
988,367      and base emitter functions free and clean. semiconductor wafer
having a diffused zone 65     Wire leads may later be cold-pressure  of
conductivity type opposite to that of the     bonded to the Indalloy
emitter and base con-  semiconductor materi adjacent it with the     tacts.
P-N junction therebetween terminating at  5   A layer 18 of molybdenum is
placed be-  one major wafer face and there defining an     tween the wafer
and the header. The molyb-  enclosed area, said wafer further having a  70
denum has a coefficient of thermal expan-  plurality of diffused elongated
portions on     sion substantially equal to that of silicon,  said one
major wafer face within said en-     whereas the normal header materials do
not.  closed area, each elongated portion having a 10 By mounting the wafer
on the layer of  conductivity type opposite to that of the     molybdenum
rather than directly to the  semiconductor material immediately under- 75
header, it is possible to minimize the stresses  lying it with the P-N
junction therebetween     induced in the wafer as the temperature of
terminating at said one major wafer face,     the unit is changed.
and conductive material ohmically intercon- 15    Devices fabricated by.
the method of the  necting said elongated portions.     present invention
hereinbefore described    2. A semiconductor device according to  80
have exhibited certain improved character- claim 1, wherein said one major
wafer face     istics not present in devices of the prior art. is a plane
surface.     First, the "E"-shaped or multi-armed emit-   3. A
semiconductor device according to 20 ter zone provides a long, extended
emitter-  claim 1 or 2, wherein said elongated por-     base junction which
results in greater cur-  tions are arranged to define a multi-armed  85 



rent-carrying capacity.                    configuration.       The deep
diffused collector region is of   4. A semiconductor device according to
very low resistivity, thus effectively reducing any preceding claim,
including an ohmic 25  the collector saturation resistance. In fact,
contact secured to said one major wafer face     the collector saturation
resistance obtained  inside said enclosed area and outside said 90     with
the transistor of the present invention  elongated portions, said ohmic
contact and     is sufficiently low that it approaches the  said conductive
material being interleaved     value of saturation resistance obtained with
with each other. 30  alloy-type transistors.                      5. A
semiconductor device according to       As all of the exposed portions of
both the  any preceding claim, wherein said wafer is 95     base-collector
and the base-emitter junctions  rectangular parallelepiped shaped.     are
located in the relatively protected upper    6. A transistor comprising a
semiconduc-     surface of the water, there is considerably  tor. wafer
having a diffused collector zone 35 less danger of shorting one of the
junctions  and a base zone of opposite conductivity     and the leakage
current of this transistor is  types with the collector-base P-N  junction
100     considerably less than that of prior art tran- therebetween
terminating at one major wafer     sistors, as there is less contamination
of the  face and there defining an enclosed area, the     active junctions.
emitter of said transistor including a plur- 40    The advantages accruing
from the use of  ality of diffused elongated portions of said     Indalloy
to form the base, emitter and col-  wafer on said one major wafer face
within 105     lector contacts have been previously men- said enclosed area
and each having a con-     tioned. The primary advantage in such use
ductivity type opposite to that of said base     of this material stems
from its property of  zone, conductive material ohmically inter- 45
wetting or adhering to the nickel plating  connecting said elongated
portions, and     without adherance to the exposed. junction  ohmic
contacts connected to said collector 110     areas of the wafer. This makes
possible the  and base zones.     formation of all contacts and the
mounting   7. A  transistor according to claim  6, 



