
HIGH VOLTAGE POWER SCHOTTKY WITH ALUMINIUM       BARRIER METAL SPACED FROM
FIRST DIFFUSED RING   FIELD OF THE INVENTION           This invention
relates to Schottky diodes, and more specifically relates to a high voltage
Schottky diode with high speed turn off.  BACKGROUND OF THE INVENTION
Schottky diodes are very well known and normally employ a high work
function material which is in 



contact with an epitaxially grown N silicon surface. The Schottky diode has
the advantage over a P/N junction diode of very high speed reverse
recovery, permitting their use in very high frequency applications. Higher
voltage prior art Schottky diodes frequently employ a P[err] guard ring
diffusion which encloses and contacts the contact metal. Such prior art
devices, and a process for their manufacture, are typically shown in U.S.
Patent 4,899,199 to Herbert Gould. The guard ring, at lower voltage, causes
low leakage current and a very sharp avalanche breakdown characteristic.
Presently known Schottky diodes are usually rated at less than about 200
volts. However, as the reverse voltage increases, a higher resistivity
epitaxial silicon is needed. Thus, the forward current can cause a
resistive voltage drop in the epitaxial silicon higher than a diode drop
(about 0.7 volts). This then causes the N[err]/P[err] junction to be
forward biased to inject minority carriers during forward conduction. The
main advantage of high speed turn-off is then lost.  BRIEF SUMMARY OF THE
INVENTION           The present invention provides a novel Schottky diode
which has a voltage rating in excess of about 400 volts while still
retaining the high speed operation and 



sharp avalanche voltage characteristics of lower voltage Schottkys.
-la-                  In accordance with the present invention, there
is provided  a   high voltage Schottky diode comprising a         chip of
monocrystalline silicon having an N+ body (lO)and        an N- epitaxial
silicon layer (11) atop said N+ body; a        Schottky barrier forming
contact layer (31) disposed atop  5     and in contact with the upper
surface of said N-        epitaxial silicon layer; a P+ diffusion guard
ring (30)         diffused into the surface of said epitaxial layer and
surrounding the periphery of said Schottky barrier        forming layer;
the inner periphery of said P+ diffusion 



10    guard ring being spaced from the outer periphery of said
Schottky barrier forming contact layer by a lateral gap        of
predetermined spacing ("X"); and a second contact        layer (16)
disposed on the bottom of said N+ body to        define a vertical
conduction device; and being 15     characterized in that said
predetermined spacing of said        lateral gap is sufficiently small such
that the silicon        in said gap becomes fully depleted when a reverse
voltage        applied between said second contact layer and said
Schottky barrier forming contact reaches a value that is 20     a small
fraction of the full rated reversed voltage that         can be supported
by said device; said upper surface of        said chip having an oxide
layer (40) formed thereon; said        oxide layer having a central window
(44) which exposes        the surface of said N- layer and having a
ring-shaped 25    window (42) which exposes at least a portion of the
surface of said P+ diffusion; said Schottky barrier        forming metal
contacting said N- layer and said P+        diffusion through said central
window and said ring     



-lb-  shaped window, respectively, and at least partly overlapping and
adhering to the edges of said oxide surrounding said central window.
In the invention, the first P+ guard ring is intentionally spaced from the
contact metal by a short gap in the N epitaxial silicon surface which can
fully deplete at low voltage during reverse bias. Consequently, the
floating P+ ring will not inject minority carriers during forward current
conduction and, during reverse bias, it is quickly     



-4-                To form the structure of Figure 2, an oxide layer 40 has
a plurality of ring-shaped windows 41 and 42 formed therein and the P+
rings 30 and 32, respectively, are diffused through these windows. A
central window 44 is then formed in oxide 40, and an aluminum layer is then
deposited atop the entire upper surface and in contact with the central N
epitaxial layer 11 and the P+ rings 30 and 32. Note that the aluminum
adheres well to the oxide. The aluminum is then etched to define
ring-shaped contacts 50 and 51 and the central barrier contact 31.
As a critical part of the process, the first P+ ring 30 is spaced from, but
is close to, the outer periphery of contact 31 at the N- region. This gap
is shown as gap "X" in Figure 2, and is dimensioned to be fully depleted at
a relatively low instantaneous reverse 



