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1
METHOD OF FABRICATING INTEGRATED CIRCUITS

2
Semiconductor-Device Technology" Philips Research. Re

WITH OXEDZED SOLATION AND THE RESULTING
STRUCTURE

ports 25 page 118 (1970), is to etch grooves into the semicon
ductor wafer adjacent those regions in which PN junctions are

to be formed. The material exposed by the grooves is then
thermally oxidized. If the process is properly controlled, the
oxide surface and the surface of the semiconductor material

BACKGROUND OF THE INVENTION

1. Field of the Invention
This invention relates to semiconductor devices and in par
ticular to integrated circuits of smaller size, higher speed and
higher packing density than heretofore obtained, and to the
process of making them.

are approximately coplanar. An added advantage of this

O

2. Prior Art

Various ways have been proposed to isolate electrically a

plurality of pockets of semiconductor material in each of
which one or more circuit elements can be formed. Among
the ways proposed have been appropriately biased PN junc
tions (Noyce U.S. Pat. No. 3,117,260 issued Jan. 7, 1964),
combinations of PN junctions and zones of intrinsic and ex
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process, emphasized by Appels et al., is that the portion of the
semiconductor wafer. in which the impurity, is diffused has a
mesalike shape. The resulting PN base-collector junction is
substantially flat and has a higher breakdown voltage than
does a dish-shaped PN junction but still contacts passivating
oxide, as in the planar process.
SUMMARY OF THE INVENTION

A thin silicon epitaxial layer, formed on a silicon substrate is
subdivided into electrically isolated pockets by a grid of ox
idized regions of epitaxial silicon material (hereafter called
"oxidized isolation regions'). These regions are oxidized
through the epitaxial layer to, a laterally extending isolation
PN junction (hereafter called the "isolation PN junction").
At least one side of this isolation PN junction has a resistivi
ty and conductivity, type determined by dopants from the sub
strate. Usually this junction is not coextensive with the metal
lurgical interface between the epitaxial silicon layer and the
underlying silicon substrate. Rather, during the formation of
the epitaxial layer, the position of the isolation PN junction is
30 determined by dopant concentrations, diffusion constants,
and process parameters. Its ultimate position is also influenced
by the subsequent processing of the wafer.
The isolation PN junction may be made up of a series of PN
junctions including PN junctions between buried layers in the
35. substrate and the substrate itself. The isolation PN junction
defines a surface which may extend into both the epitaxial
layer and the substrate. Each pocket of silicon is isolated by a

trinsic semiconducting materials (Noyce U.S. Pat. No.
3,150,29 issued Sept. 22, 1964), dielectric isolation (Frescura 20
U.S. Pat. No. 3,391,023 issued July 2, 1968) and mesa etching
(Frescura et al. U.S. Pat. No. 3,489,961 issued Jan. 13, 1970).
Tucker and Barry, in application Serial No. 845,822 filed July
29, 1969, disclose the use of selectively-doped polycrystalline
silicon to help isolate islands of single-crystal silicon in which 25
circuit elements can be formed.

After electrically isolated pockets of semiconductor materi

al are prepared, active and passive circuit elements are formed
within or on the pockets. Many of these circuit elements are

typically formed using the planar diffusion techniques dis
closed by Hoerni in U.S. Pat. Nos. 3,025,589 and 3,064,167.
In the planar process, the regions of each semiconductor
pocket into which circuit elements are diffused are controlled
by forming a diffusion mask, from an insulation layer formed
on the surface of the semiconductor material. After the
desired elements have been formed in the semiconductor

material, a conductive lead pattern is formed on the insulation

and used to interconnect selected active and passive circuit

elements into the desired circuit. Additional passive circuit
elements can also be formed on the insulation and intercon

nected into the circuit. Such a structure is disclosed in Noyce
U.S. Pat. No. 2,981,877 issued Apr. 25, 1961.
In the manufacture of integrated circuits, several problems
arise. First, the area of the wafer required for the placement of
the isolation regions between adjacent pockets of semicon
ductor material is a significant portion of the total wafer area.
A large isolation area reduces the number of devices which

can be placed in a wafer and thus lowers the "packing densi
ty' of the circuit elements formed in the wafer. Second, the
leads formed on, and adherent to, the insulation on the wafer
surface sometimes crack at steps in the insulation on the wafer
surface. These steps are often quite steep. Third, several of the
isolation techniques result in significant capacitances being in
troduced into the integrated circuit. While at low frequencies
these capacitances do not affect the operation of the circuit, at
high frequencies these capacitances can have a significant ef
fect on circuit performance. Fourth, the prior art integrated
circuits are usually formed in relatively thick (greater than 5
microns) epitaxial layers formed on support substrates. As a
result, the operating speeds of the resulting devices are some
times slower than desired. Fifth, the processes by which prior
art integrated circuits are produced are relatively sensitive to
defects in masks and to small errors in the sequential place
ment of masks on the device during the various process steps.
Low defect masks, low defect masking procedures and proper
alignment of the masks are important factors in obtaining
good yields.
To eliminate cracks in the interconnect leads at steps in the
insulation, J.S. So in U.S. Pat. No. 3,404,451 issued Oct. 8,

1968 proposes to remove portions of this insulation from the
wafer surface during processing. It has also been proposed to
slope the edges of the insulation at the contact window. A dif
ferent approach, disclosed by J. A. Appels, et al. in an article
entitled “Local Oxidation of Silicon and its Application in
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portion of the isolation PN junction and portions of the ox
idized isolation regions.

Each such pocket can contain active devices, passive
devices, or both. Crossunder regions of low resistivity can be
formed in the substrate to interconnect regions separated by
at least one oxidized isolation region. The top surfaces of the
epitaxial layer and the oxidized isolation regions are substan
tially coplanar, thereby reducing undesirable elevation vari
ances or 'steps' between the isolation oxide and other por
tions of the wafer surface.
To form isolated pockets of epitaxial silicon, grooves
(sometimes called depressions) are formed in the silicon
where isolation regions are to be formed. During groove for
mation, the remainder of the silicon surface where grooves are
not desired is protected by an insulation layer which is sub
stantially unaffected by the silicon etch used to form the
grooves. The grooves are etched in a conventional way to a
depth of about 50 percent of the desired depth of the oxidized
isolation regions. The epitaxial silicon exposed by the grooves
is oxidized down to the underlying isolation PN junction.
When the isolation PN junction lies in the substrate, the oxida
tion process continues into the substrate so that the oxidized
isolation regions penetrate into the substrate to intersect the
appropriate portions of the isolation PN junction. Silicon
nitride is a convenient insulation to protect underlying silicon
from oxidation.

