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(57) Abrége/Abstract:
An RF diode, and method for its manufacture, in which a well, doped n-conductive or p-conductive, is formed in a high-ohmic

silicon substrate. A silicon epitaxial layer Is provided over a first subregion of a surface of the well wherein the layer has the
same conductivity type as the doped well. The silicon epitaxial layer is provided with a first Schottky contact layer onto which a
first contact metallization is applied. A second subregion located next to the first subregion of the surface of the well is provided
with a second Schottky contact layer onto which a second contact metallization is applied.
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ABSTRACT OF THE DISCLOSURE

An RF diode, and method for its manufacture, in
which a well, doped n-conductive or p-conductive, 1s formed 1in
a high-ohmic silicon substrate. A silicon epitaxial layer 1s
provided over a first subregion of a surface of the well
wherein the layer has the same conductivity type as the doped
well. The silicon epitaxial layer is provided with a first
Schottky contact layer onto which a first contact metal-
lization is applied. A second subregion located next to the
first subregion of the surface of the well 1is provided with a
second Schottky contact layer onto which a second contact

metallization 1is applied.
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RF DIODE AND METHOD OF MANUFACTURING SAME
BACKGROUND OF THE INVENTION
Field of the Invention

The present invention relates to an RF diode and, in
particular, to an RF diode for use at frequencies above 20 GHz
and having a parasitic capacitance of less than 50 fF.
Description of the Prior Art

Until now, RF diodes have been manufactured using
beam lead technology, in which a sintered glass layer is
arranged between a silicon substrate and a contact
metallization toward the diode structure. Such diodes are
known from Zinke/Brunswig, Lehrbuch der Hochfrequenztechnik,
3rd ed., 2nd vol., Springer-Verlag, Berlin, 1987, p. 58, or
from Microwave Semiconductors, Short Form Catalog 1988/89,
pages 10 and 11. This type of RF diode is thus connected with
a large manufacturing outlay. In addition, the assembly of
these RF diodes cannot be carried out using conventional
automatic placement machines used in semiconductor
microelectronics.

An object of the present invention is to develop RF
diodes with a parasitic capacitance of less than 50 fF that
regquire a low manufacturing outlay and that can be assembled
using conventional automated placement machines used in
semiconductor technology.

SUMMARY OF THE INVENTION

Such object is achieved in an RF diode, and method

of manufacturing the same, in accordance with the teachings of

the present invention wherein it is provided that a well that

20365-3905

R £ A B S 4 T 5 ST ALY s 393 L ek Vi by sl aetose - V- T AP A U0 SR SV ST PR VP TR e At o e




10

20

CA 02245759 1998-11-20

is doped n-conductive or p-conductive is formed in a high-
ohmic silicon substrate whose specific resistance is
preferably greater than 3 kQcm. On a first subregion of the
side of the well facing away from the silicon substrate, a
silicon epitaxial layer is applied to this side. Such layer
has the same conductivity type as the doped well but
preferably has a lower content of doping material than does
the well.

The silicon epitaxial layer is provided with a first
Schottky contact layer. A second Schottky contact layer is
applied on a second subregion located next to the first
subregion,.of the side of the well facing away from the
silicon substrate. In addition, the first and the second
Schottky contact layers are provided with a first or,
respectively, with a second contact metallization.

The high-ohmic silicon substrate acts as a
dielectric at frequéncies above 20 GHz and, thus, possesses
the deslired low parasitic capacitance. The conductively doped
well ensures a low series resistance and, thus, low electrical
losses of the RF diode. 1In addition, the RF diode of the
present invention can be formed easily, in a flip-chip manner,
by means of manufacturing methods conventionally used in
semiconductor technology. For the equipping of the RF diodes,
conventional automated placement machines can be used.

Preferably, the silicon epitaxial layer is not
covered entirely by the first Schottky contact layer, but
rather only except for a narrow frame-shaped edge region.

