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COMPLETE SPECIFICATION
Manufacture of Semiconductor Devices:

We, TExAS INSTRUMENTS INCORPORATED,
a Corporation organised according to the laws
of the State of Delaware, United States of
America, of 13500 North Central Expressway,
Dallas, Tcxas, United States of America, do
hereby declare the invention, for which we
pray that a patent may be granted to us, and
the method by which it is to be performed,
to be particularly described in and by the
following statement: —

This invention relates to methods of manu-
facturc useful during fabrication of semi-
conductor devices,

According to the present invention, a
method of manufacture includes the steps of
making a structure comprising a body of semi-
conductor material having first and second
insulating layers formed on two opposite sur-
faces of the body, opening the first insulating
layer over a limited area thereof to expose the
surface of the body, and etching out the
exposed semiconductor body to create a cavity
in the body which cavity extends as far as the
second insulating layer, This method can be
used to form structures useful for fabrication
of discrete semiconductor devices and semi-
conductor networks comprising a plurality of
interconnected semiconductor components. In
one embodiment of the invention, the cavity
defines two spaced regions, one region wholly
surrounding the other. In another embodi-
ment, there are formed at least two spaced,
discrete regions upstanding from and attached
to the insulating layer, each of the regions
being completely surrounded by the said
cavity,

Preferably, a support body is formed on
the second insulating layer e.g. by deposition
of semiconductor material which may be in
polycrystalline form,

By way of example, the invention will be
described in greater detail with reference to
the accompanying drawings, in which:

Figs. 1—4 are pictorial views in section of
[Price 4s.64d.]

a semiconductor slice in the early stages of
production of an integrated circuit;

Fig. 5 represents a pictorial view of a small
segment of the slice shown in Figs. 1—4;

Figs. 6 and 7 are sectional views of a por-
tion of the segment of Fig. 5 taken along the
line 6—6 showing subsequent steps of the
production process;

Fig. 8 is a pictorial view of the completed
device described with reference to Figs. 1—7
before the individual interconnected circuit
components have been -electrically isolated
from each other;

Fig. 9 is a pictorial view of the completed
device shown in Fig. 8 after the electrical
isolation step has been completed;

Fig. 10 is a sectional view of a portion of
the completed circuit shown in Fig. 9 taken
along the line 10—10;

Fig. 11 is a schematic diagram of the inte-
grated circuit contained within the segment
shown in Fig. 8; and

FIGURE 12 is a pictorial view in section
showing the fabrication of a single high fre-
quency transistor according to this invention.

Referring now to FIGURE 1 there is
described the first step in this invention. A
slice 10 of single crystal low-resistivity N--
semiconductor material, such as silicon, having
a resistivity of perhaps 0.010 te 0.025 ohms
per centimeter is used as the starting material.
This slice may be about one inch in diameter
and approximately 10 mils thick. The top
and bettom surfaces of the slice 10 are covered
with insulating coatings 11 and 12, which may
be silicon oxide, for example, these
coatings being formed by any con-
ventional technique to thicknesses of perhaps
10,000 A. For instance, the oxide coatings
11 and 12 may be thermally grown by expos-
ing the slice 10 to steam at about 1200°C for
a sufficient period of time. An alternative
method of forming the oxide layers 11 and 12,
however, would be the “ oxidanive ” technigue,
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the entire face of the silicon wafer 20 having
silicon oxide |ayer
beneath the | eads 21 and 26 (the extent of the
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The most commoen method of vapor deposi-
tion is by the hydrogen reduction of silicon
tetrachloride, a technique well known in the
art and requiring no elaboration here. The
conductivity type of the layer 13 may be N-
type, P-type or intrinsic, and the actual cry-
stal orientation of the semiconductor layer 13
is not critical since its primary function is
that of o support or base upon which the
various integrated circuit components are
formed. Due to the fact that the layer 13 is
being deposited upon the oxide coating 11,
however, the layer would in most probablhtv
be either polycrystalline or amorphous, instead
of monocrystalline. The thickness of the layer
13 should be perhaps seven or eight mils or
more to facilitate handling the unit without
breakage. The strocture of FIGURE 2 is
then subjected to a lapping and polishing
operation, for example, in order to remove
the oxide layer 12 and substantially all of the
low-resistivity N-+ semiconductor material 10
except for a thin portion having a thickness
of approximately one mil. The lapped and
polished structure is then rotated 180°, the
resulting structure depicted in FIGURE 3,
whereby the layer 13 now forms the substrate,
the low-resistivity semiconducting material 10
being separated from said substrate by the
oxide layer 11,

