
4                                         1,124,264     wide. Into this
area of original material, the wafer extend into contact with the zones.
there are made two  very shallow diffusions    For switching use, the
junctions are spaced     41a and 42a of N and P-type materials, re-  apart
to form a PIN diode junction. For     spectively. The diffusions are very
shallow  mixer use, the confronting portions of the  5 (3 lines or 3x 0.016
mil) with high concen-  junctions are contiguous or overlap to form  70
trations. The junction between the N and a PN diode junction. In the latter
case,     P shallow diffusion  zones 41a and 42a is  the boundary of the
last diffused zone would     not or need not be accurately positioned as
define the diode junction.     long as it is within the 0.3 mil strip. The
10 junction between  the two zones is 1 mil  wide    WHAT WE CLAIM IS:-
and 3 lines (one line equals 0.0116 mil.) deep    1. A  high frequency
diode structure 75     or an area of 1 x3X0.016 mils=0.048 sq. which
comprises:     mil. This results 'in a very low capacitance  (a) a high
resistivity semiconductor     junction suitable for use in the mixer of
wafer; 15 Figure 1. Contacts 45 and 46 are readily     (b) a pair of zones
in said wafer of     applied to the two N+ and P+ regions of      opposite
conductivity types defined by 80     Figures 7 and 8 to  be used for
bonding or   junctions between each of said zones     pressure contacts
alloyed in.                   and the wafer which emerge at the sur-
Where the diode is to be employed in the   face of the wafer at adjacent
positions 20 mixer application,  the separation 48, Figure  to form a
diode, and     4, between the junctions will be reduced to  (c) a pair of
strip-line conductors on 85 



zero.  The boundaries of the two zones will  the surface of said wafer,
each conduc-     thus be contiguous. Surface-oriented diodes  tor extending
into contact with one of     for use in switching applications will be con-
said zones. 25 structed with separation between the two    2. A diode
structure according to Claim     zones and for high current capability,
will  1, in which said junctions are spaced apart 90     be interdigitated
as shown in Figure 5.  such that a narrow zone of high resistivity       In
Figure 4, the transmission lines 45 and  is disposed between the adjacent
portions     46 extend along the top of the  insulating  of the junctions
to form a PIN diode junc- 30 layer 44 from contact with the zones 41  tion.
and 42. Preferably, the transmission line    3. A diode structure according
to Claim  95     leading to and  from  the surface-oriented  1, in which
said junctions have contiguous     diode, except for the insulation over
the  portions forming a PN diode junction.     junctions as  shown in
Figure 4, will be    4. A diode structure according to Claim 35 formed
directly on  the surface of the semi-  1, in which said junctions are
spaced apart     conductor material 10. Preferably, ground  and are
interdigitated.             100     plane conductor 30 and the low
resistance    5. A diode structure according to any     conductive strips
45 and 46 are gold and  preceding claim, in which said pair of zones
overlay an extremely thin film of a metal  are diffused zones. 40  such as
molybdenum, as above noted, or of    6. A diode structure according to any
vanadium, platinum, nickel or tungsten eva-  preceding claim, in which said
wafer is an 105      porated to a thickness of a few microns to  isolated
island formed in a substrate by an      form an  underlayer for each
strip. The  insulation layer.      underlayer having a high eutectic
temper-   7.  A diode structure according to any 45 ature will prevent the
formation of lossy  preceding claim, in which each zone of the      zones
that would otherwise be present were  pair of zones has a relatively low
impurity 110 



gold strips to be formed directly onto the  concentration region and a
relatively high      silicon surface and then subjected to treat-  impurity
concentration region, the low im-      ment at temperatures wherein the
silicon  purity concentration regions are disposed 50 would become
intermixed with the gold at  to form a diode, and the strip-line conductors
the boundary thereof. Such zones are avoided  extend into contact with the
respective high 115      by the use of  the thin film 49. The ground
impurity concentration regions.      plane layer 30 is  shown as having
been     8.  A diode structure according to claim      formed over a film
49a on the bottom surface  7, in which the high impurity diffused re-  55
of the structure as shown in Figure 4 where  gion of each zone is
relatively deep and has      the film 49a would be of materials the same  a
relatively low resistance, and the low im- 120      as film 49.
purity concentration diffused region of each        Thus, in accordance
with the invention  zone  is relatively shallow and has a rela-      there
is provided a high-frequency diode  tively high resistance, a portion of
each of  60  structure in a semiconductor wafer. A pair  the low impurity
concentration regions be-      of zones in the wafer of opposite-conduc-
ing common with the high impurity concen- 125      tivity types each have
boundaries outside the  tration region to provide good electrical con-
other and have junctions thereof emerging to  tact, and the two high
impurity concentra-      the top  surface at closely adjacent points. A
tion  regions being spaced apart a greater  65 pair of  strip-line
conductors  on the top of distance than the low impurity concentration
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regions so that the adjacent edges of the low  impurity concentration
regions being com-             impurity  concentration regions will form
the  mon with the high impurity concentration             diode.
region to provide good electrical contact               9. A diode
structure according to Claim  and the two high impurity concentration re-
5  8 in which the edges of the low impurity con-  than the low impurity
concentration regions 70             centration   regions are spaced
apart to form   gions being spaced apart a greater distance             a
PIN diode junction.                       so that the adjacent edges of the
low impurity               10. A diode structure according  to Claim
concentration regions will form the diode.             8 in which the edges
of the low impurity    18.  The process for fabricating a surface-
10 concentration regions are contiguous to form   oriented diode   which
comprises:      75             a PN diode junction.
(a)  diffusing opposite type  impurities               11. A diode
structure according to any        into a common surface of a high-resis-
preceding Claim,  in  which an insulating        tivity  semiconductor
wafer through             layer is deposited on the surface and covers
spaced first and second surface areas to         15 the surface emergence
of the junctions de-     form  adjacent impurity zones of oppo-  80
fining the zones to control leakage currents,  site conductivity types the
adjacent             and the pair of strip lines extend through       edges
of which form a diode, and             openings in the insulating layer.
-           (b) forming a pair of strip-line con-                12. A
diode structure according to Claim     ductors on  the wafer  which extend
into         20  11, in which the insulating layer is an oxide.   contact
with the respective zones.   85                13. A diode structure
according to any    19. The  process according to claim 18,
preceding Claim, in which a conductive  including the additional steps of: 



