
1,147,469                                         5  vice of Figure 7 has
been illustrated as com-  cuit, such as shown in Figure 11, comprising
prising one transistor diffused. into a semi-  two transistors 123 and 124
and two resistors                    conductor wafer, this has been done
for the  121 and 122, is produced in a semiconductor
sake of simplicity in pointing out the salient  wafer in a similar manner
as described for                5  features of the invention as further
illustrated  the one transistor shown in Figure 9, except  70
in Figure 11 and  12. While the preferred  that the resistors 121 and 122
normally re-                    embodiment comprises a semiconductor wafer
quire only one diffusion step and have no                    of silicon,
into which a silicon NPN  transis-  rectifying  junctions. Of course, a
different                    tor is diffused, it is obvious that the wafer
conductivity type than that of the resistors                10  and
transistor are merely illustrative and are  could be diffused around each
or both of  75                    in no sense meant to be construed as a
them, as is done in the conventional PN                    limitation upon
the invention. Thus the wafer  junction isolation resistor diffusion
processes.                    could be N or P type silicon, germanium  or
But such is not necessary in the present em-                    any other
available semiconductor material  bodiment of the invention. Figure 11
schema-               15  and the transistors could be any number (not
tically shows such a circuit, admittedly simple,  80
limited to one) and any combination of NPN   made so in order to illustrate
an operative                    and PNP devices all interconnected as a
cir-  circuit which utilizes the invention. Figure                    cuit.
There could also be resistors (as shown   12 shows the resistors 121 and
122, with their                    in Figure 11 and  12) and capacitors
(not  respective  metallized  contacts. It likewise               20
shown) in the circuit, all or any of which  illustrates the transistors 123
and 124, along  85                    are to  be construed  as being
within  the  with the interconnections necessary to com-  85
scope of the invention as defined in the ap-  plete the circuit of Figure
11. It should be                    pended claims.
appreciated that, as with a single transistor,                      With
reference to Figure 8, the device  the transistors of this circuit have a
reduced               25  of Figure 7 is inverted and mounted to a
collector region and a lesser capacitance. All  90
ceramic substrate 111, utilizing an insulating  of the external leads 129,
130, 131 and 132  90               adhesive material 110 such as cement,
glass  make ohmic contact to the metallized con-                    or
epoxy, to cause one surface of the device  tacts of the  circuit elements,
as do  the                    to adhere to the substrate. Alternatively,
the  interconnecting  metallized  regions, all of 



30  insulating material 111 could be deposited  which  may  be done by any
conventional  95                    onto the silicon wafer, such as by
deposition  technique, such as by ball bonding. Substrate  95
of a thick layer of quartz. The opposite or  133 of some material such as
is described in                    top, surface 101 is then lapped or
etched  reference to the substrate 111 of Figure 9,                    away
down to a thickness of perhaps 1 mil,  can then be mounted on a suitable
header               35  removing part 101' of the N+  material to  (not
shown) to result in a packaged device. 100                    simplify  the
subsequent  selective  etching.    The circuit devices of Figs. 5 and 12
have 100               Gold  or gold  over mnlyhdenum  is then  been
illustrated as embodying the invention                    evaporated onto
the top surface and selec-  but the actual circuits, shown in Figs. 4a
tively removed except over what will later  and 12 are merely shown and
described to               40  be mesa tops, leaving gold contacts 115, 116
illustrate a specific example of a large num- 105                   and
117. The opposite or top surface is then  ber of circuits which could be
embodied in 105               selectively masked  by  photoresist methods
an  integrated  circuit device fabricated  ac-                   against
the subsequent etching operation. Of  cording to the invention.
course, the masking process step could be    Although the invention has
been described               45  performed prior to mounting the device
upon  in a simplified form  with respect to a small 110
the substrate. A  selective etchant, such as  wafer that involves only the
isolation of a few 110               CP8 by way of example, described in
"Tran-  elements, it will be appreciated that the in-
sistor Technology," Vol. 2, edited by F. J.  vention is equally applicable
to more compli-                    Biondi, at page 598, is applied to the
masked  cated configurations wherein a larger multi-               50
surface to remove the semiconductor material  plicity of elements are to be
isolated within  115                    101 between the "islands" 112, 113
and 114,  a single unit. 115               as illustrated in Figure 9.
