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HIGH VOLTAGE POWER SCHOTTKY WITH ALUMINUM
BARRTER METAT, SPACED FROM FIRST DIFFUSED RING

FIELD OF THE INVENTION
This invention relates to Schottky diodes, and

more specifically relates to a high voltage Schottky
diocde with high speed turn off.

- BACKGROUND OF THE TNVENTTION _
- 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 fregquency applications. Higher
voltage prior art Schottky diodes frequently employ a P*
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 /P* junction to be forward biased to inject
ninority carriers during forward conduction. The main
advantage of high speed turn-off is then lost.

BRIEF SUMMARY OF THE INVENTION o .
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 avalahche voltage characteristics of lower voltage

Schottkys.

In accordance with the present 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
veverse bias. Conseguently, the floating P* ring will
not inject minority carriers during forward current
conduction and, during reverse bias, it is quickly
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contact ‘wi th an éepitaxially growm N silicon surface. The Schottky di ode has
t he. adyantage over a P/ N junction diode of very high speed reverse
recovery, permtting their use in very high frequency applications. H gher
vol tage prior art Schottky diodes frequently enmploy a Plerr] guard ring
di ffusi on whi ch encl oses and contacts the contact netal. 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
| ow | eakage current and a very sharp aval anche breakdown characteristic.
Presently known Schottky diodes are usually rated at Iess than about 200
vol ts. However,. a erse. v reases,. gher eS|st i vity
epitaxial sil gﬁ ac%eﬁgg égougﬁug e&ﬁgpkgﬁggpdrgg P@g& aCt
resistive vol ?g?h Qvi Egr§ hi cBRERRGh ﬁc r&FO éeapop
(about 0. 7 vo tt}% ﬁ'[sfiswé{as leela% 95'
forward bi asegng nﬁ% C tHé”QE:h ﬁgrfnhﬁéi ﬂgrfa@e The
mai n advant aggh pleNhg miﬂﬁﬁ 1EURBtOLhe! R1kASH RS Func Bb & e
| NVENTI ON Vﬂgrmall Ngopbesen! beVQEhE\?g}g)gr&Yb g ﬁ\éﬁ C Ottky di ode
which has a wghi@Bgehah! Nduh sEEROSH1 g Lp499ad Ein Fhe $hkbk),
retaining thelﬁ'ﬁﬁssﬁééﬁ #88ha! tAAL BYuninun works well for the hlgh
‘voltage (above about 400 volts) Schottky diode and it
simplifies its manufacture.

As a still further feature of the invention,
lifetime Xilling is employed for the body of the silicon
chip. The lifetime killer can be a heavy metal
diffusion, for example, gold, or can be carried out by a
sultable radiation treatment.

As a still further feature of the invention, a
spreading resistance layer connecting the anode and
cathode regions may be employed to provide a more
consistent and reliable reverse voltage performance. The
spreadlng resistor may, for example, be any suitable high
resistivity material such as amorphous silicon (~1800§)

It should be noted that a spaced P* guard ring
is shown in U.S8. Patent 5,418,185. That device, however,
is a lateral conduction device built on a P type
substrate. The guard ring of that patent is employed to
reduce the effect of a PNP parasitic transistor formed by
the P* guard ring, the N type epitaxial silicon and the
P type substrate. By contrast, the present invention is
a vertical conduction device without a P type body
structure.

Other features and advantages of the present

invention will become apparent from the following
description of the invention which refers to the
accompanying drawings. :

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows a cross~section of a prior art
Schottky diode with a P* guard ring.

Figure 2 is a cross—section, 51m11ar to that of
Flgure 1, of a Schottky diode made 1n accordance with the

invention.

DETATLED DESCRIPTION OF THE DRAWINGS

Referring first to Flgure 1, there is shown a
"prior art Schottky diode chip, in cross—section. The
topology may have any desired shape and, for example, can
be a sguare chip or the like. The device or chip shown
is similar to that of U S. Patent 4,899,199 and con51sts




sharp aval anche voltage characteristics of |ower voltage Schottkys.

-las. . I n accordance. with the present invention, there

is provided a hi gh vol tage Schottky di ode conprising a chi p of
monocrystal'line silicon having an N+ body (1O and _ an N-- epitaxia
silicon layer (11) atop said N+ body; a4 . Schottky barrier formng
icontact |ayer (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 |ayer and
surroundi ng the periphery of said Schottky barrier formng | ayer;

the inner periphefya ofhsai gt Fody fidd®Monocrystalline silicon. A thin
layexr of N silicon 11 is epitaxially grown atop the Nt
hody 10.