Several different combinations of epitaxial layers and sub
strates are possible. If the substrate is of one type conductivity
(either P-type or N-type), then an epitaxial layer of opposite
type conductivity can be grown directly upon the substrate. In
addition, buried layers of opposite type conductivity can be
formed in the top surface of the substrate and then an epitaxial
layer of either type conductivity can be formed on the sub
strate over the buried layers. In each of these situations, how
ever, the oxidized isolation regions must extend down to the
isolation PN junction.

3
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In one embodiment of this invention, only three diffusion
masking steps are required, one to form the buried layer, one
to form the oxidized isolation regions and the third to form the
emitter regions and the collector sinks in the resulting device.

DETALED DESCRIPTION

An integrated circuit structure of the prior art is shown in
FIGS. 1 and 2. For clarity, oxide layers, contact windows
through the oxide and lead interconnects are not shown.
Wafer 10 comprises a P-type substrate 11 of semiconductor
material on which is formed epitaxial layer 12 of N-type
semiconductor material. A buried collector layer 13 has been

The base mask is eliminated and an unmasked, "sheet' diffu

sion is used. The contact mask alignment is simplified relative
to prior art processes because the electrical contacts can be
formed abutting portions of the oxide isolation region without
danger of short circuits.
The above-described invention overcomes a substantial

number of disadvantages of prior art integrated circuit struc
tures and provides a simplified, improved, and more reliable
technique for their manufacture.
The electrically isolated transistors in integrated circuits
fabricated according to this invention are more than 65 per
cent smaller than comparable transistors isolated using prior
art diffusion isolation techniques. Contrary to normal expecta
tions, despite this size reduction, yields are significantly im
proved.
A major portion of the silicon surface area of a representa
tive integrated circuit made according to this invention is not
occupied by the circuit elements themselves, but is occupied
by the oxidized isolation regions. Any defect in the masks used
to make the circuit will, therefore, have a very high probability
of overlying these isolation regions and not the circuit ele
ments. A mask defect which falls over such an isolation region
has absolutely no detrimental effect on the operation of the

formed in substrate 11 at the interface of substrate 11 and
10

15

20

25

circuit and is thus rendered harmless. Since mask defects are a 30

major source of integrated circuit yield loss, this neutralization
of mask defects in the invented process enormously increases
integrated circuit yields.
Finally, the use of the oxidized isolation regions of this in
vention decreases unwanted capacitances between adjacent
semiconductor pockets and increases the allowable tolerances

35
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FIG. 1 shows in cross section a typical diffusion isolated in
tegrated circuit of the prior art;
45

FIG. 1;

FIGS. 3a through 3d illustrate the selective oxidation
process disclosed by Appels et al. in the article referred to
above;

FIG. 4 shows an isolated NPN transistor and other devices 50

produced using the selective oxidation isolation technique of
55

60

FIGS. 7a and 7b show a walled-emitter NPN transistor

formed using the selective oxidation techniques of this inven
tion;
FIG. 8 shows a walled-emitter NPN transistor and other

devices formed using the selective oxidation techniques of this

65

invention;

FIG. 9 shows a unique collector sink structure made possi
ble by the structure of this invention;
FIGS. 10a through 10e illustrate the process of this inven

70

tion; and

FIG. 2.

760

IEEE, No. 9, pages 1523-1527 (Sept. 1969) disclose a

transistor in which the base region is formed abutting collector
sinks contacting an underlying buried collector region. Even
with this structure, however, the base region must not contact
the P-type region which separates the collector sinks of ad
jacent transistors.
between collector sink region 18 and P-- type base region 16
to insure that the collector-base junction has a high break
down voltage and low capacitance. If one accepts the lower
breakdown voltage and higher capacitance associated with
having the collector sink region 18 in intimate contact with
base region 16, the clearance required between collector sink
region 18 and base region 16 can be reduced or completely
eliminated. However, the usual clearance kept between these
two regions further increases the size of the device built using
these prior art techniques. To achieve the desired separation
between the sink region 18 and the base region 16, as well as
between the base region 16 and the diffused isolation region
14, very stringent masking tolerances must be maintained. Not
only does the mask have to be precisely cut to the exact
dimension of the collector sink region 18, but the mask must
be accurately registered on the device.
P-type resistor region 23 in pocket 15c of N-type epitaxial
semiconductor material comprises either a base resistor or the
emitter of a PNP transistor which has substrate 11 as its col

FIG. 11 illustrates the increase in packing density achieved

with this invention by showing in top view the portion of the
structure of FIG. 7a comparable to the structure shown in

gion 14. If desired, collector sink 18 can be brought into con
tact with isolation region 14. However, in such cases the
breakdown voltage between the two regions is significantly
lower and the capacitance is significantly higher than they are
if the distanced exists between these two regions.
In addition to the prior art structure shown in FIG. 1, B.T.
Murphy et al., in a paper entitled "Collector Diffusion Isolated
Integrated Circuits' published in Vol. 57, Proceedings of the

In addition, it is desirable to maintain some clearance

this invention;

FIG. 5 shows an integrated circuit containing an isolated
double-diffused transistor, and isolated epitaxial resistor, an
isolated base resistor, and an isolated Shottkey barrier diode
formed on a wafer selectively oxidized according to the
techniques of this invention;
FIG. 6 shows an isolated PNP transistor formed using the
selective oxidation techniques of this invention;

resulting degradation in breakdown voltage and a significant
increase in capacitance. Such devices thus are not suitable for
high-frequency operation. In addition, it is desirable to main

tain the distanced, between collector sink 18 and isolation re

DESCRIPTION OF THE DRAWENG

FIG. 2 shows a top view of a portion of the circuit shown in

Pocket 15b has formed in it a heavily doped P-- type base
region 16. Base region 16 in turn has formed in it N-type
emitter region 17. Contact to the portion of pocket 15b of N
type epitaxial material underlying base region 16 is made
through an N-- type collector sink region 18. Buried layer 13
insures that most portions of the collector region 15b can be
contacted through a low resistance path, as is well known in
the art, as disclosed by U.S. Pat. No. 3,260,902 to Porter.
It should be noted in FIG. 1 that the base region 16 is
separated from the diffused isolation region 14 by at least the
distanced, determined by masking tolerances and depletion
layer thicknesses. In addition, it is desirable to separate buried
N+ region 13 from the diffused isolation region 14 by a
reasonable distance d. In certain instances region 13 is al
lowed to contact the isolation region 14 with, however, a

with which masks must be aligned. Indeed, in some cases, an

entire masking step can be eliminated.

