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Abstract—This work serves as a design tool for the development 

of integrated terahertz time-domain spectroscopy systems with 

microfluidic platforms. The emission of terahertz radiation from 

a GaAs THz antenna is simulated. This simulation involves a 

semi-classical computational model with white noise effects 

used to control the dynamic range of the system. The maximum 

measurable frequency for the overall integrated system is 

strongly influenced by the sample thickness of the microfluidic 

platform and the dynamic range of the terahertz time-domain 

spectroscopy system. 
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I. INTRODUCTION  

Ultrafast science and measurement of terahertz (THz) 
electromagnetic radiation is a rapidly-growing research area 
with many applications [1-7]. Terahertz electromagnetic 
radiation occupies a unique section of the electromagnetic 
spectrum, being 0.1-10 THz. This THz electromagnetic 
radiation has important applications in the fields of security [8], 
communications [9], quality control [10], and biomedical 
spectroscopy [11]. 

One of the most important tools that has been enabled 
through THz electromagnetic radiation is THz time-domain 
spectroscopy (THz-TDS). Terahertz time-domain spectroscopy 
[12] has been applied to various biomedical applications, 
including genome analysis [13], oncology [14], and proteomics 
[11]. In THz-TDS, absorptive and refractive material properties 
are detected in pulses of THz radiation with extremely short 
duration (< 1 ps) through changes to amplitude and phase, 
respectively. Measurements are performed with and without a 
sample and compared. For analyses of vibrational and rotational 
modes, THz-TDS performance is at or beyond that of traditional 
methods such as Fourier transform spectroscopy [15]. 
Additionally, THz electromagnetic radiation is non-ionizing, 
making THz-TDS an appealing option compared to X-ray and 
other spectra [16].  

Despite the above advantages, THz-TDS systems have 
critical design parameters which should be taken into account 
for use in modern biomedical devices. This is especially true for 
integration with microfluidic devices [17-20]. These limitations 

come from the strong absorption of liquids at THz frequencies. 
With this strong absorption in liquids, THz-TDS microfluidic 
systems must be made with sufficiently small microfluidic 
platform thickness and sufficiently high dynamic range, to 
ensure that spectroscopy is properly performed over the full 
bandwidth of the THz-TDS system [21].  

This paper addressed the knowledge gap between 
microfluidic platforms and THz-TDS systems. We present a 
comprehensive investigation of microfluidic platform thickness 
and dynamic range for a THz-TDS microfluidic system. Data 
analysis is implemented through a semi-classical computational 
method [22] with white noise incorporated into the simulation. An 
increasing noise amplitude is used to examine the effects of THz-TDS 
dynamic range. The maximum measurable frequency, fmax, of the 
system is found for numerous combinations of input parameters, being 
dynamic range and microfluidic platform thickness.   

II. THEORY 

A THz-TDS microfluidic system is shown in Fig. 1. Here, an 
ultrafast laser pulse pumps a THz emitter to generate a reference 
THz pulse. Upon passing through the microfluidic platform, the 
reference THz pulse, ER(f) becomes the THz sample pulse, ES(f). 

The electric field of the THz pulse in the far-field can be 
expressed [23] as 

 

 

Figure 1.  Microfluidic-based THz-TDS system 
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 (1) 

where �� is the gap width in the y-direction, �� is the gap width 

in the x-direction, ��  is the permittivity of free space, �	is the 
speed of light, and ��	
, �
 is the surface current of electrons. = 
(The electric field is simulated according to the semi-classical 
computational method of Rodriguez and Taylor [22].) 

The semiconductor electromagnetic equations for the THz 
emitter accomplishes a noise free radiation, the white noise 
(which is dominant over other noise sources at high THz 
frequencies) is added and defines the noise floor of the THz 
emitter measurements [24]. The equation of the reference THz 
pulse is 
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where �� is the noise amplitude, and �	�) is the uniform random 
noise signal (centered about zero, peak-to-peak spread made the 
same as THz pulse amplitude). A Fourier transform of the 
generated pulse can be used to find the dynamic range for 
different noise conditions. The maximum absorption coefficient 
for a THz-TDS system is  
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for refractive index of n [25].  

III. RESULTS  

The simulation is run with standard operation conditions of 
50 mW average power in the laser pulse and external bias of 0.17 
V/μm. The effect of noise amplitude, ��, on the reference THz- 
TDS pulse is investigated by increasing the noise amplitude 
from zero to 1E-3, 1E-2, 1E-1, 1E0, and 1E1. The resulting 
reference THz pulses in the time domain are shown in Fig. 2 for 
progressively increasing An values. The same THz pulses in the 
frequency domain are shown in Fig. 3 for progressively 
decreasing dynamic range values of DR = 5.8E3, 5.7E3, 2.4E3, 
3.0E2, 2.8E1, and 2.8E0. It is clear that as noise amplitude 
increases, dynamic range decreases. 

By finding the intersection of the maximum absorption 

coefficient with a known water absorption coefficient curve, αW, 
the maximum measurable frequency can be found. This is shown 
in Fig. 4(a) for d =120 μm and DR = 2.4E3. For decreased DR 

or increased d, the α curve will shift down, forcing maximum 
measurable frequency to a lower value. For increased DR or 

decreased d, the α curve will shift up, forcing maximum 
measurable frequency to a higher value. Given this behaviour, 
the various dynamic ranges shown in Fig. 3 can be used in 

conjunction with the absorption coefficient of water, being αW = 
61f + 54 cm-1, to find the corresponding maximum measurable 
frequency. 

Ultimately, the maximum measurable frequencies can be 
collected for a variety of simulated conditions for microfluidic 
platform thickness and dynamic range. This is shown in Fig. 4(b) 
which displays a three-dimensional surface plot that shows the 
maximum measurable frequency versus dynamic range and 
microfluidic platform thickness. As described previously, one 

 

Figure 2.  Simulated THz pulses in the time domain with different noise 

amplitudes. 
 

 

 

 

Figure 3.  Simulated THz pulses in the frequency domain with different 

dynamic ranges (corresponding to the noise amplitudes from Fig. 2). 
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Figure 4.  (a) The absorption coefficient versus frequency is shown for a 

representative case of 120 μm microfluidic platform thickness and 2.4E3 

dynamic range. (b) The maximum measurable frequency is plotted against the 

log of the dynamic range and the microfluidic platform thickness. The 

maximum measurable frequency has a maximum value of approximately 3 

THz and decreases with decreasing dynamic range and increasing microfluidic 

platform thickness. 
 

can observe an increase of the maximum measurable frequency 
with decreased d and increased DR. These results can be used to 
inform future designs. 

IV. CONCLUSIONS 

In conclusion, for THz-TDS microfluidic systems, the 
microfluidic platform thickness and dynamic range of the THz-
TDS system play a critical rule in defining the maximum 
measurable frequency. It was found that the maximum 
measurable frequency decrease with decreasing the dynamic 
range and increasing sample thickness. These fundamental 
results can be used in the design of future microfluidic THz-TDS 
systems for biomedical applications. 
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