Using conventional photolithography processing,
an oxide layer is grown atop the N layer 11 and an
annular window, one border 12 of which remains, is opened
and a Pt guard ring 13 is diffused into the N layer 11.
The oxide layer overlying the N silicon area and part of
the P* ring is then removed. A molybdenum Schottky
contact metal 14 is then deposited over the exposed N
surface and the inner portion of P* ring 13. This
contact is, in turn, covered by a contact material 15,
enabling easy connection to the molybdenum 14 and acting
as a seal to hold the molybdenum to the oxide. A bottom
contact 16 is conventionally connected to the bottom
surface of N* region 10 to complete the device.

' The device of Figure 1 is conventionally
employed for Schottky diodes having a reverse voltage
capability of up to about 200 volts.

These devices have a low reverse leakage
current under reverse bias and have a sharp breakdown
voltage characteristic. They are also extremely fast,
enabling their use at high frequency.

However, as the reverse voltage rating of the
device is increased, the resistivity of region 11 must
increase. Thus, the forward current through this

- increased resistance 20 can cause the voltage drop across
the effective resistance 20 of the device to increase to
above a diode drop (about 0.7 volts}. When this occurs,
the P* region 13 will inject holes into region 11 during
forward current conduction. These minority carriers then
cause an increase in reverse recovery charge and a
substantial increase in turn-off time, thus negating the

benefits of the Schottky diode. .
Figure 2 shows a cross-section of the device of

the present invention in which parts similar to those of.
Figure 1 have the same identifying numerals. ,

In accordance with an important feature of the
present invention, the first P* ring 30 (corresponding to

- ring 13 in Figure 1) is outwardly spaced from the outer

boundary of the barrier metal contact 31 (which _
corresponds to contact 14 in Figure 1l). However, in
accordance with a feature of the invention, barrier metal
31 is aluminum in contrast to one of the usual high work
function materials normally used for a Schottky device.

The device of Figure 2 also has a second P*
ring 32 which surrounds and is spaced from the ring 30.
Additional rings can be added for higher voltage devices.



10 guard-ring ‘being spaced fromthe outer periphery of said

Schottky barrier formng contact |ayer by a |l ateral gap of

predet erm ned spacing ("X"); and a second cont act | ayer (16)

di sposed on the bottom of said N+ body to define a verti cal

conduction device; and being 15 characterized in that said

predet er m ned spacing of said |atéeral gap is sufficiently small such

that the silicon in said gap becones fully depl eted when a reverse

vol t age appl i ed between said second contact |ayer and said

Schottky barrier form ng contact reaches a value that is 20 a small

fraction of the full rated reversed vol tage that can be sup orted

by said device; said upperT@ufpxeecthapg structu:g%mf AR PIrRV2 nRIAP

‘layer (40) for X%r 8 a?dpluralitlbﬁﬂ hfﬁéﬁ‘? I@%tﬂalam rfow

-(44) which expo ggkﬁﬁ%ﬁ¢§h 3¢ gye Y,

ring-shaped 25 a.u:ew} 'st]_% ‘jf_ﬁﬁ . :z

‘surface of Said%{fi i&% Dl Bd}% agmmimf Y,ﬁq :h_,toﬁn

contacting sai d e, epltaxlalpﬂi G R LR s g ol
40 'thg 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 pm thick and will be
19.0 ohm~cm material. Gap "X" will be about 10 nmicrons.

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 thHe 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 budy 16. Electron irradiation
nmay also be used.

An amorphous silicon layer 50, about 1800 A
thick, can be added as a spreading resistor to prOV1de
more rellable reverse voltage performance.

' Although the present invention has been
described in relation to partlcular 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.
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-1 b- shaped w ndow, - respectlvely, and at |east partly overlappi ng and
adheri ng to the edyges of —saird-oxi de surrounding said central w ndow.
In the |nve + guard ring is |ntent|onally spaced fromthe
cont-act net ylﬂi”mam ﬂ in the N epitaxial silicon surface which can
fully depl et during reverse bias. Consequently, the

floating P+ ring will not I nject mnorjty carriers during forward current
conduction and, during reverse bias, it Ts quickly :

WHAT IS CLAIMED IS:
1. A high voltage Bchottky. diode comprising a
chip of monocrystalline silicon having an N* body and an
. N epitaxial silicon layer atop said N* body; a Schottky
barrier forming contact layer disposed atop and in |
contact with the upper surface of said N epitaxial
'silicon layer; and a P* diffusion guard ring diffused
into the surface of said epitaxial layer and surrounding
the periphery of aid Schottky barrier forming layer; the-
inner periphery of said P* diffusion guard ring being
Spaced from the outer periphery of said Schottky barrier
forming contact layer by a lateral gap of predetermined
spacing; a second contact layer disposed on the bottom of
said N* body to define a vertical conduction device; said
lateral gap being sufficiently small that the silicon in
said gap becomes fully depleted when the reverse voltage
between said second contact layer and said Schottky
barrier forming contact reaches a small fraction of the
full rated reversed voltage to be supported by said

device.