epitaxial layer 12. Isolation grid 14 of P-- type material is
shown intersecting the cross section of the device in two areas,
areas 14a and 14b. Each pocket 15a, 15b and 15c of semicon
ductor material is of a conductivity type opposite to that of the
isolation region 14 and substrate. Each pocket is electrically
isolated from adjacent pockets of semiconductor material by
an isolation PN junction formed around the pocket.

lector. A portion of pocket 15c may be a base region of this
transistor, contact to which is made in a standard manner. Re
75

gion 22, nested in P-type region 21, forms an emitter-base
diode with region 21.

0.026

0.558
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Contacts 24a and 24b and the intermediate epitaxial materi
al form an epitaxial resistor. The dimensions of this epitaxial

resistor are defined by isolation regions (not shown) similar to
region 14 and by the spacing between contacts 24a and 24b.
A typical prior art processing sequence for forming isolated
pockets of semiconductor material containing NPN transistors
is as follows:
1. Oxidize P-type substrate;
2. Mask and diffuse N-t-buried collector;
3. Strip oxide and grow N-type epitaxial silicon layer;
4. Oxidize surface of epitaxial layer;
5. Mask, diffuse and oxidize isolation regions;
6. Mask, diffuse and oxidize base regions;
7. Mask, diffuse and oxidize emitter and collector sink re
gions;
8. Mask areas for metal-silicon contacts;
9. Deposit and mask metal interconnections.
The above process has six masking steps. Each masking step

Then, an N-type impurity is diffused through this window to
form an N-type emitter region 38 in P-type base region. 36.
Thus Appels et al. essentially disclose a technique of obtaining
a flat base-collector junction. Because this junction is flat, its
- breakdown voltage is higher than the breakdown voltage com
monly associated with a typical dish-shaped base-collector

junction. The emitter-base junction, however, is dish-shaped

O

15

:as shown.
FIG. 4 shows the structure of this invention wherein oxide

isolation techniques are novelly applied to a silicon epitaxial
structure "having a PN isolation junction to subdivide the .
epitaxial silicon layer into fully isolated pockets. In this
specification when a pocket of semiconductor material is
described as isolated by an annular-shaped isolation region of
oxidized semiconductor material, it shall be understood that in

the simplest case, a PN-isolation junction underlies the pocket
of semiconductor material and intersects the isolation region
of oxidized semiconductor materialso that the line of intersec

except the last involves the opening of windows in the layer of 20 tion forms a closed path. This definition also covers the struc
oxide covering the wafer being processed. The remaining ture which results when a buried collector layer extends in the
oxide serves as a barrier to the diffusion of dopant atoms into

substrate from one. pocket to another pocket so as inten
tionally to connect regions in pockets which would otherwise
be electrically isolated. In this case the term "isolated pocket

the semiconductor wafer.

FIG. 2 shows in top view the relationship of collector sink
18 to the emitter region 17 and the base region 16 shown in
cross-sectional view in FIG.1 as formed in semiconductor

pocket 15b. The closed shape of diffused isolation region 14
surrounding pocket 15b is shown in FIG. 2.
Base region 16 is necessarily separated from isolation region
14. This separation is necessary for electrical isolation of these
two regions.
FIGS. 3a through 3d show the technique used by Appels et

25 of semiconductor material' shall be defined to include all

pockets of semiconductor material electrically, connected by
the buried layer. In this case from one to many closed paths of
intersection between the oxidized semiconductor material and

30

semiconductor material. The term "annular' will be used to

mean any closed path of any shape, whether uniform or nonu
niiform in width. Thus the term'annular-shaped isolation re
ligion' is used in this specification to include all possible shapes

al. in the above-cited reference to form a discrete transistor.

Overan N-type substrate 31 (FIG.3a) is deposited silicon
nitride layer 33. In some cases, Appels et al. use a thin layer
33a of an oxide of the semiconductor:material deposited

PN isolation junctions may occur in isolating the intercon
nected semiconductor material from other pockets of

35. of

oxidized isolation regions, which completely define the

lateral limits of one pocket of semiconductor material.
between substrate 31 and silicon nitride-layer.33. Alayer34 of
The process of this invention yields a structure in which a
an oxide of the semiconductor material is deposited on nitride significant portion of the epitaxial silicon layer is oxidized
layer 33.
through to a PN-isolationjunction. Each annular-shaped isola
Next, windows are formed in oxide layer 34 in the locations 40 tion region includes all the oxidized silicon adjacent to a
shown by the dashed lines 34a and 34b (FIG.3a). The nitride pocket of isolated epitaxial silicon. A given region of oxidized
exposed through these windows is etched away. The etchant 'silicon can serve as part of the annular-shaped oxidized isola
used for silicon nitride (typically phosphoric-acid) has little ef tion region of more than one isolated pocket of silicon.
fect on the oxide layers. When the nitride beneath the win 45 "Wafer 40 comprises a P-type: silicon, substrate 41 in which
dows has been removed, a new etchant (such as buffered HF)
which removes the oxide is used. This etchanthas little effect

are diffused N-- regions. 43a and 43b. Region 43a serves as a

'buried collector, and a crossunder beneath the oxidized isola

on nitride and thus the remaining portions of nitride layer 33

tion region 44b of this invention. Formed on the top surface of

(FIG. 3b) mask the underlying oxide 33a, if any, and the sil - substrate-41 in P-type silicon epitaxial layer 42. Formed in
icon. The portions.35a, and 35b of substrate 31 exposed by 50 grooves etched in epitaxial layer 42 are oxide isolation regions
windows 34a and 34b through oxide layer 33a (if any) and (44a, 44b, 44c, and 44d. These oxidized isolation regions are
nitride layer 33, are etched away to a selected depth to form formed by first covering the surface of epitaxial layer 42 with a
shallow grooves.
The wafer is then thermally oxidized (FIG. 3c). No oxide

will grow on the surface of substrate 31 beneath the remaining

nitride 33. However, in those portions 35a and 35b of wafer 30
where nitride has been removed oxide will grow in the

