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surface of the wafer 2. The  the conductive contacts 4 and 7 are in' place
junction 8 forms a junction diode and the  on the substrate. These contacts
may be         connections to the elements of the diode are  conductive
paint or metallic tabs in which         established via the conductors 4
and 7.   instance the glaze 13 functions to hold the       5   The specific
circuit illustrated in Fig.  1  tabs in place on the substrate 1.    70
provides a resistor between the conductors 3    It is seen from the above
that the wafer 1         and 6, the resistor constituting the semi-  serves
three distinct functions in the methods         conductive material
subsisting between those  described in that it serves as a support for
conductors and further a junction diode  the wafer 2 during its fabrication
into the      10 which subsists between the conductor 4, a  desired
physical and electrical configuration, 75         center tap to the
resistor, and conductor 7. it constitutes a support for the external con-
The dispositions of the leads 3, 4, 6, 7 with  ductors employed to make
various connec-         reference to the wafer 2 are not critical and
tions to the finished semiconductive structure         they may or may not
extend  beneath the  and further serves as one element of a casing      15
wafer.                                      hermetically sealed about the
semiconductive 80            Referring now to Fig. 2 of the accom-  wafer
or element 2.         panying drawing there is illustrated a further
Referring now specifically to Fig. 3 of the         extension of the
apparatus illustrated in Fig.  accompanying drawing, there is illustrated
1. A hermetically sealed casing or housing is  another embodiment of the
hermetically      20 formed about the semiconductive wafer 2 and  sealed
casing or housing that may be pro- 85         the wafer 1 is  employed as
one of the  vided about the semiconductive element 2,         elements of
the hermetically sealed casing or  which casing or housing also employs the
housing. More specifically, there is provided   wafer 1 as one of the
elements thereof. In this         a metal ring 11 having formed about the
modification of the invention a ring 16 of      25 bottom and the lower
portions of the sides  ceramic, non-conductive material is directly 90
thereof a non-conductive glaze 12. The wafer  bonded to the wafer I through
a glaze 13 and         1 is provided with a ring of low melting point  the
upper surface of the ring is provided with         non-conductive glaze 13
having internal and  a metallized layer 1.7. Thereafter, a metal
external diameters which are slightly less and  plate 14 may be welded or
soldered or other-       3 30 greater respectively, than the internal and
wise suitably secured to the metallized surface 95          external
diameters of the ring 1l. The ring 11  17 to complete the hermetically
sealed casing          is positioned on the wafer I such that the  about
the semiconductive element 2.          glaze 12 contacts the glaze 13
formed on the    Referring now specifically to Fig. 4, there          wafer
and the structure is heated until the  is illustrated a multivibrator
circuit which is      35 glaze 13 is sufficiently soft to form a bond  also
illustrated in Fig. 7 of the aforesaid 100          with the glaze 12.
Since the attachment of  copending application. The operation and 



the glaze 12 to the metal ring 11 is performed  construction of the circuit
illustrated in Fig.          remote from the semiconductor 2 this opera-  4
will not be discussed except to the extent          tion may take place at
a higher temperature  required to illustrate the present invention.
