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Resonance enhanced THz generation in electro-optic polymers
near the absorption maximum
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The electro-opti¢EO) coefficient of an organic nonlinear material exhibits a sharp resonance near
the absorption maximum of the material. Due to this resonance, we experimentally observe the
amplitude of the THz field generated from a Jun-thick EO polymer composite to be larger than
that emitted from a 100@em-thick crystal of ZnTe. This comparison allows us to estimate the
resonance enhanced EO coefficient of the polymer composite to be over 1250 pm/V at 800 nm. ©
2004 American Institute of Physid®Ol: 10.1063/1.1835550

Terahertz applications, ranging from medfcahd near- and 80um-thick DAPC samples compared to a
field imagingf to spectroscopy of biological and chemical 1000.um-thick ZnTe crystal. The signal from the /@&m
agents’ are becoming more widespread. Efficient emittersDAPC film is much smaller than that from a CFAPC film of
and sensors are needed to improve the performance of all sfmilar thickness. However, the THz emission from DAPC
these THz systems. Photoconductive dipole antennasan be significantly increased by using a thicker DAPC layer
electro-optic(EO) crystals, and EO polymers can be used adFig. 2b)]. These results can be understood by considering
THz emitters and sensors. Due to their good phase matchiri§e dispersion of the EO coefficient in the EO polymer com-
conditions and high electro-optic coefficients, EO polymersPOSites.
are promising materials to increase the spectral response as |n molecular nonlinear materials, the macroscopic sec-
well as the signal-to-noise rati®NR) of THz systems. ond order nonlinear susceptibility is directly proportional to

We are studying organic guest—host polymer composite?e second order m(_)lecular pqlarlzablhty. By applying time
consisting of various kinds of chromophorégig. 1) and ~ dependent perturbation theory in the two-level madeM)
polymer matrices. Chromophores with extendeglectron approxmauorﬁ the dispersion m:zshe second ordzer suscepti-
systems and strong electron donors and acceptors exhififlity can be expressed a3(333()‘)°‘)\2(3)\2‘)\a9)/ 3(\?
large molecular hyperpolarizabilities and large dipole mo-~\ag? Whereh,qis the wavelength of the transition from the
ments. These molecular features help to contribute to largground statey to the first excited state. A sharp resonance
EO coefficients in poled composites of these materials. Prél the material nonlinear properties is expected at the transi-
viously, we reported efficient EO polymers for THz applica- ion wavelengthi,g,

tions in dicyanodihydrofuranéDCDHF) guest—host mix- Figure 3 shows the dispersion of the EO coefficient as
tures of 40% DCDHF-6-V and 60% Pdhisphenol A predicted by the TLM of both EO polymer composites to-

carbonate-co-4,4(3,3,5- trimethylcyclohexylidendiphenol gether with their measured UV-Vis absorption spectra. The
carbon51t¢(APC).4 We refer to this composite as DAPC. In

this letter, we present resonance enhanced THz generation NC
near the absorption maximum in another polymer composite, Z CN

CFAPC, which is composed of 20% ¢iH'C and 80% APC, / S
and compare it to the THz generation from DAPC and ZnTe. \/\/\/
N

NC

We used a standard THz experimental setup described
elsewhergbased on an amplified Ti:sapphire laser system
800 nm, <50 fs, 0.5 mJ, 1 kHg A 1000-um-thick ZnTe DCDHF-6-V
crystal and two kinds of EO poled polymer films were used CN
as THz emitters. A 200@sm-thick ZnTe crystal was the sen- J~cN
sor for all the experiments described here. In a direct com- P
parison[Fig. 2@)], we can see that the peak-to-peak ampli- S
tude of the THz field generated from a 3uln-thick film of \_\
CFAPC is 15% larger than the corresponding field from a
1000-um-thick crystal of ZnTe. Another comparisdfig. \Si_
2(b)] shows a 1.9um-thick CFAPC layer together with 3- X\

/_/

O,
N
O

CE;FTC
dauthor to whom correspondence should be addressed; electronic mail:
hayden@umbc.edu FIG. 1. Chromophores: DCDHF-6-V, GFTC.
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FIG. 3. (Color onling Absorption spectrgarbitrary unit3 and the two-level
a model(TLM) prediction of the dispersion of the electro-optic coefficient of
the CFAPC and DAPC composites. The TLM fit is applied to the
| L L L ! ) 3.1-um-thick CFAPC samplgopen squargsand the 3um-thick DAPC
1tmmZnTe - sample(solid circleg. The pump wavelength and TLM estimatesrgf at
iy, 800 nm for the CFAPC and DAPC composites are also shown.

The corresponding optical density of a Zba-thick DAPC
layer is 0.06.

In the THz experiment, the polarization of both the
pump and probe beams was horizontal, in the plane of inci-
L dence(POI). The polymer layer was oriented at an incident
angle of 56°. This tilted geometry ensures the overlap of the
-2 T T T : . incident pump field with the poling field direction and results

0 2 4 6 8 10 12 in the maximum generated THz amplituti@he angle be-
Delay time (ps) tween thez axis of ZnTe emitter and the horizontal pump
b beam polarization was 55°. Theaxis of the ZnTe sensor
was perpendicular to the POI, which corresponds to the op-
FIG. 2. (Color onling (a) Time domain THz signals generated via optical timal sensor orientation for a THz field polarized in the Bol.
rectification in a 100Qsm-thick (110 ZnTe crystal and a 3.lsm-thick  Thus, the orientation of the emitters and sensor was adjusted
polymer film of CFAPC.(b) Comparison of a 100@m ZnTe crystal, a 4 pe optimal for both polymers and cryst&l%?

