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IMPROVEMENTS IN AND RELATING TO SEMICONDUCTOR DEVICES (71)   We, PHILIPS
ELECTRONIC  AND  has a favourable influence on the electrical  45
ASSOCIATED   INDUSTRIES   LIMIED,  of  properties of the transistor.
Moreover, the Abacus House, 33 Gutter Lane, London,  inset pattern enables
the use of a combina- E.C.2, a British Company, do hereby de-  tion of
thick and thin insulating layers with 5 clare the invention, for which we
pray that  their respective advantages. a patent may be granted to us, and
the    The collector contact of such a transistor  50 method by which it is
to be performed, to  having an inset pattern is provided on the be
particularly described in and by the  lower side of the semiconductor body,
the following statement:                     base and emitter zones being
contacted on 10   This invention relates to semiconductor  the upper side
of the semiconductor body. devices particularly, but not exclusively, in-
For a number of applications, in particular 55 tegrated  semiconductor
devices, and  to  for use in an integrated semiconductor de- methods of
manufacturing semiconductor  vice, it is desirable, however, for the col-
devices.                                lector zone to be contacted on the
upper 15   In United Kingdom Patent Specification  side of the
semiconductor body. For that No. 1,208,574 there is described the manu-
purpose, an aperture can be provided in  60 facture of a semiconductor
device compris-  the inset insulating layer beside the base ing a
semiconductor body including a tran-  zone and the collector zone can be
contacted sistor, a pattern of an insulating material  via said aperture.
20 being inset in the semiconductor' body and    This form  of contacting,
however, has extending from a main surface of the semi-  seevral drawbacks.
The accuracy associated  65 conductor body in said body over at least  with
the provision of an aperture in a thick a part of its thickness, the
semiconductor  insulating layer is not high. As is known, body having a
layer-shaped part which ad-  apertures can be made in an insulating layer
25 joins the main surface and which, along  the more accurately the smaller
the thick- its full perimeter and throughout its thick-  ness of the
insulating layer. Furthermore, 70 ness, adjoins a first part of the inset
pat-  a connection contact which is connected to tern, in said layer-shaped
part the base zone  a semiconductor zone via an aperture in an of the
transistor adjoins the main surface  insulating layer usually consists of a
metal 30 and, along its full perimeter adjoins, the said  layer which is
provided in the aperture and part of the pattern, the emitter zone of the
which extends also over the insulating layer, 75 transistor being provided
in the base zone  The possibility of damage, for example in and adjoining
the main surface, and the  the form of hair-line cracks, of such a metal
collector zone comprising a part which is  layer on the edge of an aperture
in a thick 35 present below the base zone.             insulating layer is
undesirably large. More- A semiconductor device including a tran-  over,
the distance between such an aperture 80 sistor and having such a
structure has  for the collector contact and the base zone various
advantages.                     must be chosen to be larger than the mini-
4             The collector-base junction  does not mum permissible
distance, since tolerances 40 terminate via a strong curve near its edge
in the determination of the location of the substantially perpendicular to
the main sur-  aperture to be provided have to be taken in- 85 face but,
while avoiding said curve, said  to account, and this means that the tran-
junction is laterally bounded by the pat- sistor has to be provided
occupying more tern of inset insulating material and this  space than would
be necessary if it were [Price 25p]    2
1,360,243                                     2 possible to obtain a more
exact determina-   During the manufacture of the semi- tion of the location
of said aperture relative  conductor device and after the provision of to
the base zone.                        the inset pattern, in which the first
and the According to the invention in a semi- second part of said pattern
are simultane- 



5 conductor device comprising a semiconduc-  ously formed, said parts have
the same 70 tor body including a transistor, a pattern of homogeneous
thickness (viewed in a direc- insulating material is inset in the semicon-
tion. transverse to the main surface of the ductor body and extending  in
said body  semiconductor body). If desired, differences from a main surface
thereof over at least in thickness may then be provided, for ex- 10 a  part
of 'its.. thickness, the semiconductor  ample, by a local etching treatment
of the    - body having a first layer-shaped part and a  pattern.  For
simplicity, however, in the simultaneously provided second layer-shaped
manufactured device the first and the second part situated beside and
spaced from the  parts of the pattern may have substantially first
layer-shaped part, said first layer-shaped  the same homogeneous thickness.
15 part adjoining the main surface and, along    The pattern or a part
thereof may be con- 80 its full perimeter and throughout its thick-
sidered to have a homogeneous thickness ness, adjoining a first part of the
inset pat-  when in cross-sections of the semiconductor tern, said second
layer-shaped part adjoin-  body which include the pattern or the part ing
the main surface and adjoining, along  thereof, said pattern between two
juxta- 20 at least a part of its .permeter and through-  posed edges of the
pattern always has sub- 85 out its thickness, a second part of the pat-
stantially the same thickness, although near tern, in said first
layer-shaped part the base  said edges the pattern may show a different
zone of the transistor adjoining the main  thickness. surface and, along
its full perimeter, ad-   For example, by locally etching the semi- 25
joining the first part of the pattern, the emit-  conductor body prior to
providing the inset 90 ter zone of the transistor being provided in
pattern, a pattern may be obtained, a part the base zone and adjoining the
main sur-  or a number of parts of which extend less face, and the
collector zone comprising a  deeply in the semiconductor body than an- part
which is present below the base zone, other part or a number of other parts
of 30 said second layer-shaped part comprising a  the pattern. In
relatively simple forms of the 95 connection part of the collector zone
which  device the first and the second parts of the connection part adjoins
the main surface  inset pattern may extend homogeneously and is separated
from the first layer-shaped  substantially to the same distance from the
part only by a separation part belonging to  main surface of the
semiconductor body in 35 at least one of the two said parts of the pat-
said body.                        100 tern, said connection part and the
part of   The pattern or a part thereof may be the collector zone below the
base zone be-  considered to extend homogeneously sub- ing interconnected
by an interconnection  stantially to a given distance from the main part of
the collector zone present at least surface in the semiconductor body when
in 40 partly below the separation part of the in-  cross-sections of the
semiconductor body 105 set insulating pattern.                  which
include the pattern or part thereof the Since the connection part of the
collector pattern between two juxtaposed edges of zone is present beside
the inset pattern, as  the pattern always extends to said given dis- is
also the base zone, instead of being pre- tance from the main surface in
the semi- 45 sent below the inset pattern, the collector conductor body,
although near said edges 110 zone may be contacted via said connection  the
pattern may extend to a smaller distance part, while avoiding the provision
of an  in the semiconductor body. aperture in the pattern. Furthermore, the
The connection part of the collector zone location of the base zone as well
as that of may comprise a highly doped contact zone 50 the connection part
of the collector zone are  in the form of a surface adjoining zone of 115
determined by the inset pattern. This means  the same conductivity type as
the collector that during the manufacture of the semi- zone. The contact
zone may be of the same conductor device the location of the base
thickness and the same doping profile as zone and that of the connection
part are  the emitter zone. Such a highly doped con- 55 determined by the
same mask, namely the  tact zone enables a good collector connec- 120 mask
by means of which the inset pattern is tion. provided, and therefore the
determination    A  semiconductor device in accordance of the location of
the connection part rela- with the invention may be an integrated tive to
the base zone is accurate, and toler-  semiconductor device comprising a
plurality 60 ances which inevitably occur when using  of circuit elements
including the said tran- 125 several masks need not be taken into account.
sistor, such an integrated device comprising The surfaces of the first and
the second  isolation zones which consist at least partly layer-shaped
parts of the semiconductor  of an  insulating material, the insulating body
may be located substantially in the  material part of an isolation zone
laterally 65 same flat plane.                         surrounding the
transistor and being consti- 130    3                        '
1,360,243                                      3 tuted by the said first
and/or the said second  tials the depletion region of said p-n junc- 65 



part of the inset pattern of insulating ma-  tion reaches the insulating
parts. terial.                                    However, in one form  in
which a less In one form of such an integrated semi-  deeply inset pattern
needs to be provided 5  conductor device the semiconductor body  or, in
other words, in which a thick epitaxial comprises a plurality of circuit
elements, in- layer may be used without it being neces- 70 cluding the
transistor, which circuit elements  sary to provide an unpractically deep
inset are present in a number of semiconductor  pattern an isolation zone
comprises a semi- islands, the islands adjoining the main sur-  conductor
zone which is of the same con- face and being separated from each other by
ductivity type as the substrate and is present isolation zones which are
formed, at least between the insulating part of the inset pat- 75 near the
main surface, by insulating parts  tern belonging to said isolation zone
and the of the inset pattern which laterally surround  substrate. the
islands, the first and the second part of   The pattern may be provided,
for ex- 15 the inset pattern together constituting, in  ample, by providing
recesses in the semi- addition to the separation part, a part which
conductor body and filling them  with an  80 surrounds the base zone and
the connection  insulating material. The inset pattern may part of the
collector zone of the transistor  consist of an insulating material formed
by collectively, said part belonging at least  conversion of semiconductor
material of 20 partly to an insulating part of an isolation  the
semiconductor body. If the semiconduc- zone surrounding the transistor.