55

nitride layer, typically silicon nitride, and then removing the
nitride over, those portions of epitaxial layer. 42 in which the
grooves are to be formed. When oxidized, the grooves defined
the isolation regions.
While one embodiment of this invention uses a silicon

semiconductor material. This local oxidation of silicon, called

nitride layer to mask those portions of the: epitaxil semicon
ductor material in which grooves are not to be formed, any in
sulation layer, which masks against thermal oxidization of the
underlying semiconductor material and which has an etch rate
significantly slower than that of the oxide of the semiconduc
tormaterial can be used in place of silicon nitride.
Epitaxial layer 42 is a true thin film, being less than 5
microns thick and typically about 1.25 microns thick. Practi

LOCOS by Appels et al., fills the grooves 35a and 35b with an
60
Studies cited by Appels et al. show that the silicon oxidizes
at a much faster rate than does the silicon nitride. Thus, the
structure shown in FIG. 3c, with grooves 35a and 35b filled.
with silicon oxide, is obtained by placing wafer 30 in an oxidiz
ing environment. The oxidized top portion of nitride layer 33 65
has been removed from the wafer shown in FIG.3c.
cal limitations on the thicknesses of adherent oxide limit the
After oxidized regions 35a and 35b have been formed, thickness of the oxide formed from the silicon to less than 3
nitride 33 is removed by a nitride etch, as shown in FIG. 3d. "microns. Thicker oxidizes tend to crack. A practical limit on
Then, oxide 33a (if any) is stripped from substrate 31, and a P the thinness of epitaxial silicon layer 42 is the minimum
oxide of the semiconductor material.

type impurity is diffused into region 36 of substrate 31. Oxide
regions 35a and 35b mask the P-type impurity and thus restrict

the lateral extent of PN-junction 36a to that region of sub
strate 31 between oxidized regions 35a and 35b.

70

thickness below which transistor action is no longer obtained.
When 1.25 microns thick, the grooves, are etched approxi
mately 7,000 angstroms into epitaxial layer 42. Then the
etched grooves are oxidized. The resulting silicon oxide ex
tends both above and below the initial exposed surface of each

Oxide layer 37 (FIG.3d) is then reformed on the surface of
substrate 31 and a window.38a is formed in this oxide layer. 75 groove. For a 1.25-micron epitaxial layer, normally about 1.2

7
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microns of oxide is grown. Oxide extends about 1,500 ang
stroms past the underlying PN isolation junction. When

epitaxial silicon layer 42 is another thickness, the groove

depth is appropriately selected so that the oxide extends past
the PN isolation junction, contrary to the teachings of the
prior art.
Next, nitride is removed from epitaxial layer 42. (in some
variations of the process of this invention, a P-type base con
tact diffusion through window 48b to a depth shown by line
45d, is incorporated into the process at this point.) Then, the
surface of epitaxial silicon layer 42 is oxidized. Oxide is
removed from over region 45a. N-type impurities are then dif
fused into region 45a to form a collector sink which extends to
buried collector layer 43a. The lateral extent of sink 45a is
defined by an annular oxidized region of which sections 44a

10

15

and 44b are shown in cross section in FIG. 4. In some circum

stances the sequence is reversed to allow the diffusion of the
collector sink region 45a before the base-contact diffusion.
N-type impurities are next diffused into region 45b of P-type
epitaxial layer 42 through window 48a in oxide 46 to form
emitter region 47. Thus buried collector 43a, epitaxial base

20

45b and diffused emitter 47 form an NPN transistor. The base

45b of this transistor is completely isolated from adjacent re
gions of epitaxial layer 42 by an annular oxidized isolation re
gion shown in section as 44b and 44c, exending to or beneath
the PN isolation junction. Regions 45a and 45b together with
buried layer 43a form one isolated pocket isolated by annular
shaped oxidized isolation regions of which sections 44a and
44c are shown, and a PN isolation junction comprising the PN
junction between buried layer 43a and substrate 41. Window
48b, cut through oxide 46, allows contact to be made to
epitaxial base 45b.
In section 45c of epitaxial layer 42 is shown a resistor. This
resistor can be either a base resistor or an epitaxial resistor de
pending on whether an added base layer diffusion (as in
dicated by line 45e) is employed in this area or not. This re
sistor is covered by oxide layer 49 through which windows can
be cut for contact to the resistor. Material 45c is electrically
isolated from substrate 41 by N-- region 43b and isolated
laterally by an annular oxidized isolation region (sections 44c
and 44d).
Region 45c may be connected through the PN diode formed
by region 45c and buried layer 43b to another buried layer in
the same substrate 41 by a crossunder, such as crossunder
43a, which extends beneath an oxidized isolation region 44b,

8

7. Perform base contact predeposition and diffusion if
desired (FIG. 10c, region 142).
8. Remove the remaining nitride, if any, and oxidize the
wafer (FIG. 10d, layers 143,46, 49).
9. Mask (FIG. 10d, remove layer 143) diffuse collector
sinks (FIG. 10d, region 45a) and reoxidize, if desired
(FIG. 10d, replace layer 143).
10. Mask (FIG. 10d, cut window 48a in oxide layer 46) and

25

diffuse the emitters (FIG. 10d, region 47).
ll. Mask contact cuts (FIG. 10e, contact windows 48a, 48b,

and removal of layer 143).
12. Deposit metal interconnect layer, mask interconnect
pattern (FIG. 10e, metal 144a, 144b and 144c) and alloy.
A total of six or seven masking steps are required.
In the two cases where there is no masking step associated
with the removal of nitride under step 6a, the process of this
invention eliminates one masking step compared to those
common processes which include a separate collector sink
mask and diffusion.
As indicated in FIG. 4 this process provides:
1. NPN transistors (regions 43a, 45b, 47)
2. Diodes (regions 45b, 47 and 43a, 45b)
3. Epitaxial resistors ( 5k(2/square) (region 45c)
4. Base resistors ( 6000/square) (region 45b and 45c
with base contact predeposition
5. Buried collector crossunders under isolation (region
43a).

