
Thin, flexible waveplate of fluorinated 
polyimide 

S Ando, T Sawada and Y Inoue 

Indnmg tewn Opt,cal pola11sers, Optual pol;meis Lzght 
po/a, zsatwn 

A thm optical half-waveplate at I 55µm, only 14 5µm thick, 
which 1s 6 3 times as thm as a zeroth order quartz waveplate, 1s 
prepared usmg fluonnated poly1m1de This matenal has good 
fle,1b1hty, thickness controllab1hty, and high thermal stab1hty 
The retardat10n of the waveplate was retamed after annealmg at 
350°C for I h 

Int,oductwn The most commonly used b1refnngent matenals for 
optical components are calcite and quart;: Such morgamc crystals 
have high optical transparency and good thermal and environmen­
tal stdb1hty However, thelf b1refrmgence cannot be vaned and 
they are difficult to make mto thm plates or small components 
The thickness of a zeroth order calcite half-waveplate for the long 
distance optical commumcat1on wavelength (1 55µm) 1s ~5µm, 
makmg the waveplate almost 1mposs1ble to grmd and polish 
becduse of its frag1hty On the other hand, the low b1refnngence of 
quartz makes the half-waveplate thick (92µm) This results m con­
siderable excess loss when the waveplates are mserted mto 
wavegmdes [l) There has been a strong demand for new optical 
matenals whose b1refrmgence can provide a half-waveplate 10-
20µm thick while havmg good processab1hty and tractab1hty 

Umax1ally drawn Kapton®-type poly(am1c acid) film [2) can 
give a highly onented poly1m1de film with a large m-plane birefrm­
gence of O 18, which 1s larger than that of calcite In this study, we 
mvest1gated fluonnated poly1m1des as a novel blfefnngent matenal 
whose thickness and retardat10n can be precisely controlled 
Fluormated poly1m1des [3, 4) exh1b1t high transparency m the v1s1-
ble near-mfra-red reg10n, and have high thermal stab1hty (above 
300°C), and low water absorpt10n (0 2-0 7wt%) These character­
istics are supenor to those of convent10nal nonfluormated poly1m-
1des, such as Kapton®, which have high water absorpt10n of ~2-
3 wt¾. which causes optical loss at optical commumcat1on wave­
lengths 

Sample p1epwatwn and measurement The fluonnated poly1m1de, 
PMDA/TFDB (Fig I), used m this study has a rod-hke structure 
accompamed by a large amsotropy m electromc polansab1hty 
This 1s advantageous for generatmg large m-plane bJrefrmgence by 
umaxial drawmg The preparat10n of poly(am1c acid) of PMDA/ 

0 0 
11 II 

1c:(Xc\ 
N I /N 

\ C 
II II 
0 0 

PMDA/TFDB j66s,, I n 

Fig. 1 F/11011nated pol;unzde Jo, optnal wavep/ate 

Tl<DB has been descnbed m detail elsewhere l4J The tilms of 
poly(am1c ac1d)s were prepared by spm-coatmg N,N-d1methyla­
cetam1de solution onto a 4 mch s1hcon wafer, followed by drymg 
m mtrogen at 70°C for 1 h The film was then peeled from the sub­
strate, two of its sides were cut off, and 1t was fixed m a metal 
frame by the other sides (Fig 2) The film was 55mm long (m the 
fixed direct10n) and 60mm wide The film was then heated to 
350°C at 4°C/mm to convert the poly(am1c acid) mto poly1m1de 
As the temperatme mcreases, the polymer chams spontaneously 
onent along the fixed dJrect10n as a result of the tensile stress ans­
mg from the shnnkage of the polymer film and the evaporation of 
the solvent Hence the onented polymer chams exh1b1t m-plane 
b1refnngence 
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Fig 2 Method of fab11catlllg m-plane buejilllgent polrzmzde frl,m 

The retardation of the films was directly measured by the paral­
lel Nicole rotation method at 1 55µm, and thickness was measured 
from the mterference fnnge obse1ved m near-mfra-red absorpt10n 
spectra (wavelengths 1 6 - 2 6µm) The retardat10n and the thick­
ness we1e measmed at the centre of the films In-plane bJrefrm­
gence (fln) was calculated by d1v1dmg the retardat10n by the 
thickness The largest m-plane refractive mdex (nm) and the 
smallest m-plane refractive mdex (nff,) at 1 523 µm were measured 
usmg a Metncon PC-2000 refractometer 
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Fig 3 Retmdatwn ofpvhrmzde /rims agamst ~peed of ~PIil watlllg 

Waveplate jah11catwn The fln, nm, and nTE2 of the film prepared 
by the above method are O 053, I 638, and I 585, respectively The 
film was very pale yellow, tough, and flexible Because retardation 
1s the product of the thickness and m-plane birefnngence, prec1;e 
control of retardation reqmres film thickness control It 1s well 
known that the thickness of poly1m1de film can be controlled by 
changmg the spmnmg speed of the poly(am1c acid) solut10ns As 
shown m Fig 3 the retardat10n of the poly1m1de films 1s lmearly 
proport10nal to the spmnmg speed From Fig 3, the spmnmg 
speed for ptoducmg a half wavelength 1etardat10n at I 55µm 
should be 570rpm The 1etardat1on of the film thus obtamed was 
0 772 This md1cates that the retardat10n of fluonnated poly1m1de 
films can be controlled to have an error of less than I% In add1-
tlon, the half-waveplate was only 14 5µm thick, which 1s 6 3 times 
as thm as a quartz waveplate This will decrease the excess loss 
caused by msertmg waveplates mto wavegmdes An attempt to use 
this poly1m1de waveplate as a TE/TM mode convertor m s1hca­
based planar hghtwave Clfcmts 1s under way [5) An important fea­
ture of retardat10n 1s thermal stab1hty, m order to provide com­
patib1hty with high performance optical c!fcmts We exammed the 
thermal treatment effect by annealmg half waveplates prepared by 
the above method at 250, 300, 350, 380, and 400°C for I h As 
shown m Fig 4, the retardat10n of the waveplates does not change 
below 350°C, the preparat10n temperature of poly1m1des Above 
350°C, the retardat10n mcreases with annealmg, suggestmg that 
self-onentat10n of poly1m1de molecules takes place 
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Fig. 4 Retmdatzon of polvzmzde films afte, annealzng Jo, 1 h 

Conclus1011 Fluonnated poly1m1de 1s a novel m-plane blfefnngent 
optical matenal that can be used to make a half-waveplate at 
I 55µm that 1s only 14 Sµm thick This waveplate 1s flexible and 
tough and has a large m-plane bJrefnngence The optical retarda­
t10n of the poly1m1de could be controlled w1thm I% by adJustrng 
the spm-coatmg speed The waveplate was 6 3 times as thm as a 
quartz waveplate. which will decrease the excess loss due to the 
msert10n of waveplates mto wavegmdes The retardat10n of the 
waveplate was retamed after annealmg at 350 °C for I h 
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