already defined by the mask used for the windows in the

first covering. .
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1. A semiconductor device fabrication process in which
doped regions of a semiconductor device are made by
introducing impurities into a body of semiconductor
material through specific areas of a major surface of the
body of semiconductor material during the fabrication
process, including the steps of:

forming a first covering of silicon dioxide on a
‘major surface of the body of semiconductor material, and
including, in the first covering, a plurality of windows
each of which defines a respective region of the
semiconductor device, each window being an area of the
first covering that is significantly thinner than the
maximum thickness of that covering,

forming a covering of silicon nitride, the_seconq
covering, immediately on and ovef the_entire first
covering while leaving open at least one window,

fabricating a doped region or doped regioﬁs of the
semiconductor device, by o . introducing an

\v) impurity into the body of semiconductor material through

the or each open Window, by diffusion, after removal of
the thinner silicon dioxide from the or each open window,

covering the or each doped region with further
silicon dioxide, the third covering,

' opening at least one further window by removing the



exposure of the senﬂ
first covering.

the etching step trgn
conposite nmask, al
avail abl e for inspec

caﬂdwﬁfﬁﬁkﬁéﬁng because of th
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first ‘covering werel conducted with the second covering in place.

The practice of renmowwg—att—oT the remaining first and second coverlngs

bef ore proceedi ng,

silicon nitride covering from the further window or from

a plurality of further windows and

introducing another impurity into the body of

semiconductor material through the or each further open

window, by diffusion, after removal of the thinner

silicon dioxide from the or each further open window.

2.

A semiconductor device fabrication process as

claimed in claim 1 which includes etching, in the first

covering, the windows which define areas through which

impurities . will be introduced into the body of semicon-

- ductor material during the fabrication process and
covering the etched areas with a layer of silicon dioxide
that is significantly thinner thanuthe original silicon
dioxide covering.

3. A semiconductor device fabrication process as
claimed in claim 1 including forming doped regiéns of
bipolar semiconductor devices by intréducing an impurity
into the body of semiconductor material through the open

N windows by diffusion, after removal of the thinner

silicon dioxide and forming further doped regions of the

bipolar semiconductor devices by introducing another

impurity into the body of semiconductor material through

the further windows, by diffusion, after removal of the

thinner silicon dioxide from the further open windows.
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4. | A semiconductor device fabrication process as
claimed in claim 1 or claim 3, wherein'the windows
included in the first covering are made by applying a
mask to the first covering and etching the first covering

"over selected areas defined by the mask.

5. A semiconductor device fabrication process as
claimed in claim 2 or claim 4, wherein the etching is
performed to remove substantially all of the original
silicon dioxide covering at the windows and a thinner
layer of the same-material is then provided at the

s
windows.

6. A semiconductor device fabrication process as
claimed in any one of claims 1 to 5, wherein forming the
second covering over selected ones of the windows
includes the steps of covering all the windows with the
second covering and, subsequently, removing the second

covering from specific windows.

o 7. A semiconductor.dgvice fabrication process as
cLaimed in any one of claims 1 to 6, wherein for each
introduction of an impurity into the body of
semiconductor material, the second covering is removed
from every window throuéh which an impurity will be

introduced.
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8. A semiconductor device fabrication process as
claimed in any one of claims 1 to 7, which includes the
steps of removing the first covering from the last
windows through which an impurity is to be introduced and
covering the exposed semiconductor material with the same
material as the first covering, thin enough to permit the

implantation of an impurity.

9. A semiconductor device fabrication process as
claimed in any one of claims 1 to 8, wherein, following
the introduction of an impurity through the last open
window or windows through which an impurity is to be
introduced, the remainder of each covering is removed in
order to provide a substantially plane surface for

further processing.

10. A silicon seﬁiconductor wafer comprising a plurality
of partly fabricated silicon semiconductor devices each
including a major surface that is a part of the silicon
semiconductor wafer, each major sufface having a covering
of silicon dioxide, characterised by first regions of a
first thickness of silicon dioxide contiguous with second
regions of a second thickness of silicon dioxide and with
third regions of a third thickness of silicon dioxide,
the second regions being thinner than the first regions
and thicker than the third regions, the.third regions

being adjacent only to first regions, and each of the
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third regions having a covering of silicon nitride which

extends over the adjacent first regions.
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fabricating a doped reglon or doped regions of the