30

35

Step 6 above, the base mask step, demonstrates the ad
vantage of oxide isolation of the invention. Masking the base
involves the removal of nitride. The nitride may be removed
with very little etching of the oxide isolation so that an over
size base mask (see photoresist 145a and 145b in FIG. 10c)
may be used. The actual dimensions of the base region are

then defined by the isolation regions 44b, and 44c. This mask

may be eliminated entirely if a sheet base diffusion is used.
Similarly, regions covered with a thin oxide, such as collec
tor sink region 45a, FIG. 10d, can be etched through an over
sized mask without a detrimental effect on the adjacent oxide

40 isolation. The collector sink 45a contacts the buried collector

45

43a beneath the P-type epitaxial silicon layer. A separate
masking step is used to expose the surface of the collector sink
45a. The boundaries of the sink are defined by the oxide isola
tion 44a, 44b so that the sink is prealigned to the base 45b, the
oxidized isolation region 44a, 44b, and the buried collector

43a. Collector sink 45a can be formed either before or after

base region 45b is formed.
Step 8 above, removal of nitride and oxidation, places an
oxide protective covering over areas which should not receive

and 44c.

A lead interconnection pattern is then formed on the sur
face of the wafer to interconnect selected active and passive

50 sink or emitter diffusions. Buried collector resistors are

metal such as aluminum, although conductive semiconductor

formed in the normal fashion. Base resistors and epitaxial re
sistors can be defined by the boundaries of the oxide isolation

components into the desired circuit. The leads are typically
material or other conductive material can also be used.

Thus, to make the structure shown in FIG. 4, a typical
processing sequence is summarized as follows:
1. Oxidize P substrate.
2. Mask and diffuse N-type regions which serve as buried

55

and the Ofsquare is controlled by controlling the dopant con
centration and the depth of the base diffusion and the epire
sistivity.
The emitter regions, contacts, metallization and metal
delineation are completed in the usual manner.
Unexpected advantages over the prior art accrue from the
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process and structure of this invention. First, the oxidized
isolation regions define the lateral extents of the collector
sinks, transistor base regions, and epitaxial and base resistors,

collectors, crossunders and isolation regions (FIG. 10a,
regions 43a, 43b).

3. Strip oxide and grow a thin P-type epitaxial silicon layer
(FIG. 10b, layer 42).
4. Deposit and mask a silicon nitride layer (FIG. 10b, layers

thereby in some cases reducing the total number of masking
steps required to produce an integrated circuit.

141a, 141b, 141c).

5. Etch arid oxidize isolation regions (FIG. 10c, regions 44a,
44b, 44c., 44d).

6. Remove nitride, either partially or completely according
to the following rules:
a. When no base contact predeposition is made, and when
no epitaxial resistors are to be formed in the epitaxial
material, completely remove the nitride without a
masking step (FIG. 10c, layer 141b).
b. Where epitaxial resistors, channel regions for MOS
devices, or high he transistors are to be made, leave the
nitride as mask against diffusion, (FIG. 10c, layers
141a, 141c), remove nitride from other regions.

65

Second, the intimate contact of the base, resistor, and the
collector sink regions to the oxidized silicon results in a much

higher packing density. With prior art diffused isolation
techniques, this was not possible because the isolation regions
were conductive and undesired short circuits would then exist
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between the base and resistor regions on the one hand, and the
conductive isolation region on the other hand. Since this in
vention uses insulating oxide for part of the isolation, the base
can extend to the isolation region with no danger of break
down or a short circuit between the base region and the isola
tion region. Likewise for the same reasons, the emitter can
also be formed directly abutting the oxide isolation.

3,648,125
O
Third, use of thinner epitaxial layers than common in the

prior art reduces consumption of surface area by lateral move
ment of the isolation during its formation. The oxidation of the
semiconductor layer is essentially completed when the oxida
tion reaches the PN isolation junction. Packing densities can
be higher with thin epitaxial layers than with thick epitaxial
layers because less surface area is consumed by lateral expan
sion of the isolation. This lateral expansion is about twice the
depth of the isolation which in turn is about equal to the
thickness of the epitaxial silicon layer.
Fourth, the invented structure reduces the capacitance and

O

increases the breakdown voltage to sidewall i.e., the vertical
pocket wall).

In region 55c of epitaxial layer 52 is formed an epitaxial re
sistor. Contact to this resistor is made through highly doped N
type regions 57b and 57c formed in openings in oxide 58. Re
sistor 55c is isolated from adjacent regions of the integrated
circuit by an annular oxidized region 54c, 54d. Alternatively,
this resistor can be contacted by one or more highly conduc
tive crossunders similar to N-- region 53a.
A base resistor is formed in region 55d of epitaxial layer 52.
A P-type impurity is diffused into N-type epitaxial region 55d
to form P-type region 56d. Contact to this base resistor is
made through windows 57d and 557e opened on both sides of
oxide 58 above P-type semiconductor material 56d. This re
sistor is called a base resistor in view of the fact that the con
ductivity type and dopant level of the resistor are substantially
the same as those of the base region 56b of the NPN transistor
formed in section 55b of epitaxial layer 52. Sections 54d and
54e are part of an annular oxidized isolation region surround
ing layers 55d and 56d to isolate these layers from the
remainder of epitaxial layer 52. An N-- buried layer 53b,
shown in dashed lines may, if desired, be placed beneath
material 55d and in contact with the surrounding oxidized
isolation region 54d, 54e to increase the breakdown voltage of

