
Tunable broadband terahertz absorber based on
laser-induced graphene

Jingxuan Lan (兰婧萱)1, Rongxuan Zhang (张荣轩)1, Hao Bai (白 灏)1, Caidie Zhang (章彩蝶)1, Xu Zhang (张 绪)1,
Wei Hu (胡 伟)2, Lei Wang (王 磊)1,2,3*, and Yanqing Lu (陆延青)2

1 College of Electronic and Optical Engineering, Nanjing University of Posts and Telecommunications, Nanjing 210023, China
2 National Laboratory of Solid State Microstructures, College of Engineering and Applied Sciences, Key Laboratory of Intelligent Optical Sensing and
Manipulation, Nanjing University, Nanjing 210093, China
3 State Key Laboratory of Millimeter Waves, Southeast University, Nanjing 210096, China

*Corresponding author: wangl@njupt.edu.cn
Received March 3, 2022 | Accepted April 24, 2022 | Posted Online May 24, 2022

Terahertz (THz) absorbers for imaging, sensing, and detection are in high demand. However, such devices suffer from high
manufacturing costs and limited absorption bandwidths. In this study, we presented a low-cost broadband tunable THz
absorber based on one-step laser-induced graphene (LIG). The laser-machining-parameter-dependent morphology and per-
formance of the absorbers were investigated. Coarse tuning of THz absorption was realized by changing the laser power,
while it was fine-tuned by changing the scanning speed. The proposed structure can achieve over 90% absorption from
0.5 THz to 2 THz with optimized parameters. The LIG method can help in the development of various THz apparatuses.
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1. Introduction

Terahertz (THz) radiation refers to electromagnetic waves rang-
ing from 0.1 to 10 THz. The evolution of THz technology has
inspired many innovative THz applications in various areas,
including communication, imaging, and astronomy[1–3]. In all
proposed applications, adequate optical components, such as
modulators[4,5], filters[6–8], and absorbers[9–12], are in high
demand for flexible adaptive control of the electromagnetic
properties of THz radiation[13,14]. The THz metamaterial
absorber (TMA), as one of the most important components
in THz system applications, has evoked widespread concerns
since the first TMAs were proposed by Landy et al. in
2008[15,16]. However, the number of absorbers previously pro-
posed is limited by high manufacturing costs and limited
absorption bandwidths[17–19].
In 2014, a new method called laser-induced graphene (LIG)

was proposed[20]. Compared with traditional synthesis, which
requires strict temperature conditions and multiple chemical
processes[21,22], LIG synthesizes patterned carbon composites
at room temperature using a simple process through the conver-
sion of commercial polyimide (PI) under direct laser scribing.
The discovery of LIG has inspired many applications, including
sensors[23], supercapacitors[24], and electrodes[25]. Traditional
gratings and Fresnel zone plates for THz modulation have been
reported using 450 nm laser writing on a PI film, which indicates

that the LIG method is a promising fabrication method for THz
devices[26]. Recently, we also demonstrated a THz bandstop fil-
ter based on the LIG method[27]. However, to the best of our
knowledge, THz absorbers using the LIG method have not been
reported.
In this study, we propose a THz graphene grid absorber fab-

ricated through the LIG method using a CO2 laser. The proper-
ties and morphology of the graphene grid can be adjusted by
controlling the laser power and scanning speed during fabrica-
tion. Thus, tunable THz absorption can be achieved. The
absorber can achieve a high absorption of over 90% in the range
of 0.5 THz to 2 THz with optimized laser machining parameters.

2. Experimental Details

A schematic of the fabrication process is shown in Fig. 1(a). A
CO2 laser processing system with a focal spot size of 50 μm and
wavelength of 10.6 μm was used to induce the graphene grid.
The power of the CO2 laser can be shifted continuously from
0.01 to 30 W, and the scanning speed of the laser is also tunable.
A PI film with a thickness of 50 μm was adhered to the Al sub-
strate. The graphene grid was formed by laser scribing the PI
film directly. As shown in Fig. 1(b), the absorber removed from
the Al substrate consisted of two layers. The top layer of grid-
patterned graphene was produced from the PI film. The bottom
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layer is the residual PI film, which supports the flexibility of the
THz graphene grid absorber. The morphology and properties of
graphene can be changed by varying its machining parameters.
Thus, the incident THz waves were absorbed at different levels.
Figure 1(c) shows the unit cell of the grid. The period, P, of the
basic structural unit was designed to be 450 μm. The thickness
and width of the graphene stripe were changed by changing the
laser power and scanning speed. Additionally, to improve the
quality of the grid graphene, we used multiple lasing[28]. All fab-
ricated samples were induced three times.

