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Abstract The use of a DAST crystal, an organic electro-optic (EO) material with a high EO coefficient, in a nonpolarimetric 

self-heterodyne EO detection system is studied. The comparison of the signal-to-noise ratio (SNR) and the measurement 

stability between DAST and ZnTe sensors is presented. The enhancement of the SNR of the amplitude measurement of about 9 

dB by the DAST sensor was achieved. 
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1. Introduction 

The visualization of electromagnetic (EM) waves 

in the near-field region has been a strong demand for 

characterizing and diagnosing devices such as 

antennas and integrated circuits (ICs) [1, 2]. 

Especially, in the terahertz (THz; 0.1 – 10 THz) 

region, the development of a lot of semiconductor 

devices with metallized interconnections for the 

practical applications, i.e., ultrafast wireless 

communication [3, 4] is driving force for the 

necessity of precise mapping of THz fields around 

emitters [5]. The electro-optic (EO) detection system 

has gained a significant research interest for this 

demand in recent years owing to its large detection 

bandwidth and negligible field perturbation  [6, 7].  

Recently, we have developed an EO detection 

system, which is based on nonpolarimetric and 

self-heterodyne techniques, to reveal the 

spatial-temporal evolution of freely propagating 

continuous THz waves [8]. This system also enabled 

us to characterize an indoor communication antenna 

in F-band (90 – 140 GHz) [9].  

At higher frequencies of over 300 GHz, the output 

power of the signal sources decreases. Therefore, it 

is necessary to enhance the sensitivity or 

signal-to-noise ratio (SNR) of the system to 

characterize devices operating at such high 

frequencies. The use of an EO crystal, which has a 

larger EO coefficient, such as a 

4-dimethylamino-N-methylstilbazolium tosylate 

(DAST) crystal is one of the promising approaches 

[10]. However, the birefringence fluctuation induced 

by the temperature fluctuation in the EO crystal 

affects the sensitivity of the measurement in a 

conventional EO detection system based on 

polarization modulation technique [11]. In contrast, 

the nonplarimetric technique in our system solves an 

intrinsic problem of the conventional EO detection 

technique in which the sensitivity of the 

measurement can be changed by the fluctuation of 

the polarization state of the probe beam [12]. In this 

paper, a utilization of a DAST sensor in a 

nonpolarimetric self-heterodyne system is presented. 

A comparison of the sensitivity and stability between 

the DAST and ZnTe sensors is also discussed.  

2. System configuration 

2.1 Nonpolarimetric self-heterodyne EO detection 

system  

 Figure 1 shows the schematic of our EO 

detection system. Two free-running 1.55-m lasers 

were used for both the generation and detection  of 

THz waves. The frequencies of these lasers were f1 

and f2 (f2>f1). The frequency of laser 1 was shifted by 

fs (100 kHz) by an EO frequency shifter (FS) to 

realize the self-heterodyne technique. Then two 

optical sources were coupled by optical coupler and 

the beat-note was converted to the THz waves (fTHz = 

f2-f1-fs) by an optical-to-electrical (O/E) converter, 

i.e., uni-travelling-carrier photodiode (UTC-PD). In 

the local oscillator (LO) part, the optical sources 

were coupled without shifting the frequency. The 

THz waves (RF signal) emitted from an antenna, a 

standard F-band horn antenna in our case, modulated 

the probe beam (LO signal) inside the EO sensor.  It 

only required one sensor for the detection in our 

system. However, to compare the SNR and stability 

of the system by ZnTe and DAST sensors, we setup  
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Fig. 1   Nonpolarimetric self-heterodyne EO detection system. 

FS: electrooptic frequency shifter, O/E: optical to electrical 

converter, PD: photodiode. 

 

Fig. 2  The position of sensors in the measurement (top view). 

the system with two sensors (Fig.2). Both sensors 

had the same dimension (1 mm × 1 mm × 1 mm), 

mounted on different polarization maintaining fiber 

(PMF). The probe beam was collimated in the EO 

crystal by a gradient index (GRIN) lens, and 

reflected by a high-reflection (HR) mirror to return 

back to the PMF (Fig.3). The reflected probe beam 

passed through an optical filter and the signal was 

detected by photodiode (PD). The amplitude and the 

phase of the intermediate frequency (IF) signal were 

measured by lock-in detection.  

2.2 Principle 

Figure 3 shows the principle of our detection 

technique. The RF frequency is fTHz = f2-f1-fs. In the 

optical LO signal, there are two frequency 

components f1 and f2, which are collimated to the 

EO crystal. These carriers are modulated by an RF 

signal to generate the sidebands. In Fig.3, the upper 

sideband of carrier f1 and the lower sideband of 

carrier f2 are presented in the right dash line and the 

left dash line in the IF box, respectively. Because the 

frequency of the RF signal is fTHz = f2-f1-fs, the 

frequency of the sideband of carrier f1 and carrier f2 

is f2-fs and f1+fs, respectively. One pair of the carrier 

and sideband, in this case, carrier f2 and sideband  

 

Fig. 3  Principle of nonpolarimetric self -heterodyne EO 

detection technique.  

Table 1   Comparison between ZnTe and DAST properties . 