Likewlise, the second Schottky contact layer is preferably

20365-3905
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applied to the well in such a way that a narrow frame remains
free around the silicon epitaxial layer. This annular surface
region, not covered by the Schottky contact layers, of the
well and of the silicon epitaxial layer between the first and
the second Schottky contact layer is preferably covered with
an electrical insulating layer. This frame-shaped insulating
layer defines the effective surface of the RF diode.

In an alternative embodiment, 1in a top view of the
well, the effective diode surface essentially has the shape of
a circular disk that is arranged inside an essentially

circular-disk-shaped window of the second Schottky contact

lavyer.

The conductively doped well is preferably doped with

arsenic, whereby the charge bearer concentration is
approximately 5-6%10°° cm 3. The silicon epitaxial layer is
preferably doped with phosphorus, 0.15 to 0.20 um thick, and
contains, for example, a charge bearer concentration of

approximately 1.5%¥10%7 em™3.

In a preferred method for manufacturing the
inventive RF diode, first the doped well is manufactured in a
high-ohmic silicon substrate; for example, by means of
implantation of a doping material, e.g. arsenic, through a
window of an oxide layer, and subsequent diffusion out of the
doping material. The oxide layer is, for example,
manufactured by means of oxidization and the window is
manufactured by means of phototechnology and subsequent oxide
etching. An oxide layer that arises on the substrate and on

the well during the diffusion out is subsequently removed

20365-3905
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agalin.

Thereafter, a doped silicon epitaxial layer 1s

applied at least to the first subregion of the surface of the

pr—

well which 1s then structured, 1f required, by means of

phototechnology. Subsequently, the electrical insulating layer

g

is applied to the silicon substrate, the surface of the well

and the silicon epitaxial layer. It 1s then structured 1n such

a way that the first subregion and the second subregion are

exposed for the first Schottky contact layer or, respectively,

the second Schottky contact layer.

After the first subregion and the second subregion

are provided with a first or, respectively, which a second

metal layer, there occurs a siliconizing step for the

—

manufacture of the Schottky contact layers. Followlng this,

non-siliconized regions of the metal layers are removed again,

for example by means of selective etchiling, before a first or,

respectively, second contact metallization 1s applied to the

first and the second Schottky contact layer.

In accordance with the present i1nvention, there 1s

provided an RF diode, comprising: high-ohmic silicon

substrate, a well that 1is doped n-conductlve or p-conductilve,

the well formed in the high-ohmic silicon substrate; a silicon
epitaxial layer formed over a first subregion or a surface of
the well, the layer having the same conductivity type as the

well, the layer having the same conductlvity type as the well,

and said first subregion forming an 1sland-type ralsed part of

said well; a first Schottky contact layer formed in the silicon

epitaxial layer over saild first subregion; a second Schottky

fh '-
aid

contact laver formed in a second subregion of the surface of

the well which 1s located next to the first subregion and

limits said island-type raised part; and first and second

Schottky contact layers, respectively.

4
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In accordance with the present i1nvention, there 1is
also provided a method for manufacturing an RF diode,
comprising the steps of: manufacturing a high-ohmic silicon

substrate; manufacturing a doped well 1n the silicon substrate

by means of implanting one of an n-doplng material and a p-

doping material into a subregion of the silicon substrate, and

r-

subsequently diffusing out of the doping material;

manufacturing an n-doped or, respectively, p-doped silicon

epitaxial layer on a surface of the well; structuring the

ﬁ

silicon epitaxial layer so that only a first subregion of the

F

surface of said well is still provided with said silicon

epitaxial layer, said first subregion forming an 1sland-type

raised part of said well, applying an electrical insulating

layer onto the silicon substrate, the well and the silicon

epitaxial layer; structuring the electrical 1nsulating layer 1n

such a way that both a first subregion and a second subregion

P

of the surface of the well are exposed, sald second subregion

forming said island-type raised part, applying a first and a
second metal layer on the first and the second subregions,
respectively, said first Schottky contact layer being located

on said silicon epitaxial layer; siliconizing the first and

second metal layers to respectively form first and second

Schottky contact layers; and applying first and second contact

metallizations onto the first and second Schottky contact

layers, respectively.