40 than that required to bond the two glazes 12  The multivibrator circuit
is provided with 105          and 13 together. In actual practice, the
glaze  two transistors T1 and T2 and various          12 and glaze 13 may
be of different powdered  external connections to  the circuit. An
glass materials so that the coefficient of heat  external ground terminal
18 is connected to          expansion of each may more nearly corres-
emitter electrodes 19 and 21 of the transistors      45 pond to that of the
material to which it is  T[err] and T[err],' respectively, and an external
110          directly bonded prior to its being fused to  terminal 22,
adapted to be connected to a          the other glaze. In an alternative
embodiment  three volt source, is connected via resistors          the
glaze 13 may be replaced by the afore-  23 and 24, to base electrodes 26
and 27 of          mentioned Corning Pyroceram  cement and  the transistors
T1 and T2, respectively. The       50 thereby positively eliminate any
potential  base  electrode 26 of the transistor Tl is 115          heat
effect on the semiconductor wafer 2  further connected to an input terminal
28 for          during the bonding procedure. In employing  the transistor
T1 and the base 27 is con-          both glazes 12 and 13, the heat effect
may  nected to an input terminal 29 for the tran-          be minimized  by
careful control of the  sistor T2. The transistor T1 is provided with
55 bonding temperature and its duration. There-  a collector electrode 31
connected to an 120          after a metal plate 14 may be soldered or
output terminal 32 of the transistor T1 and          welded to the upper
surface of the ring 11 to  the transistor T2 is provided with a collector
complete the sealing operation. Obviously, electrode 33 connected to an
output terminal          the entire operation preferably takes place  34 of
the transistor T2. The collector elec-       60 in a dry inert atmosphere
or in an evacuated  trode 31 of transistor T1 is further connected 125
chamber, so that any moisture is eliminated  through a resistor 36 to
terminal 37 con-          from the space within the hermetically sealed
nected to a negative four volt supply and the          casing or housing.
collector electrode 33 of the transistor T2 is             As may be seen
from Fig. 2, the ring of  connected through  a resistor 38 to the       65
glaze 13 is applied to the substrate 1 after terminal 37.
130                                                                 958,241
Referring now specifically to Figs. 5 and  leads which are connected to the
strips on                  6 of the accompanying drawing, there is  the
sheet 40 lie within a ring 52 which corres-             illustrated a
semiconductive wafer 39 having ponds with the rings 11 and 16 of Figures 2
formed thereon all the elements illustrated in  and 3, respectively. The
ring 52 may be 



5 Fig. 4 of the accompanying drawings. A   ceramic or metal and in either
event is sealed 70                  wafer similar to the wafer 39 is also
illus-  to the sheet 40 and the substrate and com-                  trated
in the aforesaid copending application  pletely surrounds the semiconductor
wafer 39                  and the wafer 39 may alternatively conform  and
the connections thereto. Once the ring 52                  in every detail
and respect to the structure  has been appropriately secured to the sheet
10 described therein. Thus the semiconductor  40 a metal plate similar to
plate 14 may be 75                  wafer 39 may be of silicon, germanium
or an  applied thereover and the sealing operation
intermetallic alloy. The semiconductor wafer  completed.
39 is mounted on a thin metal lead sheet 40   It will be noted that the
sheet 40 is pro-                  having conductive strips formed  therein.
vided with index holes designated by the               15 Sheet 40 may be
formed by etching a very  reference numerals 53 and 54. The holes 53 80
thin sheet of material which has a coefficient  and 54 are indexing points
which may also                  of expansion similar to that of silicon, as
for  be in the form of indentations in the sheet 40
example, an alloy of cobalt, nickel and iron  and serve to index the sheet
and the semi-                  known in the trade as KOVAR (Registered
conductor wafer in all of the machinery and               20 Trade Mark).
