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Semicondu‘éﬁdi* devices.

" COMPLETE SPECIFICATION

We, Taxas INSTRUMENTS INCORPORATED,

of 13500 North Central Expressway, Dallas,
Texas, United States of America, a corpora-
tion .orianized atid existing under the laws
5 of the State of Delaware, United States of
America, do hereby declare the invention,

for which we pray that & patent may be.

granted to us, and the method by which it is
to be performed, to be particularly described
10 in and by the following statement :

~ This invention relates to semiconductor
devices and more patticularly to semicon-

ductor devices containing a plurality of seii- .

conductor wafers or layets in or oh one sur-
15 face of a refatively high impedance substrate
for electrically isolating said wafers or layers
from one another through said substrate.
 The pretent invention is a semiconductor
device com;)risinf.a. plurality of semicon-
20 ductor wafers or layers in or oi one surface
of a substrate which has a telatively high
impedance for electrically isolatini said
wafers or. liyers from ofie another thiough
said substrate, each of said waders or layers
25 including ohe or thore discrete regions there-
in or thereon adg?ted to provhfe the elec-
tricai properties of at least part of one or
more circuit elements, and an electrical inter-
coninection between two of said circuit ele-
30 iments including an electrically conductive
lead secured to one or more wafer of layer
surfaces remote from said substrate,
Each wafer or layer which is in or on the
- subetrate midy include one or more circuit
35 clements formed therein or thereon as des-
cribed in Fa-ten-t_ British Patent Application
No. 16071/60 (Setial No. 958242) from
which. the present application is divided, or
British Patent _A;fp ication No. 3633/60
40 (Seria’ No. 945,734) and/or any of the divi-
sional applications therefrom. _
An embodiment of the invention will how
be described, by-way of example, with refer-

ence to the actompanying drawings, in -

45 which:—
(Price 4s.6d.) = .

Fig. 1 iltustrates a top plan view of a semi-
conducior device embodying the invention;
Figs. 2A-2C illustrate the circuit diagram
of the semiconductor device of Fig. 1 and
variations thereof which are described in 50

-detail in said parent British Patent Appli-
6071, Ba2)

cation No,- 16071/60; (Serial No. 958,
and i
Figs. 3—&, inclusive, show cross sectional
views of somie of the circuit elements illus- 55
trated in_Fig. 1, which citcuit elements are
diesctibed in detail in said parent British
Patent Application No. 16071/60 (Serial No.
958,242), . S

With reference to the drawings, embodi- 60
meirts of the invention will now be described

- in detail in order to provide a better under-

standing of the principles of the invention
and various forms and embodiments thereof.
With reference to Fig. 1, there is illus- 65

. trated semiconductor wa i4'=|'s or layers 12 and

14 of single crystal semiconductosr material.
mounted or secured on substrate 10, for ex-
ample, by solder glass. The substrate 10 has

a refatively high impedance for isolating the 70
wafers or fa ers 12 and 14 from one another
through said substrate and raid substrate 10 -
may be intrinsic semiconductor material
having a relatively high order of resistivity.
The wafers or layers may be secured on the 75

. substraie or disposed in the substrate. Ac-

cording to the laiter, the entire unit could
be formied from a block of intrinsic semi-
conductor material into which doping im-

urities are diffused in the regions occupied 80

wy the wafers or layers 12 and 14, wherein
the wafers or layers and the substrate are
part of the same physical piece of semicon-
ductor material. = .

- A 'description of the circuit elements in- 85
cluded in or on the wafers or layers 12 and

14 will not be given herein since these wafers
or layers dnd elements are describeéd in de-
tail in said parent Britich Patent Apglication
and are illustrated in Figs. 2A to 6 herein. 90
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However, in this embodiment, the wafer or
dayer 12 includes multi-emitter transistors
TR2 and TR3, diffused resistors R1 and R3,

.bulk- resistors R2 and R4, transistor TR1
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and diode D3. The circuit elements included
in wafer or layer 14 are capacitors C1 and
C2, and diodes D2 and D7.

Elcctrical interconnections are made be-
tween two circuit elements included in or
on one waler or layer and between two cit-
cuit elements included in different wafers or
layers by electrical leads secured to the
wafer or layer surfaces remote from the sub-
strate suriace.  This is illustrated by the
electrival lead interconnecting the base re-
gion 20 of multi-emitter trantistor TR2 to
the emitter region 48 of fransistor TR1 or
diode Di and the electrical interconnection
between the emitter region 24 of multi-
emitter transistor TR2 and the emitter region
of muli-emitter TR3 or the electrical lead
interconnecting the emitter region 22 of
multi-emitter transistor TR2 and the capa-
citor Cl. Further illustrations are the elec-
trical lead interconnecting the emitter region
of multi-emitter transistor TR3 and one
region of the diode D3; and the electrical
lead interconnecting the other region of the
diode D3 and the capacitor C2. Also, ex-
ternal connections to the device are made by

