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METHOD OF FABRICATING SELE ALIGNED
SEMICONDUCTOR DEVICES

Background of the Invention
It is recognized that an effective method of

fabricating semiconductor devices involves performing two or

more successive dopings into a semiconducter layer to

thereby, for instance, establish a region of one type

conductivity within a second region of an cpposite type

conductivity which is itself situated in a layer of one type
conductivity. It is desirable to align the various regions
in a des;red relationship to allow the fabricated device to

function properly. Practically, it is difficult to pre-

cisely align two regions with available semiconductor

techniques and thus the fabricated device may not operate as

well as it might. An example of one such device involves an

insulated gate transistor in which a first region of oppo-
site type conductivity is disposed with a second region of

one type conductivity disposed within a layer of opposite
type conductivity. An insulated gate electrode is disposed

on the layer coextensive with a portion of the second region
to provide for conduction of one type conductivity carriers

between the layer and the first region.

These insulated gate transistors, however, are
susceptible to operation in a non-preferred mode whereby a
parasitic bipolar transistor disposed within the device may
turn on in an undesired fashion, if for instance, the short

between the source and base is not adeguate or if the sheet

resistance of the base is too low. It has been proposed to

improve the sheet resistance of the base of the device by
using a second deep P+ diffusion in a parasitic NPN struc-
ture to reduce the sheet resistance of the P base layer and

at the same time provide good contact between a source
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electrode and the lightly doped P base region. This deep P+
diffusion, iﬁ7combination with the lightly doped shallow
base dlfguSIOn aetermlnes the channel proner ties of the

device. 7 7 )
It has been a limitation of prior insulated gate

transistors that the deep P+ diffusions could not be easily
fabricated because careful alignment of the source region
with the base region is reguired te advantageously employ a

- deep P+ base within a device and to provide a device exhibi=

ting a current density which is commercially acceptable.
Inasmuch as a single mask has heretofore been employed to
defihe only two separate regions, it has not been possible
to precisely align two seperate regions. Misalignments
occur and the devices must be configured to accbmmodate the
misalignments. 'Specifically, misalighment of the source
reglon with the base reglen within an insulated gate tran-
sistor establishes a longer current path along the junction

between,the source and base reglons and hence increases the

- voltage drop along thet.junctibn contributing to a potential

breakdown across'that junction. If a breakdown doces cccur
across that junCelon, the pa*351e1c tran51Seor turns on and
gate control of the dev1ce 1s lost.' It is there:ore desir-
able to minimize the length of the junction and the size of
the device regions to avoid this'undeeired potential break-

down by precisely eligning the':egions of the device.

Ob1eﬂts of ;he Invention

A pr1nc1oal cbjece of the present invention is to

provide a new and lmnroved method for fanrlcaelng a semicon=-

ductor device. _ 7
Another object of the present invention is to

provide a method of fabricating a semiconductor device in
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which two or more device regions are establishéd in precise
and aligned relation to each other.

In addition, the present invention provides for
the establishment of an insulated gate device in which two
or more device regions are self aligned.

It is a further object of the present invention to
provide an improved method of fabricating an insulated gate

semiconductor device exhibiting an improved resistance to

undesired latch-up.
I+t is a further object of the present invention to

provide a method of fabricating a semiconductor device in
which a single photolithographic masking divides the device
protective layer into three separate regions which are
precisely aligned with each other and which can be processed
differently to establish three precisely aligned regions.
The present invention thus eliminates the need for estab-
lishing a precise registry between photolithographic masks
applied successively on the surface of the device substrate.
A still further object of the present invention is
to provide a method for fabricating an improved insulated
gate semiconductor device in which a window is opened
through a first portion of a first protective layer to
expose a first portion of a semiconductor substrate and to
define a second central portion of the protective layer and
an unexposed portion of the semiconductor substrate there-
beneath. A third outer and unexposed pertion of the first’
protective layer is also defined to surround the first and

second portions.

Summary of the Invention

These and other objects and features of a pre-

ferred embodiment of a method of fabricating a self aligned

insulated gate semiconductor device in accordance with the
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present 1nvent"on are achieved by prov*dlng a sem’conaucbor
substrate and establishing a first protective laye* atop tha
substrate. A first window is opened through a first portion
of the first protective>laye; to-eipose a first portion of
the surface of the substrate. The first window circumferen-
tiélly definesra second portion of»the first protective
layef and5a*secOnd unexnosed portién of thefsurface,of the
substrate the*ebeneath A thlrd portion of ‘the first
protective layer surrounds the first and second portions of
the first protecslve laye One or more reglons can be
formed in a Dr=c1sely allgned re1anlon t&rough the first
window within the first pornlon of <he substraue. The thizrd
portlon of’the first protecslve layer is coated Wluh an etch
res;s;ant mat rlal and a second wzndow is ooened through the
second Dcrt*on of the first protective layer. One or more
regions can be established in the second portion of the
substrate,in'preciselyraligned relationship with each other
and the regions'esﬁablished through the first window.
Additinnal ébjects and features of the present

invention are achieved in a preferred method of fabricating

a self a‘lgned semiconductor dev’ce such as an insulated

gate semiconductor device, by’prov1d1ng a semlconducbcr

substrate, such as a silicon substrate exhibiting approxi- -

mately S5 ohms/cm resistivity. Thersubstrate is then covered
with a first protective layer, which ;sn, for instance, be 7 

deposited on the oxide layer. In an alternate preferred

embodinent, the step of establishing a first protective
layer comprises the steps of establishing a firStrinsulating
layer such as a native oxide, depositing therson a layer of
gate eléctrbde material, such as a polysilicon layer,
encasing ths géte layer in a second insulating layer, such
as a second'GXidé,layer, and depositing a nitride layer atop

the second insulating layer. A first window is opened

n
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through the first protective layer with, for instance, a
reactive ion etch to expose a first portion of the sub-

strate. The first window circumferentially defines a second

central portion of the substrate thereunder. A first doping

is made into the substrate through the first window to

establish a first region by, for instance, diffusion or

implantation doping. A second protective layer is formed in
the first window on the exposed portion of the substrate by,
for instance, growing a native oxide in the first window.
It is important that the first protective layer be removable
by an etching technique which does not remove the second

protective layer. Generally, this criteria mandates that

the first and second protective layers be different mate-
rials, such as nitride and oxide materials. A second window
is photolithographically opened through the second portion
of the first protective layer to thereby expose the second
central unexposed portion of the substrate by, for instance,
etching with an etch specific fo the materials contained in
the second portion of the first protective layer overlying
the second portion of the substrate, but ineffective against
the protective materials forming the second protective
layer. A second doping is made into the substrate through
the second window by, for instance, implantation or dif-
fusion doping to establish a second region. Thus, the
first and second regions are established in a prespecified
or aligned relationship which, in a preferred embodiment, 1is
a symmetrical relationship.