 ZnTe  DAST 

Optica l feature  Isotropic  Biaxia l  

Refract ive index @1550 nm [13]  n=2.75  n1=2.14 

Relat ive permitt ivity  

(THz region)  
Zn Te=10.1  DAS T=5.76  

EO coeffic ient (pm/V) [14]  r4 1=4 r11=47 @1535 nm 

Sens it ivity factor  SFZ n Te=8.2 SFDAS T=80.0 

 

f2-fs, is extracted by an optical filter. Then, a PD is 

used to down-convert the optical sideband f2-fs to IF 

signal fs. The amplitude and phase of THz waves are 

simultaneously obtained using lock-in amplifiers.  

Table 1 shows the properties of two kind of sensors 

used in the experiment, ZnTe and DAST sensors. The 

DAST crystal has a lower permittivity and higher EO 

coefficient than ZnTe crystal. This leads to the 

enhancement of the theoretical calculated sensitivity 

factor of about 9.8 times by the DAST sensor in 

comparison with the ZnTe sensor as following 

equations [12]: 

,
3

111 DASTDAST nrSF   (1) 

,
3

41 ZnTeZnTe nrSF   (2) 

where r, n, and  is EO coefficient, refractive 

index and relative permittivity of the EO crystal as 

described in table 1, respectively. Note that 

equation (1) is used for the calculation of the 

sensitivity for the nonpolarimetric technique. As 

for the conventional polarimetric technique, the 

sensitivity factor will be smaller as calculating by 

following equation [10]: 

,
3

221

3

111 nrnrSFDAST   (3) 

where n1 and n2 is extraordinary and ordinary 

refractive index, respectively.  Note that the 

sensitivity factor indicates how big the signal can 

be detected, it doesn’t include the noise in the 

calculation. 



 

  
 

 

3. Experimental results 

 The difference in frequencies between the two 

lasers is set at 125 GHz, and measured by an  optical 

spectrum analyzer. The THz power emitted from the 

horn antenna was about 1.1 dBm and the optical 

power fed to each sensor was about 13 dBm. The 

time constant of the lock-in detection was set to 30 

ms. 

 The measured signal at time t is considered as 

x(t)=S+n(t), where S and n(t) are the averaged signal 

and white noise, respectively. In this condition, the 

SNR was calculated by following equation [15]:  

),/(log20 10 SNR  (4) 

where =S and  are the mean value and the standard 

deviation of the detected amplitude signal without 

moving the sensor. We define the minimum 

detectable e-field is the value of e-field where the 

SNR of detected signal is 0 dB corresponding to the 

mean value equals to the standard deviation (=). 

 Figure 4(a) and (b) show 1 minute measurement 

of the amplitude and phase of THz waves detected by 

the DAST and ZnTe sensors at the same time, 

respectively. Both amplitude values are normalized 

to the maximum value of the amplitude obtained by 

the ZnTe probe. As shown in Fig.4, the  measured 

amplitude by both ZnTe and DAST sensors is stable. 

However, the measured amplitude by the DAST 

sensor is about 9 times higher than that obtained by 

the ZnTe sensor. The SNR of the system using the 

DAST sensor (SNRDAST=47.2 dB) is about 9 dB 

higher than that using the ZnTe sensor (SNRZnTe=38.5 

dB), corresponding to the enhancement of the 

minimum detectable e-field of about 2.8 times from 

1.02 V/m to 0.37 V/m. The minimum detectable 

e-field of a CdTe sensor was reported at 1.0 V/m in 

reference [6]. This indicates that the DAST sensor 

offers better minimum detectable e-field than general 

inorganic sensors when utilizing it in our EO 

detection system. Table 2 summarizes the mean value, 

the standard deviation, the SNR of the measured 

amplitude and the standard deviation of measured 

phase by both sensors.  Even though the detected 

signal increases 9 times, the noise or standard 

deviation of the amplitude measurement also 

increases 2 times (aDAST=79.3 mV, aZnTe=38.5 mV). 

This limits the enhancement of the  SNR of the 

measurement. The phase measurement by the DAST 

sensor is slightly unstable than that by the ZnTe 

sensor (pDAST=0.19 rad, pZnTe=0.17 rad). The 

reason for this slight instability of the amplitude and 

phase measurement by the DAST sensor is needed to 

be investigated further in the future.  

4. Conclusion 

The utilization of the DAST sensor in the 

nonpolarimetric self-heterodyne EO detection was  

 

Fig. 4 (a) and (b)  Amplitude and phase of detected signal in 

1 minute.  

Table 2   Comparison of detected signal by ZnTe and DAST 

sensors 

 ZnTe DAST 

Averaged amplitude signal (mV)  1988.6 18144.5 

Amplitude standard deviat ion (mV)  23.5 79.3 

SNR (dB)  38.5 47.2 

Minimum detectable e -fie ld (V/m) 1.02 0.37 

Phase standard deviat ion (rad)  0.17 0.19 

 

proposed for the first time. The detected signal 

obtained with the DAST sensor is about 9 times 

better than that obtained with the ZnTe sensor as 

expected in the theoretical calculation. However, the 

standard deviation of the measurement by the DAST 

sensor is slightly larger for both amplitude and phase . 

It is necessary to investigate further the reason of 

this slight instability of the DAST sensor. In overall, 

the SNR of the system is enhanced of about 9 dB by 

utilizing the DAST sensor. In the future, the 

visualization and the characterization of an antenna 

at a high frequency region such as 300 GHz by the 

DAST sensor will be demonstrated.  
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