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(57) ABSTRACT

A waveguide structure 1s fabricated by patterning active
elements on a semiconductor wafer (21). The upper surface
of the wafer (21) and the active elements are then coated by
a dissolvable positive resist polymer. The polymer 1s etched
using conventional techniques to produce a former for the
structure of the waveguide channel and subsequently the
polymer former is coated (26) and electroformed (27) using
a suitable metallic material. Finally, the polymer former 1s
dissolved leaving an open channel (25) the boundaries of
which are defined by the electroformed structure. The
waveguide structure has the advantage that the active ele-
ments are integral with the waveguide structure and lie 1n a
common fabrication plane which means that if the depth of
the waveguide varies the active elements remain in the same
plane. The waveguide structure 1s particularly suited for use
at terahertz frequencies.

13 Claims, 4 Drawing Sheets
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Fig.1a.

23 24

21 VN

i .

epi-layer -'
20

22

Y L Ll

2]

> = & 5 - ,-- . - L ] - Y "
L - » L] - - -
- w A, » ¥ - wT B -
- . - . = F = * " * - @
* * a &+ e ., - R | - ’ . .
- - W g - v
* u, - g ¥ r - v > = - ]
-
= s ® a - l--‘ - - - r v &
- t . - .
¥ - - 1T &
- = - [ L)
- . - - . g r =
* & ol & - - - * - | T
¥ oa - . » . v e,
L] " r " . & ®m 5 ] ™ L] » - » & -
- M * . . - . ' o . . . » -
i - . » L | L * =
* i"" - L * i - - ™ * L - [
- ¥ [ ] -
]
-
E
it

" . s ‘i T . . T - T . W el St S ., e, " W T

i, |

SN

25

FoF e gy -'.-r.-'
A A A Y A A T Y

N\

Aananw Y L Ll Ll

1
il
e

21

20




U.S. Patent Aug. 5, 2003 Sheet 2 of 4 US 6,602,429 B1

Fig.1d.
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WAVEGUIDE STRUCTURES AND A
METHOD OF FABRICATION THEREOF

This 1s a divisional Ser. No. 09/117,781 filed on Aug. 6,
1998, which 1s a § 371 of International Application PCT/
GB97/00424 filed on Feb. 14, 1997 now U.S. Pat. No.
6,229,411, and which designated the U.S., which 1s incor-

porated herein by reference 1n its entirety.

FIELD OF THE INVENTION

The present invention relates to waveguide structures and
a method of fabrication thereof and 1n particular waveguide
structures for use with terahertz signals.

BACKGROUND OF THE INVENTION

Conventional waveguide structures, which have been
fabricated for signals up to around 600 GHz, comprise a
discrete planar diode mounted on a microstrip of active
components which 1 turn 1s mounted on a separately
fabricated support. Difficulties have been encountered
though 1n scaling down such structures for higher frequency
signals due to limitations encountered in mounting the diode
on the microstrip and the parasitic capacitive effects result-
ing from the diode chip/microstrip combination.

BRIEF SUMMARY OF THE INVENTION

The present invention seeks to provide waveguide struc-
tures which addresses the limitations and difficulties encoun-
tered with those currently available and to provide
waveguide structures suitable for use with frequencies in the

range 50 GHz—10 THz and preferably 800 GHz—-10 THz.

The present 1nvention provides a method of fabricating a
hollow metallic structure comprising coating an upper sur-
face of a substrate 1n an etchable polymeric material, etching
the polymeric material to produce a former, coating the
surface of the former with a metallic material, and thereafter
dissolving the polymeric material to produce a hollow
metallic structure.

In a preferred embodiment, the method 1s used to fabricate
a waveguide structure, wherein one or more active compo-
nents are fabricated on the substrate before the substrate and
the active components are coated 1n the polymeric material,
whereby the resultant hollow metallic structure has the one
or more active components positioned distant from the base
of the hollow structure on a common fabrication plane.

