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process adapted to the manufacture of dielectri- cally isolated
semiconductor structures Background of the Invention
Accordingly, it is an object of this invention to Field of Invention
provide an improved process for manufacturing This invention relates, in
general, to means and    5    semiconductor and other solid state devices
and methods for improved semiconductor devices and      integrated circuits
wherein a device region must integrated circuits, and more particularly, to
an    be laterally self-aligned with respect to a dielectric improved
self-aligned manufacturing process          isolation region. which is
especially useful for dielectrically, (e.g.  It is an additional object of
this invention to oxide) isolated structures, and to devices and    10
provide an improved process for manufacturing circuits made thereby.
dielectrically isolated devices and circuits having more compact lateral
dimensions. Background Art                                        It is a
further object of this invention to provide Semiconductor devices and
integrated circuits      an improved process for manufacturing semicon-
(IC's) are commonly made by creating a variety of   15   ductor devices and
integrated circuits in which doped regions in a semiconductor wafer sub-
device regions, such asthe emitterand the emitter, strate. The lateral
geometry and position of the     base, and/or collector contacts, can be
positioned doped regions are fixed by successive masking       laterally
within another device region and auto- operations. Each new mask layer must
be aligned      matically aligned with respect to each other and to with
the pattern created by the prior mask layer so   20   the other device
region, particularly a dielectric that the device regions being added will
register    isolation region. with those already in place. Since the
alignment      It is an additional object of this invention to process is
not perfect, some space is wasted in      provide an improved process for
manufacturing providing the needed alignment tolerance. This
semiconductor devices and integrated circuits of wasted space is
increasingly important as the    25    more compact dimensions by
eliminating the minimum dimensions of the device or IC structure
alignment tolerance presently required to position shrink. It is common now
to utilize device and      device regions, such as the emitters and the
circuit features whose minimum dimensions are        emitter, base, and/or
collector contacts, within the of the order of 1-2 micrometers or less.
When the   active semiconductor region of, for example, a alignment
tolerance is even a fraction of a   30   non-walled emitter dielectrically
isolated struc- micrometer, substantial space is wasted.            ture.
This problem is particularly severe with dielec-    It is a further object
of the present invention to trically isolated devices and circuits. In
these     provide an improved manufacturing process for structures, the
active device regions are placed in  semiconductor and other solid state
devices and an island of semiconductor material which is   35   integrated
circuits, wherein dielectric isolation surrounded laterally by a thick
dielectric region.   regions are self-aligned with other device regions The
island and the dielectric region are typically   by means of multiple oxide
and nitride layers, formed in the same wafer substrate. The dielectric
wherein these layers are arranged so as to con- region reduces the
parasitic capacity and coupling  veniently permit selective etching using
oxide between adjacent devices and permits higher   40   attacking etchants
and nitride attacking etchants, frequency and lower power operation to be
and wherein the process is compatible with the achieved. For silicon
bipolar devices, a thick      use of organic resists for patterning.
thermal oxide region is often used to form the        It is an additional
object of the present invention dielectric isolation. The active device
regions must  to provide an improved manufacturing process for be aligned
with respect to this isolation region. In   45   semiconductor and other
solid state devices and the past, two or more separate masks have been
integrated circuits which achieves the above used to do this, each one
requiring extra space for  objects without additional alignment steps or
the alignment tolerance. While past efforts to       adverse effects on
manufacturing yield. achieve self-aligned device structures, as exem-
It is a yet additional object of this invention to plified by United States
patents 3,560,278 and    50   provide improved semiconductor and solid
state Re30,282, have proved useful where metallized or    devices and
integrated circuits made by the pro- doped device areas were required, they
have not     cess of this invention. proved practical for self-aligned
device structures involving oxide isolation regions orthe like. This is
Summary of the Invention becausethe prior art structures and methods have
55  In accordance with the invention there is pro- not been compatible with
the processes required     vided a process for forming at least two self-
to form dielectric isolation regions or the like. To  aligned device
regions in a substrate using a overcome this limitation, it has been
necessary     master-mask and a selector layer, characterized with the
prior art, to use additional masking steps  by: or additional processing
steps and materials.   so    forming a master-mask comprising a first These
additional steps result in significantly lower  material formed on said
substrate and a second manufacturing yields and higher costs. Thus, a
material formed on said first material, wherein need has continued to exist
for an improved self-   said first material is resistant to doping and
aligned manufacturing process for electronic        oxidation and said
second material is resistant to 



devices and circuits, particularly, a self aligned   65   etchants that
etch a third material;    3              EP 0084 399 B1
4 forming at least first and second openings in     layer. A non-patterned
etch is used to remove the said master mask;
buffer layer in this opening, exposing the sub- covering said master-mask
and said first and      strate surface. This opening is then used as a
second openings with a selector layer of said third  mask pattern to define
a second device region by material which is resistant to oxidation;     5
doping, oxidation or otherwise. As a result of this locally etching said
third material using said    procedure, the device regions defined through
second material as an etch stop; and                the dpenings in the
master mask layer are self- forming device regions under said first and
aligned a predetermined distance apart. One or second openings.
both device regions can be a dielectric isolation In a preferred embodiment
of the invention, a    l0   region. substrate surface is first optionally
coated with a   Devices made using the process have smaller thin buffer
layer, and then coated with a first     area and lower cost. In
alternative, though less pattern forming (master-mask) layer composed of
convenient embodiments, the buffer layer and a two part sandwich, the first
part being an      second etch resistant layer are omitted. oxidation and
doping resistant layer (sub-master-   15 mask), the second part being a
first etch resistant  Brief Description of the Drawings (etch stop) layer.