More particularly, the sheet 40  other apparatus into which the sheet 40,
the 85                  is provided with strips that correspond to the
substrate 41, and the semiconductor wafer                  terminals 18,
22, 28, 29, 32, 34 and 37 as  later to form the wafer 39 may be inserted
illustrated in Fig. 4, and these strips are  during various fabrication
operations. These                  designated by the function which they
serve  operations relate to treatment of an original              25 in the
diagram of Fig. 4. More specifically,  semiconductor wafer to provide the
finished 90                  the strip labeled input T2 corresponds with
wafer 39 by etching of the semiconductive                  the terminal 29
of Fig. 4 also designated  wafer, the formations of junctions and
input T2. The other strips of Fig. 5 serve the  different conductivity
regions therein, the                  corresponding functions as indicated
by the  formation of a slot 56 therein to isolate               30
references applied thereto. It will be noted  certain of the functional
areas, the formation 95                  that all of the input strips
except that labeled  of conductive strips 42 and 43 thereon and
"ground" extend under the semiconductive  the attachment of the various
leads thereto.                  wafer 39 and form contacts therewith, by
The indexing points 53 and 54 also serve to                  virtue of the
fact that semiconductor wafer  hold the sheet 40 during the application of
30            35 39 is mechanically positioned and subse-  the
semiconductive wafer thereto, the place- 100                  quently
alloyed on top of the strips. A   ment of these wafers being critical since
ceramic. glass or other insulating material  accurate alignment between
this wafer and                  substrate or wafer 41 of external
dimensions  the conductive strips on the sheet 40 is
substantially equivalent to those of ring 52  essential so as to obtain
proper resistance               40 is then affixed as by cement 10, to the
back  values between various points.     105 side of the lead sheet 40 and
semiconductor   After the semiconductive wafer 39 has
wafer 39 to provide reinforcement for this  been hermetically sealed within
its container                  very thin lead sheet and the semiconductor
the sheet 40 may be trimmed along the                  element attached
thereto during subsequent  dashed lines 57 and 58 to form  a final
45 fabrication operations as well as during its  assembly in which each of
the conductive 110 



10               functional use. Further, the semiconductive  strips of the
sheet 40 are electrically isolated                  wafer 39  is provided
with  conductive  from one another and in which a sufficient
metallized layers 42 and 43 formed by a  area of the strip extends
externally of the                  process of vapour deposition at opposite
ring 52 to provide for ready connection of               50 ends of the
semiconductor wafer on the upper  external leads to the conductive strips
or 115 surface thereof remote from the sheet 40. The  insertion of the
wafer into printed circuit                  layer 42 is thermally bonded to
lead wire 44  connectors.                  and connected via the lead 44 to
the base    It is apparent from the previous description
electrode 27 of the transistor T2 and is  of the present invention that a
method and               55 further connected via a lead 46 to the strip
apparatus for assembly of semiconductive 120                  designated
INP T2, i.e. to the input of T2.  structures is provided in which a
relatively                  The conductive layer 43 is connected via a
small semiconductor wafer may be attached                  lead 47 to the
base electrode 26 of the tran-  to a ceramic substratum  for purposes of
sistor T1 and further connected via a lead 48  supporting the semiconductor
wafer during 60 to the strip on the lead sheet 40 designated  mechanical
operations thereon and in which 125                  INP T1, i.e. to the
input of T1. The emitter  the ceramic substratum  thereafter serves a
electrodes of the transistors T1 and T2 are  useful purpose in the further
fabrication of                  connected together by a wire lead 49 and
are  semiconductor networks and in the final                  connected via
a lead 51 to the strip designated  form and structure of such networks.
65 ground. It will be noted that all of the wire    While several
embodiments of this inven- 130           958,241      tion have been
described and illustrated. it  step of attaching a connection to the
surface     will be clear that variations of the details of  of said body
remote from  said insulating     construction which arc specifically
illustrated  surface, and securing a cover portion to said     and
described may be resorted to without  wall portion for enclosing the
device.  5 departing from the scope of the invention as   9. A  method of
manufacturing a her- 70    defined in the appended claims.
metically  enclosed  semiconductor device       WHAT WE CLAIM  IS:
according to claim 8. including the step of       1. A hermetically
enclosed semiconductor  forming said substantially flat electrical leads
device including a substrate with a substan-  by shaping a conductive sheet
to form 



10 tially flat insulating surface and fonning part  integral strips
therein.               75    of an enclosure, a semiconductor body within
10. A method of manufacturing a her-    said enclosure and secured to said
insulating  metically  enclosed  semiconductor  device    surface,
substantially  flat electrical leads  according to claim 9, including the
step -of    penetrating and extending into the enclosure  removing the part
of said sheet joining said 15 and sealed, in insulating material, in sub-
integral strips after said step of sealing said 80    stantially coplanar
arrangement parallel with  substantially flat leads.    said insulating
surface, and electrical connec-    11. A method of manufacturing a her-
tions between said leads and portions of said  metically  enclosed
semiconductor  device    body  including  at least one connection
comprising the steps of securing a semi- 20 attached to the surface of said
body remote  conductor body  to  a  substantially  flat 85    from said
insulating surface.               insulating surface on a substrate with a
2. A  semiconductor device according to  cement having a temperature
coefficient of    claim  1, wherein said leads are on said  expansion
compatible with those of said    insulating surface.
insulating surface and said body, thereafter 25   3. A hermetically
enclosed semiconductor  performing process steps on said semicon- 90
device according to either preceding claim,  ductor body and completing
said hermetic-    wherein said enclosure includes a wall portion  ally
enclosed semiconductor device with said    attached to said substrate and
an electrically  substrate  as  an  external wall of the    conductive
cover portion secured to said wall  enclosure. 30 portion.