As will be discussed below in more detail, a first
photelithographic masking is used to establish the bound=-
aries for the first and second windows and thus divides the
first protective layer and the substrate into three separate
zones: an inner zone of the second window, a middle zone of

the first window and an outer zone outside and surrounding
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the first window. By establishing a first window through a
first portion of the protective layer and which circumferen-
tially'defines an unexposed second portion of thersubstrate,
first and second regions of the same or different type
conauct:v;ty can be escabllshed within the subscrat by
masking the first reglon'wzth a second protect tive material
Whlch:ls resistant to the etch used to cut through or remove
the protective material overlylng the second portion of the
first protectlve layer. '

Thls ‘method can.be further enhanced by,rror in-
stance, forming a third protective layer in the second
window, removing the second protective layer, and making a
third doping into said substrate to establish an aligned
‘third region, Alternatively, the second protectiverlayer
can be removed'and a'th rd doplng can be performed over the
first and second reqlons " In a preferred embodiment, the
first reglon can be estaollshed by a heavy concentration of
slow dif fusing opposite type conductivity materlal into an
ropp051te type conduc.1v1ty substrate, while the second
doping can be established with a fast dzf_u51no one cype‘
conductivity material and the third doping can be estab-
llshed‘by'l’ghtly doping. with a fast diffusing one type'
material. A4metalllzatlon.layer can be applied on the
surface of the substrate overlylng, and in ohmic contact 7
with, a portion of the first‘and,second regions to establish
an eiectricrshort therebetween. In a preferrsd embodiment,
the third window is coextensive with the first window and in
a further preferred embodiment, the third window is coex~-
tensive with both-the first and second windows.

In an alternate preferred'embodiment[,a self
~aligned semiconductor device such as an7insulated gate
'semiconductor'device can be fabricated byrproviding a
substrate such as a silicon substrate having a resistivity
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of approximately S ohms/cm, and coating the substrate with a
first protective layer which can comprise an oxide layer, a
gate electrode is disposed atop the first oxide layer, and a
second oxide layer is disposed atop the gate electrode. The
second oxide layer in combination with the first oxide layer
encloses the gate electrode. A passivating layer, such as a
nitride layer, can be disposed atop the second insulating
layer. A first window is opened through a first portion of
the first protective layer to expose a first portion surface

of the substrate, circumscribe a second portion of the first

protective layer and define an unexposed portion of the

substrate therebeneath. The first window can, for instance,

be opened by using photolithographic masking techniques to

define an area of interest and thereafter applying appropri-

ate etches to remove the nitride, metal and oxide materials,

if any, comprising the first protective layer. Subse=-

quently, and before the first region is doped, a second
protective layer such as oxide, 1is disposed within the first
window and can, for instance, comprise silicon dioxide. The
material of the first protective layer outside the first
window can be coated with an etch resistant material, such
as photoresist, and a material specific etch then can be
used to remove the circumferentially defined second portion
of the first protective layer without removing the second
protective layer, to thereby expose a previously unexposed

second portion of the substrate. A first doping is made

through the second window to establish a first region by,

for instance, diffusion or implantation techniques with a

heavy concentration of fast diffusing one type conductivity

material. A third protective coating, such as
material, is disposed in the second window and subsequently

a third window is opened through the region of the first
The

a nitride

window to expose a third portion of the substrate.



10

15

20

25

30

WO 88/04472 - | ~ PCI/US87/03106

8-

third window can be established by using an etch specific
to the material of the second protective layer. A second
dopihg is made through the third window to establish a
second region by, for instance; employing e iight concen-
tration of a fast diffusing one tYpe conductivity material
inrcombination.with diffusion or implantation techniques.
Subsequently, a third doping is made throogh the third
window to'establish a third region by, fof instance, employ-

ing a heavy concentration of a slow diffusing opposite tyne

~conductivity material in combination with conventional

diffusion or implantation techniques. Subsequently, a

fourth protective layer such as an oxide layer, can be

established in the third window and a fourth window can be

establlshed 'in the region of the second w1ndow by, for

'lnstance, etching the prev;ously established third protec-

tive layer to thereby expose poftions of the first, second
and third reglons A metallization layet can be applied
through the fourth WlﬁdOW’tO the first, second end third
reglons to establlsn.a short between the first, second and
third regioans. The'afea of the fourth window is preferably
coextensive with the area of the second- wzndow ana the area
of the thlrd wzndow is coexten51ve with the area of the
second window.

' - An alternate preferred embodiment of a seTI
a11gned semiconductor device, such as an insulated gate
semlconductor device of the present invention, can be fab-
ricated by providing a semiconductor substrate of, for
instance, a silicon materlal hav1ng'a resistivity of 5
ohms/cm. A first protectlve layer is dlsoosed therecn. The
first protective layer preferably comprises a first insulat-
ing layer, such as an oxide layer, a gate electrode disposed
atop the first'insulating layer and a second insulating
layer, such as an oxide layer, enveloping the gate electrode
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and engaging the first insulating layer. A passivation

nitride layer can be also disposed atop
Subsequently, a first window is opened through a

the second insulzat-

ing layer.
first portion of the first protective layer by conventional

photolithographic masking and etching techniques to expose a
first portion of the substrate and circumferentially define
a second portion of the first ﬁrotective layer and a second
central unexposed portion of the substrate therebeneath.

The first window is preferably opened by successively
employing different etches to remove the previously deposi-

ted material which may, for instance, comprise oxides,

nitrides and polysilicons. A first doping is made through

the first window to establish a first region and can be
established by employing a light concentration of a slow

diffusing one type conductivity material to produce a first

lightly doped region of one type conductivity. Subse-

quently, a second protective layer is disposed in the first
window and can, for instancg, comprise a native oxide. The
material of the first protective layer outside the first
window can be coated with an etch resistant material, such
Initially, undeveloped photoresist is

as 'a photoresist.
A loose fitting mask

applied to the entire upper surface.
which covers all of the second portion of the first protec-

tive layer and a portion of the second protective layer.

The photoresist is exposed to light and the photoresist is
developed with the masked portion being removed and unmasked
portion remainiﬁg and part of the first portion.

A second window is opened through the second
portion of the first protective layer to thereby expose the
unexposed central portion of the substrate and a second
doping of the substrate is performed through the second
window with a heavy concentration of a fast diffusing one

type conductivity material to establish a second region of
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the one type conductivity. Thereafter, a third protective

layer, such as a native oxide, can be disposed w1eh1u the

- second w1udow;' The Drev*ously dEDOSltad photore51st layer

can be removed and a third w1ndow through the second protec-
tive laye* can be cpened by, for lnstance, photolithographic
masking and etching techniques to expose a portion of the
first'region{' Subsequently, the first region can be succes-
sively doped with a heevy.cencentration of slow diffusing |
oppesite conduétivity‘material'te establish an opp051te
conductivity third'region- The third window is preferzbly
coextensive with the first window.

In a still furuhe* alte*nate p eferred embodiment
the self‘alugned insulated gate semiconductor device of the
present invention can be fabricated,by previding a semicon-
ductor substrate of; for instance, a silicon material having '
a resistivity of S'ohms/cmf The first protectiverlayer
preferably comprises a first insulating layer, such as a

native oxide, a gate electrode disposed atop the insulating

layer and a second insulating layer, such as a native oxide,

enveloping thHe gate electrode and engaging the first insula=-

ting layer. A passivation nitfide layer can be disposed

atop the second insulating layer. Subsequently, a first
window is opened through a first portion of the first
pretecﬁi&e leYer-by,conventiqnal photelithdgraphic;masking
and etchiug'techniques to expose a first portion of the
substrate and circumfe*entially define ‘a2 second portion of