The first etch resistant layer     Fig. 1A is a top view of a portion of a
dielectri- must withstand etchants which attack the oxida-     cally
isolated bipolar integrated circuit and device tion and doping resistant
layer, but be otherwise   showing the layout in simplified form. etchable.
The buffer layer remains on the sub-   20   Fig. 1B is a cross section in
simplified form of strate surface until a device region is to be       the
device of Fig. 1A. formed, whereupon it is locally removed. A
Fig. 1C is another cross section in simplified pattern is formed in the
first pattern forming      form of the device of Fig. 1A. (master-mask)
layer having at least two openings      Figs. 2A-H are cross sections in
simplified and penetrating to the buffer layer on the substrate   25
idealized form  of a portion of a self-aligned surface. The two openings
are located a predeter-   semiconductor device at different stages of mined
distance apart. This predetermined dis-       manufacture, according to the
prior art. tance takes into account any undercut amounts         Figs. 3A-J
are cross sections in simplified form by which the device regions placed in
or on the    of a portion of a self-aligned semiconductor substate diffuse
or grow  laterally during forma-   30   device at different stages of
manufacture, accord- tion, and determines the relative placement of the
ing to the method of the present invention. two self-aligned device regions
which are to be formed using the above two openings as mask
Detailed Description of the Preferred apertures.
Embodiments A second pattern forming (selector) layer com-   35  Figs. 1A-C
show a portion of a dielectrically posed of an oxidation resistant layer,
and prefer-  isolated bipolar integrated circuit. Fig. 1A is a top ably
covered by a second etch resistant layer, is   view and Figs. 1B and 1C are
cross sections. For formed on the first pattern forming layer, cover-
simplicity, only the principal features of the struc- ing the first layer
and the portion of the buffer  ture have been shown. Semiconductor
substrate layer surface exposed in the two prior openings   40   20 has
formed therein buried collector region 21, The second etch resistant layer.
must resist etch-  collector region 22, base region 23, emitter region ants
which attack the oxidation resistant layer but  24, collector contact
region 25, and dielectric be otherwise etchable. An aperture is formed in
isolation region 26. In a typical circuit or device the second pattern
forming (selector) layer,        using silicon semiconductor material,
dielectric roughly aligned over a first of the two prior   45   isolation
region 26' will be formed from silicon openings in the first pattern
forming layer. In     oxide. Emitter region 24, base region 23, and doing
this, the second etch resistant layer is first  collector contact region 25
are contacted by emit- patterned, typicallyusing a resist, and then used
ter contact 27, base contact 28 and collector as a mask to etch the
underlying oxidation resis-  contact 29 respectively. It will be apparent
to tant layer. The aperture in the second pattern   50   those of skill in
the art that the conductivity types forming layer is larger than and
encompasses the    shown in regions 20-25 of Figs. 1B-1C are for first
opening so that no precision alignment is     purposes of illustration, and
that other combina- needed. Removal of the second pattern forming
tions and arrangements of conductivity types and layer material within this
aperture re-exposes the  device types could also be used. buffer layer
surface in the first opening. A non-   55  It is apparent in Figs. lA-1C
that semiconduc- patterned etch is used to remove the buffer layer  tor
region 30 in which device regions 21-25 are in this opening, exposing the
substrate surface in   formed has the appearance of an "island" of the
first opening. The first opening is then used as  perimeters 31a-c
surrounded by a "sea" of a mask pattern to define a dielectric isolation or
isolation region 26. Perimeter 31a corresponds to other oxidized region in
the substrate surface.   so   the mask opening used to produce isolation 



After forming the dielectric isolation or other     region 26, perimeter
31b corresponds to the oxidized region' under the first opening, the
perimeter associated with side walls 26a of isola- remainder of the second
pattern forming layer is   tion region 26, and perimeter 31c corresponds to
removed, re-exposing the buffer layer surface in   the perimeter of
isolation region 26 at the semi- the second opening in the first pattern
forming    65   conductor surface. Perimeter 31c lies within 3    5
EP 0084 399 B1                     6 perimeter  31a by undercut amount 33a
which       mask pattern 62 having openings 62a-b of represents the amount
by which isolation region   widths 66a-b is formed (Fig. 2C) in first
pattern 26 spreads laterally at the surface during forma-  forming layer
60. Openings 62a-b are separated tion. Perimeter 31b lies within perimeter
31 a by  by predetermined distance 80. Openings 62a-b undercut amount 33b
which represents the    5    penetrate to semiconductor surface 63, so that
amount by which sidewalls 26a of isolation region  surface portions 63a-b
corresponding to open- 26 spread laterally during formation. Undercut
ings 62a-b are exposed. Second pattern forming amount 33a exceeds undercut
amount 33b.           layer 61 is applied (Fig. 2D) over first pattern It
is desirable to minimize lateral dimensions  forming layer 60 and in the
openings 62a-b to 41-42 required for island 30. This is best   to   cover
exposed silicon surfaces 63a-b. Second achieved by arranging for emitter
opening 27a     pattern forming layer 61 is called the "selector" and base
and collector contact openings 28a and   layer because it permits the
individual openings 29a to be self-aligned with respect to perimeter  in
master-mask layer 62 to be selected and 31a-c of isolation region 26. This
permits spac   sequentially opened for separate device pro- ings 34-36, 45,
and 50-51 to have their mini-  15   cessing, without critical alignment
steps. Second mum values with no allowance for alignment. It is  pattern 64
of opening width 65 is formed (Fig. 2E) desirable but not essential that
emitter contact  in second pattern forming (selector) layer 61. opening
dimensions 38a-b, base contact open-      Width 65 of pattern 64 must be
larger than width ing dimensions 39a-b, and collector contact       66a of
original opening 62a, so that pattern 64 can opening dimensions 37a-b also
be made as   20   be easily aligned without critical tolerance to small as
possible. This is usually done.          entirely cover original opening
62a. Forming Substantial area and cost savings are achieved  pattern 64 in
layer 61 re-exposes surface portion y use of the self-aligned process of
this inven-  63a in original opening 62a. Original opening 62a ion, as
compared to a process which is not self-  is now used (Fig. 2F) as a mask
aperture to define aligned. For example,in structures having about 2   25
doped device region 67. Following doping, region micrometer minimum feature
size, dimension 41     60a of layer 60 is reformed in opening 62a. is
reduced by about 16% and dimension 42 by         Second pattern forming
(selector) layer 61 is about 30% when the self-aligned process of the
now removed (Fig. 2G) from the remainder of the present invention is used.
