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Fabrication of Nonlinear Gratings by Embossing with Poling Technique and Frequency

Doubling in Polymer Thin Film Waveguides
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8561
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Simple fabrication technique of waveguide components in active polymer thin films by simultane-
ous process of embossing and poling at elevated temperatures was proposed. Grating master
consisting of polyimide die was fabricated and its stability was investigated. The master molded
nonlinear optical polymers, and simultaneously, high voltage was applied to the polymers. The.
grating profile and the nonlinearity were estimated by changing the mold and removal conditions
of the master. Moreover, grating-coupled phase-matched frequency doubling was realized.
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Fig. 1. Schematic diagram of simultaneous embossing
and poling at 7.
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Fig. 2. Fabrication procedure of the master grating.
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Fig. 3. Depth of etching of polyimide as a function of UV
energy density.
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Fig. 4. AFM photographs of master grating with 1.0 zm
and 0.72 ym period.
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Fig.5. Thermal stability of diffraction efficiency of the
master grating for 200°C and 300°C.

3.3 t/E B

EER=Y > 72 EHEIT> 2 HEK, TAF—DLY
— 7RIS U % > 2 [ARR D EBRR TR Tz, R
100°C Mg, DR 1/PMMA #fE (BFRERE 10 wt%)
WEEBER—Y) > 75T, A —0 1 REFEOZEL
ZRE LT, v A ¥ — SRG ORI 0.67 um, A5 —
DAY 7EN%Z20kgf & L7z, Fig. 6 KEBER—Y >~
JOEBIINT B XY —D 1 REFIEE(LERT, K
HEHAO~ R Y —DEFFIRIZI%THY, LEIHDOESER
— ) > 7 BTk, EITRIEID 12% E THEML, 2 EE

575 (45)



[y
fa)

—
[$a}
T

Diffraction Efficiency (%)

(e}
— @

40

fe)
o
—_
o
—
(S}
[y~]
(=)
Do
[Sal
W
(el
(98]
[$2]

Stamping Times
Fig. 6. Mechanical stability of diffraction efficiency of the
master grating against stamping times.

X (1m)

Fig. 8. AFM photograph of DR1/PMMA replica grating
with 0.67 xm period for the removal temperature of master
at 50°C.
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Fig.7. AFM photographs of DR1/PMMA replica grating with 1.0 um period for
different removal temperatures of master grating. (a) 25°C, (b) 50°C, (c) 90°C.
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Fig. 9. Diffraction efficiency of DR1/PMMA replica grat-
ing with 1.0 um period as a function of press force of
master grating.

Table 1. Depth of master and replica gratings for each
period.

Period of master (um)  0.67 0.72 1.0 5.0

Depth of master (nm) ~172  ~228 ~364  ~600
Depth of replica (nm) ~171  ~205 ~314  ~568
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Fig. 10. AFM photograph of 3RDCVXY replica grating
with 0.67 um period.

Fig. 11. AFM photograph of DR1/U-100 replica grating
with 0.67 um period.
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Fig. 12. Diffracted SH signal as a function of incident
angle of fundamental beam and photograph of SHG.
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