As shown in Figures 9 and 10, the "islands"    WHAT WE CLAIM  IS:-
of the silicon wafer 101 which were not rc-    1. A  semiconductor device
comprising a               55  moved by the etch arc now  mesa-shaped,
body of semiconductor material including a                    with
metallized contacts 115, 116 and 117 on  region of predetermined
conductivity type ex- 120 120               top. External leads 118, 119
and 120 are  tending to one surface of the body, a metallic
then respectively attached to these contacts,  contact overlying the said
one surface of the                    as by ball bonding, thereby to
produce a de-  semiconductor body, the said region being               60
vice having a transistor with all necessary  ohmically  attached  to one
surface of the                    leads, a strong  mechanical structure,
air-  contact and an electrical lead being ohmically  125 125
isolation between elements of the transistor,  attached to the same surface
of the contact,                    and a reduced collector area with its
resulting  the contact otherwise being electrically in-
lower stray capacitance.                     sulated from the semiconductor
body, and an                65    As illustrated in Figure 12, a simple
cir-  electrically insulating support disposed on the 
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1,147,469                                 .  vice of Figure 7 has been
illustrated as com-  cuit, such as shown in Figure 11, comprising
prising one transistor diffused into a semi-  two transistors 123 and 124
and two resistors                  conductor wafer, this has been done for
the  121 and 122, is produced in a semiconductor       sake of simplicity
in pointing out the salient  wafer in a similar manner as described for
5  features of the invention as further illustrated  the one transistor
shown in Figure 9, except  70                 in Figure 11 and 12. While
the preferred  that the resistors 121 and 122 normally re-
embodiment comprises a semiconductor wafer  quire only one diffusion step
and have no                 of silicon, into which a silicon NPN  transis-
rectifying junctions. Of course, a different                 tar is
diffused, it is obvious that the wafer  conductivity type than that of the
resistors             10  and transistor are merely illustrative and are
could be diffused around each or both of  75                 in  no sense
meant to be construed as a  them, as is done in the conventional PN
limitation upon the invention. Thus the wafer  junction isolation resistor
diffusion processes.                 could be N or P type silicon,
germanium  or  But such is not necessary in the present em-
any other available semiconductor material  bodiment of the invention.
Figure 11 schema-             15  and the transistors could be any number
(not  tically shows such a circuit, admittedly simple,  60 limited to one)
and any combination of NPN   made so in order to illustrate an operative
and PNP devices all interconnected as a cir-  circuit which utilizes the
invention. Figure                 cuit. There could also be resistors (as
shown   12 shows the resistors 121 and 122, with their                 in
Figure 11 and 12) and capacitors (not  respective  metallized  contacts. It
likewise            20  shown) in the circuit, all or any of which
illustrates the transistors 123 and 124, along  85                 are to
be construed  as being  within  the  with the interconnections necessary to
com-                 scope of the invention as defined in the ap-  plete
the circuit of Figure 11. It should be 



pended claims.                               appreciated that, as with a
single transistor,                   With reference to  Figure 8, the
device  the transistors of this circuit have a reduced            25  of
Figure 7 is inverted and mounted to a  collector region and a lesser
capacitance. All 80                 ceramic substrate 111, utilizing an
insulating of the external leads 129, 130, 131 and 132
adhesive material 110 such as cement, glass  make ohmic contact to the
metallized con-                 or epoxy, to cause one surface of the
device  tacts of the circuit elements, as do  the                 to adhere
to the substrate. Alternatively, the  interconnecting  metallized  regions,
all of            30  insulating material 111 could be deposited  which
may be done by  any conventional 95                 onto the silicon wafer,
such as by deposition  technique, such as by ball bonding. Substrate
of a thick layer of quartz. The opposite or  133 of some material such as
is described in                 top, surface 101 is then lapped or etched
reference to the substrate  111 of Figure 9,                 away down to a
thickness of perhaps 1 mil,  can then be mounted on a suitable header
35  removing part 101' of the N+  material to  (not shown) to result in a
packaged device. 100                 simplify  the  subsequent selective
etching.    The circuit devices of Figs. 5 and 12 have                 Gold
or gold  over molyhdenum  is then  been illustrated as embodying the
invention                 evaporated onto the top surface and selec-  but
the actual circuits shown in Figs. 4a                 tively removed except
over what will later  and 12 are merely shown and described to
40  be mesa tops, leaving gold contacts 115, 116  illustrate a specific
example of a large num- 105                 and 117. The opposite or top
surface is then  ber of circuits which could be embodied in
selectively  masked  by  photoresist methods  an  integrated  circuit
device fabricated ac-                 against the subsequent etching
operation. Of  cording to the invention.                 course, the
masking process step could be      Although the invention has been
described             45  performed prior to mounting the device upon  in a
simplified form with respect to a small 110                 the substrate.