As the next step in the process, the structure
of FIGURE 3 is subjected tc an epitaxial
deposition step whereby, as shown in FIGURE
4, a layer 14 of hlgh-resxstmtv N-type semi-
conductmc material will be deposited upon
the low—resmmty layer 10. The high-resis-
tivity layer 14 now serves as a region into
which subsequent diffusions or upon which
epitaxial depositions may be made i order to
fabricate various components of an integrated
circuit,

In accordance with this objective, reference
is made to FIGURE 5 where a small seg-
ment of the slice shown in FIGURE 4 is re-
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ponents of an integrated circuit,

Referring now to FIGURE 7, a sectional
view of a portion of a complcted integrated
circuit is seen, with an NPN transistor T, and
a resistor R, having been formed in the
N-type layer by diffusion. A P-type diffused
region provides the base of the transistor, while
an elongated P-type region formed simultane-
cusly with the base proudes the resistor R,.
An N-type diffused region provides the trans-
istor T, emitter. The diffusion operation
utilizes silicon oxide masking so that the oxide
layer 15 acquires a stepped conﬁguratmn in
the final device. Openings are made in the
oxide where electrical contact is necessary,
then metal film is deposited over the oxide and
selectively removed to pr0v1dc the desired
contscts and interconnections. The lead inter-
connection 21 connects the base of the trans-
istor T, to one end of the resistor R,, and the
metal regions 25 and 26 form the emitter and
collector icads respectively. In order to make
a low resistance contact to the collector region
of the transistor T, it may be desirable to
first form a low resistance N+ region in layer
14 by diffusion at the location where the lead
26 is to make ohmic contact.

The formation cf the leads or interconnec-
tions 21, 25 and 26, for example, may be
accomphshed by any convertional technique
known in the art such as vacuum evaporation,
and the leads themselves may be formed of
any appropriate material. In accordance with
a preferred embodiment, however, it is desir-
able to use materials for the leads ur inter-
connections which do not tend to degrade the
semiconductor device by their presence, which
lend themselves to manufacturing techniques
compatible with other processes used on the
devices, and which permit working with very
small geometries. In the specific case of sili-
con dev1ccs, the objects are to provide a
contact - and interconnection arrangement
which adheres well to silicon and to silicon
oxide surfaces without reacting unfavorably
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formng a series of channels or nbpats com ponents. Wth ordinary netal
deposi tion pl etely surroundi ng each of the conponents, techniques
being used, the |ead 21 was un- as depicted in FIGURE 9. The vari ous

| eads affected by the etching operation and was bet ween the conponents

then cross over the found to be quite strong, even though it 35 channels
in order to nmake the desired inter- bridged the noat 36. The bridged
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FIGURE 8 after the individua! circuit com-
ponents have been formed, and the leads and
interconnections have been deposited in their
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25 desired locations. At this stage of produc-  The resulting structure is shown in 90
tion the individual circuit components are FIGURE 10 whereby the components T, and
formed within the wafer 20 but are not Ry, for example, are electrically isolated from
electrically isolated from each other. cach other by the moat or channel 36 and the

The electrical isolation of each of the com- oxide layer 11, and the lead or interconnec-

30 ponents from each other is accomplished by tion 21 bridges the gap between these com- 95
forming a serics of channels or moats com- ponents, With ordinary metal deposition
pletely surrounding each of the components, techniques being used, the lead 21 was un-
as depicted in FIGURE 9. The various leads affected by the etching operation and was
between the components then cross over the found to be quite strong, even though it

35 channels in order to make the desired inter- bridged the moat 36. The bridged leads 100
connections, withstood further processing steps, such as

