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Promising Applications
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Acoustic Domain Signal Processing
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FoM of Acoustic Devices
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Performance Bounds of SOA
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Performance Bounds of SOA
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= Piezoelectric coupling coefficient (k%) of transducer
= Attainable reflectivity in embedded reflectors

Need a new piezoelectric platform to
break the conventional trade-offs
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Lithium Niobate Thin Film Devices

* lon slicing technique

1. Spin on BCB on LN 1.He*implantation
 Bulk quality thin films
2 Direct boning to LN of various LN cuts on

2 Surface preparation _
B« O caier subsiale

« Suspended resonant

£

3. Splitting in furnace 4. Electrodes definition

B — and waveguiding
$ chipscale

6. Wet etch+ CPD release 5. Define release windows _
« Engineerable
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Acoustic Modes in LN Films
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Acoustic Waveguiding in LN Films
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Development of LN Thin Films Devices

SO mode device

SHO mode device SO mode device

Trench for stress relief
and electrical isolation

e

X-cut, -10° to —Y, 350 MHz k=12.3%, Q=2115, FoM=110 k:2=30.5%, Q=5110, FoOM=1560
By R. H. Olsson et. al. Sandia Y-cut, 0° to Z, 800 MHz _ X-cut, 30° to X, 50 MHz
By S. Bhave, et. al. Purdue Univ By G. Piazza, et. al. Carnegie Mellon
SHO mode device Al mode device A1 mode device

Transferred
LN thin film

k:2=21.5%, Q=1527, FOM=320 k2=18%, Q=N/A k?=29.5%, Q=527, FoM=160
X-cut, -10° to -Y, 0.5 GHz Y-Cut, 4.5 GHz X-cut, 0° to Z, 4.5 GHz
By S. Gong, et. al. UIUC By M Kadota et. Al. By S. Gong, et. al. UIUC
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Impedance Transformer for Wakeup

Wake-up signal
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Rectifier —I>|— Ib Comparator

* Require large passive voltage gain to enhance sensitivity
* Require frequency selectivity to reject interference and improve SNR
* Require Integration with CMOS

TLIRM it ot icrosystems ~ ECE ILLINOIS



Resonator as an Inductor

« To conjugate match 50 Q to the rectifier input of 51kQ in parallel with
0.8 pF with a lossless ideal LC circuit
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« Treat the shunt capacitor as part of the C,
« Optimize the components in the dashed rectangle for highest gain
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Resonator as an Inductor
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v Design the resonance such that the system frequency
coincides with the frequency with max Q
v Properly size the resonator for the desired inductance value
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LN Resonator Array
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R. Lu, T. Manzaneque, Y. Yang, and S. Gong, “Exploiting Parallelism in Resonators for Large Voltage Gain in Low Power Wake up Radio
Front-ends”, in Micro Electro Mechanical Systems (MEMS), IEEE 30th International Conference on, Jan 2018.
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Measured Voltage Gain

Voltage gain when connected in series with the rectifier
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Compression for Wakeup

et —pel [ 1] Jon

‘ i ‘ Wakeu
l Elrfie Rectifier Comparator Correlator | P

Antenna | Compressor 1011 Signal

Passive  Passive/Active  Active Active

« A compressor provides additional power gain by compressing energy over a period
of time to a short pulse

* Input OOF wakeup signal is chirped coded for compression

« Require long delay with low IL over large BW to achieve large processing gain (high
SNR enhancement) and net voltage gain

« Gain from compression can be compounded with gain from impedance
transformation
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Chirp Compressor Design

Double dispersive delay line formed by two IDTs
« Spatial variation of the electrode pitch = delay dependent of f
« Compression ratio for correlated pulses: TB
Top view
L Piezoelectric substrate

Output

Chirp pulse Compressed pulse

Gnd Gnd

fmax transducers
f..i, transducers
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Fabricated Chirp Compressor

Slight warping in suspended thin film
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« 3 mm-long 1um-thick film
released

« Symmetrical double dispersive
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Measured Dispersion

 GroupdelayT =08us = v, = 3750?
« Dispersion observed for both SHO and SO modes
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Measured IL
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T. Manzaneque, R. Lu, and S. Gong, “An SHO Lithium Niobate Dispersive Delay Line for Chirp Compression-enabled Low Power Radios” in Micro
Electro Mechanical Systems (MEMS), IEEE 29th International Conference on, Jan 2017

LLIRM Inoean of wicrosystems ~  ECE ILLINOIS



SNR Enhancement
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T. Manzaneque, R. Lu, Y. Yang and S. Gong, "Lithium Niobate MEMS Chirp Compressors for Near Zero Power Wake-Up Radios," in Journal of
Microelectromechanical Systems, vol. 26, no. 6, pp. 1204-1215, Dec. 2017.
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