A  selective etchant, such as  wafer that involves only the isolation of a
few                 CP8 by way of example, described in "Tran-  elements,
it will be appreciated that the in-                 sistor Technology,"
Vol. 2, edited by F. J.  vention is equally applicable to more compli-
Biondi, at page 598, is applied to the masked  cated configurations wherein
a larger multi-             50  surface to remove the semiconductor
material  plicity of elements are to be isolated within  115
101 between the "islands" 112, 113 and 114,  a single unit. 5
as illustrated in Figure 9.                   As shown in Figures 9 and 10,
the "islands"  WHAT WE CLAIM  IS:-                 of the silicon wafer 101
which were not re-     1. A  semiconductor device comprising a
55  moved by the etch are now  mesa-shaped,  body of semiconductor material
including a                 with metallized contacts 115, 116 and 117 on
region of predetermined conductivity type ex- 120                 top.
External leads 118, 119 and  120 are  tending to one surface of the body. a
metallic                 then respectively attached to these contacts,
contact overlying the said one surface of the 



as by ball bonding, thereby to produce a de-  semiconductor body, the said
region being             60  vice having a transistor with all necessary
ohmically attached  to one surface of the                 leads, a  strong
mechanical structure, air-  contact and an electrical lead being ohmically
125                 isolation between elements of the transistor,  attached
to the same surface of the contact,                 and a reduced collector
area with its resulting  the contact otherwise being electrically in-
lower stray capacitance.                     sulated from the semiconductor
body, and an             65    As illustrated in Figure 12, a simple cir-
electrically insulating support disposed on the              opposite
surface of the contact and attached   one of the contacts at the surface of
the said    to the semiconductor body.                   contact adjacent
the semiconductor body.      2. A  device  according  to Claim  1, in
5. A  network according to Claim  4, in    which the body inchides a
plurality of regions  which the said one surface of at least one of    5
ach of predetermined conductivity type and  the metallic contacts is
ohmically attached  65    extending to the same  one surfacc of the body,
to two of the semiconductor bodies.    a plurality of metallic contacts
overlying the   6. A device according to any one of Claims    said one
surface, one of the said regions, and   1-3 or a network according to Claim
4, in    an electrical lead being ohmically attached   which. the said
attachment between an elec- 10  to one of the contacts at spaced locations
trical lead and a contact is effected by a  70    on the same surface of
the contact, another  further body of semiconductor material serv-    one
of the said regions and another electrical  ing merely as a conductor and
having one    lead being ohmically attached to another one  surface
attached both to the support member    of the contacts at spaced locations
on the  and to the contact, the electrical lead being 15  same surface of
that contact, the contacts  ohmically attached to an  opposite surface of
75     otherwise being  electrically  insulated  from   the further body.
the semiconductor body, and the insulating        7. An  integrated
network  according  to     support being disposed adjacent the surfaces
Claim 4, in which the bodies comprise highly     of the said contacts
opposite to the surfaces  conductive semiconductor material, the said 



20  to which the regions and the electrical leads  one regions being of
lesser conductivity and  80    are attached.