Waveguide channels are formed by joining two hollow
structures together to form the channel. Thus, with the
present invention waveguide channels may be formed inte-
orally with one or more active waveguide components and
at the dimensions needed for use at frequencies in the range
50 GHz-10 THz. The method also enables a waveguide
channel to be formed immediately adjacent active compo-
nents so that the active components are suspended over the
channel 1n the waveguide structure. Also, as semiconductor
waler fabrication techmiques are used this enables the
waveguide structures to be mass produced.

Differences 1n height of the required waveguide circuitry
1s compensated for as the polymer not the substrate is
processed which means that there 1s a common fabrication
plane for the active devices. Moreover, this allows complete
integration of components operating at different frequencies
on the same wafer.

As the waveguide channel 1s split 1n the described plane,
removal of the polymeric material 1s simplified and the
active components can be suspended 1n air.
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2

Preferably, an etch stop layer 1s formed 1n the wafer so
that when the rear of the wafer 1s etched the etching is
prevented from extending into the active components pre-
viously fabricated. Also, additional components may be
formed on the rear of the wafer after etching of the bulk
waler material.

In addition, the polymeric former may be coated 1n a thin
layer of a metal such as gold before electroforming of the
metallic structure 1s performed. The polymeric material 1s
preferably patternable such as photoresist or PMMA.

In a further aspect the present invention provides a
wavegulde structure comprising one or more waveguide
channels having one or more active components on a
semiconductor wafer formed integrally therewith. Ideally,
both the one or more waveguide channels and the one or
more active components lie in a common plane which 1s the
fabrication plane of the semiconductor wafer. The
waveguide structures may be used as sub-harmonic mixers,
oscillators, multipliers, amplifiers or detectors, amongst
others.

Ideally the waveguide structure i1s adapted for use with
frequencies 1n the range 50 GHz—10 THz. Preferably, the
one or more active components are positioned immediately
adjacent and are suspended within the one or more
waveguide channels. The waveguide structure may com-
prise at least two waveguide channels both lying in the
fabrication plane of the wafer and arranged at 90° or 180°
with respect to one another. Also, one or more of the
wavegulde channels may extend to at least one edge of the
waler whereby the one or more channels may be brought
into communication with channels formed 1n further wafers.

This configuration 1s also particularly suited to the for-
mation and use of microstrip circuitry.

BRIEF DESCRIPTION OF THE DRAWINGS

An embodiment of the present invention will now be
described by way of example with reference to the accom-
panying drawings: 1n which:

FIGS. 1a to 1f show diagramatically a method of fabri-

cation of a waveguide structure in accordance with the
present invention; and

FIG. 2 1s a diagram of a waveguide structure fabricated 1n
accordance with the present invention.

FIG. 3 1s a diagram of the assembly of two structures as
shown 1n FIG. 2 to form a waveguide.

DETAILED DESCRIPTION OF THE
INVENTION

With reference to FIGS. 1a to 1f a method of fabricating
active components integrally with a waveguide structure 1s
shown. A substrate 1n the form of a standard water 20 of a
semiconductor material such as GaAs has a doped layer
GaAsN++21 formed on 1ts upper surface over an etch stop
layer AlGaAs 22. Patterning of diodes or other active
components 23 along with formation of Ohmic contacts and
filter metalisation 24 are performed using conventional
techniques 1n the doped layer 21 of the wafer (FIG. 1a).

The wafer 1s then coated 1n a dissolvable polymer such as
Hoescht AZ 4000 series resist (positive resist) which is
etched (FIG. 1b) using any one of the variety of techniques
available such as laser ablation, x-ray lithography, ultra-
violet lithography or reactive ion etching (RIE) to provide a
former 25 which lies 1n the fabrication plane of the wafer
and 1s 1n the shape of the channel or other waveguide
structure required. The former 25 1s then sputter coated 26
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with gold for example and electroformed 27 using copper or
nickel or any other suitable metallic material to a thickness
sufficient to provide mechanical support (FIG. 1c).

