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• Requirements for Vππππ Under 1 Volt 
– RF Photonics

• High Dynamic Range
– High Speed/Frequency/Bandwidth

• CV2∆∆∆∆f Prohibitive Switching Power
– Direct Connection to Antenna

• Arrays

• Current Technology Inadequate (>1 Volt at ~ 10 GHz )
– LiNbO3
– Electroabsorption
– Polymer

• Need: Vππππ in mV’s, not Volts
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• Tunable Filters

• WDM Add-Drop Multiplexers

• Ring Lasers

Double-Waveguide Coupled 
Ring Resonator

Single-Waveguide Coupled 
Ring Resonator

• Frequency selective variable attenuators

• Frequency selective amplitude modulators
• Frequency selective phase modulators
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• Flat-top Tunable Filters

• Flat-top WDM Add-Drop Multiplexers

Double-Waveguide Coupled 
Multiple Ring Resonator

Single-Waveguide Coupled 
Multiple Ring Resonator

• Multi-wavelength variable attenuators

• Amplifier gain equalizers
• Dispersion compensators
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• 60 mA = Ith
• 1550 nm
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• CH4-H2 based

• 700 nm period  
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I. Conventional:
High Voltage, High Capacitance

II. RESONANT ENHANCED MODULATOR (REM)* 
Multi-Pass, Small Size, Low Capacitance

Resonant Enhancement

photons
recycle

through
modulation

electrode

*Enhancement =

Photon Lifetime
Roundtrip Time

JH Abeles, SARNOFF
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• Phase modulation due to coupled resonators

• Combine multiple resonators to achieve performance 
enhancement

coupler

modulated
ring

section

In

diameter FSR Finesse= Finesse= Finesse= Finesse= Finesse= Finesse=
(um) (GHz) 3 10 30 3 10 30

5 5968 1989 597 199 0.1 0.3 0.8
10 2984 995 298 99 0.2 0.5 1.6
20 1492 497 149 50 0.3 1.1 3.2
50 597 199 60 20 0.8 2.7 8.0

100 298 99 30 10 1.6 5.3 16.0

Passband (GHz) Photon Lifetime (psec)
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• Push-Pull Config’n

• 37 mV = Vππππ

• 10 GHz Operation
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InP ChipInP Chip

To
Remote
Rcvr &
Signal

ProcessingMicro-Optical
Resonator @ 2.7 THz

RF
Impedance

Match @10 GHz

From
Antenna
Element

Resonant Enhanced Modulator:
Triply Resonant

From
Light

Source

Mode
Expander

Mode
Expander

InP Substrate

Electroabsorption
Element @ 200 THz
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8 dB Gain
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0.38 mm Quartz Substrate

 Side View of Waveguide-to-microstrip transition 
   end-fire multi-section ridge waveguide. Not to scale.

End of WG-to-microstrip 
transition.  Gold ribbon 
stress-relief

A.   End of WG-to-microstrip 
        transition.  Gold ribbon 
        stress-relief 
B.   Suspended rectangular 
       inductor. 
C.   Meander line 
D.    Open radial stub 
E.    Open radial stub 
F.    Suspended rectangular 
       inductor 
G.    Low-capacitance Modulator 
H.   Ground connection

H

G H

Modulated 
Light

Top View

WG/microstrip 
~20 - 100 ohms 
50 ohms simulated 
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• Propagation losses 
~ 1 cm-1

• Consistent with 3 dB 
excess loss
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• KEY GOALS:

• Vππππ 0.025 V
• RF Frequency 10 GHz
• RF Bandwidth 4 GHz
• Insertion Loss 6 dB 

Sarnoff/CREOL
REM 

Design, Test
(J.H. Abeles,

Sarnoff)

Nanofab
(I. Adesida,
U. Illinois)

Resonant
Enhanced
Modulator

Sarnoff:

G. Pajer, A. Braun, T.P. Lee
R. Menna, J. Abeles (PI)

UIUC:

S. Rommel, I. Adesida (PI)

Approved For Public Release, Distribution Unlimited
Review of this Material Does Not Imply Department of 
Defense Endorsement of Factual Accuracy or Opinion