. the f‘rsu proteculve layer and a second.central ‘unexposed

porelon of the substrate thersbeneath. The first window is

opened by succe551vely employing an etch, such as a reactive

“ion etch, to remove the previously deposited material of the

first protective layer which may, for instance, comprise

- oxides, nitrides and polysilicons. A first doping is made

<

through the first window to establish a,_lrst region
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employing a light concentratien of a fast diffusing one typ;,
conductivity material to produce a first lightly doped
region of one type conductivity within the first region.
Subsequently, a second doping is performed through the first
window to establish a second region of opposite type conduc-
tivity. 1In a preferred embodiment, the second region can be
established by a heavy concentration of slow diffusion
opposite type conductivity material in combination with
conventional implantation and diffusion doping techniques.
Thereafter, a second protective layer which is different
from the exposed material of the first protective layer, is
disposed in the first window and can, for instance, comprise

an oxide layer. The portion of the first protective layer

lying outside the first portion of the first protective
layer can be coated with an etch resistant material, such as
photoresist, by employing a loose fitting mask which over=-
laps on to the second protective layer but not on to the
second portion of the first protective layer. A second

window is opened through the second portion of the first

protective layer to thereby expose the unexposed second

central portion of the substrate. A third doping of the

substrate is performed through the second window with a
heavy concentration of a fast diffusing one type conduc-
tivity material to establish a second one type conductivity

base region.
The present invention thus provides for an im-
proved method of fabricating self aligned semiconductor

devices. In particular, the improved method of fabricating

semiconductor devices of the present invention can be
employed to fabricate any of a variety of insulated gate

semiconductor devices such as insulated gate transistors,

MOS controlled thyristors and MOSEETs. The improved method

of fabrication allows devices to be produced in which the



WO 88/04472 - I PCT/US87/03106

10

1S

20

25

12—

wvarious dev;ce reglons are precisely aligned to th ereby

eliminate the need for establishing tole*ance zones within
device regions and the need to make reglons of a larger size
than wculd ctherw15e be necessary to afford a tolerance for
mlsallgnment ‘between successive masks.r The present inven-
tion allows devices to be fabrlcated w1th close tolerance -
limits. Moreover, the method of fabrzcatlng the insulated
gate'semiccnductor of’the'presehtrinvention allowérfOr the
full utilization of available semiconductor real estate and
thus enables the performance of devices established in

various chips to be maximized.

Brief Description of the Drawings

The features of the present invention which

are believed to be novel are specified with particularity in

the appended claims. The invention itself, however, both as
to crganization'end method of operation together with '
additional features, OD]eCcS and advaneages of the improved
method of fabricating self allgned 1nsulated gate semicon-

ductor devices can be best uncerstood.by reference to the

‘following detailed descrlpclon when taken in conjunctlon

with the accomuanylng drawings ln.wnlch.
Figures la-1f are illustrations of successive

steps in a first preferred embodiment of a process of

fabricating a self aligned insulated gate semiconductor

‘device in accordance with the present invention;

Figures 2a-2g are illlustrat tions of succe551ve
steps in 2 second preferred embodiment of a process of
fabricating a self aligned insulated gate semiconductor
dev1ce in accordance with the present.lnventTon, .and

Figures 3a- .3e are illustrations of successive

steps in a third preferred embodiment of a process of

o

.



WO 88/04472

10

15

20

25

30

PCT/US87/03106

-13-

fabricating a self aligned insulated gate semiconductor
device in accordance with the present invention.

Figures 4a-4c are illustrations of successive
steps of a still further alternate preferred embodiment of

fabricating a self aligned insulated gate semiconductor
device in accordance with the present invention.

Detailed Description of the Preferred Embodiments
The improved method of fabricating the self
aligned insulated gate semiconductor device of the present

invention is applicable to a broad range of semiconductor

devices which can be fabricated from a variety of semicon-

ductor materials. The ensuing description will disclose

several preferred embodiments of the improved method of
fabricating self aligned semiconductor devices of the

present invention as implemented in a silicon substrate

because silicon devices, or devices fabricated in silicon

substrates, make up an overwhelming majority of the current-

ly available semiconductor devices. Conseguently, the most

commonly encountered applications of the present invention
will involve silicon substrates. Nevertheless, it is
jntended that the invention disclosed herein can be employed

in other semiconductor materials such as germanium or
gallium arsenide and the method of the present invention is
equally applicable to these other semiconductor tech=-

nologies. Accordingly, application of the present invention

should not be limited to devices fabricated in silicon

substrates and the disclosed technigues, but instead,

encompass those devices fabricated in any of a number of

semiconductor materials and by equivalent technigues.

Moreover, while the present description discusses

a number of preferred embodiments directed to three region
insulated gate semiconductor devices, it is intended that
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these disclosures be considered as illustrative examples of
the preferred embodiments of the present invention and not
as limitations on the scope or applicability of the present
invention. Moreover, while the illustrated examples discuss
-the improved method of fabricating a self aligned insulated
gate semiconductor device in combination with an insulated
gate transistor or IGT, it is recognized that the present
invention has applicability to other insulated gate semicon-
ductor devices including but not limited to metal oxide
semiconductor field effect transistors (MOSEETs) and MOS
controlled thyristors (MCTs). Further, while the present
invention provides for precise alignment of various device
regions to, for instance, increase the latching threshold of
a particular device, it is also recognized that the method
of the present invention provides for other benefits atten-
dant the precise alignment of device regions including
reduced cell size and reduced cell repeat distance, which

also can result in improved cell density and improved

.

current density.
Given the corresponding relationship of the

devices illustrated in Figures 1-4, corresponding regions,
layers and parts have been designated with the same refe-
rence numeral as an aid to understanding the description of
the present invention. Various portions of the semiconduc=-
tor elements, however, have not been drawn to scale.

Certain dimensions have been exaggerated in relation to
other dimensions in order to'present a clearer illustration
and understanding of the invention. Although for the
purposes of illustration the preferred embodiment of the
improved method of fabricating a self aligned insulated gate
semiconductor device in accordance with the present inven-
tion has been shown in each particular embodiment to include

specific P and N type regicns, it is understood by those
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skilled in the art that the teachings herein are equally
applicable to insulated gate semiconductor devices in which
the conductivities of the various regions have been reversed
to, for instance, provide the dual of the device. Further,
although the embodiments illustrated herein are shown in two
dimensional vertical cross-sectional views, it understood
that these regions are illustrations of only a portion of a

single cell of a device which is comprised of a plurality of

cells arranged in a three dimensional structure. Accord-

ingly, these regions, when fabricated in actual devices,
will comprise a plurality of regions having three dimensions
comprising length, width and depth and which can be estab-
lished by rotating the illustrated two dimensional device
about a vertical axis through the center of the second
portion 30 of the first protective layer 14 discussed below.
Referring now to Figure 1, a preferrad embodiment

of the method of fabricating a-self aligned semiconductor

device in accordance with the present invention is illus-

trated in successive steps in Figures la-lg. Initially, a

first semiconductor layer or substrate 10 which comprises a
silicon wafer having a thickness of approximate 20 mils, a

resistivity of approximately 5 ohms/cm and doping to a

concentration of approximately 1015 carriers/cc with oppo-

site type conductivity carriers which are illustrated to be

N-type conductivity carriers is provided. The substrate 10

can alternatively be a partially processed semiconductor
wafer comprising a plurality of layers of one or the oppo-

A first protective layer 14 is

site type conductivities.
In

provided atop the substrate 10, as shown in Figure la.
one embodiment, the first protective layer 14 can comprise a
first insulating layer 16 which can, for instance, comprise
a native oxide, a gate electrode layer 18, such as poly-

silicon, dispecsed atop the first insulating layer 16, and a
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second insulating layer 20 enclosing the gate electrode 18
within an envelope comprising the first and second insu-
lating layers 16 and 20. The second insulating layer 20 can
be a native oxide of the polysilicon gate material.r A
nitride layer 22 can also be provided atop the second
insulating layer 20. A first window 25 which can, for
instance, be annular or ring shaped, is opened through a
first portion of the first protéctive layer 14, which has
been removed to expose a first portion 27 of the surface of
the substrate 10 and to circumferentially define a second
central portion 30 of the first protective layer 14 and an
unexposed portion 31 of the surface of the substrate 1G
therebeneath. The first window 25 also defines a third
portion 32 of the first protective layer 14 and a third
portion 32a of the surface of the substrate 10 therebeneath
lying outside the first window 25. The first window 25 thus
divides the first protective layer 14 and the substrate 10
therebeneath into three separate zones or surface portions.

