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Radiant has along term effort to develop a
repeatable piezoelectric MEMSS process.

Focus. The am of the development isto create
the infrastructure to support pMEMS processing.
Optimization of piezoelectric materials will
follow.

Status: We are awaiting the DRIE etching steps to
create the cantilever structures.

Radiant will offer this process as a foundry service
once the process if perfected.
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Foundation Process

One half of a
micrometer of PZT, Top Bottom
TiOx, & glass as Electrode 5Iectrode

protection

Ferroelectric
material

Half of a
micrometer of
Silicon Dioxide
as a foundation

Silicon
wafer

« Radiant has an established process for thin PZT film
capacitors with platinum electrodes, top glass passivation,
and chrome/gold metal interconnect (not shown).
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A
Integrated PZT Capacntors
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A Type AB PZT capacitor die before packaging. The process
supports 0.26p 20/80 PZT or 1.0u 4/20/80 PNZT.
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080 PZT
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* Typicd hysteresisloop for Radiant 0.26p 20/80 PZT with
platinum electrodes.

Polarization (uC/cm?2)
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4/20/80 PNZT/LSCO

4/20/80 PNZT with L SCO Electrodes
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o Typica hysteresisloop for Radiant 0.26p 4% niobium
doped 20/80 PZT with LSCO electrodes.
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4/20/80 PNZT on Pt
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o Typica hysteresisloop for Radiant 1.0u 4% niobium
doped 20/80 PZT with platinum electrodes.
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A
Integrated PZT Capacitors

8.0kV x50.0k SE(U)

SEM cross-section of 0.8u 4/20/80 PNZT on platinum
el ectrodes. Image courtesy of Dr. Jeff Cross of Tokyo Institute of Technology.
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Integrated PZT Capacitors

810KV x50.0k SE(U)

Grains of the 20/80 PZT on platinum electrodes.

Image courtesy of Dr. Jeff Cross of Tokyo Institute of Technology.
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1u PNZT Displacement

1u PNZT Pigon
[ Type ACWHITE]

Angstroms

Measured at 2 kHz
with alaser vibrometer.
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4/20/80 PNZT d,

1u PNZT Pison
[ Type AC WHITE ]

Angstroms
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e Thed,; for Radiant’s 1u 4/20/80 PNZT ranges from

approximately 60pm/V to 80pm/V.
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. o
piezoM EM s Steps

e Build astandard capacitor on a Silicon-on-Insulator

substrate.
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. o
piezoM EM s Step

« Etch thetop side of the wafer to the buried silicon dioxide

layer.
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piezoM EM s Step

e Etch the back side of the wafer to the buried silicon
dioxide layer.
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piezoM EM s Step

« Etch out the buried silicon dioxide. Note the self-dicing

|anes.
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Alternative Structures
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21 PNZT Membrane
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Step by Step

» Bottom electrode.
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Step by Step

Top electrode. The PNZT isalready deposited globally.
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Step by Step

* Ferroelectric patterning.
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Step by Step
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Step by Step

010 AADIMNT TEEFOLONIES, DN s

* Metal interconnect in chrome/gold.
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Trench.

Step by Step

=010 nnoTWT TEEFm oEEs, o
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Step by Step

o P
7 7
eSS S RS S
S
L S B
e S S B R R

=010 nnoTWT TEEFm oEEs, o

e S S S S S

« Backside.
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The Deviceon Wafer

1.7mm

e Thisisthe same device completed through metal interconnect.
It isready for Trench etch.
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The Complete Wafer
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Scanning Mirror
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* A large area scanning mirror designed by Dr. Smits of
Scaldix called an Eight Alpha Rotator.

— Note the through-hole mounting points.
— Orange areas are the 40u SOI layer of the wafer.
— Brown areas are holes through the wafer.
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2mm42Vibration Sensor
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A

2mm2Vibration Sensor
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| DE Cantilever
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o A 2.9-centimeter long vibration sensor or energy scavenger
designed by Radiant.

— 15u gaps on the interdigitated el ectrodes makes this a voltage
generator sensor.
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Par allel-Plate Cantilever

e Thecousinto the IDE cantilever with asingle 2.9cm long,
1u-thick parallel plate PNZT capacitor.
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Tip Displacement

PA1A Cantilever
[ PMEMs-1002 ]
Hysteresis Data Microns
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Measured with a Precision Premier |1 connected to an MT12000 using a

| 2032RX displacement sensor module. Cantilever thickness = 550u.
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Hyster esis Performance

50ux50u
Capacitor

 Therearefivetest dielocated at the cardinal points of each

PMEMs wafer.
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Hyster esis Perfor mance
o0x50 Test Caps
[ PIMEMs-1003 Wafer 2 |
Check BOTIOMS0¢50: Polarization (iCcr2)  Check RIGHTSOG0. Polarization (Cem2)  Check LEFTS0450: Palarization (4Gir)
4 O Check CENTER SOMIarization (UClcm2) CheckTOPSOxstrization (uClcm?)
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e pPMEMsWadfer 2.
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50x50 Test Caps
[ PIMEMs-1003 Wafer 3]
Check BO‘I'IUVISOmIarization (uClem2) Check RIGWSOxmarizalion (HClcm2) Check LEHSOxsmarizalion (MClcm2)
Check CENTER Somlarization (uC/lcm2) Check TOP SOXSMization (UClcm2)
c
2
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N
T
o
ol
Voltage
e pPMEMsWafer 3.
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Hyster esis Perfor mance
Wafer 2 and Wafer 3 Cardinal Sort
[ PIMEMs-1003 ]
[
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=
g
e Both wafers.
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Status

e Wafersare at Trench etch.

ssue: the DRIE etch rate using an Alcatel deep
RIE etcher at the University of New Mexico stops

nalf way through the wafer.

— UNM and Tegal are working with Radiant to improve
this performance.

— The DRIE Trench and Backside etches are the last
remaining steps to finish the piezoMEMs dice.
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The Future

* Once the process is dependable, Radiant will
explore various piezoM EMs device designs that
might have commercial value.

« Radiant intendsto offer apiezoMEMSs fabrication
package to universities starting this fall.

— Students and researchers can lay out their own designs using
Radiant’s 5u design rules.

— Radiant will acquire the mask set and fabricate the devices.
* Radiant is creating afamily of microprocessor-based

platforms derived from the EDU to drive and test these
PMEMSs devices.
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