to body consists of silicon, a pattern of 85 silicon oxide may be obtained
by local oxi- The isolation zones may consist wholly of  dation of the
semiconductor body. Conver- an insulating material, while the semicon-
sion into, for example, silicon carbide is ductor body consists of a number
of separate  also possible. 25 body parts constituted by the islands, in
According to a further aspect of the in- 90 which the islands may be
provided, for ex- vention in  a method of manufacturing a ample on the side
of the main surface, on a  semiconductor device in accordance with the
common support of an insulating material. invention there are masked
against oxidation The semiconductor body may comprise a  a first part and a
second part of a main 30 semiconductor support and  an epitaxial surface of
a semiconductor body, a region  95 layer which is present thereon and
adjoins  of one conductivity type of said body ex- the main surface, said
layer being divided  tending below said first and second surface by the
isolation zones into parts which be- parts, an insulating pattern inset in
the semi- long to the islands, the support comprising a  conductor body
being provided by conver- 35  substrate which is isolated from the islands
sion of the non-masked parts of said main 100 by at least one p-n junction.
A buried layer  surface into insulating material so that a may be used for
the interconnection part of first layer-shaped part of the semiconductor
the collector zone which interconnects the  body which, along its full
perimeter and connection part and the part of the co-  throughout its
thickness, adjoins the first 40 lector zone present below the base zone. In
part of the pattern, and a second layer- 105 one form the collector zone of
the transis-  shaped part of the semiconductor body tor forms an isolating
p-n junction with the  which, at least along a part of its perimeter
substrate and comprises a part situated in  and throughout its thickness,
adjoins the the epitaxial layer, and a buried part, situ-  second part of
the pattern, are obtained, said 45 ated in the support, the buried part
partly  layer-shaped parts being separated from 110 being present below the
separation part of each other only by a separation part belong- the inset
pattern and at least partly form-  ing to at least one of the two said
parts of ing part of the interconnection part of the  the pattern, the
pattern being inset in the collector zone.
semiconductor body over such a distance 50   The isolation zones may
consist entirely  from the  main surface that a part of the 115 of the
insulating parts of the inset pattern, region of one conductivity type
remains pre- the pattern being inset in the semiconductor  sent below the
separation part, a base zone body throughout the thickness of the epi-  of
the transistor being provided adjoining taxial layer and the insulating
parts extend-  the first surface part and adjoining along its 55 ing to the
substrate.  The interconnection  full perimeter the first part of the
pattern, 120 part of the collector zone where present said base zone
forming a p-n junction with below the separation part of the pattern may
the region of one conductivity type, there consist of a buried layer part
provided in  being provided in the base zone an emitter the support.
zone of the transistor adjoining the first sur- 60   It is also possible
for the insulating parts  face part, at least a part of the region of 125
of the pattern to extend only to the near  one conductivity type partly
being present vicinity of the p-n junction between the  below the
separation part and below the substrate and the epitaxial layer such that
in base zone and constituting the  collector operation with the normally
applied poten- zone of the transistor.   
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4 In one form of the method in which an  inset in said layer only over part
of the integrated semiconductor device is formed, thickness of the
epitaxial layer. a semiconductor body is used the region of   In another
form of the method in which one conductivity type of which adjoins the
only an inset pattern need to be provided 5 whole main surface and is
isolated from a  which extends over part of the thickness of 70 substrate
of the opposite conductivity type  the epitaxial layer, prior to providing
the present below the region by a p-n junction, inset pattern by conversion
of non-masked the region is divided into juxtaposed islands  semiconductor
material into the insulating which are separated from each other by pro-
material, impurities which cause the op- 10 viding in the region isolation
zones which, posite conductivity type areprovided innon- at least near the
main surface, consist of masked surface parts of the semiconductor parts of
an insulating material, and which  body corresponding in surface location
to isolation zones adjoin the isolation provided  the insulating parts to
be provided, said im- by the p-n junction at the substrate side, purities
being diffused deeper in the semi- 15 the insulating material parts being
provided  conductor body during the provision of the 80 simultaneously with
and forming part of the  pattern and constituting zones of the oppo-
pattern, a part of the pattern which belongs  site conductivity type which
are present be- to at least one of the two parts constituted  tween the
insulating parts and the substrate by the first and the second part of the
pat-  and which belong to the isolation zones. 20 tern and which
collectively laterally sur-   When during the provision of the inset 85
round the base zone and the connection part pattern semiconductor material
of the semi- of the collector zone adjoining the second  conductor body is
converted into insulat- surface part constituting at least a part of ing
material, said insulating material usually an insulation zone laterally
surrounding the  occupies a greater volume than the original 25 transistor.
As is usual in integrated circuits  semiconductor material, as a result of
which  90 with islands, a number of circuit elements, a pattern is obtained
which is inset in the for example, transistors, diodes, resistors
semiconductor body over part of its thick- and capacitances, may be
provided in the  ness and projects above the semiconductor islands.
body over the remainder of its thickness. 30  . The semiconductor body
having the region  If the semiconductor body is of silicon and  95 of one
conductivity type can be obtained in  a pattern of silicon oxide is
provided by a  simple manner by starting from a semi- local oxidation of
the semiconductor body, conductor support of which at least the part a
silicon oxide pattern is obtained which is adjoining one surface is of the
opposite  inset in the semiconductor body approxi- 35 conductivity type and
by providing on said  mately over half its thickness. In the method 100
surface of the support an epitaxial layer in accordance with the invention
prior to of one conductivity type belonging to the  providing the inset
pattern, surface parts of said region.                             the
semiconductor body may be removed In one form prior to providing the epit-
at the location of at least a part of the pat- 40 axial layer the support
is provided with a  tern to be provided, as a result of which re- 105
surface zone of one conductivity type ad- cesses are obtained which extend
from the joining the said surface, the surface zone  main surface over a
part of the thickness being situated so that it lies below the sep-  of the
semiconductor body in said body, the aration part of the inset pattern when
later pattern being then provided by conversion 45 provided and it is
laterally bounded by the  of non-masked semiconductor material into 110
isolation zone which laterally surrounds the  insulating material which
occupies the re- transistor when later provided. As a result cesses over at
least a part of their depth. By of this a low-resistivity connection part
of first providing the recesses, a pattern may the collector zone and a
reduction of the  be obtained which is inset over a very large 50 collector
series resistance can be obtained. part of its thickness or even throughout
its 115 In a form of the method in which only  thickness. an inset pattern
need to be provided which    Embodiments of the invention will now extends
over a part of the thickness of the  be described, by way of example, with
refer- epitaxial layer, in surface zones of the sup- ence to the
accompanying diagrammatic 55 port adjoining the support surface, which
drawings, in which                    120 zones are situated so that they
lie below    Figure 1 is a cross-sectional view of an the insulating parts
when later provided, embodiment of a semiconductor device in- the
concentration of the impurities deter- cluding a transistor, mining the
opposite conductivity type is in-   Figures 2 and 3 are cross-sectional
views 60 creased, after which the epitaxial layer is  of part of the
semiconductor body of the de- 125 provided and zones of the opposite
conduc- vice shown in Figure 1 during different tivity type belonging to
the isolation zones  stages of the manufacture by means of a and adjoining
the substrate are obtained  method in accordance with the invention, by
diffusion into the epitaxial layer of im-  ' Figure 4 is a cross-sectional
view taken 



65 purities from said zones, the pattern being  on the line IV-IV of Figure
5 of a part 130    5                         1,360,243
5 of another embodiment and in the form of lector zone 26 comprises a part
8 present 65 an integrated semiconductor device,      below the base zone
6. Figure 5 is a plan view of the part of the    The semiconductor body 1
comprises a semiconductor device shown in Figure 4,  second layer-shaped
part 9 which adjoins 5   Figures 6, 7, 8 and 9 are cross-sectional the main
surface 3 and is present beside the views of stages of part of the
semiconductor  layer-shaped part 4. The layer-shaped part 70 body of
another embodiment in the form of  9, along its full perimeter and
throughout an integrated semiconductor device and dur-  its thickness,
adjoins a second part 10 of ing various stages in the manufacture there-
the inset pattern 2, said second part 10 hav- 10  of by means of a method
in accordance with  ing been - provided simultaneously with the the said
further aspect of the invention, -  first part 5 of the pattern 2. The
second  75 Figure 10 shows a detail of an embodi-  layer-shaped part 9
constitutes a connection ment which is a slight modification of the  part
of the collector zone 26 which adjoins embodiment shown in Figure 4.
