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COMMUNICATIONS

APPLICATION OF ELECTROPLATING
FOR DEVICE PROCESSING
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This paper presents the development in the technology of air-bridge formation for optoelectronic devices. We have intro-

duced a double patternable planarizing lithography process for resists AZ 4560 and AZ 5214E that adds three dimensionality

into the standard optical lithography. This technology offers low parasitic interconnect capacitances and inductances in de-

vices. This method allows to define air bridges with different vertical width from 2 µm up to 12 µm.
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1 INTRODUCTION

Recently, the III–V industry has increased the demand
for optoelectronic devices [1]. This has driven the III–
V industry to look for various metallization processes
such as evaporating, sputtering, etc. However, in many
cases thin films do not provide satisfactory properties as
for their mechanical characteristics (self-support ability,
stiffness, strength) or electrical features (resistivity).

In some applications, thicker metallization layers are
required. They can be created by classical technologies,
nevertheless, there are rather expensive, time consum-
ing and economically ineffective because of heavy mate-
rial losses. In these situations, galvanic deposition can be
used with advantage. Galvanic deposition of metallic lay-
ers is particularly suitable for creating the so-called bump
layer used to eliminate or reduce the effect of mechanical
stresses arising in contacting the compound semiconduc-
tors A3B5 or in the technology of an air bridge which
serves to cross two levels of electrically insulated metal-
lizations. The inter-connections offer low parasitic inter-
connect capacitances and inductances. Furthermore, this
eliminates uncertainty that may be caused by the small
non-planarity of the surface at the chip wafer interface,
which could lead to cracks or total breakage of the con-
nection.

In this paper we present a method for fabrication of
non-supported air-bridges on an indium phosphide sub-
strate. Our method for double patterning planarizing
lithography with resists AZ 4560 and AZ5214E relies on
utilizing optically sensitive resists. The process includes
an air bridged metal cross from active devices to the con-
tact pads.

2 EXPERIMENTAL

Air bridges are usually fabricated by evaporation and
plating. There are many possible variations [2–4]. One of
them is to deposit a thick photoresist on the sample and
to pattern it. A thick metal layer (up to 2µm) is then
sputtered on the patterned resist. Finally, the rest of the
metal is etched and the resist is stripped, leaving a stable
air-bridge.

These applications use gold thicknesses much greater
than typically applied by evaporation. One of the dis-
advantages is the consumption of enormous amounts of
gold, most of which would be deposited on places other
than the sample. Even ignoring economic aspects, such a
thick film is very difficult to pattern using lift-off or etch-
ing processes. Gold plating is the only economical means
to provide such thick coatings. The major steps typical

Fig. 1. Metal pads opening Fig. 2. Preplate metal
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Fig. 3. Plate pattern Fig. 4. Electroplating of gold

Fig. 5. Final air-bridge

for most processes are illustrated in Figs. 1–5. A layer of
resist AZ 4560 is spun onto the sample and patterned to
open an area over the metal pads. This step defines the
areas, where the plating contacts the underlying metal
(Fig. 1), with the desired thickness of the bridge.

After the preplate pattern is formed, a thin coat-
ing (150 nm) of metal is evaporated on the entire slice
(Fig. 2). The “preplate metal” serves to carry the elec-
troplating current. The 150 nm Au film was deposited
using a standard evaporation system to create a continu-
ous conductive layer. The base pressure in the chambers
was better than 1.5 × 10−4 Pa (Fig. 2) and the typical
working pressure for evaporation was 0.5 Pa.

Next, a second coating of photoresist AZ 5214E (the
so-called plate pattern) is applied and patterned (Fig. 3).

Then the sample is plated, a thin metal layer is used
to conduct the plating current to all parts of the sample.
Plating is used to deposit a thick layer of gold to construct
air bridges. In the second photoresist layer openings, gold
is plated only (Fig. 4).

Ultra-pure soft gold is required that can be soldered
easily and die bonded. Also the baths used to deposit this
gold must be extremely pure. Composition of the bath
and conditions we have used are described below.