This provides an area  surface, re-exposing silicon surface region 63b in
saving of 40%. Other things being equal, this can   30   original opening
62b. First pattern forming result in an approximately 40% increase in die
(master-mask) layer 60 can now be used (Fig. 2H) count per wafer and a
corresponding decrease in   as a mask to define device region 68 under the
cost per die.                                 opening 62b, for example, by
doping the semi- In Fig 1A-1C, emitter region 24 and emitter,   conductor
by diffusion or implantation, It will be contact 27 do not extend laterally
to intersect   35   observed that separation 82 of device regions isolation
perimeter 31c. Base region 23 extends to  67-68 is determined, by
separation distance 80 intersect perimeter 31c. Base and collector con-  of
openings 62a-b in first pattern forming layer tacts 28 and 29,
respectively, can extend to      60, minus undercut amounts 81a-b, and that
intersect perimeter 31c, although it is preferable  alignment is automatic.
Since openings 62a-b that they do not. In Fig. 1A, collector contact 25
40   were formed from a single mask, device regions and collector contact
opening 29a are illustrated  67-68 are self-aligned. as intersecting
perimeter 31c, while base contact   In order to carry out the process
described opening  28a is illustrated as not intersecting   above it is
essential that the first and second perimeter 31c in order that the
difference may be  pattern forming layers (master-mask and selector [err]
visualized. The structure illustrated in Fig.   45   layers) be made from
materials having different IA is referred to as a non-walled emitter,
signify-  etching characteristics so that one or more por- ing that emitter
24 does not intersect wall 26a of  tions of the second pattern forming
(selector) isolation region 26 but is spaced inside perimeter  layer may be
removed without substantially etch- 31a by lateral distance 45. A  walled
emitter    ing the first pattern forming (master-mask) layer. structure is
one in which the emitter region   50   Additionally, both pattern forming
layers 60 and extends to and intersects sidewall 26a of isolation  61 must
be made from materials which act as region 26. A self-aligned process for
producing   masks during doping of regions 67-68. It is well non-walled
emitters is particularly desirable,    known in the art that silicon oxide
and silicon since it provides a packing density closely       nitride form
a set of materials having these approaching that of walled emitter
structures, but  55   properties, that is, having substantially separate 



without their manufacturing yield problems, e.g.,  etching chemistries and
the ability to act as channeling along isolation wall 26a.
