
4                                        953,058     exposed to light
through a mask having 1 with  cross-hatched lines extending up-    opaque
areas immediately adjacent the areas  wardly to the left.    in which it is
desired to form  the afore-   Next, the entire surface may be covered
mentioned apertures.  The assembly may  with an insulating material which
serves  5 then be washed to remove the photo-resist  both as a dielectric
for capacitor C and as 70    material from  those unexposed -areas atop   a
coating to protect the metal films from    the emitter, base, and collector
regions, and   oxidation and deterioration. This dielectric    the assembly
may then be bronght into con-  film is shown in Fig. 1 as covering only the
tact with an etching solution which is effec-  area identified with the
symbol 7 and an ex- 10 tive to etch through the insulating coating  tension
over the plate 8 in order that the 75    to form recesses of the desired
depth. After  Figure may be more readily understood. Of    this has been
accomplished, the photo-resist  course, if it were desired to coat only the
area    material is removed by immersion in methy-  indicated by numeral 7,
a mask having a    lent chloride.                             rectangular
aperture in the position of rect- 15   Next, the assembly is mechanically
masked  angle 7 could be employed to prevent deposit 80    over its entire
surface except where the  other than in this area.    recesses have been
etched, and suitable    After the dielectric has been deposited,
ohmic-contact-making material is evaporated  the area indicated by the
symbols 4 and 6 is    or otherwise deposited therein. Thus, for  coated
with a highly conductive film similar 20 example, if an NPN-type transistor
is being  to that employed for film 8, and the capaci- 85    formed, a mask
might be used to cover a   tor is thereby completed.
2C    of the surface except the emitter and collector    Although the
embodiment of Fig. 1 does    recesses, and antimony-doped gold or other
not include an inductance element, it will be    suitable material could be
evaporated or  obvious to one skilled in the art that a semi- 25 otherwise
deposited through the mask into  conductor device according to the
invention 90    the recesses. Thereafter, the entire surface  could include
such an element.  For a    of the member I could be masked except for
detailed explanation of the manner in which    the base recess, into which
a suitable ohmic-  one may apply spiral inductances to a flat
contact-making material such as aluminum   surface, reference is hereby
made to pages 30 might be evaporated or otherwise deposited.  17 and 18 of
the booklet entitled, "Printed 95    After this has been accomplished, the
entire  Circuit Techniques," by Cledo Brunetti and     30    assembly is
heated to a predetermined tem-  Roger Curtis, National Bureau of Standards
perature at which the deposited material  Circular 468, issued November 15,
1947.    alloys with the base emitter, and collector    It will now be seen
that the entire mem- 35 to form  severally distinct ohmic contacts  ber
depicted in Figs. 1, 3, and 4 has been 100 



therewith. Since the principles of alloying  formed in such manner that
both active and      35    ohmic contacts to semiconductor devices are
passive elements are provided in one physic-    well known in the art, no
further description  ally integrated member of extremely small    of
details thereof will be given here.    size.  Thus, in one actual
embodiment 40   After the afore-mentioned ohmic contacts  according to Fig.
l, the dimensions in inches 105    have been made, either the resistive
films  were only 0.10 by 0.10 by 0.01.                     40    or the
highly conductive films can be next    It will also be apparent that the
teachings    applied. Assuming, for the purposes of this  of the
afore-mentioned pending application    description, that highly conductive
films are  could be advantageously combined with the 45 next applied, a
mask is fitted over the sur-  teachings of the invention described in this
110    face of the member 1 to expose only those  application to produce a
structure exhibiting    45    areas shown (in Fig. 1) with a cross hatch
the advantages and features of both thereof.    line extending upwardly to
the right. These  Thus, for example, the active semiconductor    areas
comprise those identified with the  elements, the resistance elements whose
value 50 numerals 15, 23, 17, 2, 3, 5. and the lower-  is not critical, and
the distributed capaci- 115    most plate 8 of capacitor C. Next, any suit-
tance elements could be formed in the man-    able highly conductive
material, such as  ner described in the pending application, and    copper
or gold, is applied by vacuum deposi-  high stability resistors,
capacitors, and in-    tion technique such as that described in the
ductors formed in the manner described 55 book, Vacuum Deposition of Thin
Films, by  herein. Connections therebetween could be 120    Holland,
published by Chapman & Hall,  made by etching apertures through the insu-
1956. A relatively thick film is applied to  lating coating at the desired
points and the    the indicated areas in order that the resist-  depositing
of suitable ohmic-contact-making    ance thereof may be made low.
