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pe'formed to be particularly descnbed in and

according to the invention has a plurality of

10 by the following statement: — discrete regions of semiconductor material
This invention relates to semiconductor de- attached to and upstanding from an insulating

vices, both discrete devices and integrated net- layer on a surface of a support body of semi- 55
works of the type having interconnected cir- conductor material, at least two of the regions
cuit components attached to a common being surrounded by an open channel which

15 support but vet electrically isolated from each provides electrical isolation between those two
other, and to methods of manufacture useful regions. Each of the two regions includes an
in fabricating said devices. electrical circuit component formed adjacent 60

According to one aspect of the present in- the surface of the region opposite that at-
vention a plurality of electrical circuit com- tached to the insulating layer and those oppo-

20 ponents are formed at spaced locations adja- site surfaces are covered by respective coatings
cent to one surface of a body of semiconductor  of insulating material. An ohmic interconnec-
material having an opposite surface disposed tion between the two said components bridges 65
on and atrached to an insulating layer; elec- the open channel and extends along the said
trical interconnections are provided between insulating coatings on the regions containing

25 the circuit components, and the semiconductor the components.
body is then etched tbrough to the insulating The invention is also useful in production
layer to leave regions containing the circuit of a semiconductor device, e.g. a transistor, 70
components as islands attached to the insulat- and comprises forming an electrical circuit
ing layer and electrically isolated from each compcnent adjacent to a portion of one

30 other. In a preferred embodiment, the elec- surface of a body of semiconductor material
trical interconnections are positioned on a having an opposite surface disposed on and
further insulating layer on the said one sur- attached to an insulating laver, which may 75
face of the semiconductor body, contact being be formed on a surface of a support mem-

) made with the components through the further ber. A region of the semiconductor body is

: 35 insulating layer, and the etching step is effec- then etched through to the insulating layer to
tive to remove parts of the further insulating leave the an island containing component at-
laver as well as parts of the semiconductor tached to the insulating layer and electrically 80
body. The insulating layer to which the com- isolated from the remainder of the semi-
ponents are attached is preferably formed on conductor body. In a preferred embodiment,

40 2 substrate, e.g. a bodv of polycrystalline semi- the remainder of the semiconductor body
conductor material. Formation of the com- completely surrounds the region containing
ponents in a single body of semiconductor the circuit component, being spaced and elec- 85

material assists in ease of production and the

{ Pricc 4s.6d.}

trically isolated thercfrom by the open chan-
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10 of sinele crvstal low-resistivity N+ semi-
conductor material, such as silicon. having a
resistivitv of perhaps 0.010 to 0.025 ohms
per centimeter is used as the starting material.
This slice may be about one inch in diameter
and annroximatelv 10 mils thick. The top
and hottom surfaces of the slice 10 are
cevered with insulating coatings 11 and 12,
which mav be silicon oxide, for example, these
coatinas being formed bv anv conventional
technique to thicknesses of perha_ps 10,000 3.
For instance, the oxide coatines 11 and 12
may be thermally grown bv exposing the slice
10 to steam at abont 1200°C for a sufficient
neriod of time. An alternative method of form-
ing the oxide lavers 11 and 12, however.
wonld be the “oxidative” technioue, by which
oxveen and tetraethoxvsilane are reacted in

vapor farm at 250—S00°C in the presence of .

the wafer 1. The reaction mixtire is obtained
hv buhbling oxvgen through liquid tetra-
ethoxysilane at room temperature, then com-

the substrate, the low-resistivity semiconduct-
ing material 10 being separated from said
substrate by the oxide layer 11.

As the next step in the process, the struc-
ture of Figure 3 is subjected to an epitaxial
deposition step whercby, as shown in Figure
4, a layer 14 of high-resistivity N-type semi-
conducting material will be deposited upon
the low-resistivity layer 10. The high-resistivity
layer 14 now serves as a region into which
subsequent diffusions or upon which epitaxial
depositions may be made in order to fabricate
various components of an integrated circuit.