The formation of the moats or channels spraying the structure with alcohol at high
can be achieved by a photographic masking pressure in order to remove the photoresist
and ctching technique to be described with used for the masking operation, without

40 reference to FIGURE 10, a sectional view of failure, i.e., without breakage of the canti- 105
a portion of the wafer 20 through the channel levered or bridged leads. If desired, it is
regions 35 and 36. A layer of photoresist possible to increase the thickness of the canti-
material of the type disclosed in U.S. patents levered leads by clectroplating gold, for
2,670,285, 2,670,286 and 2,670,287 of L. M. cxample, through an appropriate mask, KMER

45 Mmsk or of the type available from the for example, thereby improving the lead 110
Eastman Kodak Company under the trade strength. As a result of the above-described
name “ KMER” or “ KTFR 7, preferably the process, the completed unit is seen in
latter, is coated over the top surface of the FIGURE 9 with the transistors T, and T and
slice 20. A photomask is then placed upon the resistors R,, R., and R; completely iso-

50 the photoresist to mask the regions where the lated from each other through the wafer 20, 115
moats or channels are to be formed, and the the mctal film interconnections providing a

. unmasked portions of the photoresxst are then logic circuit as shown in schematic form in
! cxposed and developed by photographic FIGURE 11,
- means. The top surface of the slice 20 is then While the invention has been described with

55 subjected to etchants which selectively remove refercnce to a specific method and embodi- 120
the oxide layer 15 and the underlying silicon ment, it is to be understood that this descrip-
layers 14 and 10 in the previously masked tion is not to be construed in a limiting sense.
regions down to the oxide layer 11 leaving the The basic concept which has been described so
leads and interconnections intact and forming far is the isclation of individual interconnected

60 the channel areas 35 and 36, for example, circuit components through the substrate in 125
as shown in FIGURE 10. The interconnec. which they have been formed by etching away
tions are sufficiently narrow for the etchant to selected portions of the material between the
undercut them completely so that they are components with chemical ctchants that leave
left bridging the channel areas 35 and 36, for the interconnections substantially unaffected.

65 cxample, Any techniques or etchants that accomplish 130



50 the photoresist to nmask the regions where the |ated from each other
t hrough the wafer 20, 115 noats or channels are to be forned, and the
the netal film _interconnections providing a unmasked portions of the
photoresist are then logic circuit as shown in schematic form in
exposed and developed by photographic FlIGURE 11. means. The top
surface of the slice 20 is then While the invention has been descri bed
with 55 subjected to etchants which selectively renmove reference to a
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®ther is provided havmg thin film continuous 80
Any t echni quescoiinget halﬁi Smf(dﬂﬁ:tn acsimiiglyj Shetalﬁ@@ads from the various active regions
although the initial starting slice was described to the respective bonding pads, while at the
as low resistivity N+ semiconductor material, same time reducing the coupling capacitance
high resistivity and/or P-type material may associated with such an arrangement, To even

20 also be employed. further reduce any coupling capacitance, 85

The above described process, although parti- channels or moats may also be formed in like
cularly useful in the field of integrated cir- manner completely surrounding each of the
cuits, is also useful in the fabrication of single bonding pads so as to isolate these pads from
devices mounted upon an insulating substrate. each other.

25 1In accordance with the Iatter objective, refer- Various other modifications of the disclosed 90
ence is made to FIGURE 12 wherein there embodiments as well as other embodiments of
is depicted an NPN transistor 40 comprising the invention, may become apparent to persons
an N-type collector layer 44, a P-type diffused  skilled in the art without departing from the
base region 45, and an N-type diffused emitter scope of the invention as defined by the

30 region 46. The transistor 40 is formed upon appended claims. 95
the semiconductor substrate 41 separated In co-pending Patent Application No.
therefrom by the oxide layer 42 in substanti- 28061766 (serial No. 1153051) there is
ally the same manner as the process described described a semiconductor circuit produced by
for the transistor T,, for example, with refer- a method including the step of dividing by a