the main surface 3 and which is separated 15   Figure 11 shows a part of
another em  from the first layer-shaped part 4 and hence bodiment in the
form of an integrated semi  from the base zones 6 only by a separation  80
conductor device having two transistors and  part 11 of the pattern 2 and
belonging to the a common collector zone,                 two said parts 5
and 10 of the pattern 2. Figures 12, 14, 17, 20 and 21 are cross-  The
connection part 9 and the part 8 of the 20 sectional views of parts of
other embodi-  collector zone present below the base zone ments in the form
of integrated semiconduc-  6 are interconnected by an interconnection  85
tor devices,                             part 12 of the collector zone 26
present Figure 13 shows a detail of an embodi-  partly below the separation
part 11 of the ment which is a slight modification of the  pattern. 25
device shown in Figure 12.                  The connection part 9 of the
collector Figure 15 is a cross-sectional view of part zone in this
embodiment comprises a con- 90 of the semiconductor body of the device
tact zone 13 in the form of a surface zone shown in Figure 14 during a
stage in the  of the same conductivity type as the collec- manufacture
thereof by means of a method  tor zone. The zone 13 has the same thickness
30 in accordance with the further aspect of the  and the same doping
profile as the emitter invention,                               zone 7 and
hence in the manufacture of the 95 Figure 16 shows a detail of an embodi-
device may be provided simultaneously with the emitter zone 7. The emitter
zone of a ment which  is a slight modification of the transistor is a
highly  doped zone and so is, device shown  in Figure 14,
consequently, the contact zone 13. The con- 35   Figures 18 and 19 show
part of the semi-  tact zone 13 provides for a good electrical 100
conductor body of the device  shown in  connection to the collector zone
26. Figure 17 during stages in the  manufacture thereof by means of a
method  in accord-    As  shown in Figure 1, it is not necessary ance with
the further aspect of the  in- for contacting the collector zone nor for 40
vention.                        contacting the emitter zone and the base
zone to etch an aperture in a thick insulat- 105 Corresponding components,
layers, parts, ing layer part belonging to the inset pattern zones etc. in
the Figures of different embodi-  since the collector zone extends upwards
ments are referred to by the same reference in the pattern, see the
layer-shaped part 9 numerals.                                belonging to
the collector zone, the surfaces 45   The first embodiment now  to be des-
of the layer-shaped parts 4 and 9 lying sub- 110 cribed with reference to
Figure 1 is a semi-  stantially in the same flat plane 3. conductor device
in the form of a transistor. The transistor comprises a semiconductor
The first and the second part (5 and 10) body 1 and a pattern 2 of
insulating material of the pattern 2 have the same homogeneous 50  inset in
said body 1 and extending substan-  thickness. This is not always necessary
or tially thoughout its thickness from the main     desirable as will be
explained with refer- 115 surface 3 of the body 1 in said body. The  ence
to an embodiment to be described here- body 1 comprises a first
layer-shaped part 4 which adjoins the main surface 3 and which
Furthermore, the first and the second part 55 furthermore along its full
perimeter and  (5 and 10) of the pattern 2 extend homo- throughout its
thickness, adjoins a first part geneously at the same distance from  the
120 5 of the' inset pattern 2. The base zone 6  main surface 3 in the body
1. This feature of the transistor adjoining the main surface  also is not
always necessary or desirable as 3 is present in the layer-shaped part 4.
Said will be described hereinafter with reference 



60 base zone 6, along its full perimeter and  to another embodiment.
throughout its thickness, adjoins the first   In a modification of the
transistor struc- 125 part 5 of the pattern 2. The emitter zone 7  ture of
Figure 1 the connection part 9 of the of the transistor adjoining the main
surface  collector zone extends to the edge of the is provided in the base
zone 6. The col- semiconductor body , the second part 10 of    6
1,360,243                                     6 the pattern 2 only partly
surrounding the  having a depth of approximately 1 [err] and layer-shaped
part 9.                     the pattern 2 of silicon oxide has a thick- In
another modification of the transistor  ness of approximately 2 [err].
structure of Figure 1 the connection part   By providing the pattern 2, a
first layer- 5 9 of the collector zone fully surrounds the  shaped part 4
of the semiconductor body  70 first layer-shaped part 4, and therefore also
is obtained which, along its full perimeter the base zone 6.
and throughout its thickness, adjoins the The pattern 2 extends in the
semiconduc-  first part 5 of the pattern 2 and a second tor body 1 to a
larger depth from the main  layer-shaped part 9 of the body 1 is ob- 10
surface 3 than the base zone 6. However, it tained which,- along its full
perimeter and  7 is also possible for the base zone to extend  throughout
its thickness, adjoins the second slightly more deeply in the body 1 than
part 10 of the pattern 2. the pattern 2.                             The
layer-shaped parts 4 and 9 are separ- The manufacture of the transistor
shown  ated from each other only by the separa- 15 in Figure 1 by a method
in accordance with  tion part 11 of the pattern 2 belonging to  80 the
further aspect of the invention will now  the parts 5 and 10. be described.
The pattern 2 is inset in the semiconductor A  semiconductor body 1 is used
(see  body over such a distance that a part of Figure 2) which consists of
a monocrystal-  the region of one conductivity type remains 20 line n-type
silicon support 12 having  a  present below the separation part 11.    85
thickness of approximately 200 [err] and a re-    After providing the
pattern 2, the silicon sistivity of approximately 0.01 ohm.cm, on  nitride
layers 16 and 17 are replaced in a the surface 15 of which an epitaxial
n-type  conventional manner by the silicon oxide silicon layer 14 is
provided having a thick-  layers 19 and 20 having a thickness of ap- 25
ness of approximately 5 [err] and a resistivity  proximately 0,2 [err]
90 of approximately 0.5 [err] The surface    My means of conventional
masking and of the epitaxial layer 14 constitutes a main  diffusion
methods, the base zone 6 is pro- surface 3, parts 3a and 3b of the surface
3  vided in the first layer-shaped part 4. The being masked by means of
masking layers  base zone 6 adjoins the first surface part 30 16 and 17.
3 and along its full perimeter adjoins the 95 The masking layers 16 and 17
consist of first part 5 of the pattern 2. The p-n junc- silicon nitride and
may be provided in a  tion 19 is formed by the base zone 6 and conventional
manner, for example, by first the region (8, 9, 12, 13) (see Figure 1). The
providing  throughout the surface 3, a  p-type base zone is obtained, for
example. 35 silicon nitride layer by vapour deposition  by diffusion of
boron and has a thickness of 100 from a mixture of hydrogen, silane and am-
approximately 1.8 [err] and consequently ad- monia at a temperature of
approximately  joins throughout its thickness the first part [err] and then
removing said nitride layer 5 of the pattern 2. locally by etching.
An accurate masking method is not neces- 40   By the conversion of
non-masked semi-  sary in the base diffusion, since the pattern 105
conductor material into insulating material 2 has a masking effect and it
is intended that (see also Figure 3) the first part 5 which  the base zone
to be provided adjoins the fully laterally surrounds the first surface
part 5 of the pattern 2 along its full peri- part 3a, and the second part
10 which later-  meter. 45 ally surrounds the second surface part 3b of
The emitter zone 7 and the collector con- 110 the inset pattern 2 of
insulating material tact zone 13 are provided in a conventional which
extends from the main surface 3 in  manner, for example by diffusion of
phos- the body 1, are simultaneously provided.    phorous, and have a
thickness of approxi- By oxidation in a usual manner, non- mately 1 [err].