diffusion or implantation barriers. Layer 60 is Figs. 2A-H illustrate the
practice of a method  formed from silicon oxide and layer 61 from of
obtaining self aligned doped regions according  silicon nitride. This
permits region 60a to be to the prior art. In Figs. 2A-C, semiconductor
60   formed from oxide, regrown after doping of portion 59 has first
pattern forming layer 60     region 67. Region 60a then acts as a barrier
to applied to principal surface 63. First pattern form-  further doping in
region 67 during doping of ing layer 60 is called the "master-mask" layer
region 68. because it defines the critical device regions (via  While the
prior art method and material con- pattern 62) which are to be
self-aligned. Master-  65   figuration work satisfactorily when device
regions 4.    7              EP 0084 399 B1                       8 67
and/or 68 are to be doped, they are not useful if  processes, such as
oxidation, doping, alloying, it is desired that one or both regions be a
metallizing, and so forth, provide the delineation dielectric isolation
region. The reason for this is  of the critical device regions to be
self-aligned. that dielectric isolation regions are typically     "Selector
layer" refers to that layer (e.g. 61 of Fig. formed by oxidation of the
underlying substrate.    5    2) or combinations of layers (e.g. 107 of
Fig. 3) It is not possible to use an oxide layer (e.g. layer  which through
their selective etch properties 60) as a mask to define the lateral extent
of an    allow re-exposure of one or more openings in the oxide region of
comparable thickness, since oxi-    master-mask layer. dation would proceed
through the oxide layer as       Second pattern forming (selector) layer
107 well as in areas where the bare substrate (semi-   10   composed of
oxidation resistant layer 107a of conductor) was exposed. Thus, aperture
62a          typically silicon nitride and, preferably but not would not be
effective in delineating a dielectric  essentially, second etch resistant
layer 107b of (oxide) isolation region in location 87 in place of
typically silicon oxide is applied (Fig. 3D) to doped region 67 since the
definition and self-     surface 114 of layer 105a and to surface portions
alignment features would be lost. The problem is   15   112a-b of layer 104
in prior openings 108a-b. not avoided by interchanging the order of the
Oxide layer 107b provides an etch mask layer for layers, that is, by making
layer 60 from nitride and  convenient etching of oxidation resistant layer
layer 61 from oxide. In this case, an attempt to    107a. In Fig. 3E,
second (selector) pattern 120 of grow an oxide dielectric isolation region
in sur-   width 121 is formed in second pattern forming face 63a through
aperture 62a of FIG. 2E would   20   (selector) layer 107. Width 121 of
pattern 120 must also result in oxidation of surface 63b through     be
larger than width 109a of original opening layer 61 in opening 62b. To form
self-aligned       108a, so that pattern 120 may be easily aligned device
regions where one or more regions require    without critical tolerance to
entirely cover original an oxidation step, a different method and material
opening 108a. Forming pattern 120 in layer 107 combination is required
wherein pattern forming    25   re-exposes surface portion 112a of buffer
layer layers 60 and 61 are both substantially impervi-    104. Second
pattern 120 is formed by masking ous to oxidation. Additionally, where
doped         and  etching  methods to  be subsequently regions are
required, at least one pattern forming  described. A non-patterned etch is
used to layer must also be resistant to doping. This is    remove portion
104a of layer 104 exposed in accomplished by the invented combination and
30   opening 108a, thereby exposing silicon substrate process illustrated
in FIGS. 3A-J.                  surface portion 111 a. The non-patterned
etch also Figs. 3A-J illustrate the practice of a preferred  produces a
slight thinning of oxide layer 105b in embodiment of the method of this
invention. In      region 122 and substantially removes layer 107b. this
description, a silicon substrate and NPN       No masking step is required.
bipolar devices are used by way of illustration. It  35  Figs. 3F-G
illustrate the formation of dielectric will be recognized by those of skill
in the art that  oxide isolation region 125. Moat 124 is etched in the
method applies to other materials, devices,     silicon substrate region
103 using opening 108a and conductivity types as well.
to define the desired location and shape. Surface In Figs. 3A-J, silicon
semiconductor substrate    124a of moat 124 is oxidized to produce
dielectric portion 100 comprises buried collector 101, buried   40   oxide
isolation region 125 by techniques well channel stop 102, epitaxial
collector region 103,   known in the art. Oxidation and doping resistant
and principal surface 111. In Fig. 3B, buffer layer  layer 105a and
oxidation resistant layer 107a act 104 having surface 112 and comprising
typically     as masks during growth of oxide region 125. silicon dioxide
is applied to silicon surface 111.  Sidewalls 125a of dielectric oxide
isolation region Buffer layer 104 serves as a chemical and physical   45
125 grow laterally, undercutting mask opening separator and matching layer
between silicon        108a by undercut amount 131a at the substrate
surface 111 and first pattern forming layer 105.    surface 111 and
undercut amount 131c inthe bulk First pattern forming (master-mask) layer
105 is    of the semiconductor. Procedures for creating applied over buffer
layer 104 and comprises two     dielectric oxide isolation regions are well
known superposed layers; device process resistant (sub-   so   in the art.
As will be subsequently described, the 



master-mask) layer 105a of typically silicon nitride  thickness of layers
104, 105 and 107 must be having surface 113, and first etch resistant (etch
properly chosen to be compatible with the stop) layer 105b of typically
silicon oxide having  requirements for forming a dielectric isolation
surface 114. First (master-mask) pattern 108 is    region by thermal
oxidation of the silicon, or formed (Fig. 3C) in layers 105b and 105a using
55   other means, and to withstand the several etching masking and etching
techniques to be sub-           steps. sequently described. First pattern
108 has at least   Following creation of dielectric oxide isolation two
openings 108a-b of widths 109a-b, respec-       region 125, the remaining
portion (107a) of tively, and separation 110. Formation of first
second pattern forming layer 107 is removed (Fig. pattern 108 exposes
portions 112a-b of surface   60   3H) by non-patterned etching, no masking
step 112 of layer 104.                                   being required.
This re-exposes surface portion As used herein "master-mask" layer (e.g. 60
or    112b of prior opening 108b. Region 104b of layer 105) and "sub-master
mask" layer (e.g. 105a)        104 is removed in Fig. 31 by non-patterned
etching refer to those layers or combinations of layers    to expose
surface portion 111b of silicon sub- which, through their resistance to
device forming    65   strate surface 111 in preparation for creation of a
9               EP 0 084 399  B1                    10 device region by
doping or other means. The         (1.5 x [err] m) being convenient.
Silicon oxide remaining portions of-oxide layer 105b are sub-     layer
105b provides an etch stop to protect nitride stantially removed at the
same time. A slight        masking layer 105a when overlying nitride layer
thinning of region 125 also occurs at the same       107a is being removed.