" Photolithographic techniques can be used in
combination with imaging materials such as éxternai masﬁs to
photolithographically define a mask on the upper surface 15
of the first protective layer 14 which can be developed to
define the portion of the firstrlayer 14 through which the
first window 25 will be opened. Subseguently, an etch such
as a reactive ion etch can be used to respectively etch
thrdugh the nitride, metal and oxide layers 22, 20, 18 and
16 respe¢tively, comprising the first protective layer 14
resulting in the structure shown in Figure la.

Once the first window 25 has been opened and a
first portion 27 of the'substraté 10 has been exposed, a
first doping can be made into the substrate 10 through the
first window 25 to form a first region 35. In‘the fabrica-

tion of a MOSEET device, a slow diffusing heavy
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concentration of an opposite type conductivity material such

as arsenic is preferably used in combination with conven-

tional implantation or diffusion techniques to establish the
first heavily doped opposite type conductivity region 35,

shown as an N type conductivity region.
Subsequently, and as shown in Figure 1lb, a second

protective layer 36 is established in the first window 25

atop the first region 35 on the exposed first surface

portion 27 of the semiconductor substrate 10. The second

protective layer 36 can, for instance, be a native oxide
such as silicon dioxide in the case of a silicon substrate.
It is particularly preferred that the material of the second

protective layer 36 be different from the materials of the

first protective layer 14 or at least the material compris-

illustrated

ing the exposed surfaces thereof. In the
nitride layer 22.

example, the upper surface 15 comprises a
This criteria must be satisfied to allow the material of

either the first or second protective layers 14 and 36

respectively, to be removed without removing the other. The

first protective layer 14 can thus be said to be differen-

tially etchable with respect to the second layer 36 or vice

versa.
Referring now to Figure 1lc, tc open 2 second

window without removing the third portion 32 of the first

ting outside with first window 25, a

protective layer 14 exis
osited on the surface of the

photoresist layer 33 can be dep
device covering the first and second protective layers.
Thereafter, a second loocse fitting mask (not shown) can be
used to remove the portion of the photoresist layer 33
overlying the second central portion 30 of the first protec-

tive layer 14 and a portion of the second protective layer

36.
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- Subseguently, and referring now to Figure 14, a
second window 37 is opened through the second portion 30 of
the first protective layer 14 to expose the previously
unexposed second poftionr31 of said substrate 10 by, for

instance, using selective etches which react with and remove

+the material of the first protective layer 14, but do not

remove all the material of the second protective layer 36.
In the illustrated example, the second protective layer 36
comprises silicon dioxide, while the first protective layer
14 comprises a silicon nitride layer 22 atop an oxide layer
20 which is atop a polysilicon gate layer 18 which is atop a
silicon oxide layer 16. The second portion 30 of the first
insulating layer 14 can then be removed by employing a
reactive ion type etches to open a second window 37 by
removing only the second portionr30 of the first protective
layer 14.

Subseguently, a second doping is performed through
+he second window 37 into the second portion 31 of the
substrate 10 surface to establish a second region 38 of one
type conductivity, illustrated as a P+ region. In a pre-
ferred embodiment, the second doping is achieved by employ-
ing a heavy concentration of a fast diffusing one type
conductivity material, such as boron, in combination with
conventional implantation or diffusion techniques.

Thereafter, and as illustrated in Figure le, the
photoresist layer 33 is stripped and the second protective
layer 36 can be removed by, for instance, a buffered
hydrofluoric acid etch technigues to expose the first and
second portions 27 and 31 respectively, of the surface of
substrate 10, and the first and second regions 35 and 38
respectively established therein. A third doping can then
be performed with a light concentration of fast diffusing

one type conductivity dopant such as boron to establish a
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third one type conductivity region 40. A contact electrode

60 as shown in Figure 1f can be conventionally deposited in
ohmic contact with the first and second regions 35 and 38 of
the device to short the junction between the seceond and
first regions and to inhibit that junction from being
forward biased. _

In the insulated gate embodiment of the present
invention illustrated in Figure 1f, the lightly doped third
region 40 is established such that a portion 41 of the third
region 40 extends beneath the first protective layer 14.

The portion 41 of the third region which extends beneath the
first protective layer 14 can be referred as the channel
portion 41 inasmuch as the gate electrode 18, in response to
an appropriately applied bias potential, establishes a
channel within the channel portion 41 of the third region 40
to facilitate the flow of opposite type conductivity carri-
ers between the first region 35 and the substrate 10. The
channel region 41 can be formed beneath the first protective
laver 14 by doping the second region 38 with a material
which diffuses laterally beneath the first protective layer
14 as well as vertically downward into the substrate 10. It
is preferred that the first protective layer 14 overlap, and
be contiguous with, the channel region 41, Further, it is
preferred that the first protective layer 14 overlap the
entire perimeter of the channel region 41.

It is also preferred that the first window 25 and
first, second and third device regions be circular in

horizeontal cross section.
I+ is to be recognized that by virtue of the

process of self aligned fabrication of an insulated gate
semiconductor device in accordance with the present inven-
tion, the first source region 35 has been disposed in a

precise and predefined relationship with respect to the
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second and third regions 38 and 40 respectively, which are
also hereinafter respectively referred to as the base region
38 and the base appendage region 40, respectively. The
first region 35 in combination with the substrate 10,
defines a channel regionrél in the third region 40 disposed
beneath the first protective leyer 14, which has been formed
as an insulated gate electrode. The separation between the
first region 35 and the substrate 10, or alternatively the
width of the third region 40 proximate the substrate sur-
face, defines the channel length. Accordingly, precise
alignment between the first, second and third regions 35, 38
and 40 respectively, is desirable. '
In addition, the heavily doped second region 38
has been provided to minimize the voltage drop along the PN
junction between the first region 35 and second and third
regions 38 and 40 respectively, to minimize the possibility
that a voltage drop of greater than .7 volts can be devel-
oped along the junction by one type carriers flowing in the
second and third regions 38 and 40 respectively, to a
shorting electrode 60. A voltage drop in excess of approxi-
mately .7 volts occurring along this junction would activate
the inherent and parasitic NPN transistor formed by the
first region 35, the second/third regions 38/40 and the
substrate 10. Undesired activation of this parasitic
transistor has been made less likely by establishing the
various device areas in precise relation to each other.
This precise alignment has been made possible through the
use of a single annular or doughnut shaped mask established
atop the first protective layer 14 by photolithographic
techniques. The relative size, &epth and relationship of
the first, second and third regions 35, 38 and 40, respec-
tively, however, is dependent not only on the configuration

of the mask, but alsc of the selection of appropriate doping
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materials and the process conditions under which those

doping materials are applied. Many of the fabrication

parameters change depending on the type and conductivity of

device one wishes to establish. The effect of the various

process parameters on establishing various device regions
are discussed in much of the current literature and well

known texts including, for instance, "The Physics and

Technology of Semiconductor Devices" by A.S. Grove, John
Wiley & Son, 1967 and "Quick Reference Manual for Silicon
Integrated Circuit Technology", Beadle et al., John Wiley &
Sons, 1985. However, in a preferred embodiment of the
present invention, the following approximate process parame-
ters can be employed.