each  having  a  semiconductor  component      3. A device according to
Claim 1, in which  formed therein, at least some of the metallic    the
semiconductor body  comprises a base  contacts also  being  ohmically
attached  to    region, an emitter region in the base region  respective
ones of further bodies of semicon- 25  and a collector region surrounding
the base  ductor material serving merely as conductors  85    region, the
base, emitter and collector regions  on surfaces thereof attached to the
support    each extending to the same surface of the  member, and
electrical leads ohmically at-    body and defining emitter-base, and
collector-  tached to the opposite surfaces of the further    base pn
junctions extending to that surface  bodies. 30  of the semiconductor body,
and a further          8. A  network  according to any one of  90    region
of the same conductivity as and of  Claims 4-7, in which at least one of
the    higher conductivity than the collector region,  electrical
components is a transistor,    the further region extending to the opposite
9. A  network according to Claim  7, in    surface of the semiconductor
body, metallic  which at least one of the lesser conductivity 35  contacts
overlying the said one surface of  regions contains further regions of
predeter-  95    the body, the base region and an electrical  mined
conductivity types which all extend to    lead being ohmically attached at
spaced loca-  the said one surface to define a transistor    tions to the
same surface of one contact, the  in the semiconductor body containing
these    emitter region and an electrical lead being  regions. 40
ohmically attached at spaced locations to the    same surface of another
contact, the contacts   10. A method of fabricating a semiconductor  100
otherwise being electrically insulated from the  device, comprising the
steps of forming in a    semiconductor body and in which insulating  body
of semiconductor material at least one    support is disposed  adjacent the
opposite  region of predetermined conductivity type ex- 45  surfaces of the
metallic contacts and  an      tending to one surface of the body and
cover-    ohmic collector  connection attached to, the    ing   that
surface with a layer of insulating  105    further region of the
semiconductor body at  material  having an     aperture   exposing the
the said opposite surface of the semiconduc-  said region, depositing a
metallic contact to    tor body.                           make ohmic
contact with  the said  region 50   4. An integrated electrical network
having  through the aperture and to extend over the    a plurality of
electrically interconnected cir-  insulating layer, attaching an insulating
sup-  110    cuit elements including discrete, spaced semi-  port to the
body to sandwich the insulating    conductor bodies each having one surface
at-  layer and the contact between  the semicon-    tached to the same
plane surface of an in-  ductor body and the support, and ohmically 55
sulating support member, each semiconductor  attaching an electrical lead
to the surface of 



body defining a semiconductor component and  the contact more remote from
the support 115    including at least one region of predetermined   member.
conductivity type  extending to the said one     1 1. A method according to
Claim  10, in-    surface thereof and ohmically attached to a  cluding the
steps of forming in the body of 60  metallic contact sandwiched between the
said  semiconductor material a first region of one    one surface of the
body and the support mem-  conductivity type containing a second region
120    ber, each metallic contact being electrically  of opposite
conductivity type, and a third    insulated from the remainder of the said
one  region of opposite conductivity type surround-    surface of the body,
and an ohmic attach-  ing the first region, all three regions and the 65
ment between an electrical lead and at least  pn junctions between them
extending to the
1,147,469                                         7                  aid
one surface of the body, in which the  semiconductor body through further
apertures                 insulating   layer has apertures exposing areas
in the insulating layer,                 of the  first and second regions,
metallic con-    c) locating an insulating support adjacent  65
acts being deposited to make ohmic contact  the said one surface of the
body and attach- 65         5  with the respectivc first and second regions
ing the support to the body.                 through the apertures and to
extend over the    d) masking regions of a surface of the semi-
insulating layers beyond the pn junctions, re-  conductor body opposite the
said one surface,                 moving  parts of the semiconductor body
the masked regions being disposed opposite  70                 underlying
parts of the contacts extending be-  the said regions of semiconductor
material 70         10 yond the pn junctions, attaching electrical  and
opposite the said further apertures in the                 leads to the
respective metallic contacts at  insulating layer,
locations beyond the pn junctions and at the   e) etching the semiconductor
body in the                 surfaces thereof more remote from  the sup-
unmasked regions of the said opposite sur-  75                 port member,
and ohmically connecting a  face thereof to form  the body into mesa 75
15  further electrical lead to the third region of  regions electrically
isolated from  each other                 the body at a surface of the body
opposite  apart from  the electrical inner-connections 



the said one surface.                        provided by the deposited
contacts,                   12. A method according to Claim  10 or    f)
depositing further metallic contacts on  80                 Claim  11, in
which concurrently with the  a surface of each mesa region opposite the 80
20  removal of semiconductor material from  the  substrate and attaching
electrical leads to                 semiconductor body, a portion of the
insulat-  the further metallic contacts.                 ing material is
removed to expose the metallic    15. A  method  according to Claim  14,
contact for ohmically connecting the electrical  in which prior to the
masking and etching  85                 lead thereto.