It must be thick enough to time. No masking step is required.             5
provide this protection. A minimum thickness of In Fig. 3J, P-base 126 is
provided, typically by ion  500 A (5 x [err] m) is useful with 1000 A (10 x
[err] implantation delineated by means of a photoresist    m) being a
convenient value. There is no further mask (not shown). Emitter region 127
is provided     benefit in oxide (etch stop) layer 1 05b being thicker by
doping silicon surface 111b through opening      than several thousand
Angstroms. Layer 105b is 108b in layers 104 and 105a. It will be noted that
to   partly etched when oxide buffer layer 104 is lateral separation 130
between isolation region     removed by non-pattemed etching. Thus, it is
125 and device region 127 is determined by          generally desirable
that etch-stop layer 105b be at distance 110, minus undercut amounts
131a-b.         least as thick as buffer layer 104. Nitride (selector)
Undercut amounts 131a-b can be readily calcu-       layer 107a must be
sufficiently thick to protect lated or determined by experiment for any
given    15   oxide (etch stop) layer 105b during etching of sequence of
oxide growth, implantation, diffusion   second (selector) pattern 120 and
to resist, that is, or other process steps so that distance 130 can be  to
be substantially impervious to whatever device fixed by choosing a
predetermined value of dis-    forming processes are required. For
dielectrically tance 110.
isolated structures selector layer 107a must pre- Etch stop layer 105b and
selector layer 107a   20   vent oxidation of silicon surface 111 b in
opening must be differentially etchable in that selector    108b during the
formation of region 125 in opening layer, 107a must be etchable without
substantial    108a. Thickness in the range 500-5000 A etching of etch stop
layer 105b. It is desirable but  (5-50 x [err] m) is useful for layer 107a,
with 1500 not essential that etch stop layer 105b be etchable  A (15 x
[err] m) being convenient. without substantial etching of sub-master-mask
25   In order to facilitate formation of (selector) layer 105a, that
masking layer 107b be etchable     pattern 120 in nitride (selector) layer
107a, it is without substantial etching of selector layer 107a,  desirable
to cover layer 107a with mask layer 107b and that layers 105a and 107a be
etchable without   of silicon oxide. 200  (2 x [err] m) is a convenient
substantial etching of layers 105b and 107b         thicknessfor layer
107b, although larger orsmaller respectively. In the simplest embodiment,
layers   30   thicknesses will serve so long as the thickness is 104, 105b,
and 107b are made from silicon oxide     adequate to serve as an etch
resistant mask. This and layers 105a and 107a are made from silicon
allows pattern 120 to be firstformed in oxide layer nitride. However, any
combinations of materials     107b using well known organic resist and
oxide satisfying the differential etching criteria will serve  etching
techniques. Layer 107b can then serve as a as long as their other
properties are compatible    mask foretchingselectorlayer 107a with
reagents with the semiconductor and the desired process.    that would
otherwise attack and remove organic Selection of these other properties is
within the   resists. Etching reagents containing HF are con- ability of a
person skilled in the art.             venient for etching oxide layers
104, 105b, and Using the proper combination of oxide and          107b, and
etching reagents containing phosphoric nitride or equivalent materials for
layers 105 and    40   acid are convenient for etching nitride layers 105a
107 permits differential etching so that different  and 107a. Wet chemical,
reactive plasma, or ion regions of the substrate surface may be protected
beam etching can be used, provided that the or exposed through the
master-mask layer. Layers    etching is sufficiently selective so that
oxide may 104, 105, and 107 must have the proper relative     be used as a
mask for etching nitride, the nitride thicknesses. In this embodiment,
layer 104 is a    45   (oxidation and doping resistant layers) may be
sub-layer to first nitride layer 105a, and acts as a  used as a maskfor
etching the oxide, and both may 



buffer between the nitride and the silicon surface.  be used as a mask for
etching the semiconductor. It does not of itself provide any masking
functions.  Non-patterned etching of oxide and nitride can be It must have
a thickness of at least 50 A (5 x [err]  performed by wet chemical dip
etching, but other m). It may be as thick as several tenths of a micron,
50    methods having the selectivity described above but no advantage is
gained thereby. 200 A           . can also serve. Use of oxide layers 105b
and 107b (2 x [err] m) was found to be a convenient value    to provide
etch masks for etching nitride layers Sub-master-masking layer 105a of
silicon nitride     105a and 107a is convenient because it permits must
have sufficient thickness to resist, that is, be  patterns 108 and 120 to
be first delineated, respec- substantially impervious to whatever device
form-   55   tively, in oxide layers 105b and 107b using organic ing
processes are required. For dielectrically iso-  resists. The patterned
oxide layers than act. as lated structures it must act both as an oxidation
masksforetching nitride layers 105a and 107a with mask during the formation
of region 125 and as a     relatively fast etchants (e.g. phosphoric acid)
diffusion, implantation, or alloying barrier during  which cannot be used
directlywith organic resists. doping or metallizing of the silicon to
produce   60    However, it is possible, though less convenient to device
region (e.g. emitter) 127, since at that point  etch layer 107a directly
through an organic resist in the process, substantially all of the
overlying  layer as a mask, so that in an alternative embodi- oxide (layers
105b and 107b) has been removed. A     ment of the invention, layer 107b
may be omitted. useful range of nitride thickness for layer 105a is
Buffer layer 104 is convenient when working 500-3000 A  (0.5-3 x [err] m),
with 1500 A    65   with silicon substrates and a first pattern forming 6
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(master-mask) layer comprising silicon nitride    be applied to devices
employing other substrate However, the buffer layer itself performs no
materials besides semiconductors where precise masking functions, and it is
possible to build self-  alignment and/or location of device regions and
aligned structures in an alternative embodiment    or oxidized regions with
respect to each other is in which buffer layer 104 is omitted.         5
important. Examples of these are Josephson it will be noted that
sub-master-mask layer 105a  devices, bubble memory devices, and devices and
selector layer 107a serve as etch masks        where various precision
dielectric and metal during removal of buffer layer 104 and etching of
regions are desired to be formed. It is also readily moat 124. When layer
104 and moat 124 are not      apparent to those of skill in the art that
many present or not required to be etched, then layers   10   other
semiconductor device types besides the 105a and 107a need not be resistant
to. such       bipolar transistors illustrated may be formed by etching.