Fifth, another advantage is that defects in masks and mask
ing processes, such as tears and pinholes, have less effect on 15
the resulting circuit. For example, defects in the isolation
mask in the prior art result in the formation of undesired dif
fused isolation areas where the pinholes or other defects are
located. In this invention, however, these defects merely result
in the formation of additional oxide. Defects in other masks
have a high probability of falling over oxidized isolation re
gions of semiconductor material where they have no signifi
cant detrimental effect on the resulting circuit. For example, this resistor to substrate 51.
defects in the base diffusion mask which connect the base to
Shown attached to the top surface of region 55e of epitaxial
the isolation regions have no effect on the performance of the 25 material
metal layer 59c. Layer 59c forms a Schottky-barri
circuit. Similarly, defects in contact masks have little or no ef er diode iswith
the underlying epitaxial material. This diode is
fect because a spurious partial penetration of metal into ox isolated from adjacent
regions of epitaxial layer 52 by annular
idized isolation region of the device has no effect on device
region
54e,
54f
surrounding
epitaxial material 55e. An
performance. A defect in an emitter mask, which in prior art N+ buried layer 53c (shownN-type
in dashed lines) may also be
devices can short an emitter region to a collector region, has 30 placed
under this diode to increase the device breakdown
no effect on the device of this invention. Finally, defects con
voltage
and decrease series resistance.
necting the emitter region to an isolation region have little or
The N-type epitaxial layer can be used to form N-type
no effect on the performance of the invented device.
resistors as shown by region 55c in FIG. 5. These re
FIG. 5 shows the oxidized isolation technique of this inven 35 epitaxial
sistors
can
be used as collector resistors without a special
tion used to form an integrated circuit containing double-dif metal connection
from resistor to collector.
fused transistors. Wafer 50 comprises P-type substrate 51 hav
FIG.
6
shows
a
transistor formed using the oxide isola
ing a surface N-type silicon epitaxial layer 52. Formed in the tion technique of PNP
invention. Wafer 60 comprises a P-type
top surface of substrate 51 adjacent the interface of this sub silicon substrate 61thiswhich
serves as the collector of the PNP
strate with epitaxial layer 52 is N-- buried collector region 40
Formed in P-type substrate 61 is N-- buried layer
53a. Contained in epitaxial layer 52 are oxidized regions transistor.
63. Layer 63 extends beneath oxidized isolation region 64b
shown by cross sections 54a, 54b, 54c,54d,54e, and 54f. The formed
epitaxial silicon layer 62. Epitaxial layer 62
top surfaces of oxidized regions 54 are approximately in the overliesintheN-type
top surface of substrate 61. -N-region 63 con
same plane as the top surface of epitaxial layer 52. N+ type nects N-- epitaxial
material 65a, surrounded by annular
collector sink 56a formed in epitaxial layer 52 contacts N-- 45
oxidized isolation region-64a, 64b with N-type epitaxi
buried collector layer 53a through N-type epitaxial material shaped
al region 65b surrounded by annular-shaped oxidized isolation
55a. Sink 56a can be formed simultaneously with emitter re
region 64b, 64c. N-type base region 65b is contacted through
gion 59a. Collector sink 56a is separated from adjacent re region
66a of N-- type material, Nepitaxial region 65a and N-gions of epitaxial layer 52 by an annular isolation region of ox
idized silicon of which cross sections 54a and 54b are shown 50 buried layer 63. A P-type impurity is diffused into region 66b
to form the emitter of the PNP transistor. The emitter-base

N-- buried collector layer 53a crosses under a portion of ox

idized region 54b and contacts N-type epitaxial material 55b.
Region 55b serves as the collector of a transistor. Just above
region 55b and separated therefrom by a substantially plane
PN-junction 55fis P-- type base region 56b, formed by a stan
dard diffusion process. During the base diffusion the oxidized

junction between regions 66b and 65b is substantially flat.

Because the emitter region 66b occupies the complete surface
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area surrounded by one annular oxidized isolation region 64b,
64c, the masking tolerances on the formation of the emitter
region are less critical than with prior art devices of the same

annular region including sections 54b and 54c defines the

S126.

Annular isolation regions 54 allow masks to be placed on
the wafer with less accuracy than would otherwise be the case.
This is so since even though some of the remaining portions of
epitaxial material 52 must be masked to prevent impurity dif
fusion, oxidized regions 54 limit the lateral extent of the base
diffusion. Thus the tolerances on the masking to form base
56b are relaxed compared to prior art techniques and yet base
region 56b is formed very accurately.
After the base region 56b is formed, oxide 58 is formed over
the surfaces of epitaxial semiconductor material 52 and a win
dow 59a is cut through this oxide 58. An N-type dopant is dif
fused through window 59a to form emitter region 57a of the
transistor. Thus, between oxidized regions 54b and 54c is

epitaxial layers 52 and 62 are N-type rather than P-type This
means no buried layer is necessary under resistors and the col
lector sink diffusion can be replaced by a shallower emitter
diffusion and masked by the emitter-masking step. The base is
formed by the base diffusion and the epitaxial layer now acts
as the collector of the NPN transistor (FIG.S).
The N-type epitaxial layer is also useful for fabrication of
substrate PNP transistors in which the P-type base of an NPN
transistor forms the emitter of a PNP transistor. The N-type
epitaxial layer forms the PNP base and the P-type substrate
acts as the collector of the PNP transistor. With this arrange
ment, the transistor shown in F.G. 5 has buried layer 53a
reduced to a size such as shown by dashed line 56e. This
device is called a substrate controlled switching transistor or

In the structure of FligS. 5 and 6, it should be noted that

lateral extent of the base.
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formed an NPN double-diffused, oxide-isolated transistor.

Base contact to this transistor, made through window 59b in

oxide 58, can be permitted to overlap the adjacent oxidized
isolation region 54c.

SCST.
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FIGS. 7a and 7b show a structure in which the layout of the
collector, the emitter and the base has been changed, thus af

3,648,125
12
fecting the emitter-isolation spacing. The processes used

Furthermore, it should be noticed that in the structure of

above to fabricate the structure shown in either FIG. 4 or in
FIGS. S and 6 can be used. The structure shown in FIGS. 7a
and 7b is called the walled-emitter transistor because the
emitter is allowed to contact the oxide isolation. As shown in

FIG. 5, a pinhole in the isolation mask might very well result in
oxidizing a portion of epitaxial layer 72 to be surrounded by
an emitter region. In this situation, even if the emitter region
was not to abut an oxidized isolation region, the emitter in ef
fect abuts a portion of that oxidized isolation region formed
inadvertently by the pinhole. Accordingly, in carrying out the
diffusion of the P+ guard ring, as discussed above in conjunc
tion with FIG. 8, the ring will also be diffused around this spu
rious portion of oxidized isolation material, thereby reducing
or eliminating the effect of inversion layers, depletion regions
and channeling on the performance of the device.
FIG. 9 shows a unique collector sink structure made possi
ble by this invention. P-type silicon substrate 91 has N--buried
layer 93 formed in its top surface. Silicon epitaxial layer 92 of
more highly-doped N-type material is next formed on the top
surface of substrate 91. Oxidized annular regions of epitaxial