of the wafer on the header simultaneously.  wherein said one major wafer
face is plane. 50   Although this invention has been dis-   8. A method of
fabricating a semicon-     closed by means of an illustrative embodi-
ductor device, comprising .the steps of form- 115     ment thereof, the
invention is not intended  ing two zones of opposite conductivity types
to be limited to this embodiment and modi-  in a semiconductor wafer with
the P-N     fication may be made. Thus, for example,  junction therebetween
terminating at one 55  the emitter region, instead of being "E"-    major
wafer face and there defining an en-     shaped as described, might have an
asterisk  closed area, including the step of diffusing 120     or
starfish-shaped configuration, resulting in  a conductivity type
determining impurity in-     a long base-emitter junction and a relatively
to said wafer, forming, in said wafer, a plur-     small emitter area.
Also, in those instances  ality of elongated portions on said one major 60
wherein the emitter area is not so critical,  wafer face within said
enclosed area, each     other configurations, such as a circle, could
elongated portion having a conductivity type 125     be used.
opposite to that of the semiconductor
material immediately underlying it with the       WHAT WE CLAIM IS:-
P-N  junction therebetween terminating at       1. A semiconductor device
comprising a  said one major wafer face, including the         6
988,367     and base emitter functions free and clean. semiconductor wafer
having a diffused zone 65 
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that of the     bonded to the Indalloy emitter and base con-  semiconductor
material adjacent it with the     tacts.
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and the header. The molyb-  enclosed area, said wafer further having a 70
denum has a coefficient of thermal expan-  plurality of diffused elongated
portions on     sion substantially equal to that of silicon,  said one
major wafer face within said en-     whereas the normal header materials do
not.  closed area, each elongated portion having a 10  By mounting the
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15    Devices fabricated by the method of the  necting said elongated
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character-  claim 1, wherein said one major wafer face     istics not
present in devices of the prior art.  is a plane surface.     First, the
"E"-shaped or multi-armed emit-   3. A semiconductor device according to 20
ter zone provides a long, extended emitter-  claim 1 or 2, wherein said
elongated por-     base junction which results in greater cur-  tions are
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configuration.       The deep diffused collector region is of    4. A
semiconductor device according to     very low resistivity, thus
effectively reducing any preceding claim, including an ohmic 25  the
collector saturation resistance. In fact, contact secured to said one major
wafer face     the collector saturation resistance obtained  inside said
enclosed area and outside said  90     with the transistor of the present
invention  elongated portions, said ohmic contact and     is sufficiently
low that it approaches the  said conductive material being interleaved 



value of saturation resistance obtained with  with each other. 30
alloy-type transistors.                        5. A semiconductor device
according to       As all of the exposed portions of both the  any
preceding claim, wherein said wafer is 95     base-collector and the
base-emitter junctions  rectangular parallelepiped shaped.     are located
in the relatively protected upper    6. A transistor comprising a
semiconduc-     surface of the water, there is considerably  tor wafer
having a diffused collector zone 35  less danger of shorting one of the
junctions  and a base zone of opposite conductivity     and the leakage
current of this transistor is  types with the collector-base P-N junction
100     considerably less than that of prior art tran-  therebetween
terminating at one major wafer     sistors, as there is less contamination
of the  face and there defining an enclosed area, the     active junctions.
emitter of said transistor including a plur- 40    The advantages accruing
from the use of  ality of diffused elongated portions of said     Indalloy
to form the base, emitter and col-  wafer on said one major wafer face
within 105     lector contacts have been previously men-  said enclosed
area and each having a con-     tioned. The primary advantage in such use
ductivity type opposite to that of said base     of this material stems
from its property of  zone, conductive material ohmically inter- 45
wetting or adhering to the nickel plating  connecting said elongated
portions, and     without adherance to the exposed junction  ohmic contacts
connected to said collector 110     areas of the wafer. This makes possible
the  and base zones.     formation of all contacts and the mounting    7. A
transistor according to claim  6,     of the wafer on the header
simultaneously.  wherein said one major wafer face is plane. 50    Although
this invention has been dis-   8. A method of fabricating a semicon-
closed by means of an illustrative embodi-  ductor device, comprising the
steps of form- 115     ment thereof, the invention is not intended  ing two
zones of opposite conductivity types     to be limited to this embodiment
and modi-  in a semiconductor wafer with the P-N     fication may be made.
Thus, for example, junction therebetween terminating at one 55  the emitter
region, instead of being "E"-  major wafer face and there defining an en- 