For the same reasons as for 50 masked silicon is converted into the pattern
the base diffusion, no  accurate masking 115 2 of silicon oxide. However,
without any  method is necessary for the collector con- initial material
removal at the exposed silicon  tact zone diffusion. surface parts a
silicon oxide pattern 2 would    The n-type region (8, 9, 12, 13) which be
obtained which is inset in the body 1 only  partly adjoins the second
surface part 3b 55 over approximately half its thickness. There-  and is
partly present below the separation 120 fore, prior to providing the
pattern 2, sur-  part 11 and below the base zone 6 consti- face parts of
the semiconductor body 1 are  tutes the collector zone 26 of the
transistor. 



removed at the region of the said pattern   In the method described it is
of import- as a result of which recesses 18 are ob- ance that the location
of the connection part 60 tained which extend from the main surface  9 of
the collector zone 26 relative to the 125 3 over part of the thickness of
the body 1  layer-shaped part 4, thus relative to the in said body, after
which the pattern 2 is base zone 6, is determined by means of only provided
by  conversion  of non-masked  one masking operation, namely that for
silicon into silicon oxide which fills the re-  providing the pattern 2, as
a result of which 65 cesses 18.  The recesses 18 are provided  said
determination of the location is very 130    7
1,360,243                                     7 exact and substantially
without tolerances, 5 of the pattern 2, and the emitter zone 7 which means
a gain in space. The distance  adjoining the main surface is provided in
between the zones 6 and 13 is approximately  said base zone 6. The
collector zone 26 10 [err].                                 comprises a
part 8 present below the base 5   It is to be noted that for simplicity of
zone.                                  70 illustration  underetching and
underoxida-    Beside the first layer-shaped part 4, a tion have not been
taken into account in  second layer-shaped part 9 of the semi- Figures 1 to
3. Actually the recesses 18 and  conductor body 1 is present which, along
the pattern 2 slightly extend laterally below  its full perimeter and
throughout its thick- the masking layer parts 16, 17.         ness, adjoins
the second part 10 of the inset 75 The zones 6, 7 and 13 are provided in a
pattern 2.  The second layer-shaped part conventional manner with a 'base
contact 9 constitutes a connection part of the col- layer 21, an emitter
contact layer 22 and a  lector zone 26 adjoining the main surface collector
contact layer 23, respectively, 3, which zone is separated from  the first
15 which consist, for example, of a metal layer layer-shaped part 4 and
hence from the base 80 of aluminium. The metal layers 21 and 22  zone 6 by
the separation part 11 which extend to over the pattern 2 and a con-
belongs to the parts 5 and 10 of the inset nection conductor is connected
to the parts  pattern 2. The connection part 9 and the of said metal layers
present on the pattern, part 8 of the collector zone present below 20 which
is shown in Figure 1 only for the  the base zone 6 are interconnected by an
in- 85 base contact layer 21, see the connection  terconnection part 32
which is partly pre- conductor 24 connected to said layer. The  sent below
the separation part 11. metal layer 23 is present substantially en-   The
parts 5 and 10 of the pattern have tirely on the collector contact zone 13
the same homogeneous thickness (measured 25 and a connection conductor 25
is con- transverse to the main surface 3) and ex- 90 nected to the said
layer. The collector con-  tend homogeneously the same distance from tact
zone 13 may also be constructed so as  the main surface 3 in the body 1. to
be smaller, the metal layer 23 extending    The surfaces 3a and 3b of the
layer- *          over the pattern 2 and being connected to  shaped parts 4
and 9 are located substan- 30 the connection conductor 25 above said pat-
tially in the same flat plane 3.      95 tern 2;
The collector zone 26 comprises a collec- Viewed in a direction
perpendicular to the  tor contact zone 13 which is present in the pattern 2
the various zones and parts of connection part 9 and has the same thickness
the transistor have the dimensions which  and the same doping profile as
the emitter 35 are normal for a transistor, the collector zone 7. The
collector contact zone 13 ad- 100 contact zone 13 with the collector
contact joins, along its full perimeter and through- layer 23 present
thereon having the dimen-  out its thickness, the, second part 10 of the
sions which are normal for a metal contact pattern 2 and is separated from
the base layer.                                   zone 6 only by the
separation part 11. The 40   In a modification of the described method
metal contact layers 21, 22 and 23 are con- 105 the base zone 6 is provided
prior to provid-  nected to the zones 6, 7 and 13. ing the pattern 2 in
which during the pro-   In the present embodiment, the semi- vision of the
pattern 2 the remainder of the  conductor body comprises a plurality of
cir- semiconductor body 1 constitutes the region  cuit elements, including
the transistor T, 45  of one conductivity type which does not ad- which
circuit elements are present in  a 110 join the surface part 3a but does
extend  number of semiconductor regions (6, 7, 26), below said surface
part.     '           and 40 to 49, termed islands, which are An embodiment
in the form of an inte-  separated from each other and adjoin the grated
semiconductor device will now be  main surface 3. 50 described with
reference to Figures 4 and    For simplicity, Figures 4 and 5 only show 115
5 where parts and regions corresponding to  the islands' (6, 7, 26) and 40
completely. those present in the single transistor in  Furthermore for
clarity the insulating layers Figure 1 are indicated by the same reference
covering the islands and contact layers con- numerals.         '
nected to semiconductor zones are not shown 



55   The pattern 2 of insulating material ex- in Figure 5, the apertures
for the contact 120 tends from the main surface 3 in the semi- layers
in'the insulating layers being denoted conductor body 1 over a part of a
thick-  by broken lines. ness of said body. The first layer-shaped part
The circuit element in the island 40 is a 4 of the semiconductor body 1
adjoins, along  resistor element R comprising  a surface 60 its full
perimeter and throughout its thick-  zone 50 provided with contact layers
51 and 125 ness, adjoins the first part 5 of the inset 52. The surface zone
50 is of the same con- pattern 2. In the part 4 is provided the base
ductivity type as the base zone 6 and fur- zone 6 or a transistor T
adjoining the main  thermore said zones have the same doping surface 3
which zone along its full perimeter  profile and the'same thickness. 65
and throughout its thickness adjoins the part   Isolation zones which are
formed by parts 130    8                                      1,360,243
8 surrounding the islands, termed isolation  are separated from each other
only by the parts, of the inset pattern are present be  separation part 11
which belongs to the tween the islands. The island (6, 7, 26) is first part
5 and the second part 10 of the laterally surrounded by an insulating part
pattern 2. 5 53 and the island 40 is laterally surrounded    The pattern 2
is inset in the semiconduc- 70 by an insulating part 54 of the inset pat-
tor body to such a distance from the main tern 2.
surface 3 that a part 32 of the region 69 The first part 5 and the second
part 10  remains present below the separation part. of the pattern 2 not
only comprise the sep-   In order to inset the pattern 2 substan- 10
aration part 11 but also an insulating part tially throughout its whole
thickness in the 53 laterally surrounding the base zone 6  body 1 and hence
to obtain a substantially and the connection part 9 of the collector plane
surface of the semiconductor device, zone 26 collectively, which part 53
consti-  recesses 62 are etched prior to the oxidation tutes an isolation
zone laterally surrounding  treatment to obtain the pattern 2 of silicon 15
the transistor.                          oxide, while using the nitride
layers as an  80 The semiconductor body 1 comprises a  etching mask, which
recesses extend in the semiconductor support 55 and an epitaxial
semiconductor body 1 to a distance from layer 56 which is provided thereon
and ad- the main surface 3 which is approximately joins the main surface 3
and which is di- half as large as the desirable distance over 20 vided, by
the isolation zones, for example, which the pattern 2 to be provided
extends 85 the zones 53 and 54, into parts belonging to  in the body 1,
after which the pattern 2 is the islands (6, 7, 26) and 40 to 49. The
provided by an oxidation treatment, the re- support comprises a substrate
57 from which  cesses 62 being filled with silicon oxide. the islands are
isolated by a p-n junction.   After providing the pattern 2, the silicon 25
The island (6, 7, 26) is isolated from the sub- nitride layer parts 60 and
61 are replaced  90 strate 57 by the p-n junction 58 and the  by silicon
oxide layers 63 and 64 and the island 40 is isolated from the substrate 57
n-type base zone 6, the n-type emitter zone by the p-n junction 59.