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 said surface

of said chip has an oxide layer thereon; said oxide layer
having a central window which exposes the surface of said
N layer and having a ring-shaped window which exposes at
least a portion of the surface of said P* diffusion; said
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- . -To formthe structure of Figure 2, an oxide Iayer 40 has

a pIuraTTTy—Uf—TTﬂg—shaﬁed w ndows 41 and 42 forned thereln and the P+
r+ngs 3 ectively, are diffused through these wi ndows. A
central @ﬂgﬁlﬂ@l&i”ﬂ' fornmed in oxide 40, and an alum num | ayer is then
deposi t upper surface and in contact with the central N
epitaxial layer 11 and the P+ rings 30 and 32. Note that the al um num
adheres well to the oxide. The alum+#ug+s then etched to define

ri ng-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 g X' in Figure and is dinmensioned to be fulky depl et ed at
a relatively I%P‘?‘F‘Ef%ﬂ?m teing 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 surroundlng said
windows.

5. 'The diode of Qlaim 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.
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vol tage. Typically, for a rated reverse voltage of about 600 volts, N
region 11 will be 60 [err]mthick and-wli <be 19.0 ohmcm material. Gap
"X" will be about 10 microns. The novel structure operates at

hi gh reverse voltage, for exanple, above 400 volts. During forward
conduction, ring 30 is not connected to contact 31 and will not inject

hol es, 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 i s connected to contact 31 and acts to spread t he eIectr|c field at
t he edge of theHIGHLN ARG HE ' MHAN R g

that the al umi num contact 31 also overlaps the oxi de 40 and also acts as a
field plate. The use of al uBEAUR Pl hREW| BLF P! RENGi ts sinplified
processi ng and adheres well to OX|de As a further feature of the
i nvention, heavy netal lifetine killing atons, for exanple, gold, can be

di ffused mnth the S|I|con bod 10 El ectron |rrad|at|on may al so be used.

An anor phoABS{RACHAOF o LHE L pSOLQEURE 1800 [err] thick, can be added as a
spreading resistor to prOV|de nore reliable reverse voItage per f or mance.

Al t hough the present invention has been described in relation to particular

embodi ment s, t Der ka1 "BBYaGLEEhn V8EhaEERPSaBH-EOALEL 631k OpsvaPge Ot her uses

voltage rating in excess of 400 volts uses an aluminum

barrier metal(31)in contact with an N- epitaxial silicon
surface (11). A diffused P* guard ring (30) surrounds the
barrier metal contact (31) and is spaced therefrom by a
small gap which is fully depleted at a low reverse voltage
to connect the ring (30) to the barrier contact (31) under
reverse voltage conditions. Lifetime killing is used for

the body of the diode.

Figure 2



wi || .becone apparent to those skilled in the art. It is preferred,
therefore, that the present invention be [imted not by the specific
di scl osure herein, but only by the appended cl ai ns.

REPLACEMENT SHEET - ' : CLAI M5
1. A high voltage Schottky diode conprisiqg a chip of :
nmonocrystalline silicon having an N+ body (lt»and an N- epitaxia
silicon layer (11) atop said N+ body;, a '
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Schbttky barrier formng cont act | ayer (31) disposed atop 5 and in

contact with the upper surface of satd N = = - epitaxial silicon |ayer;
a P+ diffusion guard ring (30) - diffused into the surface of said
epi taxial |ayer and surroundi ng the periphery of said Schottky
barrier formng | ayer; the inner periphery of said P+ diffusion 10
guard ring being spaced fromthe outer iriphery of said Schot t ky
barrier form ng contact |layer by a later gap _ of predeterm ned
spacing ("X"); and a second contact : | ayer (16) .di sposed on the
bottom of said N+ body to define a vertical conduction device; and
being 15 characterized in that said predete 1ed_fpaciﬂ f said
lateral gap is sufficiently small such that the 'Jﬁgﬁ S
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I'n said gap becones fully depleted when a reverse voltage appl i ed

bet ween sai d second contact |ayer and said Schottky barrier formng
contact reaches a value that is 20 a small fraction of the full rated
reversed vol tage that can be supported by said device; said upper
surface of said chip having an oxide |ayer (40) formed thereon

sai d oxi de |l ayer having a central wi ndow (44) which exposes

the surface of said N |ayer and having a ring-shaped - 25 wi ndow (42)
whi ch exposes at |east a portion of the . surface of said P+

di ffusion; said Schottky barrier form ng netal contacting said N

| ayer and said P+ . di ffusion through-~said central w ndow and said
ring :