Additional features and advantages of the present

invention are described in, and will be apparent from, the

'-

Detailed Description of the Preferred Embodiments and the

Drawings.

4 8
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A

DESCRIPTION OF THE DRAWINGS

Figure 1 shows a schematic top view of a preferred

embodiment of the present 1invention.

Figure 2 shows a schematic view of a section through

the preferred embodiment, along the line A-A drawn 1n Figure 1.

Figure 3 shows a schematilic representation of a top

4b
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view of an RF diode chip with two RF diodes 1n accordance with
the present invention.

Figures 4a to 4f show a schematic view of the method
sequence for the manufacture of a preferred embodiment of the
RF diode of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

In the embodiments of Figures 1 and 2, a
conductively doped well 2 is formed in a high-ohmic silicon
substrate 1. The substrate i1s, for example, doped with boron,
is 100-oriented, and is provided with a doping material
concentration of 3*1012 cm"3. The well 2 1s, for example,
doped with arsenic and has a doping material contact of 5-
6¥107° cm™>.

In the well 2, a recess 18 1s formed which, on the
side of the well facing away from the silicon substrate 1,
limits an island-type raised part 30 with a web 35 leading
from this raised area to the edge of the well. On the main
surface of the island-type raised area 30 of the well 2, a
silicon epitaxial layer 5 i1s applied which 1s, for example,
doped with phosphorus (doping material content e.q. 1.5%10%7
cm'3) and has a thickness between 0.15 and 0.20 um.

A first Schottky contact layer 6 i1s located on an
essentially circular-disk-shaped diode region 3 of the silicon
epitaxial layer 5, whereby a narrow frame 31 of the silicon

epitaxial layer 5 1s left exposed around the first Schottky

contact 6.

The entire floor surface of the recess 18 is covered

by a second Schottky contact layer 8, except for a narrow edge

20365-3905
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region 32, toward the diode region 3. This 1s what is called
the substrate contact region 7. The region of the surface of
the well 2 and of the silicon epitaxial layer 5 not covered by
the Schottky contact layers 6, 8, includes the narrow frame 31
of the silicon epitaxial layer 5 around the first Schottky
contact 6 and the narrow edge region 32 of the recess toward
the diode region 3, as well as the remaining surface of the
well 2, lying outside the recess 18. Such region, as well as
the region of the silicon substrate 1, are covered with an
electrical insulating layer 16. This insulating layer 16 thus
defines contact windows for the Schottky contact layers 6, 8.

On the Schottky contact layers 6, 8, contact
metallizations 9, 10 that are separated from one another are
applied which include an overlap on the edges of the Schottky
contact layers 6, 8 with the bordering electrical insulating
layer 16. The free surfaces of the contact metallizations 9,
10, as well as of the electrical insulating layer 16, are
covered with a passivation layer 19; for example, a plasma
nitride lavyer.

In the RF diode chip of Figure 3, two RF diodes are
connected in series according to the embodiment of Figures 1
and 2. On a silicon substrate 1, two diode structures 20, 21
are positioned at a distance from one another in such a way
that the anode terminal of the second RF diode 21 and the
cathode terminal of the first RF diode 20 are facing one
another. The cathode terminal of the first RF diode 20 is
connected with the anode terminal of the second RF diode 21

via an interconnect 22 made, for example, of gold. 1In the

20365-3905
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center between the two RF diodes 20, 21, the interconnect 22
has terminal branchings 23, 24 on which are located raised
terminal regions 25; e.g., in the form of gold bumps with a
height of 10 um. Likewlise, the anode contact of the first RF
diode 20 and the cathode contact of the second RF diode 21 are
respectively connected in electrically conductive fashion with
two raised terminal areas 25 via a respective interconnect 26,
27. The interconnects 22, 23, 24, 26, 27, as well as the
diode structures, are covered completely with the passivation
layer 19. Only the railsed terminal areas 25 protrude from
this lavyer.