7 and the n-type collector contact zone 13 The collector zone 26 of the
transistor T  are provided by conventional masking and 30 forms the
isolating p-n junction 58 with the  diffusion methods, by the diffusion of
boron, 95 substrate 57 and comprises a part 8, 9  phosphorus and phosporus,
respectively, in present in the epitaxial layer 56 and a buried  which the
zones 7 and 13 may be provided layer part 32 present partly in the support
simultaneously. 55.  The buried part 32 is present partly    The base zone
6 forms a junction 19 35 below the separation part 11 of the inset pat-
with the part 26 of the region 69.  100 tern 2 and constitutes the
interconnection    this part 26 of the region 69. part of the collector
zone 26.             This part which partly adjoins the second The inset
pattern consists of insulating  surface part 31 and is partly present below
material formed by the conversion of semi- the separation part 11 and below
the base 40 conductor material of the body 1.         zone 6, constitutes
the collector zone of the The transistor T is obtained in a similar
transistor T.                        105 manner to the transistor shown in
Figure 1.   In the present embodiment a semiconduc- The manufacture of the
integrated semi-  tor body 1 is used the n-type region 69 of conductor
device shown in Figures 4 and 5  which, see Figure 6, adjoins the whole
main 45 will now  be described with reference to  surface 3 and which is
isolated from a p- Figures 6 to 9.                         type substrate
57 present below the region 110 Of a silicon body 1, see Figure 6, having
69 by a p-n junction 66. The region 69 is an n-type region 69 adjoining the
main sur- divided into juxtaposed islands (6, 7, 26) face 3, surface parts
3a and 3b of the main  and 40 to 49, see also Figures 7 and 5, by 50
surface 3 separated from  each other are  providing in the region 69
isolation zones masked by providing in a conventional man-  consisting of
parts of an insulating material, 115 



ner silicon nitride layer parts 60 and 61. A  termed insulating parts, of
the pattern 2 first part 5 (see also Figure 7) which sur- which adjoin the
isolation on the substrate rounds the surface part 3a and a second part
side. See the insulating parts 53 and 54 in 55  10 which surrounds the
surface part 3b  Figures 7 and 4 and 5 around the islands of the inset
pattern 2 are simultaneously  (6, 7, 26) and 40.                   12
provided by converting non-masked silicon    The isolation zones are thus
obtained into insulating silicon oxide, for example, simultaneously with
the provision of the in a flow of steam at a temperature of ap-  pattern 2
as parts of said pattern. In this 60 proximately [err]. The layer-shaped
parts  case the part 55 which belongs to the first 4 and 9 of the
semiconductor body which, part 5 and the second part 10 of the inset 120
along their full perimeters and throughout pattern 2 and surrounds the base
zone 6 and their thickness, adjoin the parts 5 and 10, the connection part
9 of the collector zone respectively, of the pattern 2 are thus ob- 26
collectively is designed as an isolation. 65 tained.  The layer-shaped
parts 4 and 9  part, thus in this example as an isolation    9
1,360,243                                      9 zone which laterally
surrounds the transis- These layers are later replaced in a normal tor T.
manner by silicon oxide layers 63, 64 and In addition to the island (6, 7,
26) to be  67 having thicknesses of approximately 0.2 provided, which,
during the provision of the  [err]. 5 pattern 2, is masked by the silicon
nitride    The base zone 6 and the resistance zone 70 layers 60 and 61, see
Figure 6, the other  50 have thicknesses of approximately I [err] islands
to be obtained are also masked  and the emitter zone 7 and the collector
against said conversion during the provision  contact zone 13 have
thicknesses of ap- of the pattern 2 by conversion of non-  proximately 0.6
[err]. In Figure 5 the di- 10 masked semiconductor material.  For ex-
mensions of the base zone 6 are approxi- 75 ample, the island 40 to be
obtained is mately 45X30 [err], those of the emitter masked against
oxidation by the silicon  zones approximately 20X20 [err], those of nitride
layer 65. After providing the pat-  the collector contact zone 13
approximately tern, all masking layers are replaced by  20 x 30 [err], and
the width B of the isolation 15 silicon oxide layers, the silicon nitride
layer  parts 53 and 54 and the separation part 11 80 65 being replaced by
the silicon oxide layer  is approximately 10 to 15 [err]. 67.
Since the p-type substrate 57 is of com- The p-type zone 50 of the
resistance ele- paratively high resistivity (2 ohm.cm), con- ment R, see
Figures 4 and 5, is obtained  ductive channels adjoining the pattern 2 20
by a boron diffusion which is carried out may occur in the substrate 57 and
inter- 85 simultaneously with that to obtain the base  connect the islands.
These channels can zone 6.                                  be prevented by
increasing the p-type dop- The semiconductor body 1 with the n- ing in the
substrate below the pattern 2, type region 69 is obtained by starting from
which is denoted in Figures 4, 6, 7 and 9 by 25 a semiconductor support 55,
see Figure 8, the zones 71 which are obtained by a boron  90 of silicon
having p-type conductivity, a re-  diffusion in the zones 71a of the
support, sistivity of approximately 2 ohm.cm and a  see Figure 8.  It is
alternatively possible thickness of approximately 200 jam, and by  to
choose a support 55 which is entirely of providing on the support surface
68 an n- low resistivity material and has a resistivity 30 type epitaxial
silicon layer 56 having a re-  of, for example, 0.02 ohm.cm, which, how- 95
sistivity of approximately 0.2 ohm.cm and a  ever, results in a lower
breakdown voltage thickness of approximately  2 [err], see  of the p-n
junctions 58 and 59, see Figure 4. Figure 9.
Another possibility is shown in Figure In the present embodiment the
support 10 which Figure for simplicity shows only 35 is provided with an
n-type surface zone 32a  a part of the semiconductor device which 100
adjoining the support surface 68, for ex- corresponds to the left-hand part
of Figure ample by diffusion of arsenic, see Figure 8. 4. The inset
insulating pattern 2 does not The surface zone 32a is situated below the
extend up to the substrate 57 but only up to separation part 11 of the
pattern 2 (see  the depletion region 73 of the p-n junction 40 Figure 7),
and this diffused surface zone  66 which is bounded by the broken line 74.
105 will be laterally bounded by the insulation  This depletion region 73
occurs during zone 53 which will surround the transistor T. operation of
the semiconductor device due when later provided. After the provision of to
a usual voltage in the reverse direction the surface zone 32a the epitaxial
layer 56 is  across the p-n junction 66. During opera- 45 provided. The
support 55 then comprises  tion said depletion region closes the isola- 110
the p-type substrate 57 and the n-type buried  tion between the islands.
layer part 32 which together with the epit-   In the embodiments described
the base axial n-type layer 56 constitutes the n-type zone 6 may
alternatively be provided prior 



region 69 (Figure 9). The buried layer part to providing the pattern 2. 50
32 has a thickness of approximately 5  [err].   Figure 11 shows a
transistor [err] of the 115 A small amount of arsenic can diffuse from
same kind as the transistor T  shown in the buried layer 32 in the
epitaxial layer 56  Figures 4 and 5. This transistor [err] how which is
denoted in Figure 9 by a broken  ever, has a collector zone 26 in common
line.                                    with a transistor [err] which is
also of the 55   The pattern 2 is inset in the semiconduc-  same kind as
the' transistor T shown in 120 tor body 1 to a depth larger than the thick-
Figures 4 and 5. In this structure, the part ness of the epitaxial layer,
for example, to  53 of the pattern 2 which surrounds the a distance of
between 2.1 and 2.2 [err] from  base zone 6 and the connection part 9 of
the main surface 3.                      the collector zone of the
transistor [err] col- 60   The masking silicon nitride layer parts
lectively, does not entirely belong to an 125 60, 61 and 65 each have a
thickness of ap-  isolation zone, since the part 75 of the part proximately
0.2 [err] and may be provided  53 serves as a separation part between the
by vapour disposition from a stream of a  connection part 9 of the
collector zone and mixture of hydrogen, silane and ammonia  the base zone 6
of the transistor [err]. 65  at a temperature of approximately [err].