HIGH VOLTAGE POWER SCHOTTKY WITH ALUMINUM
BARRIER METAY, SPACED FROM FIRST DIFFUSED RING

FIELD OF THE INVENTTON

This invention relates to Schottky diodes, and
more spec1flcally relates to a high voltage Schottky
diode with high speed turn off.

BACKGROUND OF THE TINVENTION

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*
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/P* 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 prOV1des a novel Schottky
diode which has a voltage rating in excess of about 400
volts while still retaining the hlgh speed operation and
sharp avalanche voltage characteristics of lower voltage

Schottkys.
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-6- shaped w ndow, respectively, and at |east partly 30

overl appi ng and adhering to the edges of said oxide sur roundi ng
said central w ndow. 2. The diode of claim1l wherein
sai d device has a reverse voltage rating in excess of 400 volts.
3. The diode of claim1l wherein said Schottky barrier formng

nmetal is alum num -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 (10)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
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4. ‘The di ode of claim 1 wherein the lifetine In said N+ body is

reduced. 5. The diode of claim1l which further
i hcludes heavy netal lifetime killing atons distributed t hrough said
silicon. 6. The diode of claim1 being further
characterized in including a spreading resistor (52) overlying and
connecting the anode to the cathode region. 7. The
di ode of claim6 wherein said spreading resistor is further
characterized in conprising an anor phous silicon |ayer.

~1b-

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* gquard 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. Consegquently, the floating P* ring will
not inject minority carriers during forward current
conduction and, during reverse bias, it is quickly
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8." The di ode of claim1 wherein said P+ diffusion guard ring is a
first P+ diffusion guard ring, and sai d di ode being further
characterized in conprising a second P+ guard ring (32) diffused in

t he surface of -7- 5 said
epi taxi al |ayer and surrounding the periphery of ' said first guard
ring, the inner periphery of said seceng - guard ring being laterally
spaced fromthe outer peri phery of said first guard ring.

9. The diode of claim8 wherein said oxide

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. & central window 44
is then formed in oxide 40, and an aluminum 1ayer is then
deposxted 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*
rlng 30 is spaced from, but is close to, the outer
periphery of contact 31 at the N‘reglond 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 um thick and will be
19.0 ohm-cm'material. Gap "X" will be about 10 microns.

The novel structure operates at hlgh 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, hlgher than 0.7 volts. During
‘reverse blas, however, the gap "X" guickly 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
nay also be used.

An amorphous silicon layer 52, about 1800 &
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.
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Iayer\TENTUTtheL\thiggégrized I n having an outer ring- shaped w ndow
oses at st a portion of the surface of said second P+

dlfoS /
P+ di ffusio

10

15

20

25

Eﬁi ’ barrier formng netal contacting said second
ugh sai d outer ripg-shaped w ndow.

CLAIMS

1. A high voltage Schottky diode comprising a
chip of monocrystalline silicon having an N* body (10)and
an N- epitaxial silicon layer (11) atop said N* body; a
Schottky barrier forming contact layer (31) disposed atop
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
guard ring being spaced from the outer periphery of said.
Schottky barrier forming contact layer by é 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
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
a small fraétion 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
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
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REPLACEVENT SHEET Schottky barrier formng netal contacting

sai d”!'l"clmﬂfl"ﬁﬂ[ﬂ “smld P+ di ffusion through said central w ndow and

30

-6-

shaped window, respectively, and at least partly
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

REPLACEMENT SHEET

15 JUL 999




said rkﬁg—shéped—ﬂ#ﬂdeM#and at least, partly overlapping and adhering to

sai d_oxide surroundi ng sald W ndows. 5. The di ode
of cI alrrﬂ ﬁl,ﬂl Mtﬁm fetime in said Nv body is reduced. 6.
The di od h further includes heavy netal lifetine killing

at ons dlstrlbuted through said silicon. 7. The diode of claim
1 which further includes a spreading resjstor overlying and connecting the
anode to the cathode region. 8. The diode of claim 13 wherein

said spgeadln%al%§g%g aflal HS¥E¥W¥A S§ﬁ¥r5&ﬁH}ngBGEe 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.
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