In the method sequence shown schematically in
Figures 4a to 4f for the manufacture of the RF diode according
to the preferred embodiment, an oxide layer 29 1s first
fashioned on a main surface 28 of a high-ohmic silicon
substrate 1, e.g. boron-doped (doping material content approx.
3%101? cm_3) and 100-oriented. This oxide layer 1is
subsequently provided with a window 33 by means of
phototechnology and oxide etching - the window defining the
shape of the well 2. Subsequently, an n-doping material, e.q.
arsenic, is implanted 14 into the silicon substrate 1 through
the window 33 (Figure 4a).

Thereafter (Figure 4b), the implantation is diffused
out by means of tempering so that a conductively doped well 2
arises in the silicon substrate 1. This well 2 includes, for

example, an arsenic content of approximately 5*1019 cm“3.

In
this tempering step, there arises on the well 2 an oxide layer

34 that 1s subsequently removed by means of oxide etching,

20365-3905
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together with the oxide layer 29.

As a next step, a silicon epitaxial layer, e.qg.
doped n-conductively with phosphorus, is applied to the well
2, which layer is approximately 0.2 um thick and has a doping
material content of about 1.5*1017 cm-3. Subsequently, the
silicon epitaxial layer 1s structured, e.g. by means of
phototechnology and silicon plasma etching, and the recess 18
1s manufactured in such a way that only the raised area 30 is
still provided with the silicon epitaxial layer 5; this area
being limited by the recess 18. An edge region 32 of the
recess toward the diode region 3 and a narrow frame of the
raised area 30, as well as the remaining surface (lying
outside the recess) of the tub 2 and of the silicon substrate
1 are provided with an electrical insulating layer 16. This
layer 1s preferably manufactured by means of a low-temperature
oxide deposition process 1n order to prevent a diffusion of
the doping material of the well 2 into the silicon epitaxial
layer 5. For this purpose, a low-temperature oxide layer is
first deposited on the entire surface of the well 2 of the
silicon epitaxial layer 5 in the diode region 3, with a
thickness of approximately 0.6 um, and is subsequently
provided with the windows for the first and the second
Schottky contact layers 6, 8, by means of phototechnology and
oxlde etching. The structure shown schematically in Figure
4c, with oxide layer windows for the Schottky contact layers
6, 8, 1s thereafter present.

Next, a Schottky metal layer, e.g. Pd or Mo, is

deposited on the free surfaces of the well 2 and of the

20365-3905
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silicon epiltaxial layer 5 through the oxide layer window.
Subsequently, this Schottky metal is siliconized by means of
temperature treatment in the region of the oxide layer window.
A non-siliconized residue of the Schottky metal layer is then
removed again by means of selective etching so that in the
diode region 3 and in the recess 18, a Schottky contact layer
6, 8 1s respectively present on the silicon epitaxial layer 5
or, respectively, on the well 2 (Figure 4d).

As a next step, contact metallizations 9, 10
separate from one another and are applied on the Schottky
contact layers 6, 8, which respectively include an overlap
with the insulating layer 16 adjacent to the Schottky contact
layers 6, 8. The contact metallizations 9, 10 consist, for
example, of a TiPtAu layer sequence (BELL contact) which first
can be applied on the entire surface of the Schottky contact
layers 6, 8 and of the insulating layer 16, and subsequently
can be structured according to the desired shape of the
contact metallizations 9, 10 using phototechnology. The
corresponding structure 1s shown in Figure 4e.

Finally, a passivation layer 19 is applied on the
free surfaces of the contact metallizations 9, 10 and of the
insulating layer 16; e.g., in the form of a plasma nitride
layer (Figure 4f).

