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Abstract: We report the fabrication results for an all-
copper 220 GHz folded waveguide circuit.  The fabrication 
method is based on UV lithography using SU-8 negative 
photoresist followed by copper electroforming.  The 
method achieved the necessary dimensional accuracy, 
smooth vertical side walls, low cost of fabrication, and all-
copper structure suitable for high power applications.  
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Introduction 
Northrop Grumman – Electronic Systems (NGES) is 
developing a 100 W, CW 220 GHz amplifier for the 
DARPA HiFIVE program.  The amplifier is based on a 
folded waveguide (FWG) circuit, which requires high 
dimensional precision and quality surface finish for the 
waveguide component.  The finished amplifier is 
assembled from two mirror image FWG circuit dies. 
Thermal management issues caused by beam interception 
and high RF power levels may require the use of an all-
copper structure for the waveguide. 

UV and X-ray lithography followed by electroforming 
(LIGA) are able to fabricate all-metal high-aspect ratio 
structures.  X-ray lithography can provide high precision, 
but at higher cost than UV lithography.  This project 
evaluates whether UV lithography can deliver the 
dimensional accuracy and the smooth and vertical side 
walls required for the waveguide. 

SU-8, a negative-tone photoresist, has become attractive 
for many applications in high-aspect-ratio 
microfabrication, because of its high sensitivity to UV 
radiation and its good resolution.  Here, we demonstrate 
fabrication of the waveguide using a copper plate as a 
substrate for the SU-8 resist, patterning with UV 
irradiation, resist development, and copper electroforming 
to produce an all-metal structure with the required 
precision and surface characteristics.   

Results 
The fabrication method process flow is shown in Figure 1. 
The fabrication steps are as follows: (a) commercially 
available SU-8 from MicroChem (Newton, MA) is coated 
onto a copper substrate and soft-baked on a leveled hot 

plate. (b) UV lithography using a MA-6 mask aligner and 
optical mask will pattern the FWG structure.  The 
remaining processing steps include: (c) SU-8 
development, (d) copper electroforming, (e) planarization, 
and (f) SU-8 removal. Wire EDM (g) will be used to 
create a half-beam tunnel in the circuit die, and the die 
will be aligned and bonded together using low-temperature 
Au-Au thermocompression. 

The challenges to be overcome were: 
1. Standard UV lithography is not suitable for a thick 

(~500 µm) resist layer.  We needed to find parameters 
that achieved accurate transfer of the mask features to 
the resist.  The developed structures required vertical 
sidewalls, which are difficult to obtain in negative-tone 
resists. 

2. Internal stress, which accumulates in the SU-8 resist 
after exposure and thermal treatment, leads to adhesion 
failure during or after development. 

3. In order to obtain a pure copper final structure, the 
copper electroforming had to be performed without 
organic additives that are usually needed for uniform 
plating.   

4. High precision planarization was required in order to 
achieve parallelism between the bottom of the folded 
waveguide and the top surface of the circuit die.  
Failure to maintain parallelism would result in a 
structure with a varying phase velocity along the 
length of the circuit.  Variation in waveguide height 
along the length should not exceed 1 µm.  While 
maintaining parallelism, the top surface must be flat 
and smooth to permit good bonding of the circuit die, 
and the FWG height must be accurate, such that the 
device operates at the desired beam voltage.  

5. The SU-8 resist must be completely removed from the 
waveguide structures. 

The substrate was 10 cm x 10 cm x 0.5 cm copper from 
Goodfellow.  Several devices could be fabricated at the 
same time on the substrate.  Optimal fabrication parameters 
were determined for accurate transfer of the mask layout.  
Photograph and scanning electron micrograph (SEM) 
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Figure 2. Photograph and SEM enlargement of SU-8 
structures on copper substrate after SU-8 
development. 
 

 
Figure 3. Photograph and SEM enlargement of the 
sample after copper electroplating, planarization and 
SU-8 removal. 

images of the patterned SU-8 mold after development are 
shown in Figure 2.   

Copper was electroplated onto the copper substrate into the 
developed mold using a copper sulfate bath without organic 
additives.  The electroformed structure was planarized to 
the desired thickness.  Required parallelism and uniformity 
in thickness was achieved over the entire length.  SU-8 was 
removed by a proprietary plasma etching step, followed by 
wet etching to remove resist residue.  Photograph and SEM 
images of the structure after SU-8 removal are shown in 
Figure 3.  

In conclusion, we have developed a fabrication method that 
allows reproducible fabrication of all-copper FWG circuits 
with the required dimensional tolerances and surface 
characteristics for using in a 100W, 220 GHz amplifier. 
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Figure 1.  Fabrication flow chart. 
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