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Abstract — During the last decades, the research for the 

development of optical devices based on polymers is very 

extensive. Those organic materials make possible low

manufacturing cost and high performance microwave 

photonic devices, such as optical modulators, with very large 

bandwidth and low drive voltage at 1310 nm and 1550 nm. To 

generate and maximize the electro-optic effect in those 

materials, it is necessary to orient all the chromophore dipoles 

in the same direction. In this paper, wire-to-plane

configuration for corona poling and in-situ second harmonic 

generation detection techniques are used respectively to 

induce and to detect the alignment of the chromophores in a 

guest-host system (APC-CPO1). We report on experimental 

results obtained for various sample structures under same 

poling conditions. The sample structure affects the intensity 

of the corona current and its influence on poling efficiency 

has been studied through in-situ measurement of SHG

(Second Harmonic Generation). 

Keywords —  Corona poling, electro-optic polymer, in-situ 

SHG. 

I. INTRODUCTION

he growing demand for large bandwidth and low 

manufacturing costs light modulation devices make 

electro-optic (EO) polymers promising candidates to

lithium niobate replacement these last decades [1]-[2]. 

Those materials are mostly used for ring resonators [3], 

directional couplers [4] and Mach-Zehnder interferometers 

(MZI) [5]-[7]. EO devices such as MZI present very 

promising characteristics such as low drive voltage [8] and 
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high bandwidth [9].  

EO polymers are constituted of a polymer matrix in 

which nonlinear optical (NLO) chromophores (dyes) are 

dispersed. NLO chromophores are randomly oriented in 

natural state, so without preferential orientation no 

macroscopic EO effect is displayed. In order to activate the 

EO effect in chromophores-doped polymers, it is then 

necessary to create a noncentrosymmetry. An alignment, as 

complete as possible, of the NLO dyes of the material is 

necessary to generate the macroscopic nonlinear properties 

in the polymers. This orientation can be created by means 

of light-assisted poling technique [10] or thermal poling 

techniques. The thermal poling techniques that are 

commonly used are the corona poling [11] and the parallel 

plate electrode poling [12]. For the thermal poling

techniques, the material is heated close to the glass 

transition temperature (Tg) of the polymer in order to 

increase the mobility of the NLO species in this matrix.  As 

this temperature is near the Tg of the system, an electric 

field is applied to align all the NLO species in the same 

direction. 

II. EXPERIMENTAL SETUP AND CONDITIONS

A. Experimental setup 

Fig. 1 – Experimental bench for in-situ SHG detection 

during corona poling process 

The corona effect is a discharge process involving 

usually two asymmetric electrodes: one highly curved 

(such as the tip of a needle or a small diameter wire) and 

one of low curvature (such as a plate or the ground). The 

high curvature ensures a high potential gradient around the 

electrode, so the surrounding neutral fluid, usually air, is 

ionized, ions are created around the electrode and 

deposited on the sample surface, generating a strong 
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electric field in the sample and resulting in an alignment of 

chromophores dipoles. The second harmonic generation 

(SHG) is detected as an indicator of the chromophores 

alignment. 

The experimental bench used for in-situ SHG detection 

while corona poling is shown on the Fig. 1. The wire-to-

plane configuration is chosen to expand the area of the 

poling process to cover the maximum surface of a full 

3” wafer. There are 4 wires, spaced 1 cm from each other 

and they have a length of 12.5 cm. The distance between 

the ground plane and the tungsten wires is 6 mm. The 

diameter of the tungsten wire is 125 µm. The maximal 

voltage which can be delivered is 12.5 kV. For monitoring 

the poling on the same setup it is possible to acquire the 

SHG signal in-situ so in real time by a reflection type setup 

owing to the reflectivity of the silicon wafer on which the 

polymer films are deposited. The pulsed laser source is 

placed in an axis normal to that of a photomultiplier (PM). 

Its pulse duration is smaller than 2 ns and the power 

delivered is 9 µJ per pulse. Both the polarization of the 

laser light beam and that of the SHG signal on the PM 

active surface are parallel to the incident plane. The laser 

is operating at fundamental wavelength of 1064 nm. So the 

wavelength of the second harmonic signal is 532 nm. To 

avoid saturating the PM by the fundamental signal (much 

more intense than the second harmonic signal), an optical 

band pass filter centered on 532 nm is placed in front of 

the PM (Fig. 1). 

In order to obtain the power density required for the 

second harmonic generation on the sample, a convex lens 

is placed before the sample, so the beam-waist of the input 

lightwave of 250-µm radius is focalized on the sample. 

The fundamental laser beam impacts the sample with an 

incidence angle of 45°. 

The amplitude of the electrical signal corresponding to 

the SHG signal is measured by a digital oscilloscope; each 

measurement data point results from an averaging over 9 

pulses to overcome the laser intensity fluctuation. In order 

to detect very low SHG signal, all the experiments are 

carried out in a dark environment because the PM is very 

sensitive and could be damaged by room light. 

B. Samples 

The samples used for the experiments are realized on 3” 

silicon wafers. The EO polymer is a guest-host system. 

The NLO dye is the chromophores CPO1 [13]. The matrix 

polymer is amorphous polycarbonate (APC). The glass

transition temperature of the system is 150°C and its 

refractive index is 1.61. OG-125 polymer is used for both 

upper and lower cladding layers when these later are used. 