Figure 12 is a cross-sectional  view of a 130    10
1,360,243                         110 part of an embodiment of a
semiconductor   Prior to providing the pattern 2, p-type device in
accordance with the invention  zones 81a adjoining recesses 62 which cor-
which differs from that shown in Figures 4  respond in surface location to
the inset in- and 5 only in that the isolation zones (2, 76)  sulating
pattern parts 54 and 53 to be pro- .5 comprise zones 76 of the same
conductivity  vided are provided in the epitaxial layer 56. 70 type as the
substrate 57 which are present In this respect Figure 15 should be com-
between the substrate 57 and the inset insu- pared with Figure 6. The zones
81a may be lating pattern parts 53 and 54 of the iso- provided, for
example, by ion implantation lation zones (2,76). The zones 76 thus have
while using the masking effect of the silicon 10 p-type conductivity,
nitride layers (60,. 61 and 65). The silicon  75 The manufacture of the
device shown in  nitride layers project slightly above the re- Figure 12
differs only slightly from  the  cesses 62, since during the provision of
the manufacture of the device shown in Figures recesses 62 underetching
occurs. For sim- 4 and 5.                                 plicity this
latter is not shown in Figure 15 15   In surface zones 71a of the support
55 ad-  (or in Figure 6). The inset pattern 2 of sili- 80 joining the
support surface 68 (see Figure 8), con oxide is then provided by oxidation,
the which zones are present below the insulating  zones 81a diffusing
inwards in the body pattern parts 53, 54 to be provided, the con-  ahead of
the insetting pattern 2. The pat- centration of impurities causing p-type
con- tern 2 is inset in the epitaxial layer 56 only 20 ductivity is
increased, for example, by  over part of the thickness of the layer, the
85 diffusion of boron.  The n-type epitaxial p-type zones 81 which adjoin
the pattern 2 layer 56, see also Figure 12, is then pro- extending up to
the p-type substrate 57. vided and the zones 76 of p-type conduc-  For the
remainder, the manufacture of the tivity which adjoin the substrate 57,
belong  device shown in Figure 14 is carried out 25 to the isolation zones
(2, 76) and are pre- in a manner similar to that of the device 90 sent in
the epitaxial layer 56, are obtained shown in Figures 4 and 5. by diffusion
of impurities from the zones    The zones 81 need not reach the substrate
71a in the epitaxial layer. The pattern 2  57, it is sufficient for them to
reach the de- is inset in the epitaxial layer 56 only over pletion region
82 of the p-n junction 83, 30 part of the thickness of the said layer and
see Figure 16. This depletion region occurs 95 the isolation zones (2, 76)
are constituted  during operation of the semiconductor de- only near the
main surface 3 by the inset vice due to the normally applied reverse
insulating pattern parts 53 and 54 of the  voltage across the' p-n junction
83.  For inset pattern 2.                         simplicity, Figure 16
shows only a part cor- 35   The zones 76 adjoin the pattern 2. It is
responding to the left-hand part of the semi- 100 also possible that the
pattern 2 is not inset conductor device of Figure 14. in the semiconductor
body 1 up to the zones   It will be obvious that the structure shown 76,
but only up to the depletion region 78 of in Figure 11 may be provided with
isolation the p-n junction 77, see Figure 13, bound- zones (2, 76)
according to Figure 12 or 40 ing the substrate and the zone 76. Figure
with the isolation zones (2, 81) according 105 13 shows only a part
corresponding to the  to Figure 14. left-hand part of the semiconductor
device   In respect of the isolation zones of the of Figure 12. The
depletion region 78 be-  kind described reference is invited to our tween
the p-n junction 77 and the broken  copending Patent Application No.
31839/71. 45 line 80 occurs during operation due to the    In the examples
described, the whole pat- 110 



normally applied voltage in the reverse  tern 2 is inset in the
semiconductor body 1 direction across the p-n junction 77.    substantially
throughout its thickness.  In In structures having the form shown in  order
to achieve this, the recesses 62 are Figures 12 and 13, a thicker epitaxial
layer provided in the body 1 prior to providing 50 56, for example of a
thickness of 4 [err], may  the pattern 2, see Figures 6 and 15. If the 115
be used while avoiding a pattern 2 to be  recesses 62 are not provided, a
pattern 2 of inset to an unpractical depth and in which  silicon oxide is
obtained which is inset ap- more space is available below the separation
proximately over half its thickness. part 11 of the pattern 2 for the
interconnec-   It is possible to inset a part of the pat- 55 tion part of
the collector zone. If desirable, tern 2 throughout its thickness and
another 120 the buried layer 32 may be omitted in this  part of the pattern
only over a part of its case.                                    thickness
in  the  semiconductor  body. Figure 14 shows another embodiment in
Figure. 17 shows an example of this and re- which the isolation zones (2,
81) comprise  lates to a semiconductor device which dif- 60  p-type zones
81 which are present between  fers only from that shown in Figures 4 and
125 the substrate 57 and the inset insulating pat-  5 in that the
separation part 11 of the pat- tern parts 53 and 54. The zones 81, how-
tern 2 is inset in the semiconductor body 1 ever, have not been obtained by
diffusion  to substantially half its thickness, while the from the
substrate 57 as will now be des- remainder of the pattern 2 is inset in the
65 cribed with reference to Figure 15.       semiconductor body
substantially throughout 130    11
1,360,243                                     11 its thickness.  The
structure may be ob- shown in Figure 12 but in which the sub- tained by
providing recesses 62 at the region  strate 57 is removed up to the buried
layer of the pattern to be provided, see Figure 6, part 32. A metal layer
90 to reduce the col- with the exception, however, of the region  lector
series resistance may be provided on 5 where the separation part 11 of the
pat- the buried layer part 32, while in addition, 70 tern 2 is to be
provided, and then providing  if desired, the collector may also be con-
the pattern 2 by oxidation.             nected or through-connected on the
lower An advantage of the structure shown in  side via said metal layer. -
Figure 17 is that, due to insetting the separa-   It is also possible to
remove the remain- tion part 11 to a smaller depth, a better ing p-type
parts 57, 71 and 76 in the device 75 interconnection is obtained between
the con-  shown in Figure 20 by etching, after which nection part 9 and the
part 8 of the collec-  no substrate at all is present any longer and tor
zone 26 present below the base zone  the isolation zones consist of the
inset in- 6. while, if desirable, the buried layer part sulating pattern
parts 53 and 54 and of 15 32 may be omitted.                       grooves
at the location of the zones 76. 80 The pattern 2 shown in Figure 17 can
These grooves may be filled with an insulat- be provided in a simple manner
as will now  ing material, if desired.  No p-n junction be described with
reference to Figures 18  isolation and associated stray capacitances and
19.                                 are present any longer and the
semiconduc- 20   On the semiconductor body 1, see Figure  tor body 1 then
consists of a number of parts 85 18, a masking layer is provided which con-
(islands) which are separated from  each sists of a silicon nitride layer
85 having  other. provided thereon a silicon oxide layer 86,   In a manner
similar to that described with which layers are removed at the region of
reference to the device shown in Figure 12, 25 the inset insulating pattern
parts 53 and 54  the substrate 57 of the device shown in 90 to be provided.
Only the silicon oxide  Figures 4 and 5 and of the device shown layer 86
is then removed at the region of in Figure 11 may be removed and also the
the separation part 11- to be provided, and  substrate 57 and the zones 81
of the device the recesses 62 are then etched at the region  shown in
Figure 14. 30 of the inset insulating pattern parts 53 and    It is,
furthermore possible in the devices 95 54, as a result of which the
structure shown  shown in Figures 12 and 14 not to provide in Figure 18 is
obtained               the zones 76 and 71, and the zones 81, re- The
silicon nitride layer 85 is then re-  spectively, but to provide a buried
layer part moved by a selective etching treatment at 32 which extends below
all the islands, to 35 the region of the separation part 11 to be  remove
the substrate 57 and to etch grooves 100 provided, the silicon oxide layer
86 serv- below the isolation parts 53 and 54 of the ing as an etching mask.
The structure  pattern 2 transversely through the buried shown in Figure 19
is then obtained and the  layer part 32 and up to said isolation parts,
pattern 2 may now be provided by an oxida- after which the device shown in
Figure 21 is 40 tion treatment.                          obtained having
buried layer parts 32a 32b, 105 In the embodiment shown in Figure 17, and
so on. For the provision of the buried the first part 5 of the pattern 2
which sur- layer parts 32a, 32b and so on, no masking 



rounds the base zone 6 and the second  is necessary. Starting material may
be a p- part 10 of the pattern 2 which surrounds  type support 55 which is
provided with a 45 the connection part 9 of the collector zone  highly
doped p-type epitaxial or diffused 110 26, do not extend homogeneously up
to the  layer and the less highly doped n-type epi- same distance from the
main surface of the  taxial layer  56 may be provided thereon.
semiconductor body 1, as contrasted with  It is also possible to start from
a support the preceding embodiments. The parts 5 and  which consists
entirely of low-resistivity n- 50  10, however, have the same homogeneous
type silicon.                           115 thickness and have been
provided simul-   In the device shown in Figure 21, the taneously. It is
possible, however, to remove  semiconductor body consists of the parts the
projecting part of the separation part 11  (islands) la, 1b, lc, and so on
which are at least partly by etching. In that case the  separated from each
other. 55  parts 5 and 10 no longer have a homogene-   The devices
described may be provided 120 ous thickness. The layer-shaped parts 4 and
in a conventional manner with conductive 9 in this embodiment extend to the
same  tracks which have widenings to which con- distance from the main
surface 3 in the body  nection conductors can be connected and 1 as the
separation part 11, while the inset which widenings are preferably provided
on 60 insulating pattern parts 53 and 54 extend  the inset pattern 2.