employing  the  method  of this  invention. It will be recognized by those
of skill in the art  Examples are field effect devices, unijunction that
the invented layer configuration and process  devices, thyristors, IMPATT
devices, pressure is useful for the production of any self-aligned    15
sensors, temperature sensors, gas detectors, and device structure where the
available masking       optoelectric and acoustic devices. Accordingly, it
materials provide a selectively etchable pair of    is intended to
encompass all such variations. materials useful for the selective opening
of the self-aligned pattern, but where only one material   Claims has the
property of being resistant to the device   20 formation and processing
steps (e.g. oxidation,       1. A process for forming at least two self-
doping,  metallization,  annealing,  alloying,      aligned device regions
in a substrate using a itaxial growth, polycrystalline layer growth or
master-mask and a selector layer, characterized deposition, etching, and
combinations thereof)      by: needed to create one or more of the desired
25     forming a master-mask comprising a first device regions. In the
illustrated embodiments,     material formed on said substrate and a second
silicon nitride performed as the masking material   material formed on said
first material, wherein for the device formation steps and silicon oxide as
said first material is resistant to doping and the masking material for
placing and/or selecting   oxidation and said second material is resistant
to the masking patterns in the nitride. These   30   etchants that etch a
third material; material choices are particularly convenient for
forming at least first and second openings in use with silicon and other
common semiconduc-       said master mask; tor substrates. However, other
material such as       covering said master-mask and said first and metals,
semiconductors, other refractory oxides     second openings with a selector
layer of said third and nitrides, or combinations thereof can be used   35
material which is resistant to oxidation; provided that they can be
selectively etched, that   locally etching said third material using said
at least one material is resistant (i.e. substantially  second material as
an etch stop; and impervious) to all the desired device forming
forming device regions under said first and operations which must be
self-aligned through a     second openings. single masking layer, and that
they are otherwise   40  2. The method of claim 1 wherein said first
compatible with the basic device materials.         material comprises
silicon nitride and said second 



It will be apparent to those of skill in the art that  material comprises
silicon oxide. the method and material combination described         3. The
method of claim 2 wherein said third above provide an improved self-aligned
process      material comprises silicon nitride. [err] the manufacture of
semiconductor devices,   45    4. The method of claim 1 wherein thersteps
of grated circuits and other electronic devices.   locally etching said
third material and forming Further, it is apparent that this process
provides  device regions comprises first removing part of for a significant
reduction in lateral device area  the selector layer in the first opening
and forming and  cost, and  accomplishes this without           a first
device region under the first opening. additional masking steps or critical
alignments,   50  5. The method of claim 4 further comprising, and with
non-walled dielectrically isolated emitter  after forming the first device
region, removing a structures, thereby avoiding a significant source   part
of the selector layer in the second opening of manufacturing yield loss
associated with prior   and forming a second device region under the art
methods. It is additionally apparent that self-  second opening. alignment
of critical device regions, particularly   55  6. The method of claim 4
wherein the steps of emitters, and emitter, base and collector contacts
locally etching and forming device regions com- with respect to each other
and other dielectric    prises first removing part of the selector layer in
isolation regions, is automatically obtained. It is  the first opening and
forming a dielectric region in further apparent that improved devices are
pro-    the substrate under the first opening vided by the practice of the
method of this   60      7. The method of claim 6 wherein the step of
invention.                                         forming a dielectric
region comprises thermal Those of skill in the art will also recognize that
oxidation. many variations can be made on the processes of       8. The
method of claim 1 further comprising this invention without departing from
the scope     prior to the step of forming a master mask, of this
invention. In particlar, this technique can   65   forming a buffer layer
on the substrate under- 7    11          EP  0084  399  B1
12 (master-mask) layer comprising silicon nitride       be applied to
devices employing other substrate However the buffer layer itself performs
no         materials besides semiconductors where precise masking
functions, and it is possible to build self-  alignment and/or location of
device regions and/ aligned structures in an alternative embodiment
or oxidized regions with respect to each other is in which buffer layer 104
is omitted.           5    important. Examples of these are Josephson It
will be noted that sub-master-mask layer 105a    devices, bubble memory
devices, and devices and selector layer 107a serve as etch masks
where various precision dielectric and metal during removal of buffer layer
104 and etching of    regions are desired to be formed. It is also readily
moat 124. When layer 104 and moat 124 are not         apparent to those of
skill in the art that many present or not required to be etched, then
layers   10   other semiconductor device types besides the 105a and 107a
need not be resistant to such          bipolar transistors illustrated may
be formed by etching.
employing  the  method  of this  invention. I     It will be recognized by
those of skill in the art  Examples are field effect devices, unijunction
that the invented layer configuration and process     devices, thyristors,
IMPATT devices, pressure is useful for the production of any self-aligned
15   sensors, temperature sensors, gas detectors, and device structure
where the available masking          optoelectric and acoustic devices.