sem conduct or devi ce,

by | urity into the body of sem conductor
mat eri al through Eﬁggw@ﬁﬁgggEA ndow, by diffusion, after renoval of
the thinner silicop |0X|de from thej or each open mnndOM/ covering
the or _each doped te{i @& BRMH Hrt e sil.icog dioxide, the third covering,
openi ng at |east ofe furthe[ V\A'_rlgpyv ngw b% te sheet - 2 December 1997
81 @2 6 52 42 B 42 61
APy S\ /S = S o %
f""3
4 )
AN 1 _J
NI —1
d Fig.6.
61 410 42 62 52 42 53 42 40
I AN L . =%
‘ . Y
T{ L j /-7
\J ” Xﬁ
61 410 42 62 52 4€ 53 62 42 410 _61
N S S e o e Y
37— 431
-~
A \ = 3
32 2 F,’g 8
61 410 42 62 5 & 62, &2 410 _61
bﬁ.\_\_ﬁa—\ \ { _/—x r‘ﬁ‘ﬁ—.lf'é
, 41 =] 23— 47
U
31— 431
‘ N\
32 2 Fig.9.
61 470 42 6\2 52 42 4N 62, 42 40 61
PO e N e e 0 e
31~ /) ~+—31
NS ) 1
32 2

%5 %27 Fig. 70'
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2. A semiconductor,device. fabricatkon process as clainmed in claim1 which
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3. A sem conductor d vRE%LNC&MENanEg rocess as claimed in claim1l
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4. - A sem conductor device fabrication process as clainmed in claim1l or
claim3, wherein the windows included in the first covering are nade by
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over sel ected ‘areas defined by the mask. 5. A sem conduct or
fabrication process as claimed in claim2,0r claimé4, ) '
is performed to renove substantially all 8f" the ori gi npl RERLACEMBEMT GHERT d
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SUMMARY OF THE INVENTION

It is an object of the present invention to provide
a semiconductor device fabrication process which

facilitate the use of a composite mask.

In accordance with one aspect of the present
invention, a semiconductor device fabrication process
in which the electrodes of a semiconductor device are
made by introducing impurities into a body of
semiconductor material through specific areas of a
major surface of the body of semiconductor material
during separate stages of the fabrication process,
includes the steps of:

forming a covering of a first semiconductor
compound, the first coﬁering; on a major surface of the
semiconductor body, and including, in the first
covering, a plurality of windows each of which defines
a respective electrode of a semiconductor device,

forming a covering of a second semiconductor
compound, the second covering, immediately on the first
covering, over selected ones of the windows and leaving
open the remaining windows, which second semiconductor
compound is removable without the removal of
significant amounts of the first semiconductor
compounds, and

fabricating respective electrodes of the
semiconductor device, during separate stages of the
fabrication process, by, at each stage, introducing an
impurity into the body of semiconductor material

through the open windows.




clained in

any' one of clains 1 to 5, wherein form ngfT er] ng
over selected ones of the windows includeg the step lgﬁg@ﬁﬁﬂéﬁ§¥F [ he
wi nhdows with the second covering and, subsequently, |{renoving the segopd

7

covering from specific w ndows. 7. A semi conductof d@SiAlG 9% i caion
process as clained in any one of claims 1 to 6, whetein for each
I ntroduction of an inpurity into the body of sem copductor naterral, }he

second .covering i-s renoved

In accordance with another aspect of the present
invention, a semiconductor device fabrication process’
in which impurities are introduced into a body of a
semiconductor materials through specific areas of a
major surface of the body of semiconductor material
during separate stages of the fabrication process,
includes the steps of:

| forming a covering of a first semiconductor
compound, the first covering, on a major surface of a
semiconductor body,

etching in the first covering, windows which
define areas of the surface into which impurities will

be introduced into the body of semiconductor material

. during the fabrication process,

forming a covering of a second semiconductor
compound, the second covering, immediately on the first
covering, over selected ones of the windows and leaving
open the remaining windows, which second semiconductor
compound is removable without the removal of
significant amounts of the first semiconductor
compound, and

introducing an impurity into the body of

semiconductor material through the open windows, at one

stage of the fabrication process.