In accordance with this objective, refer-
ence is made to Figure 5 where a small seg-
ment of the slice shown in Figure 4 is repre-
sented as a chip or wafer 20 which represents
the segment occupied by one integrated circuit.

Actually. the slice would contain in undivided .

form dozens or even hundreds of the seg-
ments such as the wafer 20. An oxide layer 15,
for example silicon oxide, is formed over the

110
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3. A nethod according to Claim 2, the 9. A nmethod according to any
one of said electrical interconnection being positioned Cl ains 2-8,

i nwhich-at-—least—oneof the —onafurtherinsulating | ayer on the said
one conponents is an active conponent and at surface of the

sem conductor body and naking |east one other conponent is a passive com
60 contact with the conponents through the ponent.

125 further insulating layer, in which the etching 10. A nethod
according to Caim 1, in step &85t enpves parts of the furtHRer
insulat-  whl 6huk Rt isdgmiddi 20CQMRANRA- | HindriB BBGheY almost dneld d¥hen-
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acquires a stepped configuration in the

o 15
conpri St Ng g 1 device. Openings are made in the oxide

where electrical contact is necessary, then

tween the components then cross over the
channels in order to make the desired inter-
connections.

The formation of the moats or channels can

3g metal film is deposited over the oxide and 95
selectively removed to provide the desired be achieved by a photographic masking and
contacts and interconnections. The lead inter- etching technique to be described with refer-
connection 21 connects the base of the tran- ence to Figure 10, a scctional view of a
sistor T, to one end of the resistor Ry, and portion of the wafer 20 through the channel

35 the metal regions 25 and 26 form the emitter regions 35 and 36. A layer of photoresist 100
and collector leads respectively. In order to material of the type disclosed in U.S. patents
make a low resistance contact to the collector 2,670,285; 2,670,286 and 2,670,287 of L. M.
region of the transistor T,, it may be desir~- Minsk, or of the type available from the East-
able to first form a low resistance N 4- region man Kodak Company under the trade name

40 in layer 14 by diffusion at the location where “KMER” or “KTFR”, preferably the latter, 105
the lead 26 is to make chmic contact. is coated over the top surface of the slice 20.

The formation of the leads or interconnec- A photomask is then placed upon the photo-
tions 21, 25 and 26, for example, may be resist to mask the rcgions where the moats or
accomplished by any conventional technique channels are to be formed, and the unmasked

45 known in the art such as vacuum evaporation, portions of the photoresist are then exposed
and the leads themselves may be formed of and developed by photographic means. The 110
any appropriate material. In accordance with top surface of the slice 20 is then subjected
a preferred embodiment, however, it is desir- 10 etchants which selectively remove the oxide
able to use materials for the leads or inter- layer 15 and the underlying silicon layers 14
connections which do not tend to degrade the and 10 in the previously masked regions down

50 semiconductor device by their presence, which to the oxide layer 11 leaving the leads and 115
lend themselves to manufacturing techniques interconnections intact and forming the chan-
compatible with other processes used on the nel areas 35 and 36, for example, as shown
devices, and which permit working with very in Figure 10. The interconnections are suf-
small geometries. In the specific case of silicon ficiently narrow for the etchant to undercut

55 devices, the objects are to provide a contact them completely so they are left bridging the 120
and interconnection arrangement which ad- channel areas 35 and 36, for example.
heres well to silicon and to silicon oxide The particular etchants used should be of
surfaces without reacting unfavorably with the type that will not attack the leads and
either, which can be used with available interconnections. For example, an integrated

60 photoresist masking and etching procedures, circuit structure was fabricated as described 125
which forms an ohmic and low resistance elec- with the leads or interconnections formed of
trical connection to- the silicon, which can be molybdenum and gold. After the wafer with
applied readily by metal evaporation tech- the components formed therein was coated with-

. niques, which have a high conductivity, and~ photoresist and masked as described, the top

65 which can be bonded with gold wires. A com- surface of the wafer 20 was subjected to an 130



t hese pads from each ot her.

defining the said oppo- Vari ous ot her
surface of the body and a higher resistivity 15 closed enbodinents as well
as other enbodi- region in which the or each circuit conponent 80

ments of the invention, may becone apparent is forned. to persons
skilled in the art without departing 7. A nmethod of fabricating an

i nt egrated fromthe scope of the invention as defined by sem conductor
netmork comprising the steps thelaﬁﬁéhded cl ai ns.
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metal fi'm interconnections providine a Jogic
circuit as shown in schematic form in Figure
11.