Accordingly, it materials provide a selectively etchable pair of      is
intended to encompass all such variations. materials useful for the
selective opening of the self-aligned pattern, but where only one material
Claims has the property of being resistant to the device    20 formation
and processing steps (e.g. oxidation,         1. A process for forming at
least two self- doping,  metallization,  annealing,  alloying,
aligned device regions in a substrate using a oitaxial growth,
polycrystalline layer growth or     master-mask and a selector layer,
characterized deposition, etching, and combinations thereof)     by: needed
to create one or more of the desired    25       forming a master-mask
comprising a first device regions. In the illustrated embodiments,
material formed on said substrate and a second silicon nitride performed as
the masking material     material formed on said first material, wherein
for the device formation steps and silicon oxide as   said first material
is resistant to doping and the masking material for placing and/or
selecting     oxidation and said second material is resistant to the
masking patterns in. the nitride. These    30    etchants that etch a third
material; material choices are particularly convenient for        forming
at least first and second openings in use with silicon and other common
semiconduc-         said master mask; tor substrates. However, other
material such as         covering said master-mask and said first and
metals, semiconductors, other refractory oxides       second openings with
a selector layer of said third and nitrides, or combinations thereof can be
used    35    material which is resistant to oxidation; provided that they
can be selectively etched, that      locally etching said third material
using said 



at least one material is resistant (i.e. substantially  second material as
an etch stop; and impervious) to all the desired device forming
forming device regions under said first and operations which must be
self-aligned through a       second openings. single masking layer, and
that they are otherwise    40  2. The method of claim 1 wherein said first
compatible with the basic device materials.           material comprises
silicon nitride and said second It will be apparent to those of skill in
the art that  material comprises silicon oxide. the method and material
combination described           3. The method of claim 2 wherein said third
above provide an improved self-aligned process        material comprises
silicon nitride [err] the manufacture of semiconductor devices,   45
4. The method of claim 1 wherein the steps of integrated circuits and other
electronic devices      locally etching said third material and forming
Further, it is apparent that this process provides    device regions
comprises first removing part of for a significant reduction in lateral
device area    the selector layer in the first opening and forming and
cost, and  accomplishes  this  without           a first device region
under the first opening. additional masking steps or critical alignments,
50   5. The method of claim 4 further comprising, and with non-walled
dielectrically isolated emitter   after forming the first device region,
removing a structures, thereby avoiding a significant source     part of
the selector layer in the second opening of manufacturing yield loss
associated with prior     and forming a second device region under the art
methods. It is additionally apparent that self-   second opening. alignment
of critical device regions, particularly   55  6. The method of claim 4
wherein the steps of emitters, and emitter, base and collector contacts
locally etching and forming device regions com- with respect to each other
and other dielectric       prises first removing part of the selector layer
in isolation regions, is automatically obtained. It is   the first opening
and forming a dielectric region in further apparent that improved devices
are pro-       the substrate under the first opening. vided by the practice
of the method of this   60        7. The method of claim 6 wherein the step
of invention.                                            forming a
dielectric region comprises thermal Those of skill in the art will also
recognize that  oxidation. many variations can be made on the processes of
8. The method of claim 1 further comprising this invention without
departing from the scope       prior to the step of forming a master mask,
of this invention. In particular, this technique can    65   forming a
buffer layer on the substrate under- 7    13              EP  0 084 399 B1
14 neath the first material.                            des Bedeckens der
Mustermaske mit einer Selek- 9. The method of claim 8wherein the buffer
layer  torschicht weiterhin das Aufbringen eines Maskie-     ti comprises
silicon oxide.                            rungsmaterials auf das dritte
Material umfaet.        n 10. The method of claim 1  wherein the step of
covering the master mask with a selector layer    5    Revendications
further comprises applying a masking material on said third material.