Device Region
First oxide layer 16 (thickness)
Gate electrode 18 (thickness)
Second insulation 20
Nitride layer
First region
Second region
Third region
Second protective layer

Parameter

1,000 angstroms
1 micron

4,000 angstroms

1,000 angstroms

1017 atoms/cm?® dopant

1017 atoms/cm’® dopant

lOls atoms/cm® dopant

4,000 angstroms

Referring now to Figures 2a-2£, an alternate
preferred embodiment of the self-aligned method of forming a

insulated gate semiconductor device in accordance with the

present invention is shown. In this alternate embodiment,

the first window 25 is initially opened where a first
portion of the first protective layer 14 to circumferen-
tially define a second portion 30 of the protective layer 14
and a central unexposed portion 31 of the surface of the
substrate 10 surface therebeneath. The first window also

defines a third portion of the first protective layer
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residing outside the first window 25. A second protective
layer 36, is initially esfablished in the first window 25.
The second portion 30 of the protective layer 14 1is removed
so that the deep P+ base region 38 may be estzblished, with
the P- base appendage region 40 being subsequently estab-
lished, and lastly, the first N+ source region 35 is estab-
lished. Accordingly, this alternate preferred method of the
self aligned fabrication of an insulated semiconductor
device has reordered the steps in which the base and source
regions of the device are established, from those steps
previously described in conjunction with Figures la-1f..
More particularly, this alternate preferred method
of self aligned fabrication of semiconductor devices as
illustrated in Figure 2a comprises the steps of providing a
semiconductor substrate 10 and coating a surface of'the
substrate with a first protective layer 14. A first window
25 is opened through the first-protective layer 14 to expose
a first portion 27 of the surface of the substrate 10 and to

circumferentially define a second portion 30 of the first

- protective layer 14. The first window 23 also defines a

third portion 32 of the first protective layer 14 lying
outside the first window.

Subsegquently, as shown in Figure 2b, a second
protective layer 36 of a material which 1is differentizally
etchable with respect to the material of the first protsc-
tive layer 14 such as a native oxide is provided within the
first window 25. A photoresist layer 33 can then be
disposed over the third portion 32 of the first protective
layer 14 and a portion of the second protective layer 36 by
employving a léose fitting mask. A differential etch is then
used to open a second window 37 as shown in Figure 2c,
through the entire seéond portion 30 of the first protective

layer 14 to expose the second portion 31 of the surface of
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A first doping is made with one type
rate 10 to establish the

the substrate 10.
conductivity carriers into the subst

base region 38 illustrated as a deep P+ region. Subse-

quently, as shown in Figure 2d, a third protective layer 45

is established in the second window 37 by, for instance,
growing a native nitride such as silicon nitride Si3N4

therein.
Thereafter, a third window shown in Figure 2e is

opened through the region of the first window 25 by, for

instance, removing with an appropriate differential etch,

the previously provided second protective layer 36 to expose
the first portion 27 of the surface of the substrate 10

including surface portions of the base region 38 and undoped

substrate 10.
the third window to establish a lightly doped base appendage

region 40 of one type conductivity illustrated in Figure 2e
Thereafter, a third

Subsequently, a second doping is made through

as a lightly doped P- base extension.
doping can be made with an opposite type conductivity

material through the same third window, to establish the

source region 35 which is shown as a heavily doped N+ type

conductivity region.
A fourth protective layer 50 which is shown in

Figure 2f advantageously comprises a native oxide such as
silicon dioxide can be grown in the third window.

Subsequently, a fourth window 55 can be opened

through the third pfotective layer 45 disposed within the

second window 37 by, for instance, employing a differential

etch to remove the third protective layer 45 to expose a
base appendage and source regions 38,

portion of the base,
In a

240 and 35, respectively, as shown in Figure 2f£.
preferred embodiment, a metallization layer (not shown) is
applied within the fourth window 55 to short the source

region 35 to the base region 38/40 of the device, thereby
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reducing the likelihood that the parasitic transistor will
turn on and cause the device to operate in other than a
preferred manner.

In an alternate preferred embodiment of the
process illustrated in Eigure 2, the base diffusion is per-
formed as shown in Figure 2c to establish the P+ base region
38, finishing with an especially’heévy surface concen- 7
tration. The third protective layer 45 of Figure 2d is not
provided. Instead, the second prbtective lzayer 36 is
removed to expose the first and second portions 27 and 31 of
the substrate 10 surface. A first doping is performed with
a light concentration of a fast diffusing one type conduc-
tivity material, such as boron, to establish the base
appendage region 40. Another doping is performed with a
heavy concentration of slow diffusing opposite type conduc-
tivity material to establish the N+ source regions 35. The
N+ source region doping is preéferably performed by implanta-
tion to estzblish a2 low opposite conductivity surface
concentration to avoid unduly diminishing the ohmic con-
nection capability of the central P+ region 38. The struc=

‘ture of Figure 2g would result with the exception of the

fourth protective layer 50 which need not be provided.

As discﬁssed previously, the parameters of the
various doping concentrations and temperature levels in-
volved in the processing of devices is closely related to
the type of device which one wishes to ultimately achieve,
and it is therefore difficult to specify a single embodiment
or range of devices which constitute a preferred embodiment
of the present invention. However, it is recognized that
satisfactory insulated gate semiconductor devices can be
fabricated by employing the following approximate parameterS'

in the fabrication of these devices:
Device Parameter



WO $8/04472 PCT/US87/03106

10

15

20

25

30

-25-
First oxide layer 16 1,000 angstroms
Gate electrcde 18 1l micron
Second insulation 20 4,000 angstroms
Nitride layer 22 . 1,000 angstroms
First region 7 lO17 atoms/cc dopant
Second region loi: atoms/cc dopant

Third region 10 atoms/cc dopant

Second protective layer

Third protective layer
Referring now to Figure 3, an alternate preferred

4,000 angstroms
1,000 angstroms

embodiment of the present invention is illustrated to
include an alternate process in which a first window 25 is
established where a first portion of a first protective
layer 14 stood, to expose a first portion 27 of the surface
of the semiconductor substrate 10 and circumferentially
define a second portion 30 of the protective layer 14 and an

unexposed portion 31 of the substrate 10 surface there=-

beneath. Initially, the lightly doped base region append-
ages 40 are established with the heavily doped deep base ‘
region 38 being subsequently established, and finally, the
heavily doped source region 35 is established.