FIG. 7a wafer 70 comprises a P-type silicon substrate 71 in
which is diffused an N-- buried collector layer 73. N-type

epitaxial layer 72 is grown on the top surface of substrate 71

(this layer could also be P-type). Oxidized isolation regions
74a, 74b and 74c are formed in epitaxial layer 72 using the
techniques described above. A collector contact region 75a is
formed in epitaxial layer 72 and is surrounded by an annular
oxidized isolation region 74a, 74b. In region 76 of epitaxial
layer 72, an impurity is diffused to form a P-- type base region
75c. The PN junction 74f between P-base region 75c and the
epitaxial region 76 is approximately flat and extends to an an
nular-isolation region, 74b, 74c. Next, an oxide layer 77 is
formed on the top surface of epitaxial layer 72 and a window
77a is formed in this oxide layer. Through window 77a an N
type impurity is diffused to form emitter region 75b. Contact
to base region 75c is made through window 77b in oxide 77.
Emitter region 75b abuts against a part of oxidized isolation
region 74b. The top view of the circuit shown in FIG.7b illus
trates the positions of the collector, base and emitter contacts
and the oxidized isolation regions. The collector, base and
emitter contacts each can extend over the adjacent oxidized
isolation regions thereby significantly decreasing the difficulty
of aligning the contact mask.
In forming the transistor shown in FIG. 7a, care must be
taken that the impurity concentration in region 75d of base re
gion 75c is sufficiently high to prevent unwanted inversion,

O
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silicon, of which cross sections 94a and 94b are shown, define
20

25

30

surround the collector sink and rather occupies only a small

depletion, or channel formation, particularly adjacent oxide

portion of the circumferential area of the collector sink. This

region 74b.

allows metal contact to be made to the collector sink without

FIG, 8 shows another walled-emitter NPN transistor con 35

structed using the oxidized isolation regions of this invention.
Wafer 80 comprises P-type silicon substrate 81 on which is
formed N-type silicon epitaxial layer 82. Formed in substrate
81 is N-- type buried collector region 83. Oxidized isolation
regions 84a through 84d extend to or through the isolation PN
junction. Collector contact to collector region 85b is made
through collector contact 88a attached to collector sink 87a
formed in portion 85a of epitaxial layer 82. Base region 86a is
diffused into underlying N-type epitaxial region 85b of epitaxi

40

al layer 82. The PN junction between the base region 86a and
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collector region 85b is approximately flat. Emitter region 87b
is formed in one side of base region 86a adjacent the annular
shaped oxidized isolation region 84b, 84c. Contacts to the
emitter region 87b and the base region 86a are made through
contacts 88b and 88c overlying windows in oxide layer 89. In
this case both the emitter diffusion mask and the emitter con

tact metal mask, if used, can overly the adjacent isolation ox
ide, greatly relaxing masking tolerances. An N-type epitaxial
resistor is formed in semiconductor region 85c of epitaxial

the lateral extent of isolated silicon pockets. Formed in pocket
96a is a collector sink 96f. To form this sink, a portion of the
oxidized semiconductor material 94b adjacent this sink is
etched away to expose a portion of the side of the adjacent
epitaxial silicon. N-type impurities are then diffused into the
exposed epitaxial semiconductor material to place a high con
centration of impurities along the portion 96f of the epitaxial
silicon exposed by etching away part 96e of oxidized isolation
region 94b. This highly conductive semiconductor material
contacts directly the underlying N-type collector 93. Cavity
96e, formed by etching away a portion of the oxidized isola
tion region, is limited in size such that it does not completely

having to go down into portion 96e removed by the etch and
back up to the collector sink.
The five masking steps necessary to define completely the
structure shown in FIG.9 are as follows:

1. Definition of buried collector;

2. Definition of the isolation regions;
3. Definition of the emitter and collector sink regions;
4. Definition of the contact areas; and
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5. Definition of the metal interconnect pattern.
Significant advantages are derived from the process and
structure of this invention. One major advantage of the
process is the size reduction provided by eliminating the need
for clearances between the base and emitter regions and ox
idized isolation regions. Using the techniques of this invention,
the emitter and base regions can be formed directly abutting
adjacent oxidized isolation regions.
FIG. 11 illustrates the significant reduction in size of a
transistor produced using the oxidized isolation techniques of
this invention compared to a transistor produced using prior
art diffused isolation techniques. FIG. 11 shows a top view of
the transistor shown in FIGS. 7a and 7b placed within the dif
fused isolation region 14 surrounding the prior art transistor
shown in top view in FIG. 2. Both structures are drawn to the
same scale. As is apparent, the centerline 14a of the prior art
diffused isolation region 14 surrounds a considerably larger

layer 82, surrounded by annular-shaped oxidized isolation re 55
gion 84c, 84d. Contact to this epitaxial resistor is made
through metal layers 88d and 88e contacting regions of epitax
ial material 85c through windows in oxide 89.
Surrounding base region 86a, collector sink 87a, and epitax
ial resistor 85c, and abutting the oxidized isolation regions sur 60 area than does the centerline 74d of the oxidized isolation re
rounding these regions, is a Pt guard ring of which cross sec gion surrounding the transistor shown in FIG. 7a. Shown
clearly in this figure is the fact that collector contact 75a is ad
tions 86b through 86g are shown. In some structures these
guard rings may extend to the isolation PN junction. These jacent oxidized isolation region 74a, emitter contact 75b is ad
guard rings, in one embodiment, are formed by etching the jacent oxidized isolation region 74b and base contact 77 b is
surfaces of the oxidized isolation regions prior to the removal 65 adjacent oxidized isolation region 74c. The buried collector
of the nitride and immediately after the oxidized isolation re
beneath the base emitter and collector regions is denoted by
gions are formed, and then diffusing the P-type impurity into dashed line 73 shown slightly outside the base, emitter and
the thus exposed silicon. This solves the problem discussed collector contact regions. The area reduction of at least 65
percent per transistor obtained with this invention is apparent
above in connection with region 75d of base 75c shown in
FIG. 7c. It should be noted that the guard ring diffusion is self- 70 from this figure. A second advantage lies in the elimination of
aligning with respect to the oxidized isolation region and the detrimental effects of defects in the masks and masking
requires no additional masking step. All the other devices dis procedures used to define the isolation regions and the dif
closed in this application can also be fabricated with such a fused regions in the device.
self-aligned guard ring of whatever type conductivity is ap
If desired, the collector sink can be covered with an oxide
propriate and with the walled emitter structure.