35 cnce to FIGURES 1—11. This process method described in this specification semi- 100
leaves an oxide coating 57 upon the top sur- conductor material in which components of the
face of the wafer, the coating being in a circuit are formed.
stepped configuration due to the use of silicon WHAT WE CLAIM IS: —
oxide masking during the successive diffusion 1. A method of manufacturing including the

40 operations. For high frequency applications steps of making a structure comprising 2 body 105
the geometry of the active part of the trans- of semiconductor material having first and
istor 40 is extremely small, the emitter region second insulating layers formed on two
46 being only a few hundredths of a square opposite surfaces of the bedy, opening the
mil in area in some cases, first insulating layer over a limited area there-

45 The collector, base, and emitter contacts to  of to expose the surface of the semiconductor 110
this transistor are provided by metal strips 51, body, and etching out the exposed semicon-

56, and 48 rospectively, which extend into ductor body to create a cavity in the semi-
holes etched in the oxide coating 57 to make conductor body which cavity extends as far
ohmic contact to the appropriate regions. The as the second insulating layer.

50 strips terminate respectively in enlarged bond- 2. A method according to Claim 1, in which 115
ing pads 52, 55 and 49. formation of the cavity results in two spaced

This expanded contact arrangement is regions of semiconductor material upstanding
necessary to high frequency devices because of from and attached to the second insulating
the previously mentioned extremely small size  layer, one region wholly surrounding the other.

55 of the active regions of the tremsistor 40. If 3. A method according to Claim 1, in 120
the contacts are no larger than the active which formation of the cavity results in at
regions, it is virtuaily impossible to bond ex- least two spaced discrete regions of semi-
ternal lead wires to these contacts, and so the conductor material upstanding from and at-
expanded thin strips (for making contact to tached to the second insulating layer, each of

60 the active regions) with the enlarged bonding the regions being completely surrounded by 125
pads (for cxternal connections) are needed. the said cavity.

There is necessarily associated with this ex- 4. A method according to Claim 3, includ-
panded <contact arrangement, however, a ing formation of an interconnection bndgmg
capacuance, due to the fact that the expanded the cavity and supported by the portions of

65 contacts extend over the oxide layer 57 (which the first msulatmo layer on the surfaces of the 130



1, 153, 052 5 two regions, the

I nterconnection ohmcally the uncovered sem conductor material to form

i nterconnecting the two regions. a cavity extending as far as
the insulating | ayer _ 5. A nethod according to any one of the

sandwi ched between the said body and suppgri precedi ng cl ai ns,
including formation of a pepher 5 S| P32 hady on the second insul &ting
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removal represcnted by the dotted line 15A)

e%mielyof t he

15 denum is covered with a thin film of gold while leaving the underlying silicon material 80
and thereafter the gold and molybdenum are substantially unaffected. The masked surface
etched away in the unwanted areas leaving the of the wafer was then subjected to a chemical
desired patiern of contacts and interconnec- etchan; composed of a mixture of nitric,
tions 21, 25 and 26 on the silicon surface and hydrofluoric, and acetic acids which selectively

20 on the oxide. removed portions of the silicon layers 14 and 85

¢ A top view of the wafer 20 is shown in 10 beneath the dotted lines 15A as shown
FIGURE 8 after the individua! circuit com- while leaving the unremoved portion of the
ponents have been formed, and the leads and silicon oxide layer 15 and the silicon oxide
interconnections have been deposited in their layer 11 substantially unaffected.

: 25 desired locations. At this stage of produc-  The resulting structure is shown in 90
tion the individual circuit components are FIGURE 10 whereby the components T, and
formed within the wafer 20 bur are not R, for example, are electrically isolated from
electrically isolated from each other. cach other by the moat or channel 36 and the

The electrical isolation of each of the com- oxide layer 11, and the lead or interconnec-

30 ponents from each other is accomplished by tion 21 bridges the gap between these com- 95
forming a series of channels or moats com- ponents. With ordinary metal deposition
pletely surrounding cach of the components, technigues being used, the lead 21 was un-
as depicted in FIGURE 9. The various leads affected by the etching operation and was
between the components then cross over the found to be quite strong, even though it

35 channels in order to make the desired inter- bridged the moat 36. The bridged leads 160
connections. withstood further preocessing steps, such as