In this alternate preferred method of fabricating
an insulated gate semiconductor device in accordance with
the present invention, a semiconductor substrate 10 is
provided having a resistivity of approximately 5 ohms-cm.
first protective layer 14, such as a nitride layer, is
established atop the substrate 10 and a first window 25 1is

opened through a first portion of the first protective layer
ion 27 of the substrate 10 surface

A

14 to expose a first porT
and to circumferentially define a second portion 30 of the
14 and a second central unexposed

first protective layer
The first window

portion 31 of the surface of substrate 10.
25 also defines a third portion 32 of the first protective



WO 88/04472 , PCT/US87/03106

10

15

20

25

30

- =26~

layer 14 lying outside the first window 25. A first doping
is made through the first window 25 by, for instance,
employing a light concentration of a fast diffusing one type
conductivity material, such as boron, te establish the base
appendage region 40 of one type cohdﬁctivity.' It is pre-r
ferred that base appendégé region 40 extend beneath the
first protective layer 14 to establish a channel region of
the device. Subsequently, a second protective layer 36,
such as a differentially etchable native oxide layer, is
established within the first window 25 and can, for in-
stance, be grown during the drive in of the base region 40.
| Thereafter, as shown in Figure 3b, a photoresist
mask layer 33 previously discussed can be established over
the third portion 32 of the first protective layer 14 and a
portion of the second protective layer 36 to allow the
second portion 30 of the first protective layer 14 to be

. removed without removing the third portion 32. Subse-

quently, differential etching techniques are employed to
open a second window 37 throuch the entire second portion 30
of the first protective layer 14 to expose the circumferen-
tially defined central unexposed second portion 31 of the
surféce of the substrate 10. A second doping is made
through the second window 37 to establish a base region 38
by, for instance, employing conventional implantation or
diffusion technigues using a heavy concentration of a fast
diffusing one type conductivity matgrial such as boron. The
photoresist layer can be removed if not previously removed.
Subsegquently, a third protective layer 45, shown

in Figure 3¢, which advantageously can be a differentially
etchable nitride layer, is disposed in the area of the
second window 37. '

7 Thereafter and referring to Figure 2d, a third
window 48 is opened through the area of the first window 25
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by, for instance, removing the the second protective layer
36 with an appropriate etch such as a buffered hydrofluoric
acid etch to re-expose a portion of the first portioen 27 of
the surface of the substrate 10. The third window 48
circumferentially defines the third protective layer 45.
Subsequently, as shown in Figure 3d, a heavy concentration
of an opposite type conductivity dopant, such as phos-
phorous, is introduced through the third window 48 to estab-
1ish the source region 35 as a heavily doped opposite type
conductivity region which is illustrated as an N+ region
disposed in self aligned precision within the lightly doped
P base appendage region 40 and the heavily doped P type base
The third protective layer 45 is then removed

region 38.
with an appropriate etchant, leaving the structure illus-

trated in Figure 3e.

It has been found that a satisfactory insulated
gate semiconductor device fabricated in accordance with the
method of self aligned fabrication of the present invention

can be achieved by employing the following approximate

process parameters:
Parameter

1,000 angstroms
1 micron

4,000 angstroms

1,000 angstroms
First region 1015 atoms/cc dopant
Second region 1017 atoms/cc dopant
Third region 1017 atoms/cc depant
Sacond protective layer 4,000 angstroms

Third protective layer 1,000 angstroms
A still further preferred embodiment of the method

Device
First oxide layer 16
Gate electrecde 18
Cover insulation 20

Nitride layer 22

of fabricating a self aligned semiconductor device in

accordance with the present invention is illustrated in
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successive steps in Figures 4a-4c. Initially, a semiconduc-

tor substrate 10 which can comprise a silicon wafer having a

thickness of 20 mils and a resistivity of approximately S
ohms/cm, and being doped to a concentration of approximately
1015 carriers/cc with onnos;te type conduct1v1ty carriers,

which are illustrated to ‘be N tyne conductivity carriers is

" provided as ‘shown in Elgure 4a. A first protective layer 14

such as a nitride layer is provided atop the substrate 10.
In a'preFerred'embodiment of an insulated gate semiconductor
device of the present invention, the first protective layer
14 can comprlse a flrst 1nsulat1ng layer 16 which can, for

~instance, be a natlverox1de, a gate electrode 18, such as
" polysilicen is disposed atop the first insulating layer 16
' and a second insulating layer 20 atop gate electrode 18.
,The'secend.insufating'laye* can be a native oxide of the
'Doly51l*con gate material. A'passivating'layef such as a

”n*trlde laye* 22 is a’snosed atop the second lnsulat’ng

layer 20. , )
7 A flrst w1ndow 25 is opened through a first - .
portion of the f*rst protec;zve layer 14 which has been
removed to expose a first surface portion 27 of the sub-
strate 10 and to circumferentially define a second central

portion 30 of the first protective layer 14 and an unexposed -

surface portion 31 of substrate 10 therebeneath. As illus-
trated, the unexposed surface portion 31 of the substrate 10
is covered with the second portion 30 of first protective

layer. 14.
Once the ;ler window 25 has been ooened a fl;st

‘portion of the substrate 10 has been exposed, a f;rse doping

can be made into the substrate 10 through the first window
25 to form a base eone rdage region 40. 'In a preferred the
fabrication of a MOSFET device, a fast diffusing light

concentration’ of one type condudtivity material, such as

r
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boren, can be used in combination with conventional implan-
tation or diffusion technigques to establish the first

lightly doped one type conductivity regioﬁ 40 shown as a P

type conductivity region. It is preferred that the base

appendage region 40 extend beneath the first protective
layer 14 to establish thé channel region of the device.
Subsequently, a second doping is performed through the same
first window 25 into the first surface portion 27 of the
substrate 10 with, for instance, a slow diffusing opposite
type conductivity dopant, such as arsenic, to establish a
heavily doped source region 35 of opposite type conductivity
shown as an N type region.

Referring now to Figure 4b, a second protective
layer 36 is next established in the first window 25 atop the
first region 35 on the exposed surface of the first portion
27 of the semiconductor substrate 10. In a preferred

embodiment, the second protective layer 36 is differentially

etchable and can comprise, for instance, a native oxide such

as silicon dioxide in the case of a silicon substrate.
Subsequently, and referring now to Figuﬁe 4c, a
photoresist layer 33 is e;tablished over the third portion
32 of the first protective layer 14 and a portion of the
second protective layer 36 by using a loose fitting mask.
Thereafter and by using a differential etch, a second window
37 is opened through the entire second portion 30 of the
first protective layer 14 to also expose the previously
unexposed second pertion 31 of the surface of the substrate
10 by, for instance, using selective etches which are
reactive with the material of the first protective layer 14
and which are not reactive with the material of the second
The second portion 30 of the first
insulating layer 14 can be removed by employing a reactive

ion type etch to open a second window 37.
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, Subsequently, a third doping is performed through
the Sééon& window 37 into the second surface portion 31 of
the subst:ate lO,to_establish a bése reqién 38 of one type
conductivity, illustrated as a P+ :egionrwithin the sub-
strate 10. The second @oping is preferably achieved by
employing a heavy1concen£ration of é'fastrdiffusing one type
conductivity material, such as boron, in combination with
conventional iﬁnlantation or difquionrt=chniaues There-

after, conventlonal metallization and patterning steps can
be nerfbrmed to comnlete the device.
t is to be recognized that while the pre:erred

embodiments of the present invention have been disclosed

with respect to the self aligned method of fabricating an
insulated gate semiconductor device, such as an insulated
gate transistor, it ié to be recognized that the self
aligned technlques of the present invention czan be emnloyed
to esgabllsh any of a number of semlccnduc;or devices.

Fur*her, it is te be recognized that the method of self

aligned fabrication of the present invention contributes

significantly to an improved semiconductor device by provid-
ing for precisely aiignéd regions which reqdire less toler-

ance between regions and thus maximize the use of available.
chip'substratara:ea to improve cell density and reduce cell

size and cell repeat distance.