KAu(CN)2 15 g/liter
Temperature 50 ◦C
KOH 30 g/liter
pH 6.5
H3PO4 (85%) 44 g/liter
Tl2SO4 20 mg/liter

The plating rate in the bath depends on agitation,
temperature, gold concentration and on the concentra-
tion of potassium hydroxide. The bath plates at a rate

of 0.2µm per min at 50 ◦C with mild agitation. How-
ever, vigorous agitation is needed to obtain satisfactory
deposits.

The top resist, thin metal, and lower resist are re-
moved after the plating operation, leaving the plated
bridge (Fig. 5). This method is a low temperature pro-
cess and uses the photoresist as a sacrificial material. The
maximum processing temperature is about 120 ◦C.

3 RESULTS AND DISCUSSION

Although the basic concept of the process is very sim-
ple, there are a number of process variations and prob-
lems. All resist layers must be sufficiently resistant to
withstand the plating environment. However, the lower
resist layer must not be over- baked or else it would be
difficult or impossible to remove the resist from the bridge
plated beneath. The thin layer of the metal that extends
across the whole sample is applied by evaporation. If the
metal layer is thin enough (about 100 nm), it can be bro-
ken from the plated areas by solvent actions. That is,
lift-off procedures can remove both levels of resist and
the intermediate layer in a single operation. If the metal
layer is thicker, each of the three levels can be removed
individually.

The thickness of the first layer of the resist determines
the spacing between the bridge and the material beneath.
Hence, this layer of resist was 6–8µm. Processing of the
resist also affects the profile produced in the plating. The
wet developing of the resist gives arched shapes to the air
bridge (Fig. 6).

4 CONCLUSION

Air bridges are unsupported interconnects used to con-
nect various elements on the substrate where wire bond-
ing is difficult and inconsistent. Unlike wire bonding, air
bridges are virtually identical, often resulting in reduced
tuning times. There is an air gap of about 6 micrometers
between the air bridge and the underlying surface of the
sample. Air has the smallest permittivity, and the space
under the air bridge tends to be greater than the thick-
ness of typical dielectrics. It offers increased performance,
but suffers from the weakness of being fragile and subject
to damage. An unsupported air bridge requires 2 added
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Fig. 6. Scanning electron micrograph of a plated bridged structure

using the photoresist process. The length is 50 µm and the width

is 12 µm.

masking steps as well as associated photolithography and
etching.
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Ivan Kositč (Dipl-Phys, RNDr) was born in 1955. In 1980

he received BS degree in Physics from Moscow State Univer-

sity. During the years 1980-1991 he worked at the Institute

of Technical Cybernetics, SAV, as an expert in direct write

EBL, master mask fabrication, mask inspection and scanning

electron microscopy. Since 1992 he is a researcher at the In-

stitute of Informatics, SAV in Bratislava, and since 2001 he

is the Head of the Department and Project Manager. He has

experiences in submicro- and nanometer structure patterning,

investigation of proximity and thermoeffects, exposure cor-

rection and optimization of the EBL processes. His research

activities are devoted to the application of microelectronic de-

vices, microsensors and micro-systems development, micro-

and nanofabrication. He is holder of a special 1999 Award

of Slovak Academy of Sciences for the work on the project

Submicro- and nanometer e-beam lithography and co-author

of more than 100 published papers in refereed journals and

conference proceedings.

(continued from page 24)

Institut (Berlin, Germany) • J. Sprekels,
Weierstrass Institut (Berlin, Germany) • N.

Takahashi, University of Okayama (Okay-
ama, Japan) • A. Visintin, University of

Trento (Trento, Italy)

Program Committee:

• O. Alejos, Univrsity de Valladolid (Val-

ladolid, Spain) • V. Basso, IEN Galileo

Ferraris (Torino, Italy) • L. Bennett, The
George Washington University (Washington

DC, USA.) • G. Bertotti, IEN Galileo Fer-

raris (Torino,Italy) • E. Cardelli, University
of Perugia (Perugia, Italy) • E. Della Torre,

The George Washington University (Wash-

ington DC, USA) • M. J. Donahue, NIST
(Gaithersburgh, USA) • G. Durin, IEN Ga-

lileo Ferraris (Torino, Italy) • G. Friedman,

University of Illinois at Chicago (Chicago
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