12. A method of manufacturing a her- 95      4. A hermetically enclosed
semiconductor  metically  enclosed  semiconductor  device    device
according to claim 3, wherein said  according to claim 11, including the
steps of    wall portion is electrically conductive.   forming
substantially flat electrical leads in      5. A hermetically enclosed
semiconductor  substantially coplanar arrangement, sealing 35 device
according to any preceding claim,  said leads in insulating material
parallel with 100    wherein said semiconductor body comprises  said
insulating surface and partially within    a semiconductor network, and
said electrical  the enclosure, and wherein said process steps
connections include a plurality of connections  performed  on  said
semiconductor body    attached to said surface remote from said  include
making electrical connection between 40 insulating surface.
some of said electrical leads and portions of 105      6. A hermetically
enclosed semiconductor  said semiconductor body by attaching con-    device
according to any preceding claim,  nections to the surface of said body
remote    wherein selected ones of said electrical leads  from said
insulating surface.    extend between said body and said insulating    13.
A method of manufacturing a her- 45 surface.
metically  enclosed  semiconductor  device 110      7. A hermetically
enclosed semiconductor  according to claim  11 or 12, wherein said
device according to any preceding claim, process steps performed on said
semicon-    wherein a cement secures said body to said  ductor body include
carrying out operations    insulating surface, and said cement, said  on
the body to change the physical shape 50 insulating  surface  and  said
body  have  and the electrical properties of predetermined 115 



mutually-compatible temperature coefficients  regions of said body.    of
expansion.                                 14. A method of manufacturing a
her- t      8. A method of manufacturing a hermeti- metically  enclosed
semiconductor  device    cally enclosed semiconductor device com-
according to claim  12, wherein said step of 55 prising the steps of
securing a semiconductor  forming includes the step of shaping a con- 120
body to a substantially flat insulating surface  ductive sheet to form
integral strips therein.    on a substrate, sealing a wall portion defining
15. A method of manufacturing a her-    an enclosed area to said substrate
and sealing  metically  enclosed  semiconductor  device    substantially
flat electrical leads in insulating  according to claim 14 including the
step of 60 material, in substantially coplanar arrange-  separating said
integral strips from  said 125    ment parallel with said insulating
surface and  conductive sheet after said step of sealing.    partially
within said enclosed area said body    16. A hermetically enclosed
semiconductor    being positioned within said enclosed area,  device when
produced by the method of any    making electrical connections between said
of claims 8 to 15. 65 leads and portions of said body including the    17.
