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MICIlitj Acoustoelectric (AE) Interaction

D Carriers and surface acoustic wave (SAW) interact though a
mutual quasi-static electric potential due to piezoelectricity

Material stack
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Gain Dependence on Electric Field
CIGain in a delay line through the AE effect

400

200

-400

-6000 -4000 -2000 0 2000 4000 6000
Electric Field (V/cm)

m = 0.0869 x 1(.1,? 71- f EP + E°
il.d x e x n)

r = K2 — x 
À 1 + (x) 2 

x = 
(vA — µE)am

VA a

IT x

Pout — Pine r L
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4Epitaxial InGaAs on Lithium Niobate



Fabrication Flow
CI Process flow utilizing a 111-v epitaxial semiconductor stack bonded
to a Y-cut LiNb03 wafer
1. Bond inP sulagrate with

epitaxial lagensta KIN b03

Amplifier Layer —*

Contact layers
InP (ND)

LiNbO3

InP (NiD)

LiNb0 

Flatness and
bonding
completeness

SEM of Device

InGaAs I IDT

so pm



P'IltyliPuiDevice Characterization and
Measurement
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❑ RF and electrical resistance measurements set system parameters.

nd = emt x d

O Impedance matching
O Pulsed Gain

O Electrical and capacitive measurements.
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Device Design for Y-cut Z-Propagating
CI Impedance matching in Send Receive Device: L=lmm, Nfingers =6(:),

pitch=10.5µm, Aperture=210p.m
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MOW- Electronic Gain With Rayleigh SAW
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U Electronic gain achieved

4 Zero field attenuation to
extrapolate gain
predicts large gain

nd = 4e15cm-3

= 702cm2/V

4 Used measured
conductivity with half
mobility to rationalize
loss of gain

Gain may be limited due
to pinch off effects, band
bending or thermal effects

Sandia
National
Laboratories



Y-Cut X-propagation 12g2 kv cAW fl cAW) Amnlifichr

,u,) 4486000 
25

0(
3

20 o°
---  4400❑ LSAW has large KT2

• 0°: large KT2dbut
large loss.

• 41° or 64° cuts
❑ AE gain must be large
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0 Device Design: Amplifier: Length=lmm, Width=429pm,
Transducer: Nfingers =90, pitch=50pm,Aperture=210pm
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"illtomparison Between SAW and LSAW
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• dB=0 position is fixed by mobility
• Slope increase by a factor of 5
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nd = 20e15cm-3
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• Terminal gain of 3dB
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"illtomparison Between SAW and LSAW
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Noise Competition In Gain Roll Off Region
CI Gain in a short distance is sufficiently large that noise
saturation effects come into play Noise saturation
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Best Performer LSAW
CI Confirm KT2 by measuring AE current 
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CIWe achieved large gain using LSAW:

5dB terminal, 30dB electronic with 90mW power

L. Hackett, et. Al. "High-Gain Leaky Surface Acoustic Wave Amplifier
in Epitaxial lnGaAs on Lithium Niobate Heterostructure". APL 2019E 800
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!ICI& Power Optimization
CI Trade off between long devices needing more power for OdB and short

devices burning up power with a fixed Alic/B
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• Optimal dissipation is not the only consideration

• Longer devices need more voltage
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Conclusion

• Given overview of gain via AE
interaction

• Proposed a scalable fabrication
method based on wafer-scale bonding
of InGaAs and Lithium Niobate

• Demonstration of strong gain
interaction
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