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GaAs millimeter wave micromachined circuits Process flow general issues H

The research of applications of micromaching techniques Substrate (GaAs)
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Final height: ~ 2 - 2.5 pm
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Backside etching for membrane formation Membrane formation
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Photolithography mask change
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The thickness of the membrane was 2.2um
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FBAR series connection (AIN membrane W= (.357 pm)

Each IDT structure has 30 digits and 29 inter-digits. The digits and inter-digits have
a length of 200pm, and an equal width of 200 nm for one type of test structures and
300nm for the other type,

Fhe first step in the SAW structure manufacturing was the
measurement pads patterning and deposition. Conventional
photolithography, e-beam metalization (Ti/Au 20nm/200nm) and lifi-

A SAW structure with an IDT having
off technique was used

metalic fingers and pitches of 300nm
Due to the digits/interdigits dimensions, a direct writing process was = [ I
used, for the IDT structure.
I'he desig psfer on the wafer was performed using a Scanning
Electron Microscope (Vega from Tesc equipped with an E
Beam Lithography system (Elphy Plus from Raith)

Finally, Ti/Au (20/nm/200nm) is deposited by ¢ beam and a lift-ofl
process, is used to remove the unwanted metal
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The layout of the MSM GaN membrane
structure for UV detection

Active arca | e
|

\ £ |
1 | |
. ERERE] ! + i 1 g
Active area: o -Ia-siaek fI ] 3345 | 8y | 4, e | TiPn MD4e
20 fingers (10+10)  Tpm wide; i :

{detail)

19 gaps (interdigits) 1pm wide;
SEM photos of the 1 pm wide Ni/Au (20nm/100nm) lines The

finger length 100 pm
interdigit width was also about 1 pm

nontransparent metallization
Ni/Au (20nm/100nm)

In house RF MEMS switch technology

Responsivity vs. wavelengths
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...in order to fabricate biosensors based on compound semiconductors
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What is a Lamb-wave biosensor? Whyu N or AlNjas the PZ material?

= Membrane thickness d is much less than the acoustic wavelength
A ~- Generates only 2 fundamental modes (A, and S,)

= Until now: Piezoelectric layer is being deposited by sputtering
method (AIN, ZnO) L Compatible with processing techniques

U High acoustic velocity

QExcellent thermal stability
e U Feasibility of operation in harsh environments
2 interfaces

3 ADVANTAGES I:> { True surface wave
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Fabrication of a Lamb-wave biosensor

Photolithographic techniques were used
The design was based on 5 masks

High resistivity( >10000 Qecm) Si (111)
wafers

Piezoelectric layers were fabricated by
Molecular Beam Epitaxy (RF-MBE)
Piezoelectric material: GaN and AIN

Future Work ﬁ
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Conclusions/2 ﬂ
» State of the art technologies for lll-arsenides an
lli-nitrides have been developed

}Implementation into IMS for terrestrial and space
applications
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Process flow
1. MBE structure

2. Formation of Pads+ IDTs

3. Front-efch
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4. 1 back-etch (Gasket Area)
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5. 2™ pack-elch (Membrane area+Dice of chips)
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Conclusions/1

Birth of a strong friendship with Alex Muller and the rest
of my friends at IMT as well as other friends around
Europe

My Octobers = Sinaia

Led to moments of real scientific joy as well as
recognition (Descartes prize nomination, Award from the
Romanian Academy)

Opened news ways of research and technology for MRG
while building on its expertise and strength

Assist IMT to its tremendous leap towards its “re-birth”™
within the last decade

Establish a very competitive “high-tech duo” originating
from two non-traditionally high-tech EU states

Acknowledgements

“NoE” AMiCOM
(Advanced MEMS for RF and Millimeter Wave

Communications)

North Star Project (NSP)
MMID (Millimeter wave identification
network for bio and other sensors
using micro- and nanocomponents)

Bacterium

- Proten G
Al

Penetration ‘\_,\
depth E
[ (E R ER

LIV IR I I AU /

Substrate
CrEETTE
Au depasition: ~20nm Biomaterials being deposit: 1) Protein G
2) G

3) Bacteria




General info:

Width of IDTs: M4

Distance between 2 adjacent
IDTs connected to the same
transmission line: 3A/4

3 different A: 36, 25 and 16 pm
(50, 90, 102 pairs of IDTs)
Operation frequency for Lamb
devices epends on: A, acoustic
velocity of material and quality
of material
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