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sensors are fabricated in square 
arrays with rows and columns con-
nected to groups of membranes. 
Each intersection between the top 
and bottom orthogonal electrodes 
forms a single imaging element. 
�)�R�U���R�X�U���T�X�D�O�L�W�\���F�R�Q�W�U�R�O���P�H�D�V�X�U�H-
�P�H�Q�W�V�����Z�H���H�Y�D�O�X�D�W�H���H�D�F�K���&�0�8�7��
array in an open air medium.

MEASURING DEVICE 
PERFORMANCE 

�)�R�U���R�X�U���F�K�D�U�D�F�W�H�U�L�]�D�W�L�R�Q���P�H�D-
�V�X�U�H�P�H�Q�W�V�����Z�H���X�W�L�O�L�]�H���3�R�O�\�W�H�F�C�V��
�0�6�$�����������0�L�F�U�R���6�\�V�W�H�P���$�Q�D�O�\�]�H�U��
�/�D�V�H�U���'�R�S�S�O�H�U���9�L�E�U�R�P�H�W�H�U�����(�D�F�K

�&�0�8�7���D�U�U�D�\���L�V���P�R�X�Q�W�H�G���R�Q���D��
sample stage and connected 
using three-axis microposition-
ing probes. Each array is driven 
�X�V�L�Q�J���D���F�R�P�E�L�Q�H�G���$�&���D�Q�G���'�&��
bias voltage connected using a 
�E�L�D�V���W�H�H���D�V���V�K�R�Z�Q���L�Q���)�L�J�X�U�H������
When evaluating the performance 
of a sensor array, we focus on 
measurements of the resonant 
frequency and dynamic dis-
�S�O�D�F�H�P�H�Q�W�V���I�R�U���G�L�-�H�U�H�Q�W���$�&���D�Q�G��
�'�&���G�U�L�Y�L�Q�J���F�R�Q�G�L�W�L�R�Q�V�����:�H���D�U�H��
interested in comparing results 
�E�H�W�Z�H�H�Q���G�L�-�H�U�H�Q�W���S�R�V�L�W�L�R�Q�V���D�F�U�R�V�V��
the device, to analyze the general 
performance of the array, and

to investigate any displacement 
changes due to resistive losses and 
�W�R���V�S�R�W���D�Q�\���G�H�I�H�F�W�L�Y�H���P�H�P�E�U�D�Q�H�V���E

EVALUATION AND 
FUTURE PLANS
 
�:�K�H�Q���H�Y�D�O�X�D�W�L�Q�J���&�0�8�7���F�H�O�O�V�����L�W��
is critical that every membrane 
operates identically, otherwise 
small deviations across the array, 
or clusters of dead cells, will create 
artifacts while imaging with these 
�V�H�Q�V�R�U�V�����6�R�P�H���R�I���W�K�H�V�H���Y�D�U�L�D�W�L�R�Q�V��
can be spotted visually using a 
microscope, such as collapsed or 
�G�H�I�R�U�P�H�G���F�H�O�O�V���V�K�R�Z�Q���L�Q���)�L�J�X�U�H������

Figure 2: Sample analysis setup 
for controlling the AC and DC bias 
voltages during measurements
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�)�L�J�X�U�H���������7�Z�R���F�R�O�O�D�S�V�H�G���&�0�8�7���F�H�O�O�V��
due to fabrication errors

However, if the sealing plugs leak 
�L�Q���D�Q�\���R�I���W�K�H���&�0�8�7�V�����W�K�H�Q���W�K�H��
�F�D�Y�L�W�L�H�V���Z�L�O�O���+�O�O���Z�L�W�K���D�L�U���F�D�X�V�L�Q�J���D��
shift in the resonant frequency 
and performance of the cell, while 
appearing through the microscope 
�W�R���E�H���Q�R���G�L�-�H�U�H�Q�W���I�U�R�P���D���Y�D�F�X�X�P��
�V�H�D�O�H�G���P�H�P�E�U�D�Q�H�����7�K�L�V���V�K�L�I�W���L�Q��
resonant frequency, as well as a 
decrease in dynamic displacement, 
�L�V���F�D�X�V�H�G���E�\���W�K�H���G�D�P�S�L�Q�J���H�-�H�F�W�V���R�I��
squeezing and stretching a pocket 
of air at the Megahertz frequen-
cies used for medical imaging. 
�7�K�H�V�H���G�H�I�H�F�W�V���Q�R�U�P�D�O�O�\���F�D�Q���R�Q�O�\��
be observed when operating the 
�V�H�Q�V�R�U�����V�R���L�W���L�V���E�H�Q�H�+�F�L�D�O���W�R���S�U�R�E�H��
the device and determine if these 
defects exist before spending

additional resources connecting 
and packaging the sensor for 
testing in an ultrasound system. 

�$�Q���H�[�D�P�S�O�H���R�I���V�H�Y�H�U�D�O���O�H�D�N�L�Q�J��
�P�H�P�E�U�D�Q�H�V���L�V���V�K�R�Z�Q���L�Q���)�L�J�X�U�H�����D����
where 2 cells are not resonating 
at the same frequency as the rest 
of the array when operating with 
sinewave excitation. We can further 
investigate the operating frequen-
�F�\���R�I���E�R�W�K���W�K�H���L�G�H�D�O���&�0�8�7���F�H�O�O���D�Q�G��
the defective sensor using a pseu-
dorandom excitation signal with 
�W�K�H���Y�L�E�U�R�P�H�W�H�U�����D�V���V�K�R�Z�Q���L�Q���)�L�J�X�U�H��
���E�����$�V���\�R�X���F�D�Q���V�H�H���W�K�H���D�L�U���S�U�H�V�H�Q�W��
in the membrane shifts the reso-
nant frequency higher while also 
decreasing the dynamic displace

ment for a given operating voltage.

�6�X�F�F�H�V�V�I�X�O���G�H�V�L�J�Q���D�Q�G���I�D�E�U�L�F�D�W�L�R�Q��
�R�I���&�0�8�7���P�H�G�L�F�D�O���L�P�D�J�L�Q�J���W�U�D�Q�V-
�G�X�F�H�U�V���L�V���G�H�S�H�Q�G�H�Q�W���R�Q���D���U�H�+�Q�H�G��
�S�U�R�F�H�V�V���,�R�Z���W�R���S�U�R�G�X�F�H���G�H�I�H�F�W��
�I�U�H�H���S�U�R�G�X�F�W�V�����,�W���L�V���X�V�H�I�X�O���L�Q���W�K�L�V���G�H-
velopment process to have equip-
ment capable of inspecting each 
array to ensure proper quality con-
trol standards are being met. Using 
�3�R�O�\�W�H�F�C�V���0�6�$�����������/�D�V�H�U���'�R�S�S�O�H�U��
Vibrometer we are able to inspect 
our sensors during the fabrication 
process so that we can identify 
and correct production errors, and 
avoid spending additional resourc-
es packaging and testing sensors 
we already know to be defective. �v
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