While the preferred embodiments of the present
invention héve been illustrated and described, it is clear
that the invention is not so limited. Numerous modifica-
tions and changes, variations and substitutions and equiva-
lents will occur to those in the art without departing from
the true spirit and scope of the present invention. Accord-
ingly, it is intended that the invention herein be limited

only by the scope of the appended claims.
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WHAT IS CLAIMED IS:

1. A method of fabricating a self aligned semi-
conductor device comprising the steps of:

(a) providing a semiconductor substrate;

(b) providing a first protective layer atop said

substrate;
(c) opening a first window through a first

portion of said protective layer to expose a first portion
of said substrate, said first window circumferentially
defining a second portion of said protective layer and an
unexposed second portion of said substrate therebeneath;

(d) introducing a first dopant inteo said sub-
strate through said firsf window to establish a first
region;

(e) £forming a second protective layer in said
first window over said exposed first portion of said sub-
strate; . '

(£) opening a second window through said un-

exposed second portion of said first protective layer to

expose said second portion of said substrate;
(g) introducing a second dopant into said sub-

strate through said second window to establish a second
region;
(h) opening a third window through said second

protective layer to expose 2 portion of said first region;

and
(i) introducing a third dopant through said third
window into said first region to establish a third region.
2. The method of fabricating an insulated gate

semiconductor device of claim 1 wherein said substrate and
said first region are of opposite type conductivity and said

second and third regions are of one opposite type conduc-

tivity.
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3. The method of fabricating a semiconductor
device of claim 1 wherein said first, second and third
protective layers are substantially impermeable to diffusion

dopant penet*atlon.' . : .

4. The method of fabrlcatlng a semﬂconductor

device of claim 1 whe:ein said first, second and third
'protective layers are substantially impermeable implantation
dopant penet*atlon. 7 '

5. The method of fabrécatlng'a semiconductor
device of claim 1 wherein said thlrd,reglon extends beneath
sa*d first pro»eCelve laye ) '

6. The method of fabricating a semiconductor
device of ‘claim 1 further comprising the step of prov1d1ng a
metallization layer ln.ohmlc contact with a portion of said
first and second regions. ' , o

7. The method of fabrlcatlng a semlconductor
device of claim 1 whe*eln said first DrOtECulVE layer
compr’ses an lnsulated gate electrode.

7 8. The method of fabrlcatlng a sem*ccnducbor
device of claim 1 wnereln said first protective layer
comprises an a first insulating laYer disposed atop said
subs rate, a gate electrode dlsposed aton said first in-

5 sulating laver and a second insulating layer dlsnosed atop
. said gate electrode. '

g. The metnod of fabr*cateng a semzconductor
device of claim 8 whereln said first insulating layer
comprises a native oxide, and saﬂd,second insulating laver
comprises a native nitride and said gate electrode comprises

5 polysilicon. , 7 '
: 10. The method of fabricating a semiconductor
devzce of claim 1 wherein the step of onening said second
window comprises providing a photoresist layer over a
pcrtion of said first protective layer outside said first
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window, and over said second protective layer, and employing
a reactive ion etch is employed to remove said second

portion of said protective layer.
11. The method of fabricating a semiconductor

device of claim 1 wherein the step of opening said first
window comprises removiﬁé said first portion of said protec-
tive layer with reactive ion etch.

12. The method of fabricating a semiconductor
device of claim 1 wherein the step of opening said first
window comprises removing said first portion of said protec-
tive layer with buffered hydrofluoric etch.

13. The method of fabricating a semiconductor
device of claim 1 wherein the step of opening said second
window comprises removing said unexposed second portion of
said first protective layer with a reactive ion etch.

14. The method of fabricating a semiconductor
device of claim 1 wherein said first window is opened by
photolithographically establishing a mask on the surface of
said first protective layer to mask a portion of said first
protective layer or lying outside said first window and

subseguently employing an etchant to remove the unmasked

region of the first protective layer.
15. A method of fabricating a self aligned

semiconductor device comprising the steps of:

(a) providing a semiconductor substrate;

(b) providing a first protective layer atop said
substrate;

(¢) opening a first window through a first
portion of said first protective layer to expose a first
portion of said substrate and circumferentially define a
second portion of said first protective layer and an un-
exposed second portion of said substrate therebeneath;
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(d) providing a second protecﬁivé layer in said
first window; ,
(e) opening a second window'thfcugh sa*d second
por;zon of szid first protectlve layer to exncse said second

portion of said subsbrate,
(£) introuuc1ng a first dopant into said sub-

strate thfough said second window to establish a first
region;

(g) forming a third protective layer in said
second window; '

' ' (h)’ openihg a third window through said second

pro;ectlve layer;

(1) lntroauCLng a second dopant through said
thir& window to establish a second region; and

(3 introducing a third dopant through said third

window to establish a third region. :

16. 'ihe method'qf fébricating a semiconductor

device of claim 15 further comprising the steps of:

establﬂshlng a fourth protective layer in said

third w*ndow,
opening a fourth w1ndow through said thlrd protec-

, tive'layer to expose a portion of said first and third doped

regions; and 7
applying a metallization layer in contact with
said first and third regions for sbortlng said £irst and
ird reglons. ) o

17. The method of fabricating a semiconductor
device in accordance with claim 16 wherein said first window
is coextensive with said third window and said fourth window
is coextensive with said second window.

18. The method of fabrlcatlng a seﬂlcovductor
device of claim 15 wherein said step of providing a first

protective layer atop said substrate comprises the steps of:
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growing a first insulating layer on an exposed

5 surface of said substrate;
depositing a polysilicon layer étop said first

insulating layer; and
growing a nitride layer atop said polysilicon
layer. h
19. The method of fabricating a semiconductor
device of claim 15 wherein said step of opening said first
window is performed by photolithographically masking said
first protective layer and subsequently etching the unmasked
S portion of said first protective layer.
20. The methed of fabricating a semiconductor
device of claim 19 wherein said first protective layer
" comprises a first insulating layer, a gate layer and a
second insulating layer, and said step of opening said first
5 window comprises employing a reactive ion etch to open said
first window through said nitride layer, said gate layer and
said first insulating layer.
21. The method of fabricating a semiconductor

device of claim 20 wherein said first insulating layer

comprises a native oxide.
22. The method of fabricating a semiconductor

device of claim 20 wherein said second insulating layer

comprises silicon nitride.
23. The method of fabricating a semiconductor

claim 15 wherein said first protective layer

a first insulating layer, a gate electrode layer

device of

comprises
and a second insulating layer and said step of opening

) second window comprises the steps of:
etching said second insulating layer to open a

window therethrough;
performing a second etch to open a window through

said gate electrode layer; and
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performing a third etch to open a window through

sald first insulating layer.. )
24. The method of ‘abrlcatlng a semiconductor

device in accordance with claim 15 wherein the step of

introducing said'first dopant is accomplished by dif-

fusion. ,
25. The methed of fabricating a semiconductor

device in accordance with claim 15 wherein the step of

 introducing a first dopant is accomplished by implanta-

tion. e

26. The method of fabficating a semiconductor
dev1ce of claim 15 wherein said substrate and said third
reglon are of opnoszte type conduct1v1ty and said first and
second regions are of one type conductivity.

27. The method of fabrlcat*ng a semiconductor
device of claim 15 wherein second window is opened by
providing a_phqtoresist layer over a portion of said first
protécéive layer lying outside said first mask and over said
second protective layer and pérfo:ming a reactive ion etch
to remove saidisécond portion of said first protective
layer. o o
' 28. . The method of fabricating a semiconductor
device in accordance with claim 15 wherein said .first and
second protective layers are dlfferentlaTIY etchable.

29. The self aligned method of fabrlcatlng an
semiconductor deylce'of claim 15 wherein said first region
is deeply diffﬁst, said second region is less deeply
diffused and said third region is shallowly diffused.