While the invention has been described with
reference to a specific method and embodi-
ment, it is to be understood that this descrip-
tion is not to be construed in a limiting sense.
The basic concept which has been described
so far is the isolation of individual inter-
connected circuit components through the sub-
strate in which they have been formed bv
etching away sclected portions of the material
between the components with chemical etchants
that leave the interconnections substantially
unaffected. Any techniques or etchants that
accomplish this objective besides those specific-
ally described above are also encompassed by
this invention.

In addition to the specific integrated circuit
structures that have been described, it is
obvious that using the process of this inven-
tion, a multitude of configuration of circuit
components may be formed within a single
substrate, For example, in addition to forming

transistors, diodes and resistors, other com-

bonding pads 52, 55 and 49.

This expanded contact arrangement is neces-
sary to high frequency devices because of the
previously mentioned extremely small size
of the active regions of the transistor 40. If
the contacts are no larger than the active
regions, it is virtually impossible to bond ex-
ternal lead wires to these contacts, and so
the expanded thin strips (for making contact
to the active regions) with the enlarged bond-
ing pads (for external connections) are needed.
There is necessarily associated with this ex-
panded conmtact arrangement, however, a
capacitance, due to the fact that the expanded
contacts extend over the oxide layer 57 (which
acts as a dielectric layer), this capacitance
causing undesirable coupling at high frequen-
cies.

To reduce these capacitive effects, the chan-
nel or moat 47 is etched completely around
the active portions of the transistor 40, as
shown in Figure 12, thereby isolating the
active regions from the bonding pads and sub-
stantial portions of the elongated metal strips.

The formation of the moat or channel 47 is

40 0ffo@ Ntk Sther athroush ﬂha&hfeﬂtzt).e{’he byl' ht heipe eaminad reamdivelindn enlsged| 105ng
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45 spaced | ocations of a body of nonocrystalline | ayer.
110 sem conductor material adjacent to one sur- 8. A nethod
according to Claim 7, in face thereof and providing electrical
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1. A method of manufacture comprising d) applying electrical interconnections to
forming an electrical circuit component adja- connect selected circuit components to-
cent to a portion of one surface of a body of gether,

35 monocrystalline semiconductor material having e) etching around each interconnected com- 300
an opposite surface disposed on and attached ponent and under the interconnections to
to an insulating layer, and then etching a remove selected portions of the higher re-
region of the semiconductor body through to sistivity material and of the low resistivity
the insulating layer to leave an island con- wafer between the interconnected com-

40 taining the component attached to the insulat- ponents to form a channel surrounding each 105
ing layer and electrically isolated from the re- component and extending to the said in-
mainder of the semiconductor body. sulating layer leaving the said intercon-

2. A method of manufacture comprising nected components electrically isolated from
forming electrical circuit components at each other by the channel and the insualting

45 spaced locations of a body of monocrystalline layer. 110
semiconductor material adjacent to one sur- 8. A method according to Claim 7, in
face thereof and providing electrical intercon- which the said step ¢) is effected by covering
nections between the components, and etching the layer of higher resistivity material with
the semiconductor body around the regions a coating of insulating material and diffusing

50 containing the said components through to an xmpurmes into the higher resistivity layer 115
insulating layer on and attached to using the said coating as a diffusion mask, and
an  opposite surface of the body in which the said step (d) comprises deposmng
to leave the said regions as mutually spaced the electrical interconnections on the insulating
islands attached to the insulating layer and coating to contact the interconnected com-