3. Results and Discussion

Figure 2(a) shows one of the fabricated samples. The micro-
scopic image of the sample is shown in Fig. 2(b). The sample
was induced with a laser power of 24 W and scanning speed
of 230 mm/s. Thereafter, we used a Raman spectrometer to

measure the Raman spectra of the samples. Figure 2(c) shows
the Raman spectra of LIG and PI. The LIG Raman spectra
depicted in Fig. 2(c) illustrate the D, G, and 2D peaks at 1359,
1583, and 2713 cm−1, respectively, indicating that the PI was
converted into graphene under the laser machining parameters.
Using a scanning electron microscope, we observed the surface
and cross-sectional morphologies of the LIG. The porous micro-
structure of graphene is shown in Fig. 2(d). The thickness of the
generated LIG is shown in Fig. 2(e); the PI film is quite thin com-
pared with LIG, indicating that most of the PI was converted
to LIG.
To investigate the relationship between the performance of

the absorber and laser power, the temporal spectra of the absorb-
ers with different laser powers were measured using a THz
time-domain spectroscopy system (THz-TDS, TAS7400SP;
Advantest Corporation) with a transmission analysis accessory.
We set the laser power to range from 40% to 80% of themaximal
laser power (Pmax = 30W), with a fixed scanning speed of
230 mm/s. From the inset of Fig. 3(a), it is clear that when
the laser power reaches 40% of Pmax, the spectrum of the THz
wave shifts slightly without any change compared with that of
the pristine PI film. With an increase in laser power, the inten-
sities of the THz waves gradually weaken. The frequency-depen-
dent transmittances (T) of the absorbers formed at different
laser powers are shown in Fig. 3(b). The transmittance is nearly
zero at 80% Pmax. The transmittances of the absorbers increased
with a decrease in laser power. The small peaks in the curves at
40% and 50%may be related to the PI material. THz-TDS with a
reflectance analysis accessory was employed to characterize the
properties of the THz reflectance (R) of the absorbers. All
absorbers processed with different laser powers have low reflec-
tivity, as shown in Fig. 3(c). There are only small peaks at
1.3 THz on the curves of 50% and 60% owing to weak resonances
of the grid structures, indicating that the devices have good anti-
reflection performance based on the LIG method. Therefore,
laser power-dependent absorption (A) spectra (A = 1−T−R)

Fig. 1. (a) Schematic of LIG fabrication. (b) Grid graphene THz absorber.
(c) Unit cell of the absorber.

Fig. 2. (a) Sample of the LIG absorber. (b) Graphene grid observed under a
microscope. (c) Raman spectra of the LIG and PI. (d) SEM image of the
LIG. (e) SEM image of the cross section of the LIG.

Fig. 3. (a) Time-domain results of the THz graphene grid absorbers induced
by the different laser power ranging from 40% to 80%. (b) Corresponding
transmittance spectra, (c) reflectance spectra, and (d) absorption spectra
of the absorbers.
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were obtained, as shown in Fig. 3(d). It was found that the
absorption can be adjusted widely from 10% to 90% with a laser
processing power from 40% to 80%. A well-performed broad-
band THz graphene grid absorber with absorption over 90%
from 0.5 THz to 2.0 THz is achieved with the 80% of Pmax

and scanning speed of 230 mm/s. High-quality LIG with high
conductivity produced by an enhanced laser power and the
porous structure of graphene makes the device have high
THz absorption.
Next, the laser-scanning-speed-dependent morphology and