A method for producing the device 130
958,24l                tion have been described and illustrated, it  step
of attaching a connection to the surface               will be clear that
variations of the details of  of said body remote from  said insulating
construction which are specifically illustrated  surface, and securing a
cover portion to said               and described may be resorted to
without  wall portion for enclosing the device.            5 departing from
the scope of the invention as   9. A method of manufacturing a her- 70
defined in the appended claims.           metically  enclosed
semiconductor  device                 WHAT WE CLAIM  IS:
according to claim 8, including the step of                 1. A
hermetically enclosed semiconductor  forming said substantially flat
electrical leads               device including a substrate with a substan-
by shaping  a conductive sheet to form           10 tially flat insulating
surface and forming part  integral strips therein.            75
of an enclosure, a semiconductor body within   10. A method of
manufacturing a her-               said enclosure and secured to said
insulating  metically  enclosed  semiconductor  device
surface, substantially  flat electrical leads  according to claim 9,
including the step of               penetrating and extending into the
enclosure removing the part of said sheet joining said            15 and
sealed, in insulating material in sub-  Integral strips after said step of
sealing said 80               stantially coplanar arrangement parallel with
substantially flat leads.               said insulating surface, and
electrical connec-    11.. A method of manufacturing a her- 



tions between said leads and portions of said  metically  enclosed
semiconductor  device body  including  at least one connection  comprising
the steps of securing a semi-            20 attached to the surface of said
body remote  conductor body  to  a  substantially  flat 85
from said insulating surface.                insulating surface on a
substrate with a               2. A semiconductor device according to
cement having a temperature coefficient of               claim  1, wherein
said leads are on said  expansion compatible with those of said
insulating surface.                      insulating surface and said body,
thereafter            25   3. A hermetically enclosed semiconductor
performing process steps on said semicon- 90               device according
to either preceding claim,  ductor body and completing said hermetic-
wherein said enclosure includes a wall portion  ally enclosed semiconductor
device with said               attached to said substrate and an
electrically  substrate  as  an  external wall of the
conductive cover portion secured to said wall enclosure.            30
portion.                                       12. A method of
manufacturing a her- 95                  4. A hermetically enclosed
semiconductor  metically  enclosed  semiconductor  device
device according to claim 3, wherein said  according to claim 11, including
the steps of                wall portion is electrically conductive.
forming substantially flat electrical leads in                  5. A
hermetically enclosed semiconductor  substantially coplanar arrangement,
sealing            35 device according to any preceding claim,  said leads
in insulating material parallel with 100                wherein said
semiconductor body comprises  said insulating surface and partially within
a semiconductor network, and said electrical  the enclosure, and wherein
said process steps                connections include a plurality of
connections  performed  on  said  semiconductor body
attached to said surface remote from  said  include making electrical
connection between            40 insulating surface.
some of said electrical leads and portions of 105                  6. A
hermetically enclosed semiconductor  said semiconductor body by attaching
con-                device according to any preceding claim, nections to
the surface of said body remote                wherein selected ones of
said electrical leads  from said insulating surface.                extend
between said body and said insulating   13. A method of manufacturing a
her-            45 surface.                                     metically
enclosed  semiconductor  device 110                  7. A hermetically
enclosed semiconductor  according to claim  11 or 12, wherein said
device according to any preceding claim, process steps performed on said
semicon-                wherein a cement secures said body to said  ductor
body include carrying out operations                insulating surface, and
said cement, said  on the body to change the physical shape            50
insulating  surface  and  said  body  have  and the electrical properties
of predetermined .115                mutually-compatible temperature
coefficients  regions of said body.                of expansion.
14. A method of manufacturing a her-                  8. . A method of
manufacturing a hermeti-  metically  enclosed  semiconductor  device
cally enclosed semiconductor device com-  according to claim 12, wherein
said step of             55 prising the steps of securing a semiconductor
forming includes the step of shaping a con- 120                body to a
substantially flat insulating surface  ductive sheet to form integral
strips therein.                on a substrate, sealing a wall portion
defining    15. A method of manufacturing a her-                an enclosed
area to said substrate and sealing  metically  enclosed  semiconductor
device 



substantially flat electrical leads in insulating  according to claim 14,
including the step of             60 material, in substantially coplanar
arrange-  separating said integral strips from  said 125
ment parallel with said insulating surface and  conductive sheet after said
step of sealing.                partially within said enclosed area said
body    16. A hermetically enclosed semiconductor                being
positioned within said enclosed area,  device when produced by the method
of any                making electrical connections between said  of claims
8 to 15.             65 leads and portions of said body including the  .
17. A method for producing the device 130
958,241           of any of claims 1 to 7 substantially as         H. D.
FIIZPATRICK & CO.,          described herein with reference to the accom-
Chartered Patent Agents,        panying drawings.             18. A
hermetically enclosed semiconductor  3 Gray's Inn Square, London, W.C.1.
5 device substantially as described herein with           refernece to the
accompanynig drawings.         and 94 Hope Street, Glasgow, C.2.
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