1.9-um-thick film of CFAPC, and twq3- and 80xm-thicky DAPC poly- . .
mer emitters. The corresponding spectra are shown in the inset. All experi- By comparing the THz peak-to-peak amplitudes gener-

ments were performed in open air and the sensor for all the experiments wat€d from the ZnTe crystal and the two CFAPC polymer
a 2000um-thick crystal of(110) ZnTe. emitters we see that the 3gm-thick polymer layer gener-
ates a THz signal 115% of the 10@0n ZnTe signal, but the
CFAPC material has an absorption maximum near 710 nmt:9-#m-thick layer gives only 70% of the ZnTe signal.
therefore, in the THz experiment, with the pump beam atl N€Se two experimental results are in good agreement:
800 nm, we are working near the absorption maximum,115/70=3.1{1.9=1.6, indicating thgt the THz signal is lin-
causing a resonant increase of its EO coefficient. The DAP&&rlY proportional to the polymer thickness.
material is much less resonantly enhanced since its absorp- e have two independent methods to evaluate the EO
tion maximum (610 nm is nearly 200 nm from the pump coeff|C|er_1ts of_our polymers. First, we can use the TLM to fit
beam wavelength. the polarimetric EO measurements. Seco_nd, we can compare
We measured the EO coefficient in our polymer compost"€ THz performance of EO polymer emitters with a ZnTe
ites using a polarimetric reflection technigu&he EO coef-  Standard, for whiclr,;=4 pm/V. To compare the THz gen-
ficient of our poled polymers is linearly dependent on the€ration from a ZnTe crystal and EO polymers, the effective
poling field. Our samples were contact poled at 12Qu value of the nonlinear coefficient must be considered due to
(CFAPQ and 80 V/jum (DAPC). The poling filed was ap- the slanted geometry of polymer emitters. The tegmcan
plied normal to the polymer layer. For DAPC, we measuredP® €Xpressed  asre;=rs; cosy sin 28+sin 1(rys cos
r55 at three wavelengths: 831, 1047, and 1310 nm. For extTss Sit B) where 3 and y are the propagation angles for
ample, for the 3um-thick DAPC samplg(filled circles in  the optical and THz beams, respectively, inside the polymer
Fig. 3) the corresponding values af;; are 36, 20, and layer andr51~r13:§r33 for our polymers. The film propaga-
16 pm/V. Due to the strong material absorption of CFAPCtion angles are related to the incident anglén the air by
at 710 nm, we could not measure its EO coefficient atSnell's law: sina=n,,sin B=nq;, sin y wheren,, andnqy,
831 nm, but at 1047 and 1310 nm only. For the @rh  are the refractive indices of polymer for the optical pump
CFAPC samplgopen boxes in Fig. Bthese values are 66 beam and generated THz beam, respectively. Also, the
and 32 pm/V, respectively. The TLM was fit to each set of Fresnel coefficients for both the optical pump beam and the
these numbers allowing us to estimatgfor the DAPC and generated THz beam for the ZnTe and polymers must be
CFAPC samples to be about 40 and 350 pm/V, respectivelyconsidered. Table | compares the predictions of the TLM to
at 800 nm. The measured optical density at 800 nm is 0.6&he measured EO coefficients obtained from the THz experi-

for a 1.6.um-thick CFAPC layef(i.e., transmittance =21% ments. For all these comparisons we assume a linear depen-
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TABLE I. EO coefficients of polymer composites. CFAPC material at 800 nm. However, we believe that widely
_ , available and affordable THz systems for commercial appli-
Material Thickness Fas(Pm/V) at 800 nm cations may need to operate at 1.06—1.56, where more
THz experiment ™M compact and potentially cheaper ultra fast fiber lasers
DAPC? 80+5 um 45+5 44+5 operate'® In this wavelength range, recently developed NLO
DAPC 80+5um 2245 35+5 polymer§3 which are improved modifications of GFTC
DAPC 3.0£0.2um 3915 42+5 show great promise since their EO coefficients are still very
CFAPC 3.1£0.1um 1250+100 360+50 large(>55 pm/V @ 1300 nmbut the chromophores experi-
CFAPC 1.9£0.1um 1240+100 330£50  ence virtually no linear absorption. In addition, they retain
Reference 5. 90% of their initial nonlinearity when stored at 85°C for

more than 600 h. Our near term goal is to develop efficient

dence of the generated THz amplitude with polymer thick-| 112 emitters and sensors suitable for use with 1.0— 166

ness and EO coefficient. Absorption of the pump beam Wagomlpact, ultrafast f'brsr Iasc;ars. irated h d
not taken into consideration when making the comparison n summary, we have demonstrated resonance enhance

in Table I. Since we observe a linear dependence of the ge Hz generation near the absorption maximum in an EO
erated THz field as a function of the CFAPC film thicknessPOlYMer composite. At a wavelength close to the absorption

in the range of 1—3:m, this approximation is reasonable for maximum of the nonlinear material, the EO coefficient in-
these thin films. creases dramatlcally giving rise to enhanced TH_z field gen-
Previously’ we demonstrated that a highly poled DAPC €ration. The THz field generated from a.3n-thick EO

material( rs3~50 pm/V at 785 nmgives the same peak-to- polymer film is sh.own to be equivalent to tha_lt generatgd
peak THz amplitude as a 10Q8m ZnTe emitter. This result Tom @ 1000um-thick ZnTe reference. From this compari-
corresponds to the first line in Table 1. In general, we can se&0": the near resonant EO coefficient of this CFAPC sample
that the TLM demonstrates good agreement with the experiS about 1250 pm/V.

mental THz results for DAPC in a wide range of film thick-
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