shaped as described, might have an asterisk  closed area, including the
step of diffusing 120     or starfish-shaped configuration, resulting in  a
conductivity type determining impurity in-        long base-emitter
junction and a relatively  to said wafer, forming, in said wafer, a plur-
small emitter area. Also, in those instances  ality of elongated portions
on said one major 60  wherein the emitter area is not so critical, wafer
face within said enclosed area, each     other configurations, such as a
circle, could  elongated portion having a conductivity type 125     be
used.                                    opposite to that of the
semiconductor                                                  material
immediately underlying it with the       WHAT WE CLAIM IS:-
P-N  junction therebetween terminating at       1. A semiconductor device
comprising a  said one major wafer face, including the
988,367                                         7             step of
masking said one major wafer face to   15. A method of fabricating a
semicon-             expose elongated areas thereon and diffusing  ductor
device comprising the steps of diffus-             a conductivity type
determining impurity in-  ing an opposite conductivity type determin-
to the exposed areas to form said elongated  ing impurity into all the
surfaces of an ex- 60          5 portions, applying conductive material on
trinsic semiconductor wafer to form a P-N              said one major wafer
face, ohmically inter-  junction, lapping one surface of said wafer
connecting said elongated portions, applying  to remove the diffused region
adjacent said              conductive material on said one major wafer  one
surface whereby said P-N  junction              face in ohmic contact with
the semiconduc-  terminates at said one surface and there de- 65 



10 tor material immediately underlying said  fines an enclosed area,
masking said wafer              elongated portions and applying an ohmic
to expose an area on said one surface within              contact to the
semiconductor material out-  said enclosed area, diffusing an opposite
side said enclosed area.                   type conductivity determining
impurity into                9. A  method according to claim  8, said area
and applying an ohmic contact on 70          15 wherein the conductive
material ohmically  said area and an ohmic contact on said en-
interconnecting said elongated portions and  closed area outside said area.
the conductive material ohmically connected    16. A method according to
claim  15,              to the semiconductor material immediately  wherein
said wafer is silicon and wherein              underlying the elongated
portions are the  said step of masking comprises oxidizing at 75         20
same material.                              least the lapped surface of
said wafer to                10. A  method according to claim  9, form
silicon oxide thereon, applying photo-              wherein the conductive
material is nickel.   sensitive material over said lapped surface,
11. A method according to claim 8 or 9, superimposing  upon  said
photosensitive              wherein an impurity is diffused into said
material a  stencil bearing  a  centrally 80          25  enclosed area
prior to the application of said  located, opaque indicia, developing
portions              conductive material which impurity is insuf-  of said
photosensitive material by exposing              ficient to alter the
conductivity types of each  it to light through said stencil, dissolving
the              elongated portion and the semiconductor undeveloped
portion of said photosensitive              material immediately underlying
it.    material to expose an area of said silicon 85          30   12. A
method according to any of claims  oxide on said lapped surface, and
dissolving              8 to 11, wherein the step of applying the  the
silicon oxide from said area to expose conductive  material interconnecting
the  the area on said one surface.              elongated portions and the
step of apply-    17. A method according to claim  16,              ing the
conductive material in ohmic contact wherein said silicon oxide is removed
from  90          35 with the semiconductor material immediately  at least
said one surface prior to said step of underlying said elongated portions
includes  applying the ohmic contacts. 



the step of masking said one surface where-  18. A method according to
claim 16 or              by the P-N junctions are covered and only  17,
wherein said area on said one surface is              the contact areas are
exposed.         multi-armed in configuration.           95          40
13. A method according to any of claims    19. A semiconductor device when
pro-              8 to 11, wherein the step of applying con-  duced by the
method of any of claims 8 to              ductive material in ohmic contact
with the  18.              semiconductor material immediately under-   20.
A semiconductor device substantially              lying said elongated
portions includes apply-  as described herein with reference to the 100
45 ing the conductive material on the P-N   accompanying drawings.
junction defining said enclosed area and    21. A method of fabricating a
semicon-              thereafter  removing  such  conductive  ductor device
substantially as described              material.
herein with reference to the accompanying                14. A method
according to any of claims  drawings.                                 105
50 8 to 13, including the step of applying a              solder to the
conductive material intercon-  H. D. FITZPATRICK & CO.,
necting said elongated portions and the con-   Chartered Patent Agents,
ductive material in ohmic contact with the  3 Gray's Inn Square, London,
W.C.1, semiconductor material immediately under-                and
55 lying said elongated portions and there after  94 Hope Street, Glasgow
C.2.              attaching leads thereto.                   Abingdon:
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Ltd.-1965                           Published at The Patent Office, 25
Southampton Buildings, London, W.C.2,
from which copies may be obtained.    