The specification of the inventive RF diode on the
basis of the embodiment described is, of course, not to be

understood as a limitation of the invention thereto. For
example, instead of the oxide layer 16, another electrical

insulating layer known to those skilled in the art also can be

20365-3905
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used. Likewise, ins;ead of the n-doping materials arsenic and
phosphorus, other n-doping materials, or also p-doping
materials, can be used for the conductively doped well 2 and
the silicon epitaxial layer 5. Further, other Schottky
contact layers and contact metallizations are also
concelivable. Indeed, those of skill in the art will recognize
that changes may be made thereto without departing from the
spirit and scope of the invention as set forth in the

hereafter appended claims.

10

20365-3905




10

15

20

20

CA 02245759 2001-07-19

30191-2

CLAIMS:

1. An RF diode, comprising:

High-ohmic silicon substrate (1),

a well (2) that 1s doped n-conductive or

p-conductive, the well formed 1n the high-ohmic silicon

substrate (1) ;

a silicon epitaxial layer (b) formed over a first
subregion (30) or a surface of the well (2), the layer (5)
having the same conductlvity type as the well (2), the laver

(5) having the same conductivity type as the well (2), and said

first subregion (30) forming an 1sland-type raised part of said

well (2);

a first Schottky contact layer (6) formed 1n the

silicon epitaxial layer (5) over said first subregion (30);

a second Schottky contact layer (8) formed 1in a

grtSer

second subregion (10) of the surface of the well (2) which 1s

located next to the first subregion (30) and limits said

island-type ralsed part (138); and

first and second Schottky contact layers (o6, 8),

respectively.

2 . An RF diode as claimed 1in claim 1, wherein the

silicon substrate (1) has a specific resistance greater than 3

kQcm.

3. An RF diode as claimed in claim 1, wherein the

-

silicon epitaxial layer (5) has a lower content of doping

material than does the well (2).

11
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4 . An RF diode as claimed in claim 1, further

comprising:

an electrical insulating laver (1l6) arranged between

the first and the second Schottky contact layers (o6, 8), the

fre—

5 1insulating layer (lo) covering an edge region of the surface of

the well (2) toward the silicon epitaxial layer (5), and

ﬁ

converting a narrow region of the surface of the silicon

epitaxial layer (5) which runs around the first Schottky

contact laver (0).

10 5. An RF diode as claimed 1in claim 1, wherein, 1n a top

view of the well, the first subregion (30) generally forms the
shape of a circular disk that 1s arranged 1nside a

substantially circular-disk-shaped opening 1n the second

Schottky contact layer (8) and, from the circular disk, a web

15 that 1s electrically insulated against the well leads out from
the well.
6 . A method for manufacturing an RF diode, comprising

g
o

the steps of:

manufacturing a high-ohmic silicon substrate (1);

20 manufacturing a doped well (2) 1n the silicon substrate (1) by

means of implanting one of an n-doping material and a p-doping

F‘

material into a subregion of the silicon substrate (1), and

ﬁ

subsequently diffusing out of the doping material;

manufacturing an n-doped or, respectively, p-doped silicon

r—

25 epitaxial layer (5) on a surface of the well (2);

structuring the silicon epitaxial layer (5) so that

only a first subregion (30) of the surface of said well (2) 1s
still provided with said silicon epitaxial layer (5), said
first subregion (30) forming an 1sland-type raised part of said

30 well (2), applying an electrical insulating layer (lo) onto the

12
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silicon substrate (1), the well (Z2) and the silicon epitaxial

laver (2);

structuring the electrical 1nsulating layer (16) in

such a way that both a first subregion (30) and a second

subregion (18) of the surface of the well (2) are exposed, said

second subregion (18) forming said 1sland-type ralsed part

(18), applying a first and a second metal layer on the first

and the second subregions (30, 18), respectively, sailid first

Schottky contact layer (6) being located on said silicon

epltaxial layer (95);

siliconizing the first and second metal layers to

respectively form first and second Schottky contact layers

(6, 8); and

applying first and second contact metallizations (9,

10) onto the first and second Schottky contact lavers (6, 8),

respectively.

FETHERSTONHAUGH & CO.
OTTAWA, CANADA

PATENT AGENTS
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