1. Proc6d6 de formation d'au moins deux r6gions de dispositif auto-align6es
dans un subs- Patentanspriche                                     trat A
I'aide d'un masque mere et d'une couche 1o   s6lectrice, caract6ris6 par
les operations sui- 1. Verfahren zur Bildung wenigstens zweier
vantes: selbstalignierter Anordnungsbereiche in einem
formerunmasquemerecomprenantunpremier Substrat unter Verwendung einer
.Mustermaske        mat6riau form6 sur ledit substrat et un deuxieme und
einer Selektorschicht, gekennzeichnet durch:    mat6riau forms sur ledit
premier mat6riau, oCi ledit Bilden einer Mustermaske, umfassend ein   15
premier mat6riau est r6sistant vis-A-vis du dopage erstes, auf dem Substrat
ausgebildetes Material     et de l'oxydation et ledit deuxieme mat6riau est
und ein zweites, auf dem ersten Material ausgebil-  resistant aux agents de
gravure qui gravent un dotes Material, wobei das erste Material gegen-
troisieme mat6riau;                             f Ober Dotierung und
Oxidation bestandig ist und        former au moins une premibre et une
deuxieme das zweite Material gegenOber Atzmitteln, die ein   20   ouverture
dans ledit masque mere; drittes Material 3ltzen, bestindig ist;
couvrir ledit masque mere et lesdites premiere Bilden mindestens einer
ersten und einer zwei-    et deuxieme ouvertures A I'aide d'une couche ten
offnung in der Mustermaske;                     s6lectrice dudit troisieme
mat6riau, lequel est Bedecken der Mustermaske und der ersten und
r6sistant vis-a-vis de l'oxydation;             | zweiten 6ffnung mit einer
Selektorschicht aus dem    25  graver localement ledit troisibme materiau
en dritten Material, das gegenOber Oxidation bestin-   utilisant ledit
deuxieme mat6riau comme 6l6ment   i dig ist;
d'arrAt de gravure; et lokales Atzen des dritten Materials unter Ver-
former des r6gions de dispositif sous lesdites wendung des zweiten
Materials als Atzsperre; und    premiere et deuxieme ouvertures. Bilden von
Anordnungsbereichen unter der   30       2. Proced6 solon la revendication
1, ob ledit ..ersten und zweiten 6ffnung.                        premier
mat6riau comprend le nitrure de silicium 



2. Verfahren nach Anspruch 1, wobei das erste     et ledit deuxibme
mat6riau comprend l'oxyde de Material Siliciumnitrid und das zweite
Material     silicium. Siliciumoxid umfalt.
3. Proc6de solon la revendication 2, ob ledit 3. Verfahren nach Anspruch 2,
wobei das dritte   35   troisieme mat6riau comprend le nitrure de sili-
Material Siliciumnitrid umfa~t.                     cium. 4. Verfahren nach
Anspruch 1, wobei die Stufen      4. Proc6d6 solon la revendication 1, obi
les   ( des lokalen Atzens des dritten Materials und der    operations de
gravure locale dudittroisiAme mate- Bildung von Anordnungsbereichen zuerst
das          riau et de formation de r6gions de dispositif Entfemen sines
Teils der Selektorschicht in der   40   comprennent d'abord l'enlevement
d'une partie ersten 6ffnung und das Bilden sines ersten Anord-   de la
couche s6lectrice se trouvant dans la pre- nungsbereichs unter der ersten
6ffnung umfas-       minre ouverture et Ia formation d'une premibre sen.
r6gion de dispositif sous la premiere ouverture. 5. Verfahren nach Anspruch
4, umfassend wei-        5. Proc6d6 solon la revendication 4, comprenant  I
terhin, nach dem Bilden des ersten Anordnungs-   45   en outre, aprbs la
formation de la premibre r6gion J   bereichs, das Entfernen sines Teils der
Selektor-    de dispositif, I'enlevement drune partie de la schicht in der
zweiten 6ffnung und das Bilden       couche s6lectrice dans la deuxibme
ouverture et la sines zweiten Anordungsbereichs unter der zwei-
formation d'une deuxieme region de dispositif ten offnung.
sous la deuxibme ouverture. 6. Verfahren nach Anspruch 4, wobei die Stufen
50  6. Proc6d6 saelon la revendication 4, ob less des lokalen Atzens und
des Bildens von Anord-       operations de gravure locale et de formation
de nungsbereichen zuerst das Entfernen sines Teils     r6gions de
dispositif comprennent d'abord l'enl- - der Selektorschicht in der ersten
8ffnung und das   vement d'une partie de la couche s6lectrice se Bilden
sines dielektrischen Bereichs in dem Sub-    trouvant dans la premiere
Quverture et la forma- strat unter der orsten Wffnung umfassen.      5s
tion d'une r6gion di6lectrique dans le substrat 7. Verfahren nach Anopiuch
6, wobei die Stufe     sous la premiere ouverture. des Bildens sines
dielektrischen Bereichs sine        7. Procede solon la revendication 6,
ob) l'op6ra- thermische Oxidation umfa~t.                       tion de
formation d'une r6gion'di6lectrique corn- 8. Verfahren nach Anspruch 1,
umfassend wei-      prend une oxydation thermique.
terhin,vorderStufedesBildensderMustermaske,   so      8. Proc6d6 selon la
revendication 1, comprenant das Bilden einer Pufferschicht auf dem Substrat
en outre, avant l'op6ration de formation d'un unterhalb des ersten
Materials.                     masque mere, la formation d'une couche
tampon 9. Verfahren nach Anspruch 8, wobei die Puffer-   sur le substrat
au-dessous du premier mat6riau. schicht Siliciumoxid umfagt.
9. Proc6d6 selon la revendication 8, ob la couche 10. Verfahren nach
Anspruch 1, wobei die Stufe   65   tampon comprend de l'oxyde de silicium.
8    X   15           EP  0 084  399  B1                     16 10. Proc6dd
solon ta revendication 1, oO l'op6ra-     outre rapplicatiO  d'un maturiau
do masquage tion consistant 3 recouvrir le masque mere au           sur
ledit troisibmO materiaU moyon d'une couchd shlectrice comprend en 70 15 20
25 30 35 40 45 I'..                                                      50
55 60 65    