material to provide connections as described 60   After the low resistance
films have been  above.                                    125    applied,
the surface is exposed through a    WHAT WE CLAIM IS    'different mask to
permit deposition of a   1. A device comprising a body of semi-
relatively  thin  film  of highly  resistive  conductor material having a
first region of    materials, such as nichrome (Registered  one type
conductivity and a second region 65 Trade Mark), to the areas indicated in
Fig.  of opposite type conductivity contiguous 130       4
953,058     exposed to light through a mask having   1 with cross-hatched
lines extending up-    opaque areas immediately adjacent the areas  wardly
to the left.    in which it is desired to form  the afore-    Next, the
entire surface may be covered    mentioned apertures.  The assembly may
with an insulating material which serves  5 then be washed to remove the
photo-resist  both as a dielectric for capacitor C and as 70 



material from those unexposed areas atop  a coating to protect the metal
films from          5 n    the emitter base and collector regions, and
oxidation and deterioration. This dielectric    the assembly may then be
bronght into con-  film is shown in Fig. 1 as covering only the    tact
with an etching solution which is effec-  area identified with the symbol 7
and an ex- 10 tive to etch through the insulating coating  tension over the
plate 8 in order that the 75    to form recesses of the desired depth.
After  Figure may be more readily understood. Of    this has been
accomplished, the photo-resist  course, if it were desired to coat only the
area    material is removed by immersion in methy-  indicated by numeral 7,
a mask having a    lene chloride.                       rectangular
aperture in the position of rect- 15  Next, the assembly is mechanically
masked  angle 7 could be employed to prevent deposit 80    over its entire
surface except where the  other than in this area.    recesses have been
etched, and suitable    After the dielectric has been deposited,
ohmic-contact-making material is evaporated  the area indicated by the
symbols 4 and 6 is    or otherwise deposited therein. Thus, for  coated
with a highly conductive film similar 20 example, if an NPN-type transistor
is being  to that employed for film 8, and the capaci- 85    formed, a mask
might be used to cover all  tor is thereby completed.    of the surface
except the emitter and collector    Although the embodiment of Fig. 1 does
recesses, and antimony-doped gold or other  not include an inductance
element, it will be      ha    suitable material could be evaporated or
obvious to one skilled in the art that a semi- 25 otherwise deposited
through the mask into  conductor device according to the invention 90
the recesses. Thereafter, the entire surface  could include such an
element.  For a         25 sec    of the member 1 could be masked except
for  detailed explanation of the manner in which    the base recess, into
which a suitable ohmic-  one may apply spiral inductances to a flat
contact-making material such as aluminum   surface, reference is hereby
made to pages 30 might be evaporated or otherwise deposited.  17 and 18 of
the booklet entitled, "Printed 95    After this has been accomplished, the
entire  Circuit Techniques," by Cledo Brunetti and assembly is heated to a
predetermined tem-  Roger Curtis, National Bureau of Standards    perature
at which the deposited material  Circular 468, issued November 15, 1947.
alloys with the base emitter, and collector    It will now be seen that the
entire mem-    35 to form  severally distinct ohmic contacts  ber depicted
in Figs. 1, 3, and 4 has been 100    therewith. Since the principles of
alloying  formed in such manner that both active and    ohmic contacts to
semiconductor devices are  passive elements are provided in one physic-
5    well known in the art, no further description  ally integrated member
of extremely small    of details thereof will be given here.   size.  Thus,
in one actual embodiment 40  After the afore-mentioned ohmic contacts
according to Fig. 1, the dimensions in inches 105    have been made, either
the resistive films  were only 0.10 by 0.10 by 0.01.    or the highly
conductive films can be next    It will also be apparent that the teachings
applied. Assuming, for the purposes of this  of the afore-mentioned pending
application    description, that highly conductive films are  could be
advantageously combined with the 45 next applied, a mask is fitted over the
sur-  teachings of the invention described in this 110    face of the
member I to expose only those  application to produce a structure
exhibiting    areas shown (in Fig. 1) with a cross hatch  the advantages
and features of both thereof.    line extending upwardly to the right.
These  Thus, for example, the active semiconductor 



areas comprise those identified with the  elements, the resistance elements
whose value 50 numerals 15, 23, 17, 2, 3, 5, and the lower-  is not
critical, and the distributed capaci- 115    most plate 8 of capacitor C.