step, part of the said opposite surface of 85        25    13. A method
according to Claim  11, in  the body is removed to reduce the thickness
which the first, second and third regions are  of the higher conductivity
portion.                 formed in a body of semiconductor material    16.
A method according to Claim  14, in                 having the same
conductivity type but higher  which  the  said  regions of semiconductor
90                 conductivity than the third region and the  material are
formed in the said one surface 90         30  insulating layer has at least
one further aper-  of the semiconductor body by vapor etching
ture exposing a higher conductivity area of  and semiconductor material
redeposition.                 the body, in  which  one of the metallic
17. A method according to Claim  16, in-                 contacts extends
over the insulating layer to  cluding the steps of applying diffusion mask-
95                 make ohmic contact with the higher conduc-  ing material
to the said one surface of the 95         35  tivity portion of the body
through the further  body and forming the or each semiconductor
aperture and to make contact with one of the  device by planar diffusion
through the mask                 first and second regions, and in which the
into  a said  region  of the  semiconductor                 said removal of
part of the semiconductor  material, the diffusion masking material also
100                 body leaves the said higher conductivity por-
providing the said apertured insulating layer. 100        40  tion as an
island, and in which one of the      18. A  method according to any one of
first mentioned electrical leads is connected  Claims 14-17, in which the
said semicon-                 to the said higher conductivity island on a
ductor device is a transistor and the other                 surface thereof
remote from the support mem-  one, or at least one of the other ones of the
105                 ber.                                         said
regions provides a passive semiconductor
device, the semiconductor devices being inter- 105        45    14. A
method of fabricating an integrated                 electrical network
including the steps of,                                               some
of the said electrical leads.                   a) forming a plurality of
regions of semi-   19. A method of fabricating semiconductor 110
conductor material in a body of semiconductor  devices, substantially as
described herein to                 material of like conductivity type as
and of  and as illustrated by Figs. 1-3 of the accom- 110         50
higher conductivity than the regions, the said  panying drawings. 



regions extending to the same surface of the   20. A method according to
Claim  19, sub-                 body, and forming a semiconductor device
stantially as further described herein with  115                 in at
least one of the said regions adjacent  reference to and as illustrated by
Figs. 4                 to the said one surface,                     and 5
of the accompanying drawings. 115         55    b) depositing first
metallic ohmic contacts    21. A method of forming a semiconductor
on respective zones of the said semiconductor  device, substantially as
described herein with                 device and  of at least one of the
other  reference to and illustrated by Figs. 6-10 of 120
regions through apertures formed in an in-  the accompanying drawings.
sulating layer covering the said one surface   22. A method according to
Claim 21, sub- 120         60  of the body; the first contacts extending
over  stantially as further described herein with                 the
insulating layer and being ohmically con-  reference to and as illustrated
by Figs. 10-12                 nected to respective further surface zones
of  of the accompanying drawings.          8
1,147,469          23. The product of a method according to
ABEL AND IMRAY,       any one of Claims 11-22.
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