The water 1s then mounted with 1ts rear face upwards on

a sacrificial substrate 28 preferably using a soluble glue 29
(FIG. 1d). The backside of the wafer is now processed by the

chemical removal of the bulk semiconductor 20 down to the
etch stop layer 22 using any conventional technique (FIG.
le). Finally the polymer former is dissolved out using an

organic solvent such as acetone which 1s introduced to the
surfaces of the resist exposed through gaps in the metalli-
sation. The removal of the polymer former produces an open
channel 30 the boundaries of which are defined by the
clectroformed waveguide structure. The doped layer 21 1is
also patterned and regions removed along with the etch stop
layer 22, as necessary (FIG. 1f). It will be appreciated that
the provision of the etch stop layer 22 simplifies the etching
of the bulk semiconductor material in view of the thick-
nesses mvolved.

Thus, with the method described above, both the front and
rear surfaces of the semiconductor wafer are worked to
fabricate the three-dimensional structures needed. This, 1n
addition, enables the fabrication of structures where bulk
semiconductor material 1s needed on both sides of the
waveguide structures. Moreover, with this method the
wavegulde channel topographies which may be of varying,
height are formed integrally with the active components and
in a common plane being the fabrication plane of the wafer
by the fabrication of formers which are electroformed before
being removed thereby enabling the active components to be
suspended within the former spaces. It will of course be
apparent that any conventional fabrication techniques for the
formation of the active components may be employed with
the method described above. As conventional semiconductor
waler techniques are employed, mass production of the
waveguide structures may be easily and cheaply performed
unlike conventional manual techniques.

Of course this technique may also be employed to con-
struct the walls of the waveguide structure using either
positive or negative resist polymer as a permanent structure
for the walls of the waveguide. In this case the polymer
former 1s coated 1n a suitable metallic material and 1s used
as the supporting structure mstead of being dissolved away
subsequently as described in the above example. This struc-
ture has the disadvantage that the electronics are located at
the base of the channel, rather than in the centre as in the
previous example. This 1n turn introduces problems in
aligning different waveguide elements where the channel
S1Ze varies.

In FIG. 2 an mtegral waveguide structure fabricated from
a semiconductor wafer, using the method described above,
1s shown 1n the form of half of a sub-harmonic mixer 2. The
mixer 2 has a low frequency carrier waveguide channel 3
with a tuning channel 4 adjacent its end and a stepped RF
input waveguide channel 6, also with a tuning channel 7, at
180° to the carrier waveguide channel 3. Both the carrier
waveguide channel 3 and the mput waveguide channel 6 lie
in the same plane which 1s the fabrication plane of the wafer
unlike conventional waveguides which usually have the
waveguide channels positioned at 90° to one another. The
carrier and 1mput waveguide channels are also open to the
upper surface of the wafer. This allows easy removal of the
polymeric material through dissolution or etching. It will be
appreciated that it 1s not necessary for all the polymer to be
removed, although that 1s preferred. It 1s only necessary for
a substantial portion to be removed especially where the
polymer 1s less lossy at RF frequencies In addition, the
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4

carrier waveguide channel 3 and the input waveguide chan-
nel 6 are open at the edges of the wafer. In this way the
channels may be brought into communication with exten-
sions of the channels and alternative active components such
as a signal generator provided on separate wafers or indeed
the same wafer.

The active components for combining the two signals
respectively received in the carrier waveguide channel 3 and
the input waveguide channel 6 are 1n the form of a microstrip
8 which also lies in the fabrication plane of the wafer and is
fabricated with the channels on the semiconductor wafer by
the method described above. The microstrip 8 consist of a
low frequency probe 9 which 1s connected to a low fre-
quency filter 10. An RF probe 11 1s also provided connected
to an 1ntermediate frequency filter 12 which 1n turn 1is
connected to an intermediate frequency output 13. The low
frequency probe 9 which 1s 1n communication with the RF
probe 11, projects into the carrier waveguide channel 3
whereas the RF probe 11 extends across the input waveguide
channel 6. As may be seen in FIG. 2 the microstrp 8 is
located 1n a mixing channel 14 which at least connects the
two waveguide channels 3,6 to the signal output. The
microstrip 8 1s suspended 1n air within the mixing channel 14
from 1nsulating supports 15 which extend across the width
of the mixing channel. Holes 16 are also provided to enable
the second half of the sub-harmonic mixer (not shown) to be
accurately positioned over the structure described above.