Next, any suit-  tance elements could be formed in the man-    able highly
conductive material, such as  ner described in the pending application, and
copper or gold, is applied by vacuum deposi-  high stability resistors,
capacitors, and in-   from    tion technique such as that described in the
ductors formed in the manner described 55 book, Vacuum Deposition of Thin
Films, by  herein. Connections therebetween could be 120    Holland,
published by Chapman & Hall,  made by etching apertures through the insu-
1956. A relatively thick film is applied to  lating coating at the desired
points and the    passi    the indicated areas in order that the resist-
depositing of suitable ohmic-contact-making    ance thereof may be made
low.        material to provide connections as described 60  After the low
resistance films have been  above.                        125    applied,
the surface is exposed through a    WHAT WE CLAIM IS:-    'different mask
to permit deposition of a  1. A device comprising a body of semi-
relatively  thin  film  of highly resistive  conductor material having a
first region of    materials, such as nichrome (Registered  one type
conductivity and a second region 65 Trade Mark), to the areas indicated in
Fig. of opposite type conductivity contiguous 130
953,058                  thereto to form a P-N junction, said regions
passive circuit elements.                 extending to one and the same
surface of    9. A device according to claim 3, wherein
said body, insulating material on said one  said first region, said second
region and said surface, and at least one passive circuit ele-  region
immediately underlying said second               5 ment formed on said
insulating material.  region are the emitter, base and collector 10
2. A device comprising a body of semi-  regions respectively  of a
transistor, said                 conductor material having a first region
of  passive circuit element or one said passive                 one type
conductivity and a second region  circuit element is a resistor including a
resis-  75             of opposite type conductivity contiguous  tive film
on said insulating material and in-              10 thereto to form a P-N
junction, said regions  cluding conductive material on said insulat- 75
extending to one and the same surface of  ing material interconnecting one
end of said.                 said body and being spaced from the oppo-
resistive film and one of said regions.                 site surface of
said body insulating material    10. A  device comprising an electrical  on
said one surface, and at least one passive  network having at least one
circuit element              15 circuit element formed on said insulating
which includes a P-N junction and at least 80                 material.
one passive other circuit element, a body of                   3. A device
according to claim  1 or 2,  semiconductor material, the or each P-N 



wherein said P-N junction defines at said one  junction circuit element of
said electrical net-                 surface a first enclosed area, said
first region  work being formed in said body and having   20 overlies said
second region, the region im-  regions of opposite conductivity types
thereof 85                 mediately underlying said second region
extending to one and the same surface of said                 having said
one conductivity type thereby  body, insulating material on said one sur-
forming with said second region another  face, and the or each passive
other circuit                 P-N junction defining at said one surface a
element of said electrical network being              25 second enclosed
area surrounding said first  formed on said insulating material.  90
enclosed area.                              11. A semiconductor device
according to                   4. A device according to any preceding
claim 10, including two or more passive cit-       claim, wherein  said
insulating  material  cuit other elements and conductive material defines
an aperture therein extending to said  overlying said insulating material
and inter-              30 one surface, a contact element positioned at
connecting selected passive other circuit 95                 least
partially within said aperture ohmically elements with each other and with
selected                 contacting one of said regions, and conduc-  ones
of said regions.                 tive material extending from  said contact
12. A semiconductor device according to element and positioned on said
insulating  claim 10 or 11, including insulating material d            35
material.                                 overlying said passive other
circuit element 100                    5. A device according to claims 3
and 4,  or elements or selected ones of said passive
wherein said insulating material defines an-  other circuit elements. other
aperture therein extending to said one    13. A device according to claim
II or surface, another contact element positioned  claims II and  12,
including  insulating              40 at least partially within said other
aperture  material overlying said conductive material. 105
omically contacting another of said regions,    14. A  method of producing
a device                  and conductive material extending from said
comprising the steps of forming, in a body of  other contact element and
positioned on said  semiconductor material, a first region of one
insulating material.                      type conductivity extending to
one surface               45   6. A device according to claim 5, wherein
of said body, forming, in said body contigu- 110                  said
insulating material defines a further  ous with said first region, a second
region                  aperture therein extending to said one sur-  of
opposite conductivity type extending to  face, a further contact element
positioned at  said one surface, forming insulating material  least
partially within said further aperture  on said one surface, and forming at
least one              50 ohmically contacting a further one of said
passive circuit element on said insulating 115  regions, and conductive
material extending  material.  from said further contact element and posi-
15. A  method of producing a device  tioned on said insulating material.
comprising the steps of forming, in a body  7. A device according to any
preceding  of semiconductor material, a first region of  55 claim, wherein
the passive circuit element or  one type conductivity extending to one sur-
120  he              passive circuit elements is or are connected  face of
said body and spaced from the oppo-                  to a selected one or
both or selected ones  site surface of said body, forming, in said
of said regions or interconnected or provided  body contiguous with said
first region, a     with terminal connections by conductive  second region
of opposite conductivity type               60 material and/or conductive
material over-  extending to said one surface and being 125 



lying further insulating material on said first-  spaced from said opposite
surface, forming  mentioned insulating material.            insulating
material on said one surface, and  on              8. A device according to
any preceding  forming at least one passive circuit element  claim,
including insulating Material over-  on said insulating material.