voltage. Typically, for a rated reverse voltage of about 600 volts, N-
region 11 will be 60 [err]m thick and will be 19.0 ohm-cm material.  Gap
"X" will be about 10 microns.           The novel structure operates at
high reverse voltage, for example, above 400 volts. During forward
conduction, ring 30 is not connected to contact 31 and will not inject
holes, even if there is a forward voltage drop in the silicon, higher than
0.7 volts. During reverse bias, however, the gap "X" quickly depletes and
ring 30 is connected to contact 31 and acts to spread the electric field at
the edge of the contact 31 before the field has reached a high value. Note
that the aluminum contact 31 also overlaps the oxide 40 and also acts as a
field plate. The use of aluminum as the barrier metal permits simplified
processing and adheres well to oxide.           As a further feature of the
invention, heavy metal lifetime killing atoms, for example, gold, can be
diffused with the silicon body 10. Electron irradiation may also be used.
An amorphous silicon layer 52, about 1800 [err] thick, can be added as a
spreading resistor to provide more reliable reverse voltage performance.
Although the present invention has been described in relation to particular
embodiments thereof, many other variations and modifications and other uses



will become apparent to those skilled in the art. It is preferred,
therefore, that the present invention be limited not by the specific
disclosure herein, but only by the appended claims.
REPLACEMENT SHEET                                           CLAIMS
1.  A high voltage Schottky diode comprising a         chip of
monocrystalline silicon having an N+ body (lO)and         an N- epitaxial
silicon layer (11) atop said N+ body; a  



Schottky barrier forming contact layer (31) disposed atop   5     and in
contact with the upper surface of said N-         epitaxial silicon layer;
a P+ diffusion guard ring (30)         diffused into the surface of said
epitaxial layer and         surrounding the periphery of said Schottky
barrier         forming layer; the inner periphery of said P+ diffusion  10
guard ring being spaced from the outer periphery of said         Schottky
barrier forming contact layer by a lateral gap         of predetermined
spacing ("X"); and a second contact         layer (16) disposed on the
bottom of said N+ body to         define a vertical conduction device; and
being  15     characterized in that said predetermined spacing of said
lateral gap is sufficiently small such that the silicon 



in said gap becomes fully depleted when a reverse voltage         applied
between said second contact layer and said         Schottky barrier forming
contact reaches a value that is  20     a small fraction of the full rated
reversed voltage that         can be supported by said device; said upper
surface of         said chip having an oxide layer (40) formed thereon;
said         oxide layer having a central window (44) which exposes
the surface of said N- layer and having a ring-shaped  25     window (42)
which exposes at least a portion of the         surface of said P+
diffusion; said Schottky barrier         forming metal contacting said N-
layer and said P+         diffusion through said central window and said
ring  



-6-          shaped window, respectively, and at least partly  30
overlapping and adhering to the edges of said oxide         surrounding
said central window.                    2.  The diode of claim 1 wherein
said device         has a reverse voltage rating in excess of 400 volts.
3.  The diode of claim 1 wherein said Schottky         barrier forming
metal is aluminum.  



4.  The diode of claim 1 wherein the lifetime         in said N+ body is
reduced.                    5.  The diode of claim 1 which further
includes heavy metal lifetime killing atoms distributed        through said
silicon.                    6.  The diode of claim 1 being further
characterized in including a spreading resistor (52)         overlying and
connecting the anode to the cathode region.                    7.  The
diode of claim 6 wherein said         spreading resistor is further
characterized in comprising         an amorphous silicon layer.   



8. The diode of claim 1 wherein said P+         diffusion guard ring is a
first P+ diffusion guard ring,         and said diode being further
characterized in comprising        a second P+ guard ring (32) diffused in
the surface of                                         -7-  5     said
epitaxial layer and surrounding the periphery of        said first guard
ring, the inner periphery of said second       guard ring being laterally
spaced from the outer       periphery of said first guard ring.
9. The diode of claim 8 wherein said oxide 



layer is further characterized in having an outer ring-       shaped window
(41) which exposes at least a portion of   the surface of said second P+
diffusion; said Schottky 5    barrier forming metal contacting said second
P+ diffusion       through said outer ring-shaped window.



REPLACEMENT SHEET                Schottky barrier forming metal contacting
said N- layer and said P+ diffusion through said central window and 



said ring shaped window and at least, partly overlapping and adhering to
the edges of said oxide surrounding said windows.             5. The diode
of claim 1 wherein the lifetime in said N+ body is reduced.             6.
The diode of claim 1 which further includes heavy metal lifetime killing
atoms distributed through said silicon.             7.  The diode of claim
1 which further includes a spreading resistor overlying and connecting the
anode to the cathode region.             8. The diode of claim 13 wherein
said spreading resistor is an amorphous silicon layer.     



THIS SHEET HAS BEEN                                            REPLACED    