55 electrically isolated from each other ponents through the insulating coating. 120

3. A method according to Claim 2, the 9. A method according to any one of
said electrical interconnection being posxtxoned Claims 2—-8, in which at least one of the
on a further insulating layer on the said one components is an active component and at
surface of the semiconductor body and making least one other component is a passive com-

60 contact with the components through the ponent. 125
further insulating layer, in which the etching 10. A method according to Claim 1, in
step also removes parts of the further insulat- which the circuit component is formed by
ing layer. coating the said one surface of the semiconduc-

4. A method according to Claim 3, in tor body with an insulating material and dif-

65 which the etching step is a two-step process fusing impurity material into that surface using 130
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od of manufacture comprising
forming electrical circuit components at
spaced locations of a body of monocrystalline
semiconductor material adjacent to one sur-
face thereof and providing electrical intercon-
nections between the components, and etching
the semiconductor body around the regions
containing the said components through to an
insulating layer on and attached  to
an  opposite  surface of the body
to leave the said regions as mutually spaced
islands attached to the insulating layer and
electrically isolated from each other,

3. A method according to Claim 2, the
said electrical interconnection being posmoned
on a further insulating layer on the said one
surface of the semiconductor body and making
contact with the components through the
further insulating layer, in which the etching
step also removes parts of the further insulat-
ing layer.

4. A method according to Claim 3, in
which the etching step is a two-step process
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sulating layer leaving the said intercon-

nected components electrically isolated from

€ach other by the channel and the insualting
layer.

8. A method accordmg to Claim 7, in
which the said step c) is effected by covering
the layer of higher resistivity material with
a coating of insulating material and diffusing
impurities into the higher resistivity layer
using the said coating as a diffusion mask, and
in which the said step (d) comprises deposmng
the electrical interconnections on the insulating
coating to contact the interconnected com-
ponents through the insulating coating.

9. A method according to any one of
Claims 2—8, in which at least ome of the
components is an active component and at
least one other component is a passive com-
ponent,

10. A method according to Claim 1, in
which the circuit component is formed by
coating the said one surface of the semiconduc-
tor body with an msulatmg material and dif-
fusing impurity material into that surface using

110
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a layer of low resistivity material attached to tached to and upstanding from an insulating 75
the said insulating layer and a layer of higher layer on a surface of a support body of semi-
25 resistivity material in which the said com- conductor material, a body of semiconductor
ponent is formed. material attached to the said insulating layer
13, A method according to any one of and surrounding the said region, the region
Claims 10—12, the said insulating layer being and the body being spaced by an open chan- 80
attached to a support member. nel surrounding the region which provides
30 14, A method according to any one of electrical isolation between the region and the
Claims 5, 7, 8 and 13, in which the support body, coatings of insulating material on the
member is formed by deposition of poly- surfaces of the body and the region opposite
crystalline semiconductor material on the in- the surfaces attached to the insulating layer, 85
sulating layer. an electrical circuit component formed in the
35 15. A method according to any one of the region under the insulating coating, and at
preceding claims, the insulating material being least one electrical lead making ohmic contact
silicon oxide. with the component through the insulating
16. A method according to any one of the coating thereon, the electrical lead bridging 90
preceding claims, the semiconductor material the channel and extending along the insulating
40 being silicon. coatings on the region and the body.
17. A method of fabricating an integrated 23. A structure or device according to any
electrical network, substantially as described one of Claims 20—22, in which the semi-
herein with reference to and as illustrated by conductor material is silicon, the insulating 95

45

50

Figs. 1—11 of the accompanying drawings.

18. A method of fabricating a semiconduc-
tor device, substantially as described herein
with reference to and as illustrated by Fig. 12
of the accompanying drawings.

19. The product of a method according to
any one of the preceding claims.

20. An integrated electrical network struc-
ture comprising a plurality of discrete regions

material is silicon oxide, and the support body
is polycrystalline,
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