65 lying said passive circuit element or selected    16. A method according
to claim 14 or 130                         6
953,058      15. including the steps of forming an aperture  insulating
material to interconnect the or                       in said insulating
material extending to said  selected passive other circuit elements with
one surface, positioning a contact element at  each other and with selected
ones of said                       least partially within said aperture to
ohmic-  regions.                              65                       ally
contact one of said regions, and extend-    26. A  method according to
claim  25.                       ing conductive material from  said contact
wherein at least one of said regions is formed
element over said insulating material.    by the step of diffusion.
17. A method according to claim  16,    27. A  method according to claim
24,                      comprising the steps of forming another  wherein
said or at least one of said passive 70 10 aperture in said insulating
material extend-  other circuit elements is a resistor formed on
ing to said one surface, positioning another  said insulating material by
applying a resis-                      contact element at least partially
within said  tive film thereon.                      another aperture to
ohmically contact the    28. A  method according to claim  27,
other of said regions, and extending con-  wherein the other or another of
said passive 75                   15 ductive material from said other
contact ele-  other circuit elements is a capacitor and one
ment over said insulating material.      plate of said capacitor is formed
on said in-                         18. A method according to any of claims
sulating material concurrently with the appli-                      14 to
17, including the step of connecting a  cation of said conductive material.
selected one or both of said regions to the   29. A  method according to
claim  24, 80                   20 passive circuit element or elements.
wherein a resistor is formed on said insulat-                        19. A
method according to claim  18,  ing material by applying a resistive film
wherein said step of connecting includes  thereon, one plate of a capacitor
is applied                      applying conductive material on said insu-
on said insulating material, the capacitor di-                      lating
material.                           electric is applied on said one plate,
and in- 85                   25   20. A method according to any of claims
sulating material is applied on said resistive                      14 to
19, wherein said passive circuit ele-  film concurrently with the
application of said                      ments or at least one of said
passive circuit  capacitor dielectric.                      elements formed
on said insulating material   30. A method according to any of claims
is formed by applying a resistive film thereon.  24 to 27, including the
step of forming insu- 90                  30  21. A method according to
claim 16 or  lating material on said passive other circuit 



17 and claim 19 and/or 20, wherein insulat-  element or elements.
ing material is formed over said conductive   31. A  method according to
claims 25                      material and/or said resistive film.
and 30, including the step of forming insu-                        22. A
method according to claim  21,  lating material on said conductive
material. 95                  35 wherein  another passive circuit element
32. A  device when produced by the                     formed on said
insulating material is a capa-  method of any of claims 14 to 31.
citor and one plate of said capacitor is    33. A semiconductor device
substantially                     formed on said insulating material
concur-  as hereinbefore described with reference to
rently with the application of said conductive. Figs. 1 to 4 of the
accompanying drawing.  100                 4  material in said step of
connecting.        34. A  transistor comprising a body of
23. A method according to any of claims  semiconductor material containing
the emit-                     14 to 22, wherein at least one of said
regions  ter, base and collector regions of alternating
is formed by the step of diffusion.        conductivity  type, the
successive regions                       24. A  method of producing a semi-
overlying one another and all extending to 105                  45
conductor device consisting of an electrical one and the same face of said
body, insulat-                     network having at least one circuit
element  ing material on selected areas of said one
which includes a P-N junction and at least  face, and contact elements
secured to said                     one passive other circuit element,
comprising  one face and ohmically connecting to each
the steps of forming, in a body of semi-  of said regions.
11                  50 conductor material, the or ech P-N junction   35. A
transistor according to claim 34,                     circuit element of
said electrical network with  including conductive material extending from
the regions thereof extending to one and the  each contact element and
positioned on said                     same surface of said body, forming
insulat-  insulating material.                     ing material on said one
surface and forming  36. A  transistor according to claim 35, 120
55 the or each passive other circuit element of  Including further
insulating material on said                     said electrical network on
said insulating  conductive material.                     material.
H: D. FITZPATRICK & CO.,                       25. A  method according to
claim  24,             Chartered Patent Agents,                     wherein
the device includes two or more pas-  3 Gray's Inn Square, London, W.C.1.,
60 sive other circuit elements comprising the                     and
steps of applying conductive material on said   94 Hope Street, Glasgow,
C.2,                  Berwick-upon-Tweed: Printed for Her Majesty's
Stationery Office by The Tweeddale Pree Ltd.-1964                 Published
at The Patent Office, 25 Southampton Buildings, London, W.C.2. from Which
copies may
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