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Summary
Background
• To achieve high resolution when performing medical

imaging a large number of array elements are needed,
and hereby also many interconnections. With
conventional fully populated matrix (FPM) arrays this
results in processing limitation in hardware and
cumbersome probes.

• Row-column addressed (RCA) CMUTs make this
possible as the number of interconnections scales with
2N compared with N2 for conventional (FPM) arrays.

Objective
• Develop a robust LOCOS based fabrication process for

large RCA CMUTs.
• Achieve electrical separation of bottom electrodes in a

RCA array to reduce capacitive substrate coupling
between elements.

Method
• Utilizing a DREM process [2] and anodic bonding of a

glass wafer to the bottom of structures for electrical
insulation of bottom electrodes.

• Electrical characterization by impedance measurements.
• Acoustical characterization of response from CMUT

elements.

Row-column
Conventional row-column CMUT design

3D illustration of a RCA transducer array showing a corner with four top and four bottom

electrodes.

CMUT design optimization
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Sketch of a cut-out 2+2 row-column array with two different CMUT configurations.

a): A conventional design with straight rows and columns where only a single cell fits

into each sub element.

b): A Zig-Zag pattern design [1] that allows two cell to fit into each sub element. As the

pitch, λ/2, and cell size is kept constant a higher packing and hereby pressure can be

achieved.
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Fabrication process

The six main CMUT fabrication steps. 1) DREM etching is used to separate elements.

2) LOCOS process used for defining cavities [3-4]. 3) Fusion bonding of SOI wafer to

cavities. 4) Etch back separating the elements followed by polishing. 5) Anodic bonding

of glass wafer to bottom electrodes. 6) SOI handle thinning to define top plate.

DREM process

Scanning electron microscope cross-sectional image of silicon wafer from step 1) in

the fabrication process. The etch depth of 113 µm is acquired after performing multiple

deposit and removal cycles of the DREM process.

Scanning electron microscope image of the tilted wafer cross-section seen from the

backside from step 4) in the fabrication process prior to polishing. The bottom electrodes

are seen as zig-zag shaped etching separated silicon segments. The trench oxide seen

is a result of the high selectivity during etching between silicon and oxide.

Wafer polishing for bonding

(a) (b)
Optical images of the wafer backside from step 4) in the fabrication process. (a): After

the backside reactive ion etching (RIE) process has etched approximately 400 µm and

separated the bottom electrodes. The electrodes are now only mechanically connected

to the top-plate. (b): After polishing the backside using a chemical mechanical polishing

(CMP) process [5].

Electrical characterization

Impedance measurements of the linear CMUT elements at four different DC biases.

The absolute magnitude is shown a) and the phase is shown in b).

The DC bias is varied from 60 V to 80 V with the latter corresponding to 90% of the

pull-in voltage. The characteristic spring-softening effect of CMUTs expressed as a shift

to lower resonance frequencies for increasing DC bias is observed. Capacitance-voltage

measurements revealed the characteristic parabolic dependence on voltage expected

from CMUTs.

Acoustical characterization

Acoustical measurement on linear CMUT elements. a): Measured response from

hydrophone in immersion aligned 4 cm from the transmitting CMUT array. The excitation

signal is a single cycle 10 V peak-to-peak 4 MHz sinusoidal pulse with a DC bias of

90 V .

b): The Fourier spectrum which shows substrate ringing at the expected frequency, fsr,

given as

fsr =
1

2 · tsubstrate

cSi
+

2 · tboro

cBoro

=
1

2 ·100µm
8800m/s

+
2 ·500µm
5640m/s

= 5.00MHz

where tsubstrate, cSi and tboro, cBoro are the thickness, speed of sound in the silicon substrate

and borosilicate glass wafer, respectively.

Conclusion
• Functioning CMUTs have been fabricated, combining

cavity dimension control due to LOCOS, and electrical
separation of the bottom electrodes due to DREM and
anodic bonding.

• Electrical and acoustical characterization has been
performed on linear elements which show expected
CMUT behaviour.

IEEE International Ultrasonics Symposium, October 2019, Glasgow, Scotland Preprints available from: rungra@dtu.dk