-a coplanar arrangement of relatively flat

leads 33, 40, 68, 38, 76, 74, 72 and 70 which
coplanar array is ]}amﬂel to the surface of
the substrate 10. The relatively flat electri-
cally conductive leads 33, etc. are electrically
connected {0 various circuit elements in-
cluded in or on the wafers or fayers 12 and
14 as iflustrated by the electrical intercon-
nection between lead 72 and the base region
20 of multi-emitter transistor TR2. :

More specifically, ohmic metal contacts
26, 28. 30, 56 and 60 are plated or evapor-
ated onto desired regions of the wafer or
layer surface and then the electrically con-
ductive leads secured thereto. Also, sub-
stantially flat conductive leads 33, etc. may
be soldered or alloyed to substrate 10 to
provide the aforementioned coplanar
arrangement of leads whereby certain sub-
stantially flat leads 68, 70, 72, 74 and 76 ter-
minate at a spaced position from the wafers

or Jayers 12 and 14 and certain substan--
tially flat leads 33, 40 and 338 contact the .

underside of wafer or fayer 12.
In the above manner, an assembly of a
plurality of semiconductor wafers or layers

is dispoted in or on a substrate with inter-

connections between circuit elements in the
same wafer or layer and inferconnections
between circuit elements in different wafers
or layers and furthermore deads 33, etc. are
provided for external connection to the
device. .

Tt must be emphasized that only one em-
bodiment of the invention has been described

and that other variations and modiﬂcationis_
thereof may be made without departing from

the scope of the invention-as defined in the -

appended claims,

eference is additionally made to our co-
pending patent applications nos. 23279/63;
46086/63; 46087/63; 46088/63; and 46090/
63 (Serial Nos. 958244, 958245, 958246,
958247 and 958249), also divided from said
parent patent application.

Terms indicative of position, such as “on”
and “overlying”, are used in the following
claims bto define relationship of parts in a
form convenient for the purpose, but fuch
terms are not to be construed in any restric-

semiconductor device could be used in any
desired positional orientation.

WHAT WE CLAIM IS:

1. A semiconductor device comprising a
plurality of semiconductor wafers or layers
in or on one surface of a substrate which

has a relatively high impedance for electri- -

cally isolating said wafers or layers from one
another through said substrate, each of said
wafers or layers including one or more dis-
crete regions therein or thereon adapted to
provide the clectrical properties of at least
part of one or more circuit elements, and an
electrical interconnection between two of
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tive sense and-it will be manifest that the

85
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93

said circuit elements including an electrically -

conductive lead secured to one or more wafer
or layer surfaces remote from said substrate.

2. A semiconductor device according to
claim 1, including a co-planay array, paralle

100

to said one surface, of substantially flat elec- -

trically conductive leads selegted ones of
which are electrically connected\to selected
ones of said circuit elements. .

A semiconductor device according o
either preceding claim, wherein one'of caid
circuit elements is a transistor.

4. A semiconductor device accordiny to
any preceding claim, wherein one of isaid
circuit elements is a diode. J

105

110

5. A semiconductor device accordiniz to °

claim 3, or claims 3 and 4, wherein ,said
transistor includes a base region andl an
emitter region contiguous therewith to ;form
a P-N junction extending to said wafir or

115

layer surface, or one of said wafer orllayer :

surfaces, and there defining a first englosed

area, a collector region contiguous with caid.

base region to form therewith anothejr P-N

junction extending to said wafer orj layer

surface and there defining another eng:losed
area surrounding said first enclosed arla.
6. A semiconductor device according to

. claim 4 or claims 4 and 5, wherein said [diode

includes two - regions of opposite conduc-
tivity types to form therebetween a P-N{ junc-
tion extending to said wafer or layer surface,
or one of said wafer or layer surfaces|. and
there defining an enclosed area.
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"bulk resistors R2 _
-and diode D3. The circuit elemments included
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However, in this embodiment, the wafer or
dayer 12 includes multi-emitter transistors
TR2 and TR3, diffused resistors R1 and R3,
and R4, transistor TR1

in wafer or layer 14 are capacitors C1 and
C2, and diodes D2 and D7. .