In accordance with a further aspect of the
present invention, a semiconductor bipolar device
fabrication process in which impurities are introduced
into a body of semiconductor material through specific
areas of a major surface of the body of semiconductor
material during separate stages of the fabrication

process, includes steps of:




fromevery w ndow 't hrough which an inpurity will
8.. A-sem conductor device fabrication progess as
clains 1 to 7, which includes the

forming a covering of a first semiconductor

compound, the first covering, on a major surface of a

semiconductor body, and including, in the first

covering, windows which define areas of the surface

into which impurities are to be introduced into the

body of semiconductor material during the fabrication

process,

forming a covering of a second semiconductor

compound, the second covering, immediately on the first
\_/ covering, over selected ones of the windows and leaving
open the remaining windows, which second semiconductor
compound is removable without the removal of
significant amounts of the first semiconductor
compound, and

introducing an impurity into the body of
gsemiconductor material through the open windows, at one
stage of the fabrication process.

The windows include in the first covering may be
made by applying a mask to the first covering and
etching the first coverihg over selected areas defined
by the mask.

Preferably, the etching is performed to remove
substantially all the original covering at the windows
and a thinner layer of the same material is then
provided at the windows.

Preferably, forming the second covering over
selected ones of the windows includes the steps of
covering all the windows with the second covering and,
subsequently, removing the second covering from

specific windows.
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Preferably, for each introduction of an impurity
into the body of semiconductor material, the second
covering is removed from every window through which an
impurity will be introduced.

Preferably, following the introduction of an
impurity through open windows, the windows are closed
by a new covering,.the third covering, of the material
of the first covering.

Preferably, in preparation for the introduction
of an impurity through the last selected windows
through which an impurity is to be introduced, the
remainder of the second covering is removed.

Preferably, the semiconductor device fabrication
process includes the steps of removing the first
covering from the last windows through which an
impurity is introduced and covering the exposed
semiconductor material with the same material as the
first covering, the fourth covering, thin enough to
permit the implantation of an impurity.

Preferably, the semiconductor device fabrication
process includes the steps of implanting an impurity
through the fourth covering.

Preferably, following the introduction of an
impurity through the last open windows through which an
impurity is to be introduced, the remainder of each
covering is removed in order to provide a substantially
plane surface for further processing.

A semiconductor wafer may include a plurality of
partly fabricated semicondﬁctor devices produced by a

process in accordance with the invention.
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the silicon semiconductor wafer, each major surface
having a covering of silicon dioxide, characterized by
first regions of a first thickness of silicon dioxide
contiguous with second regions of a second thickness of
silicon dioxide and with third regions of a third
thickness of silicon dioxide, the second regions being
thinner than the first regions and thicker than the
third. _

The process may be a bipolar process and the
windows may define the electrodes of bipolar device.

The first semiconductor compound is, preferably,
silicon dioxide and the second semiconductor compound

is preferably, silicon nitride.

BRIEF DESCRIPTION OF THE DRAWINGS

Three examples of a semiconductor device fabrication
process, in accordance with the preéentJinvention, will
now be described by way of example only, with reference
to the accompanying drawings, in which:

Figs.zl to 14 represent a first bulk of silicon
semiconductor material subjected to fourteen steps of a
first form of the process to yield, as illustrated by
Fig. 14, an isolation region, a collector region, and a
base region, for a silicon planar transistor, provided
with a covering of silicon dioxide,

Figs. 15 to 18 represent a second bulk of silicon
semiconductor material ﬁubjected to the same initial
process steps as those illustrated by Figs. 1 to 19 and,

thereafter, to alternative steps to those of Figs. 11 to




regions of a second thickness of silicon dioxide and with third regions of
a third thickness of silicon dioxide, the second regions being thinner

than the first regions and thicker than the third regi.onSmtihe~thiro
regions being adjacent only to first regions, and pagtplACEMENET SHEET
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to have generally rectangular peripleries..
Referring still to Fig. 2 of the accompanying
drawings, photolithographic techniques are used in the
masking step, and the etching operation'may be
accomplished by wet or dry etching. Dry etching, that
is, plasma-assisted etching, is preferred because it
provides a resﬁlt that is more accurate than that
possible with wet etching (Qet etching causes more
erosion -of the sides of the windows). A dry etch will,
of course, attack silicon nitride as well as silicon
dioxide if both are present, but in the presence of
silicon dioxide alone, dry etching is possible. At the
stage represented by Fig. 2, the relative positions of |
the windows in the silicon dioxide layer, which are
intended to be identical to those present in the single
mask, may be examined in order to ensure that the -
| critical dimensions of the mask have been preserved in
~ the transfer of the mask to the silicon dioxide layer.
Referring now to Fig. 3 of the accompanying |
drawings, the exposed areas of the surface of the
epitaxial layer 3 are covered by regions 51, 52 and 53 of
thermallylgréwn silicon dioxide, of thickness of about
10004 - The formation of the regions 51, 52 and 53 of
thermally grown silicon dioxide does not alter the
relative positions of the windows which are still as
defined by the regions 41 and 42.