30; A‘self aligned method of fabricating an
semlconauc;or device comprising the steps of:

(2) prov1d1ngja semiconductor substrate of

opposite type conductivity;
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(b) providing a first protective layer atop said

substrate;
(c) opening a first window through said first

protective layer to expose a first portion of said sub-
strate, said first window circumferentially defining a
second portion of said first protective layer and a second

portion of said substrate therebeneath;
(d) introducing a one type conductivity dopant

through said first window to establish a base appendage

region;
(e) providing a second protective layer in said

first window;
(£) opening a second window through said second

portion of said first protective layer to expose said second

portion of said substrate;
(g) introducing a one type conductivity dopant

through said second window to astablish a central base

region;
(h) providing a third protective layer in said

second window;
(i) opening a third window through said second

protective layer and;
(j) introducing a dopant through said third

window to establish a source resgion.

31. The self aligned method of fabricating a
semiconductor device of claim 30 wherein said step of
providing a first protective layer comprises the steps of:

providing a first insulating layer;

providing a polysilicon layer atop said first

insulating layer;
providing a second insulating layer atop said

polysilicon layer; and
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prov1d1ng a nitride layer atop said second insu-
lating layer. , o
32. The self aligned method of'fabricatzng a
semiconductor device in accordance with clzim 30 wherein
said first window is established by photolithographically
masking said first proteétiVe layer and etching said first
S protective layer to remove unmasked portions thereof.

33. The self aligned method of fabricating an
semiconductor device in accordance with claim 30 wherein
said second window 1is established by photolithographically
masking a portiqn'ef said first protective layer lying

5 outside said first window and also photolithographically
masking a portion of said second protective layer and
etchlng unmasked portlons of said first protective layer.

34. The self allgned method of fabricat ing a
semiconductor device of claim 30 wherein said step of
introducing a first dopant is performed by diffusion tech-
nigues. : e _

- 35. The self aligned method of fabricating a
- semiconductor device in accordance with claim 30 wherein
said step 6f'intrcdu¢ing a first dopant is performed by
implantation. '
" 36. The self aligned method of fabricating a
semiconductor device of claim 30 wherein said second protec-
- tive layer comprises a native oxide.

- 37. The sel‘ aligned method of fabricsa tlng a
semiconductor device of claim 30 wherein said second protec¥
tive layer comprises silicon dioxide. '

38. The self aligned method of fabricating a
semiconductor device of claim 30 wherein said third window
is established by phefolithographically mesking said first
and second_prctective layers and etching unmasked portions

5 of said third protective layer.
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39. The self aligned method of fabricating a
semiconductor device of claim further compr’ iing the steps

of:
providing a fourth protective layer in said third

window;

removing the photolithographic mask and opening a
window through said second protective layer.

40. The self aligned method of fabricating a

semiconductor device of claim 30 wherein said third protec-

tive layer is resistant to oxide etch.
41. The self aligned method of fabricating a

semiconductor device in accordance with claim 30 wherein

said substrate and said third region are of opposite type
conductivity and said base appendage and central base

regions are of opposite type conductivity.
42. The self aligned method of fabricating a

semiconductor device of claim 30 wherein said central base
region is doped to a depth greater than the depth of said
base appendage region.

43. The self aligned method of fabricating an
semiconductor device in accordance with claim 30 wherein
said source region is shallow and heavily doped.

44. A method of fabricating a self aligned
insulated gate semiconductor device comprising the steps of:

(a) providing a semiconductor substrate;

(b) providing a £first protecéive layer atop said
substrate;

(c) opening a first window through a first
portion of said first protective layer to expose a first
portion of said substrate, said first window circumferen-
tially defining a second portion of said first protective

layer and an unexposed second portion of said substrate

therebeneath;
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- (d) introducing a first dopant into said sub-
straﬁe through said first windowrto establish a first
region; , ' '
7 (e) introducing a second dopant into said first
region through said first window to establish a second
region; - ,
(£) opening a second window through said un-

exposed second portion of said first protective layer to

" form a second window therein and expose said second portion

of said substrate; ,

i (g), introducing a third dopant through said
second window into said substrate to establish a third
region. o - , '

45, The method of fabricatingran insulated gate
semiconductor déviqe of claim 44 wherein said substrate and
said second region are of opposite type conductivity and
said second and third regions are of one type

conductivity. '

46. The method of fabricating a semiconductd;
device of claim 44 wherein said step of opening said second
window comprises forming a second protective layer of
differentially etchable material in said first window,
forming a photoresist layer over a portiocn of said first
protective layer outside said first window and a portion of
said second protective layér, and etching the portion of
said first protective layer unprotected by said photoresist
layer. '

, 47. The method of fabricating a semiconductor
device of claim 46 wherein said protective layers are
substantially impermeable to implantation dopant pene-

tration.
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method of fabricating a semiconductor

device of claim 44 wherein said first region extends beneath

said first protective layer.

49. The

device of claim 44

method of fabricating a semiconductor

further comprising the step of providing

a metallization layer in ohmic contact with a portion of

said first and second substrate regiomns.

50. The

device of claim 44

method of fabricating a semiconductor

wherein said first protective layer

comprises an insulated gate electrode.

51. The

device of claim 44

method of fabricating a semiconductor

wherein said first protective layer

comprises a first insulating layer disposed atop said
substrate, a gate electrode disposed atop said first in-

5 sulating layer and

a second insulating layer disposed atop

said gate electrode.

52. The
device of claim 51
comprises a native
comprises a native

5 polysilicon.
53. The

device of claim 44

method of fabricating a semiconductor
wherein said first insulating layer
oxide and said second insulating layer

nitride and said gate electrode comprises

method of fabricating a semiconductor
wherein said first window is opened with

an oxide specific etch.

54. The

device of claim 44

method of fabricating a semiconductor

wherein the step of forming a first

window is performed with KOH etch.

S5. The

device of

window is
Sé. The

device of claim 44

window

method of fabricating a semiconductor

¢ elaim 1 wherein the step of forming a second

performed with a reactive ion etch.

method of fabricating a semiconductor

wherein the step of opening a first

comprises photolithographically establishing a mask
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onrthersurfacerof said first ptctective layer and subse-
duehtly etching'awayrthe unmasked region of the first
protective layer.
7 - 57. A method of fabricating a self aligned

semiconductbr device comprising the steps of:

(a) providing a semiconductor substrate;

(b) providing a first protective layer atop sai
substrate; |
: (<) 7opening'a first Vindow through a first

- portion of said first protective layer to expose a first

portion of said substrate, said first window circumferen-
tially defining a second portion of said first protective
layer and a second unexposed portion of said substrate

therebeneath; 7 B
- (4) forminq'arfirst region in presneci‘ied

allgned relation within said first portlon of said

substrate; ‘and

(e) forming a second substrate region within said
seéond,surface portion of said substrate in prespecified
aligned relation with said first substrate region.

58. The self aligned method of fabricating an
semvconduc;or device of claim 57 wherein first region

ex;ends beneath said first Drotectlve layer.
S9. A method of fabricating a self aligned

semlconducgor dev1c= comprising the steps of:

(a) providing a semiconductor substrate;

(b)  providing a first protective layer atop said
substrate; ' '

(e) 'openiné a first window through a first
portion of said first protective layér to expose a first
portion of said Substraté, said first window circumferen-

tzally defﬂnﬂng a second oorulon of said first protective
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layer and a second unexposed portion of said substrate

therebeneath;
(d) forming first and second doped regions in

prespecified aligned relation within said first surface

portion of said substrate; and

(e) forming a third doped region within said
second portion of said substrate in prespecified aligned
relation with said first and second doped regions.

60. The method of fabricating a semiconductor
device of claim 59 wherein said first window divides said
substrate into three separate regions, a first region
underlying said first window, a second portion underlying
said second portion of said first protective layer and a

first protec-

tive layer outside said first window.
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