It is UV-cured to improve its thermal resistance (Tg of 

55°C and after UV-curing, it can resist to temperatures up 

to 200°C) and its refractive index is 1.48. The temperature 

for the poling is fixed to 420 K (147°C). 

The samples are made by spin-coating. The thickness is 

respectively 3.5 µm for each claddings layer (when used) 

and 3.4 µm for the EO polymer film. The samples are

fabricated using different structures: without claddings 

(only EO polymer film), with only bottom cladding and 

with both bottom and top claddings. The same samples 

have been fabricated incorporating a gold film which is 

deposited on the wafer before the spin-coating of the 

polymers films (so directly on the silicon substrate).  

C. Thermal cycle and poling voltage 

To determine the poling voltage, the sample, made of 

only the EO polymer film deposited on the silicon wafer, is 

slowly heated (5°C/mn ramp) to the poling temperature. It 

takes around 25 mns to rise from room temperature to 

147°C (the chosen poling temperature). While this 

temperature is held for 30 mns, the voltage is slowly raised 

(0.1 kV/mn ramp) until the appearance of a corona current. 

This current appears shortly before the beginning of the 

SHG signal. The poling voltage of 6.8 kV is determined by 

this method. This voltage is applied for the poling of all 

the other samples mentioned in the previous section. For 

the poling of these samples, the temperature rise is the 

same as described above, the temperature plateau duration 

has been reduced to 20 mns instead of 30 mns and the 

sample is cooled down to room temperature by natural 

cooling. The 6.8 kV is applied to the sample from the 

beginning of the temperature rise till the return to room 

temperature. The complete process takes about 90 mns. 

III. RESULTS AND DISCUSSION

As mentioned in section II, the corona current is the 

precursor sign announcing a sufficiently high electrical 

field to align the NLO species (as can be seen on Fig. 2 for 

the poling process of the sample with bottom cladding and 

EO film). In corona poling, the electrical charges, resulting 

from air ionization, deposit and accumulate on the sample 

surface: as a result an electrical field is generated within 

the material. The surface charge has to be high enough to 

generate this field within the polymer. This charge

accumulation generates a small current which is called 

corona current [14]-[15]. On one hand, the value of this 

current varies as a function of the charge deposition on the 

sample surface, the conductivity of the sample and the 

charges recombination rate [16]. On the other hand, the 

surface charge density is a balance between the charge 

deposition rate and the corona current. With a fixed charge 

deposition rate for a given voltage applied, the smaller is 

the corona current, the bigger is the surface charge density, 

and the higher is the electrical field generated by the 

surface charges at a given depth beneath the surface. 
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Fig. 2 – In-situ SHG during the poling process of the 



sample constituted of bottom cladding layer and EO film. 

For the samples including cladding layers, measured

corona current measured is lower than that for the samples 

without claddings (Fig. 3). For the samples without

claddings, due to the chromophore electrical bipolarity, the 

charges flow from the sample surface to the system ground 

is higher. So it creates a grater corona current. The adding 

of the bottom cladding slow down this migration (the 

cladding material OG-125 does not have electrical 

dipoles). The consequence of the diminution of this

migration is a larger surface charge density. Greater is the 

surface charge density, higher is the electrical field 

generated. This stronger field creates a better alignment of 

the chromophores. With both top and bottom claddings, 

the charge density on the sample surface is likely increased 

compared to the case of a sample with only EO polymer 

film or a sample with bottom cladding + EO polymer film. 

This helps to create stronger electrical field which provides 

a better alignment of the chromophores.  
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Fig. 3 – Influence of  the sample structure on the corona 

current. 

As explained in the previous paragraph, the sample 

structure has a strong influence on the level of corona 

current measured. It is an indirect indicator of the surface 

charge density. With a better chromophore alignment, the 

samples with cladding (bottom only or bottom and top) 

should present better SHG signal levels than samples 

without claddings. The SHG signal was measured 42 days 

after poling operation on the 5 samples. As shown in 

Table 1, the level of SHG is higher for samples with 

claddings than for samples without cladding. Those 

measurements also show the good stability of the poling 

result. 

TABLE 1: SHG SIGNAL LEVEL FOR THE 5 SAMPLES 42 DAYS 

AFTER THE POLING PROCESS. 

Samples SHG signal 

Gold + EO film ~185 mV 

Bottom cladding + EO film ~205 mV 

Gold + Bottom cladding + EO film ~320 mV 

Bottom cladding + EO film + Top 

cladding 

~355 mV 

Gold + Bottom cladding + EO film + 

Top cladding 

~835 mV 

The samples, with gold deposited on the wafer, have

greater SHG signal. It is mostly due to the higher 

reflectivity of gold than the one of the silicon. There are 

less energy losses, for the fundamental signal so for the 

second harmonic one too, at the reflective interface. 

IV. CONCLUSIONS

In this paper, we report the work of a reflection setup in-

situ SHG for poling process of samples on 3” silicon 

wafer. It is also shown that the sample structure has a 

significant influence on corona poling efficiency according 

to the measured SHG signal level. The samples with 

cladding layer(s) are better poled than samples without 

cladding with a given applied voltage. 
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