Electrical interconnections are made be-
tween two circuit elements included. in ot
on one wafer or layer and between two cit-
ctil clements included in different wafers of
layers by electrical leads secired to the
wafer or layer surfaces remofe from the siib.
strate surface, ~ This is illustrated by the
electrical lead interconnecting the base re-
gion 20 of multi-emitter transistor TR2 to
the emitter region 48 of transistor TR1 or
diode D1 and the electrical interconnection
between the emitter region 24 of multi-
emilter transistor TR2 and the emitter region
of muli-emitter TR3 or the electtical lead
interconnecting the emitter tegion 22 of
multi-emitter transistor TR2 and the capa-
citor CI. Further illustrations are the elec-
trical lead interconnecting the emitter Tegibn
of multi-emitter transistor TR3 and one
region of the diode D3; and the efectrical
lead interconnecting the other tegion of the
diode D3 and the capacitor C2. Also, ex-
ternai connections to the device are may
a coplanat arrahgement of relatively flat
leads 33, 40, 68, 38, 75, 74, 72 and 70 which
coplanar array is ﬁmllel to the surface of
the substrate 10. e relatively flat electsi-
caily conductive leads 33, etc. are electrically
connected to vatious circuit elements ir.
¢luded in or on the wafers or layers 12 and
14 as ilustrated by the electricat intercon.
nection between lead 72 and the base region
20 of multi-emitte transistor TR2. .

More specifically, ohmic metal contacts
26, 28, 30, 56 and 60 are plated or evapor-
ated onto desired segions of the wafer or
layer surface and ttien the electrically coti-
ductive leads secured thereto, Also, sub-
stantially flat conductive leads 33, etc. may
be soldered or alloyed to substrate 10 to
provide the aforementioned coplahar
arrangement of leads whereby certain sub-
stantially flat leads 68, 70, 72,74 and 76 ter-
minate at a spaced Fosition from the wafers
or dayers 12 and 14

underside of wafer or {ayer 12,

In the above manner, an assembly of a
plurality of semiconductor walers or layers
is disposed in or on a substrate with inter-
connections between circuit elements in the
same wafer or layer and interconnections
between circuit elements in different wafers
or layers and furthermore feads 33, etc. are
provided for external connection to the
device. : . o

Tt must be emphasized that only one emi-
bodiment of the invention has been described

_ and certain substan.-
tially flat leads 33, 40 and 38 contact the .

958,248" .

and that other variations and: modifications
thereof may be made without departing from

the scope of the invention-as defined in the -

appended claims, -

eference js additionally made to our co-
pending patent a plications - nos. 23279/63;
46086/63; 46087/63; 46088/63; and 46090/
63 (Serial Nos. 958244, 958245, 958246,
958247 and 958249), also divided from said
patent patent application. - ,

erms indicative of position, such as “on”

“ovetlying”, are used in the following
claims to define relationship of parts in a
form convenient for the pufpose, but cuch
tering are ot to be construed in any restric-

70
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80

tive sehse and. ii will be manifest that the

semiconductor device could be used in any
desired positional orientation.

WHAT WE CLAIM IS:

L. A semiconduotor device comprising a
plurality of semiconductor wafers ‘or lagers
in or on one surface of a substrate which

8 a relatively high impedance for electri-
cally isolating said wafers or layers from one
another through said substrate, each of said

1

wafers or layers including one or more dis.

crete regions therein or thereon adapted to
provide the clectrical properties of at least

by * part of one or more circuit elements, and an
~electrical intetcormection between two of

said circuit elemends including an electrically
conductive lead secured to one or more wafer
or layet surfaces remote from said substrate,

- A semiconductor device according to
claim 1, including a co-planayf array, parallel
to said one surface, of substa
trically conductive leads selected ones of
which are electtically connect&o selected
ones of said circuit elements, - X,

3. semiconductor device accgrding to
either preceding claiin, wherein one'of said
circuit elements is a trangistor.

. A semiconductor device accordiny to
any preceding claim, wherein one of ‘said
circwit elemetits is a diode,

3, or claims 3 and 4, wherein Said
transistor “includes a base region andl an
emitter region contiguous therewith to Lform
a P-N junction extending to said wafitr or
layer surface, or one of said
sutfaces, and there defining a first englosed

-area, a collectot region contiguous with raid

base: region to form therewith anothelr P-N
junction extending to said wafer or] layer

are1 surrounding said first endlosed arpa.

E A semiconductor device dccordijng to .
. glai_m.4 or claims 4 and 5, wherein saidldiode

includes two -regions of opposite cgnhduc-
tivity types to form therebetween a P-N{ junc-
tion extending 4o said wafer or layer s

rface,
or one of said wafer or layer surfaces .and
there defining an enclosed area,
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ially flat efec- .

108

110
A semiconductor device accordini to -
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wafer or |layer - B
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surface and there defining another englosed @ .
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... 7. A semiconductor device according to s i
 any preceding claim, wherein one of said
‘ circuit elements is a resistor including an
" clongated pottion of semioconductor matetial
i 5 of one conductivity type bounded by a P-N
o junction. o
;. 8 A semiconductor device according to
" any preceding claim, wherein a region -
_adapled to provide the electrical properties
10 of part of a circuit element is one plate of a
capacitor, an oxide of sificon dj Tic over-
lies said plate and conductive materiaf over-
les said dielectric, L .
v ) A semiconductor device according to’
15 any preceding claim, wherein said substrate

mtrinsic semiconductor material.
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