The formation of the moats or channels spraying the structure with alcohol ar high
can be achieved by a photographic masking pressure in order to remove the photoresist
and etching technique to be described with used for the masking operation, without

40 reference to FIGURE 10, a sectional view of failure, ie, without breakage of the canti- 105
a portion of the wafer 20 through the channel levered or bridged leads. If desired, it is
regions 35 and 36. A layer of photoresist possible to increase the thickness of the canti-
material of the type disclosed in U.S. patents levered leads by electroplating gold, for
2,670,285, 2,670,286 and 2,670,287 of L. M. example, through an appropriate mask, KMER

45 Minsk, or of the type available from the for example, thereby improving the lead 110
Eastman Kodak Company under the trade Strength. As a result of the above-described
name “ KMER” or “KTFR ”, preferably the process, the completed unit is seen in
latter, is coated over the top surface of the FIGURE 9 with the transistors T, and T, and
slice 20. A photomask is then placed upon the resistors Ry, R., and R completely iso-

¢ 50 the photoresist to mask the regions where the lated from each other through the wafer 20, 115
moats or channels are to be formed, and the the metal film interconnections providing a
unmasked portions of the photoresist are then logic circuit as shown in schematic form in

} cxposed and developed by photographic FIGURE 11,
means. The top surface of the slice 20 is then While the invention has been described with

55 subjected to etchants which selectively remove refercnce to a specific method and embodi- 120
the oxide layer 15 and the underlying silicon mers, it is to be understood that this descrip-
layers 14 and 10 in the previously masked tion is not to be construed in a limiting sense.
regions down to the oxide layer 11 leaving the The basic concept which has been described so
leads and interconnections intact and forming far is the isclation of individual interconnected

60 the channel areas 35 and 36, for example, circuit components through the substrate in 125
as shown in FIGURE 10. The interconnec- which they have been formed by etching away
tions are sufficiently narrow for the etchant to selected portions of the material between the
undercut them completely so that they are components with chemical etchants that leave
left bridging the channel areas 35 and 36, for the interconnections substantially unaffected.

65 example, Any techniques or etchants that accomplish 130
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the insulating |layers to forma support nmem
ber,
acco
of the precedi ng cl ains.
ABEL & | MRAY, mat eri al ,
Chartered Patent Agents,

conposed of silicon oxide. 15
11. The product of a nethod
Aeonductor naterial any one

a layer of higher resistivity sem conductor
form ng an apertured | ayer of in-
sulating material on the higher

resistivity

| ayer Quality House, Quality Court, 20 of sem conductor materail, and
et chi hg out Chancery Lane, LondsnszWw C. 2. Printed5for Her
Vel sty s SUATILY O LR AT SRRl <F, F8Rss oS I R 5PA 100
Publ i shed by ix't n?e% irfg/the lrdgtons. outh Ei@r!:x Wi:]rgnq; ﬁgémhiﬁ% JayW C. 2,
from whi ch 5. A method according to any one of the sandwiched betwEaRheassid by absuppitiai ned.
~~~~~ preceding claims, including formation of a member,
support body on the second insulating layer. 8. A method according to Claim 6 or Claim 25
6. A method according to Claim 5, in which 7, in which deposition of the semiconductor
the support body is formed by deposition of material to form the support body or member
semiconductor material on the second insulat- resulis in formation of polycrystalline material.
ing layer, 9. A method according to any one of the
10 7. A method of manufacture comprising preceding claims, the semiconductor material
forming insulating layers on opposite surfaces being silicon,
of a body of semiconductor material, deposit- 10. A method according to any one of the
ing further semiconductor material on one of preceding claims, the insulating layers being
the insulating layers to form a support mem- composed of silicon oxide.
15 ber, removing the other insulating layer and 11, The product of a method according to 35
forming on the body of semiconductor material any one of the preceding claims.
a layer of higher resistivity semiconductor ABEL & IMRAY,
material, forming an apertured layer of in- Chartered Patent Agents,
sulating material on the higher resistivity layer Quality House, Quality Court,
20 of semiconductor materail, and etching out Chancery Lane, London, W.C.2,
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