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.  External modulator types and
applications

Il.  Why EO polymer modulators
lll. Device work done at UA



A External Modulator Types

Modulator Drive Bandwidth | Insertion | Operating Integration

Type Voltage (V) (GHz)

Electro- 1-3 253 > 6 5-10 Monolithic
Absorption

LINO, 2-5 25 3-6 > 350 None
Electro-
Optic

Electro- <1V 12 > 1004 <6° > 50 Heterogeneous
Optic
Polymer

1Y. Shi et al. Science 288, 119-122 (2000)
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3 C. Zhang et al. IEEE Phot. Tech. Lett. 11 191-93 (1999)
4 D. Chen et al. Appl. Phys. Lett. 70, 3335-3337 (1997)

5 C.T. DeRose et al. Optics Express (Submitted)



A. Applications

Military:

Phased-array antennas

 Fiber gyroscopes
* A-to-D converters
*Generation and detection of THz radiation

*Analog RF Photonics
Commercial:

 Optical interconnects
* Fiber-to-the-home, CATV
* Integration with thin-film optoelectronics

* Modulator arrays



Iﬂl Why EO polymers?

* They're Flexible

* Processability ﬁ
* High EO activity
- High Bandwidth i

" nexpensive ]

(b)

Disadvantages
H-C Song et al, Appl. Phys. Lett. 82, 254432

. Stability



A Electro-Optic Materials
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AJLS102 Amorphous Polycarbonate

CN Developed by A. Jen, U. of Washington
Enami, et. al., APL 89, 143506 (2006)



A How are amorphous polymers
. noncentrosymmetric?

Before poling the chromophores are randomly oriented
After heating to a temperature near the T, and applying

an electric field the chromophores become aligned. To
first order the degree of alignment is directly proportional
to the applied electric field.



Iﬂl EO polymer evolution - r;,
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Thin film poling has improved r,, to greater than 320 pm/V?

T. D. Kim etal. J. Am. Chem. Soc. 129, 488-9 (2007)



A EO polymers with very high r.,

Alex Jen, U. Washington
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« Simultaneous poling and crosslinking requires increased attention to process
details and control over process variables

Y. Enami, C. T. DeRose et al. Nature Photonics 1, 180-5 (2007)



Iﬂl Organically-Modified Sol-Gel

Chemical route for production of glass material from
metallorganic precursor.

Advantages:
— Low temperature processing (<250 &)
— Thick, multilayer film deposition
— Refractive index tuning (doping)
— High stability (inorganic network)
— Low loss waveguides
— Photo-patternable (due to the organic element)
— Low cost (spin coating and UV patterning)
— Compatible with heterogeneous integration



A Sol-gel Composition

2 i
: 28+
+ &\/k /\/\ /
2 £\
&+ | 28+
| 28+
&+ :
+ &8=—2¢ & ' _o_ =
\: . | \
2
3KF\F PHU]IN FC ' 3F\PFLUTI\ FC N
21 LCF CE\ZFLD * [\\ CF\ZFLT

A 95/5 molar ratio of methacryloyoxy propyltrimethoxysilane to zirconium(IV)-n-
propoxide was used. The solution was hydrolyzed with 0.1 N HCI.



A Theory of Multilayer Poling

Gold top electrode
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A Time Dependent Resistivity
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We found that the resistivity of the sol-gel is initially ideal but increases
exponentially with time held at the poling temperature of 150 C



Results
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By using a sol-gel cladding we were able to apply much
higher voltages before reaching dielectric breakdown



Modulator Design — for Low Coupling
A, Loss and Low V ¢
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A Photo-Bleaching of EO Polymers
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Exposing polymer to UV radiation allows us to tune the refractive index
of EO polymers



Simulations
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A Simulation/ Results




A Insertion Loss
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Less than 6 dB pass across the C-Band



A. Results

2.8 V half-wave voltage measured



Iﬂl Future Work

* Use newer generation EO materials to
further improve the device figure of merit

* Examine thermal and photo stability

» Package high performance device

 Examine new designs
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