125 deeper in the body 1.                     Many variations are possible
to  those In the embodiments described it is pos- skilled in the art
without departing from sible to remove the substrate 57 entirely or the
scope of this invention. For example, partly, for example by etching,
Figure 20  only the part of the support used which ad- 65 shows a
semiconductor device of the form joins the support surface 68, see Figure
8, 130    12                                     1,360,243
12 need have p-type conductivity and, for ex- adjoining, along at least a
part of its peri- ample, the part of the support below the  meter and
throughout its thickness, a second broken line in Figure 8 may have n-type
part of the pattern, in said first layer-shaped conductivity. The masking
layers 60, 61  part the base zone of the transistor adjoin- 5 and 65, see
Figure 6, may consist of a silicon  ing the main surface and, along its
full peri- 70 layer provided on the semiconductor body 1, meter, adjoining
the first part of the pattern, on which layer a silicon nitride layer is
the emitter zone of the transistor being pro- provided in which, after
providing the pat- vided in the base zone and adjoining the tern 2 and
after removing the silicon nitride  main surface, and the collector zone
com- 10 layer, the silicon oxide layers 63, 64 and 67, prising a part which
is present below the see Figure 7, are obtained directly.  The  base zone,
said second layer-shaped part emitter zones 7 of the embodiments des-
comprising a connection part of the collector cribed may also adjoin the
inset pattern 2  zone which connection part adjoins the main along a part
of their perimeters. The oxida-  surface and is separated from the first
layer- 15 tion treatment to obtain the pattern 2 may  shaped part only by a
separation part be- 80 be interrupted, in which during the interrup-
longing to at least one of the two said parts tion the already obtained
silicon oxide may  of the pattern, said connection part and the be removed
at least partly, for example, by  part of the collector zone below the base
etching, it is not necessary then, for obtain- zone being interconnected by
an intercon- 20 ing a pattern 2 which is inset substantially  nection part
of the collector zone present 85 throughout its thickness in the
semiconduc-  at least partly below the separation part of tor body, to
provide the recesses 62, see for  the inset insulating pattern. example
Figure 6, prior to the oxidation    2. A semiconductor device as claimed in
treatment.  It is not necessary to replace  Claim 1, wherein the first and
the second 25 the silicon nitride layers 60, 61 and 65 by  part of the
inset pattern have substantially 90 the silicon oxide layers 63, 64 and 67,
see  the same homogeneous thickness. Figures 6 and 7. The silicon nitride
layers   3. A semiconductor device as claimed in 60, 61 and 65 may also be
used for masking  Claim 1 or Claim 2, wherein the surfaces of during
diffusion steps.  The second layer- the first and the second layer-shaped
part 30 shaped part 9 of the semiconductor body  are located substantially
in the same flat 95 1, see for example Figure 14, need not be- plane. long
entirely to the connection part of the    4. A semiconductor device as
claimed in collector zone 26 and may comprise, for any of the preceding
Claims, wherein the example, in addition a diode.  Two dif- first and the
second part of the inset pattern 35 ferent islands may be connected
together in  extend homogeneously substantially to the 100 a manner similar
to that of the connec-  same distance from the main surface of the tion
part 9 to the part 8 of the collector semiconductor body in said body. zone
present below the base zone in the    5. A  semiconductor device as claimed
examples described.  Usual semiconductor  in any of the preceding Claims,
wherein the 



40 materials other than silicon may be used  connection part of the
collector zone com- 105 in which the pattern may consist of grooves  prises
a highly doped contact zone in the filled with insulating material or of
insulat-  form of a surface adjoining zone of the same ing material which
has been obtained by the  conductivity type as the collector zone.
conversion of semiconductor material into   6. A semiconductor device as
claimed in 45 insulating material. For example, the semi- any of the
preceding Claims, wherein the 110 conductor material silicon carbide may be
semiconductor body comprises a plurality of converted, for example by
oxidation, into  circuit elements, including the transistor, silicon oxide.
which circuit elements are situated in a number of semiconductor islands,
the islands 50   WHAT WE CLAIM IS: -                     adjoining the main
surface and being sep- 115 1. A semiconductor device comprising a  arated
from each other by isolation zones semiconductor body including a
transistor, which are formed, at least near the main a pattern of an
insulating material being in- surface, by insulating parts of the inset
pat- set in the semiconductor body and extending  tern which laterally
surround the islands, 55 in said body from a main surface thereof the first
and the second part of the inset pat- 120 over at least a part of its
thickness, the semi- tern together constituting, in addition to the
conductor body having a first layer-shaped  separation part, a part which
surrounds the part and a simultaneously provided second  base zone and the
connection part of the layer-shaped  part  situated  beside  and  collector
zone of the transistor collectively, 60spaced from the first layer-shaped
part, said  said part belonging at least partly to an 125 first
layer-shaped part adjoining the main  insulating part of an isolation zone
sur- surface and  along its full perimeter and  rounding the transistor.
throughout its thickness, adjoining a first   7. A  semiconductor device as
claimed part of the inset pattern, said second layer-  in Claim 6, wherein
the semiconductor body 65 shaped part adjoining the main surface and
comprises a semiconductor support and an 130    12
1,360,243                                    12 need have p-type
conductivity and, for ex- adjoining, along at least a part of its pen-
ample, the part of the support below the  meter and throughout its
thickness, a second broken line in Figure 8 may have n-type  part of the
pattern, in said first layer-shaped conductivity. The masking layers 60, 61
part the base zone of the transistor adjoin- 5 and 65, see Figure 6, may
consist of a silicon  ing the main surface and, along its full peri- 70
layer provided on the semiconductor body 1, meter, adjoining the first part
of the pattern, on which layer a silicon nitride layer is the emitter zone
of the transistor being pro- provided in which, after providing the pat-
vided in the base zone and adjoining the tern 2 and after removing the
silicon nitride  main surface, and the collector zone com- 10 layer, the
silicon oxide layers 63, 64 and 67, prising a part which is present below
the see Figure 7, are obtained directly.  The  base zone, said second
layer-shaped part emitter zones 7 of the embodiments des-  comprising a
connection part of the collector cribed may also adjoin the inset pattern 2
zone which connection part adjoins the main along a part of their
perimeters. The oxida-  surface and is separated from the first layer- 15
tion treatment to obtain the pattern 2 may  shaped part only by a
separation part be- 80 be interrupted, in which during the interrup-
longing to at least one of the two said parts tion the already obtained
silicon oxide may  of the pattern, said connection part and the be removed
at least partly for example, by  part of the collector zone below the base
etching, it is not necessary then, for obtain- zone being interconnected by
an intercon- 20 ing a pattern 2 which is inset substantially  nection part
of the collector zone present 85 throughout its thickness in the
semiconduc- at least partly below the separation part of tor body, to
provide the recesses 62, see for the inset insulating pattern. example
Figure 6, prior to the oxidation    2. A semiconductor device as claimed in
treatment.  It is not necessary to replace  Claim  1, wherein the first and
the second 25  the silicon nitride layers 60, 61 and 65 by  part of the
inset pattern have substantially  90 the silicon oxide layers 63, 64 and
67, see  the same homogeneous thickness. Figures 6 and 7. The silicon
nitride layers   3. A semiconductor device as claimed in 60, 61 and 65 may
also be used for masking  Claim 1 or Claim 2, wherein the surfaces of
during diffusion steps. The second layer-  the first and the second
layer-shaped part 30 shaped part 9 of the semiconductor body  are located
substantially in the same flat 95 1, see for example Figure 14, need not
be- plane. long entirely to the connection part of the    4. A
semiconductor device as claimed in collector zone 26 and may comprise, for
any of the preceding Claims, wherein the example, in addition a diode.  Two
dif first and the second part of the inset pattern 35 ferent islands may be
connected together in  extend homogeneously substantially to the 100 a
manner similar to that of the connec- same distance from the main surface
of the 



tion part 9 to the part 8 of the collector semiconductor body in said body.