75 layer at various times in the process. Placing oxide on the col
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lector sink allows the collector sink to be used independently
as a low resistivity crossunder beneath an overlying lead.
Different kinds of resistors may also be formed in the in

9. Structure as in claim 7 wherein said substrate contains a

plurality of low resistivity regions of said one type conductivity
formed in the surface of said substrate directly beneath said
epitaxial layer.
10. Structure as in claim 7 wherein said substrate is of P
type conductivity.

vented structure:

1. A buried collector under isolation, (FIG. 5, region 53a);
2. A buried collector not under isolation (FIG. 5, region

53f). This buried collector has a slightly lower resistivity
3. Epitaxial resistors, using either P-type (FIG. 4, region
than the buried collector under oxide;

45c) or N-type (FIG. 5, region 55c) material;
4. A pinched epitaxial resistor which can be pinched by the
emitter (FIG. 4, region 45b). Such a resistor is formed in
the base region. If pinched by the base (FIG. 5, region
55b) the resistor is formed in the epitaxial material ad
jacent, and usually underneath, the base;
5. A base resistor of P-type (FIG. 5, region 56d) or N-type
(obvious from structure with all conductivity types

10
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11. Structure as in claim 7 wherein said substrate is of N
type conductivity.
12. Structure as in claim 1 wherein each pocket of epitaxial
semiconductor material contains selected regions of differing
conductivity type.
13. Structure as in claim 12 wherein said regions of differing
conductivity type comprise active and passive semiconductor
devices,

14. Structure as in claim 12 including regions of low re
sistivity formed in the underlying substrate to interconnect re
gions separated by oxidized isolation regions.
15. Structure as in claim 1 wherein said epitaxial layer has a

reversed) material;

6. Emitter resistors (made by contacting any emitter region
in two places);
7. A collector sink resistor (FIG. 5, region 55a). All these
resistors give additional design flexibility in working out
optimum circuits.
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ty formed in the surface of said substrate directly beneath said
epitaxial layer.

thickness of less than 5 microns.

16. Structure as in claim 1 wherein said epitaxial layer has a
thickness of 1.25 microns.

17. Structure as in claim 7 including a low resistivity first re
gion of opposite conductivity type formed in said substrate ad
jacent to said epitaxial layer of semiconductor material, and
a low resistivity second region of opposite conductivity
type, said second region extending from the surface of
said epitaxial layer into contact with said low resistivity
first region, said second region being surrounded by an
30
annular-shaped oxidized isolation region extending
through said epitaxial layer to said first region in said sub

While certain embodiments of this invention have been 25

described, other related structures and processes will be obvi
ous in view of this disclosure. In particular structures compli
mentary to those described in this specification can be ob
tained by reversing the conductivity type of each region in
each structure.
What is claimed is:

1. A siliconstructure comprising:
a semiconductor silicon substrate;

a semiconductor silicon epitaxial layer upon one surface of
said substrate, said epitaxial layer having a substantially
flat top surface; and
a PN isolation junction extending laterally along the struc
ture forming an isolation barrier between regions of said
substrate and layer;

strate.

18. Structure as in claim 17 wherein said first region extends
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said epitaxial layer comprising epitaxial silicon pockets 40
laterally spaced from each other and annular-shaped re
gions formed of oxidized portions of silicon material sur
rounding each pocket, said annular-shaped regions ex
tending through said epitaxial layer to said PN isolation
junction and together therewith electrically isolating said 45
epitaxial silicon pockets from each other, and the top sur
face of said annular-shaped regions being substantially
coplanar with the top surface of said epitaxial layer.
2. Structure as in claim 1 wherein said substrate is of one
conductivity type and said epitaxial layer of semiconductor 50
material is also of said one conductivity type.
3. Structure as in claim 2 wherein said substrate is of P-type
conductivity.
4. Structure as in claim 2 wherein said substrate is of N-type
conductivity.
5. Structure as in claim 3 wherein said substrate contains a
plurality of low resistivity regions of N-type conductivity
formed in the surface of said substrate directly beneath said
epitaxial layer.
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6. Structure as in claim 4 wherein said substrate contains a 60

plurality of low resistivity regions of P-type conductivity

formed in the surface of said substrate directly beneath said
epitaxial layer.
7. Structure as in claim 1 wherein said substrate is of one

type conductivity and said epitaxial layer is of the opposite
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type conductivity.

underneath a portion of said oxidized isolation region and into
contact with another adjacent region of epitaxial silicon.
19. Structure as in claim 17 wherein said adjacent region of
epitaxial silicon comprises:
a collector region of opposite conductivity type contacting
said first region;
a base region of one conducitvity type extending to the an
nular-shaped oxidized isolation region surrounding said
adjacent region of epitaxial silicon; and
m
an emitter region formed of opposite conductivity type in
said base region.
20. Structure as in claim 19 wherein said emitter region
abuts a portion of the annular-shaped oxidized isolation region
surrounding said adjacent epitaxial region of silicon.
21. Structure as in claim 20 wherein the surface of said

epitaxial silicon is covered by an insulating layer containing
therein windows through which a separate first contact is
made to each of said second region, said base region and said
emitter region.
22. Structure as in claim 21 including a second contact to
said second region and a third contact to said second region,
said second and third contacts being separated by a selected
distance thereby to form a resistive path from said second con
tact to said third contact through the said second region.
23. Structure as in claim 21 including a second contact to
said base region and a third contact to said base region, said
second and third contacts to said base region being separated
by a selective distance thereby to form a base resistor between
said second contact and said third contact to said base region.
24. Structure as in claim 2 wherein two windows are
formed in the insulation overlying a pocket of epitaxial silicon
thereby to form an epitaxial resistor from the epitaxial silicon
between said two contacts.

8. Structure as in claim 7 wherein said substrate contains a

plurality of low resistivity regions of opposite type conductivi
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