THz absorption of the graphene grid absorbers were character-
ized. We changed the laser scanning speed from 190 mm/s to
270 mm/s when the laser power was fixed at 70% of Pmax.
The influence of the laser scanning speed on the unit structure
of the absorber was demonstrated using an optical microscope,
as shown in Fig. 4(a). When the scanning speed increases, the
grid width decreases, making the center part of the PI unit larger,
and thus less PI is converted into graphene. Therefore, more
THz waves are allowed to pass through. Moreover, we used
the THz-TDS system to measure the transmittance and reflec-
tance of graphene grids (not shown). The absorption spectra
obtained are shown in Fig. 4(b). Unlike the curves in Fig. 3(d),
there is only a slight change in absorption range from 0.8 to 0.9
with different laser scanning speeds. The small asymmetry in the
grid owing to the LIG method had a slight effect on the absorp-
tion characteristics. Furthermore, all the LIG grid absorbers
mentioned in this paper exhibited excellent polarization-
independent absorption in the THz range. A commercial
electromagnetic solver (CST Microwave Studio 2018) was used
for simulations. The PI spacer is considered a lossy material with
a dielectric constant of ε = 3.23 and dielectric loss tangent of
tan δ = 0.033. The dielectric constant of the induced graphene
was set to 2.4 with a dielectric loss tangent of 0.99. All of these
values were obtained from the THz-TDS system. The thickness
of the graphene grid was set as 145 μm.We changed only the size
of the structural unit corresponding to different laser scanning
speeds. The simulated absorptions agreed well with the

experimental results. Consequently, the feasibility of fine tuning
the THz absorption characteristics using the laser scanning
speed to adjust the size of the structural unit is proven.
Figure 4(c) illustrates the simulated THz near-field distributions
of the proposed absorber. The THz radiation was absorbed by
the graphene grid. Different regions of graphene absorb THz
waves at different frequencies.
We obtained two broadband LIG grid absorbers with a good

performance of 90% absorption from 0.5 THz to 2 THz. One was
induced with a laser power of 70% and scanning speed of
190 mm/s, and the other was induced with a laser power of
80% and scanning speed of 230 mm/s. This can be proven from
the laser flux ∅ formula[26]:

∅ =
P

v × d
, �1�

where P is the laser power, v is the scanning speed, and d is the
diameter of the laser spot.
The laser flux is a key factor in THz absorption. When d is

fixed, both low-power, low-speed, and high-power, high-speed
lasers can achieve the same THz absorption. However, the laser
power has a greater influence on THz absorption. More heat
generated by the high-power laser is exposed to the PI film,
breaking the C − O, C = O, andN − C bonds in PI and inducing
additional graphene. Higher-quality LIG can be produced by a
higher laser power. The scanning speed affected the accumula-
tion and diffusion of the generated heat. A low scanning speed
causes more heat accumulation and diffusion, and thus the grid
widths of the LIG absorber increase. Therefore, we can realize
coarse tuning of the THz absorption by changing the laser power
while fine tuning by changing the scanning speed. In addition,
we fabricated graphene films without a grid structure using the
LIG method for comparison with our graphene grid absorbers.
Although the graphene film can also achieve broadband absorp-
tion, the THz reflectance of the graphene film was larger. The
grid structure has higher THz absorption, is more flexible,
and is not easy to break. In addition, we can optimize the
THz absorption characteristics by controlling the unit size of
the grid structure of the absorber using laser machining
parameters.

4. Conclusion

A grid graphene broadband absorber for the THz range was pro-
posed based on the LIG method. We investigated the influence
of varying laser power and scanning speed on the absorber per-
formance. It was found that we can coarsely tune the absorption
by changing the laser power and subtly tune the absorption by
changing the scanning speed. With optimized parameters, the
fabricated absorber exhibited a high absorbing capacity of over
90% within a broad bandwidth ranging from 0.5 to 2 THz.
Furthermore, the grid structure of our absorber makes the
device more robust and flexible than an unpatterned LIG
film. Through this easy and cost-effective LIG method, various

Fig. 4. (a) Graphene grid absorbers induced with different laser scanning
speeds under a microscope. (b) Corresponding experimental and simulated
absorption spectra of the absorbers. (c) Simulated THz near-field distributions
of the absorber (W = 300 μm) at a frequency of 0.8 THz, 1 THz, 1.2 THz, and
1.5 THz, respectively.
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carbon-based THz devices are expected, such as filters and
modulators, which may have great potential in numerous appli-
cations, ranging from THz communication to THz imaging and
sensing.
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