zone present below the base zone in the    5. A semiconductor device as
claimed examples described.  Usual semiconductor in any of the preceding
Claims, wherein the 40 materials other than silicon may be used  connection
part of the collector zone com- 105 in which the pattern may consist of
grooves  prises a highly doped contact zone in the filled with insulating
material or of insulat- form of a surface adjoining zone of the same ing
material which has been obtained by the  conductivity type as the collector
zone. conversion of semiconductor material into   6. A semiconductor device
as claimed in 45 insulating material. For example, the semi- any of the
preceding Claims, wherein the 110 conductor material silicon carbide may be
semiconductor body comprises a plurality of converted, for example by
oxidation, into  circuit elements, including the transistor, silicon oxide.
which circuit elements are situated in a number of semiconductor islands,
the islands 50   WHAT WE CLAIM IS: -                     adjoining the main
surface and being sep- 115 1. A semiconductor device comprising a  arated
from each other by isolation zones semiconductor body including a
transistor, which are formed, at least near the main a pattern of an
insulating material being in- surface, by insulating parts of the inset
pat- set in the semiconductor body and extending  tern which laterally
surround the islands, 55 in said body from a main surface thereof the first
and the second part of the inset pat- 120 over at least a part of its
thickness, the semi- tern together constituting, in addition to the
conductor body having a first layer-shaped  separation part, a part which
surrounds the part and a simultaneously provided second  base zone and the
connection part of the layer-shaped  part situated  beside  and  collector
zone of the transistor collectively, 60 spaced from the first layer-shaped
part, said  said part belonging at least partly to an 125 first
layer-shaped part adjoining the main  insulating part of an isolation zone
sur- surface and along its full perimeter and  rounding the transistor.
throughout its thickness, adjoining a first   7. A semiconductor device as
claimed part of the inset pattern, said second layer- in Claim 6, wherein
the semiconductor body 65 shaped part adjoining the main surface and
comprises a semiconductor support and an 130    13
1,360,243                                       13 epitaxial layer provided
therein and ad-  of the pattern, said base zone forming a p-n joining the
main surface, said layer being  junction with the region of one
conductivity divided by the isolation zones into parts be-  type, there
being provided in the base zone longing to the islands, the support
compris-  an emitter zone of the transistor adjoining 5 ing a substrate
which is isolated from  the  the first surface part, at least a part of the
70 islands by at least one p-n junction.      region of one conductivity
type partly being 8. A semiconductor device as claimed in  present below
the separation part and be- Claim 7, wherein the collector zone of the  low
the base zone and constituting the col- transistor forms an isolating P-n
junction  lector zone of the transistor. with the substrate and comprises a
part situ-    13. A method as claimed in Claim  12, 75 ated in the
epitaxial layer and a buried part wherein a semiconductor body is used of
situated in the support, the buried part which the region of one
conductivity type partly being present below the separation  adjoins the
whole main surface and is iso- part of the inset pattern and at least
partly  lated from a substrate of the opposite con- 15 forming part of the
interconnection part of  ductivity type present below the region by  80 the
collector zone.                        a p-n junction, the region is
divided into 9. A semiconductor device as claimed in  juxtaposed islands
which are separated from Claim  8, wherein the interconnection part  each
other by providing in the region iso- of the collector zone where present
below  lation zones which, at least near the main 20 the separation part of
the pattern consists surface, consist of parts of an insulating 85 of a
buried layer part provided in the sup-  material, and which isolation zones
ad- port.                                     join the insulation provided
by the p-n junc- 10. A semiconductor device as claimed  tion at the
substrate side, the insulating in any of Claims 7 to 9, wherein an isola-
material parts being provided simultaneously 25 tion zone comprises a
semiconductor zone  with and forming part of the pattern, a part 90 which
is of the same conductivity type as  of the pattern which belongs to at
least one the substrate and which is present between  of the two parts
constituted by the first and the insulating part of the inset pattern be-
the second part of the pattern and which col- longing to said isolation
zone and the sub- lectively laterally surrounds the base zone 30 strate.
and the connection part of the collector 95 11. A  semiconductor device as
claimed  zone adjoining the second surface part, con- in any of the
preceding Claims, wherein the  laterally surrounding the transistor. inset
pattern  consists  of an  insulating    14. A method as claimed in Claim
13 



35  ductor material of the semiconductor body. region of one conductivity
type is obtained 100 12. A method of manufacturing a semi-   by starting
from  a semiconductor support conductor device claimed in any of the of
which at least    opening preceding Claims, wherein there are masked  face
is of the opposite conductivity  type against oxidation a first part and a
second   and by providing on said   type 40 part of a main surface of a
semiconductor  and by providing on said surface of the support an epitaxial
layer of one conduc- 105 said body extending below said first and  tivity
type belonging to the said region. second surface parts, an insulating
pattern    15. A method as claimed in Claim  14, inset in the semiconductor
body being pro-  wherein prior to providing the epitaxial 45  vided by
conversion of the non-masked  layer the support is provided with a surface
parts of said main surface into insulating  zone of one conductivity type
adjoining the 110 material, so that a first layer-shaped part of said
surface, the surface zone being situated the semiconductor body which,
along its full  so that it lies below the separation part of perimeter and
throughout its thickness, ad  the inset pattern when later provided and it
50 joins the first part of the pattern, and a  is laterally bounded by the
isolation zone second layer-shaped part of the semiconduc-  which
laterally  surrounds the  transistor 115 tor body which   at least along a
part its  when later provided. perimeter and throughout its thickness, ad-
16. A method as claimed in Claim 14 or jo ins   the   second part of the
pattern, are   ob-  Claim 15, wherein  in  surface zones of the 55  tained,
said layer-shaped parts being separ-  support adjoining the support surface
which inset in the semiconductor  body over such         adjoining the ated
from each other only by a separation      zones   are   situated    so
that   they    lie   below    120 part belonging to at least one of the two
the insulating parts when later provided the said parts of the pattern, the
pattern being  concentration of the impurities   determining inset in the
seiconductor body  over such      the opposite conductivity type is
increased, 60  a distance from the main surface that a part  after which
the epitaxial layer is  provided of  the present below the separation  part
and zones of the opposite conductivity type 125 mains present below  the
separation part,  adjoining the substrate and belonging  to the a base zone
of the transistor being provided  isolation  zones are obtained by
diffusion of ad joining the first surface part and adjoin-  impurities into
the epitaxial layer from said 65   ing,along its full perimeter, the first
part zones, the pattern being inset in said layer    14
1,360,243                   14 only over part of the thickness of the epi-
which extend from the main surface over a  25 taxial layer.
part of the thickness of the semiconductor 17. A method as claimed in any
of body in said body, the pattern being then Claims 13 to 15, wherein prior
to provid-  provided by conversion of non-masked semi- 5 ing the inset
pattern by conversion of non-  conductor material into insulating material
* masked semiconductor material into insu-  which occupies the recesses
over at least a 30 lating material, impurities which cause the  part of
their depth. opposite conductivity type are provided in    19. A method of
manufacturing a semi- non-masked surface parts of the semicon-  conductor
device as claimed in Claim  12 10 ductor body corresponding in surface
loca-  and substantially as herein described with tion to the insulating
parts to be provided,  reference to the accompanying drawings.   35 said
impurities being diffused deeper in the    20. A semiconductor device
substantially semiconductor body during the provision of  as herein
described with reference to Figure the pattern and forming zones of the
op.- 1, Figures 4 and 5, Figure 10, Figure 11, 15 posite conductivity type
which are present  Figure 12, Figure 13, Figure 14, Figure 16, between the
insulating parts and the sub-  Figure 17, Figure 20 or Figure 21 of the 40
strate and which belong to the isolation  accompanying drawings. zone. 18.
A  method as claimed in any of                  C. A. CLARK, 20  Claims 12
to 17, wherein prior to the pro-         Chartered Patent Agent, vision of
the inset pattern, surface parts of          Century House, the
semiconductor body are removed at the           Shaftesbury Avenue,
location of at least a part of the pattern to         London, W.C.2, be
provided so that recesses are obtained        Agent for the Applicants.
Printed for Her Majesty's Stationery Office by Burgess  Son (Abingdon),
Ltd.-1974. Published at The Patent Office,   Southampton Buildings, London,
WC2A IAY, from which copies may be obtained.    