The second half 40 of the sub-harmonic mixer, also
formed on a water, mirrors the arrangement of channels 3,
4, 6, 7 of the first half of the mixer 2 described above but has
pegs 42 1n the place of the holes 16. When 1n use the pegs
42 of the second half 40 of the sub-harmonic mixer are
aligned and engage with the holes 16 1n the first half of the
mixer 2 so that the channels 1n the second half of the mixer
are aligned with the channels 3, 4, 6, 7 1n the first half of the
mixer thereby forming conduits each of which 1s open to at
least one edge of the two walers and within one of which the
microstrip 8 1s enclosed. As the microstrip 8 1s suspended in
air within one of the conduits, parasitic capacitance eifects
can be reduced to acceptable levels.

Although a sub-harmonic mixer has been described above
it will be appreciated that alternative structures can also be
fabricated by the method described such as oscillators,
multipliers, amplifiers and detectors with the active compo-
nents formed integrally with the waveguide or other channel
structures and, where necessary, with the active components
suspended within the channel structures formed on the
waler.

What 1s claimed is:

1. A method of fabricating a hollow metallic structure
comprising;:

coating first surfaces of a pair of substrates with an

ctchable polymeric material;

ctching the polymeric material on each substrate to pro-
duce a pair of formers;

coating the surfaces of each of the formers with a metallic
material;

dissolving the polymeric material to produce a pair of
hollow metallic channels;

removing at least a portion of each of the substrates
adjacent the hollow metallic channels; and

securing the pair of hollow channels together to form a
hollow metallic structure.

2. A method as claimed in claim 1, wherein the first

surface of at least one of the pair of substrates has one or

more active components thereon prior to coating said sur-
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face with polymeric material such that, on securing the pair
of hollow channels together, the resultant hollow metallic
structure has said one or more active components suspended
within.

3. A method as claimed 1n claim 2, wherein the one or
more active components are fabricated on the first surface of
the substrate prior to coating of the substrate with the
polymeric material.

4. A method as claimed in claim 1, wherein after the
polymeric material has been removed an opposing second
surface of the substrate 1s etched.

5. A method as claimed 1n claim 4, wherein active
components are fabricated on the opposing second surface
of the substrate.

6. A method as claimed 1n claim 1, wherein the former 1s
coated 1n a metallic material by electroforming.

7. Amethod as claimed 1n claim 6, wherein a thin coating
of metal 1s applied to the surface of the polymer former
before electroforming.

8. A method as claimed in claim 1, wherein the polymeric
material 1s a patternable positive resist.

9. A method of fabricating a metallic structure compris-
Ing:

coating first surfaces of a pair of substrates with an

ctchable polymeric material;
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ctching the polymeric material on each substrate to pro-
duce a pair of formers;

coating the surfaces of each of the formers with a metallic
material to form metallic channels;

removing at least a portion of each of the substrates
adjacent the metallic channels; and

securing the pair of metallic channels together to form a
metallic structure.

10. A method as claimed 1n claim 9, wherein the first
surface of at least one of the pair of substrates has one or
more active components thereon prior to coating said sur-
face with polymeric material such that, on securing the pair
of hollow channels together, the resultant metallic structure
has said one or more active components suspended within.

11. A method as claimed 1n claim 2, wherein the former
1s coated 1n a metallic material by electroforming.

12. A method as claimed 1n claim 3, wherein the former
1s coated 1n a metallic material by electroforming.

13. A method as claimed 1n claim 4, herein the former 1s
coated 1n a metallic material by electroforming.
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