Referring now to Fig. 4 of the accompanying
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drawings, the silicon dioxide regionL—+¥7~¢i"3TT‘52'§hd

53 are covered by a layer 6 of silicon nitride, of

thickness about 22004 - The layer 6 of silicon nitride
may be formed by a deposition process such as that
involving the decomposition of silane (SiH4) and ammonia
(NH3) to yield silicon nitride (Si3N4) and hydrogen (Hy).
Referring now to Fig. 5 of the accompanying
drawings, the silicon nitride is removed from the oxide
N\ region 51 by the use of an oversize mask that leaves
regions 61 and 62 of.the nitride layer. Not only may the
mask used in the removal of th; nitride be.oversize, but
it need not be aligned with high accuracy because the
area into which a diffusion will be made is already
defined by the oxide regions below the nitride layer. As
will be evident from Fig. 5, the nitride layer is removed
to beyond the edges of the oxide regioﬁs 41 and 42, and '
the exact amounts by which the oxide regions 4% and 42
extend beyénd the nitride regions 61 and 62 are |
relatively hnimportant. The removal of regions of the
nitride layer is effected by means of an etchant capable
of.etching the nitride at a much higher rate than it will
etch the oxide. The etch is stopped when it is estimated
that the thickness of the oxide in the region 51 is about
5004 °
Referring now to Fig. 6 of the accompanying
drawings, the oxide region 51 is removed by applying an

oxide etchant which is allowed to remove all of the oxide
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be precisely aligned, in order to remove the hitrlde
region to beyond the edges of the oxide region 53. As
before, the etchant used is capable of etching the semi-
conductor nitride at a rate higher than that at which it
etches the silicon dioxide, and, when time enough has
been allowed for the removal of the nitride covering the
oxide region 53, the thickness of the oxide region 53 may
have been reduced to“SOOX,

Referring now to Fig. 9 of the accompanying
drawings, the inner epitaxial region -2 is prepared for a
second diffusion step of the process by the etching away
of the thin oxide region 53, there being, as before, a
slight reduction in the thickness of the oxide region 42
bounding the region 53 due to exposure to the oxide
etchant, and some attack of the surface'of the .inner
epitaxial region 32 because of the'duraﬁion of etching
needed to ensure that all of the oxide region 53 is
- removed by_the etchant.

Referfing now to Fig. 10 of the accompanying
drawings, phosphorus, an N-type impurity is diffused into
the exposed surface of the inner epitaxial region 32 in
the exposed-;egion previously covered by the oxide 53 to
the extent that the N* doped material 323 extends through
the inner epitaxial region 32 and into the N*-type buried
region 2. The diffusion-stép,is completed by growing an
oxide region 411 to shut the window in the oxide région

42.
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completed by the opening of a window-in_the oxide layer 9
cbvering the P-type region 8, the introduction,
preferably by diffusion, of an N-type region into the
region 8, the opening of windows in the oxide layer 9
covering the regions 8 and 323, respectively, and the
provision of metal regions contacting the regions 8, 323,
and the additicnal region inﬁro&uced into the region 8.
The device produced on the completion of the process is
an NPN planar transistor in which the region 32 is the N-
type collector electrode, the region 8 is the P-type base
electrode, and the additional R-type region diffused into
the region 8 is the emitter electrode. These completion
steps, forming no part of the invention, are not |
illustrated or described in detail.

Figs. 15 to 18 illustrate alternative steps to those
illustrated by Figs. 11 to 14 in arriviﬁg at the result
represented by Fig. 14 from the position represented Ey
Fig. 10.

Refgrring now to Fig. 15 of the accompanying
drawings, the process steps illustrated by Figs. 1 to 10
are followed by the removal of the nitride covering the
oxide regionusz without stripping off any of the nitride
elsewhere. The nitride covering the oxide region 52 is
removed by the use of an over-size mask leaving the edges
of the thicker surrounding oxide region 42 exposed.

Refefring to Fig. 16 of the accompanying drawings,

the oxide region 52 is removed and replaced by a thinner