ground plane is formed adjacent the surface  Diffusing opposite
conductivity type              of the wafer opposite the surface at which
impurities through third and fourth         25  the junctions emerge.
areas on the surface of the wafer which  90                14. A diode
structure according to any        overlap the first and second areas and
preceding claim, in which the wafer is intrin-  are spaced more closely
together than              sic silicon.
the first and second areas, to form third                15. A diode
structure according to' any       and fourth relatively shallow, relatively
30. one of claims 1 to 13, in which the wafer is   low impurity
concentration zones of 95              high-resistivity gallium arsenide.
types corresponding to that of the first                16. A  high
frequency diode structure         and second zones, respectively, and
which comprises:                                 forming an insulating
layer over the                   (a) a substrate
surface of the wafer where the junctions         35       (b) a
high-resistivity, single crystal     of the zones emerge to control leakage
100 semiconductor wafer disposed in a re-     current.
cess in the substrate and isolated from  20. The process for fabricating a
sur-                   the substrate by a first insulating layer,
face-oriented diode which comprises:                   the wafer and the
insulating layer         (a) selectively etching the surface of          40
emerging at the surface of the wafer        a high-resistivity
semiconductor wafer 105                   with the insulating layer around
the      to form a mesa,                   wafer,
(b) forming a layer of insulating ma-                   (c) a pair of zones
in said wafer of       terial over the etched surface of the
opposite conductivity types defined  by   wafer and the mesa,          45
junctions between each of said zones        (c) forming a bulk substrate
material 110                   and the wafer which emerge at the sur-
over the layer of insulating material to                   face of the
wafer at adjacent positions   a height greater than the height of the 



to form a diode,                           layer of insulating material on
the mesa,                   (d) a second layer of insulating ma-      (d)
lapping the exposed surface of the          50'     terial over the surface
of the wafer and    semiconductor wafer and the insulating 115
the emergence of the first insulating     layer until only the mesa and the
insu-                   layer, and                                  lating
layer around the mesa is left                   (e) a pair of strip line
conductors ex-   such that the mesa is then an island of
tending over the surface of the substrate  high-resistivity semiconductor
material          55       and the second insulation layer and
isolated  by the insulating layer,  120                    through openings
in the second insula-    (e)  diffusing opposite type impurities
tion layer into contact with the respec-   into the high-resistivity
semiconductor                    tive zones.
wafer through spaced first and second                 17. A diode structure
according to Claim     surface areas to form adjacent impurity          60
16, in which each of the zones is comprised     zones of opposite
conductivity types the 125               of a relatively deep high impurity
diffused  adjacent edges of which form a diode,               region having
a relatively low resistance and  and               a relatively shallow,
low impurity concen-     (f) forming a pair of strip-line con-
tration diffused region having a relatively    ductors on the wafer which
extend into          65  high resistance, a portion of each of the low
contact with the respective zones.  130        



6                                          1,124,264       21. The process
according to claim 20,  stantially as hereinbefore described with re-
including the additional steps of:        ference to Figs. 1 to 3 of the
accompanying          Diffusing opposite conductivity type  drawing.
impurities through third and fourth    23. A high frequency diode structure
sub-  5       areas on the surface of the wafer which  stantially as
hereinbefore described with re-          overlap the first and second areas
and  ference to Figs. 4 or 6 to 8 of the accom-          are spaced more
closely together than panying drawing.          the first and second areas
to form third.   24. The process for fabricating a surface- 25          and
fourth relatively shallow, relatively  oriented diode substantially as
hereinbefore 10       low impurity concentration zones of  described with
reference to the accompany-          types corresponding to that of the
first  ing drawing.          and second zones respectively, and
forming an insulating layer over the       H. D. FITZPATRICK & CO.
surface of the wafer where the junctions     Chartered Patent Agents, 15
of the zones emerge to control leakage   3 Gray's Inn Square, London,
W.C.1,          current.
and       22. A high frequency diode structure sub-     5 Park Gardens,
Glasgow, C.3.               Printed for Her Majesty's Stationery Office by
Burgess & Son (Abingdon), Ltd.-1968.                  Published at The
Patent Office, 25 Southampton Buildings, London, W.C2,
from which copies may be obtained.    


