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Abstract: An all-optical phase shifter near 1550nm is realized by depositing two-dimension 

nanomaterial tungsten disulfide (WS2) to tapered fiber. All-optical switch and modulator are also 

demonstrated by embedding the phase shifter to a Mach-Zehnder interferometer. 
OCIS codes: (160.4236) Nanomaterials; (230.1150) All-optical devices; (060.5060) Phase modulation; (200.6715) 

Switching 

Two-dimension (2D) materials have attracted intense attention after the discovery of graphene. Among various 2D 

materials, transition metal dichalcogenides (TMDs) have been paid special attention because TMDs represent a class 

of materials with similar photonic and electronic properties including high optical nonlinearity and saturable 

absorption. Recently, a variety of TMDs have been demonstrated for mode-locked and Q-switched lasers as 

saturable absorbers. Meanwhile, all-optical phase shifter, switch and modulator at telecommunication wavelength of 

1550 nm are important devices for modern optical communications such as routing and even optical logic gate. A 

compact and low-cost device with such functions is always desired. 

In this work, a proof-of-concept all optical phase shifter operating near 1550 nm is fabricated by depositing few-

layer TMD material tungsten disulfide (WS2) to a tapered fiber. Thermo-optic effect is used. When the pump light at 

980 nm is injected to the deposition area, WS2 absorbs the light, generates heat and then changes the refractive index 

of the tapered fiber and thus the optical phase of 1550 nm signal light. The maximum phase tuning range is 6.1π 

with a slope efficiency of 0.0174π/mW. By incorporating the phase shifter to a fiber Mach-Zehnder interferometer 

(MZI), an all optical switch is obtained. The switch has an extinction ratio of 15 dB and a rising time of 7.5 ms. The 

switch can also be treated as a slow optical modulator with a bandwidth of 320 Hz when only one output port is 

detected. Noting the deposition area of WS2 is only ~300 μm, this multi-function device based on WS2 deposited 

tapered fiber has the potential to be very compact for many optical applications including optical routing, optical 

logic gate and optical signal processing. 

Fig.1(a)-(d) summarize the material characterization. Few-layer WS2 nanosheets are prepared by standard liquid-

phase exfoliation (LPE) method using sodium cholate as surfactant. Fig.1(a) shows the transmission electron 

microscope (TEM) image of WS2 nanosheets in the dispersions. The typical size of nanosheets is a few hundreds of 

nanometers. The prepared WS2 nanosheets is deposited to a tapered fiber using optical driven deposition. Fig.1(b) 

shows the Raman spectrum of the deposited material on tapered fiber to confirm the WS2 deposition. Fig.1(c) and (d) 

are the microscopic and scanning electron microscope (SEM) images of the deposition area. Clear deposited 

materials can be observed. The deposition length is ~300 μm. 

The experimental setup is shown in Fig.1(e). The all optical phase shifter (red frame in Fig.1(e)) consists of two 

980/1550 wavelength demultiplexers (WDMs) and a WS2 deposited tapered fiber in the middle. 980 nm control light 

is injected from the first WDM and the residual 980 nm light is extracted by the second WDM. WS2 absorbs 980 nm 

light, generates heat and changes the refractive index of the tapered fiber due to thermal-optic effect. When 1550 nm 

signal light propagates through the tapered fiber, its optical phase is modified accordingly. Although 980 nm light is 

slightly below the bandgap of ~1.3 eV (954 nm) for few-layer WS2, edge states of WS2 nanosheets has been found 

to allow the absorption to extend to near 2 μm [1]. To measure the phase shift value, the phase shifter is embedded 

into one arm of a fiber Mach-Zehnder interferometer. A sweeping laser source near 1550 nm is used to measure the 

phase change. An example of spectrum shift of 2.5 free spectral ranges (FSRs) is shown in Fig.2(a) when 980 nm 

pump light is applied, corresponding to a phase change of 5π,. Fig.2(b) describes the relation between the phase shift 

and applied pump power. A phase shift of 6.1π is obtained at 350 mW pump power and the slope efficiency is 

~0.0174π/mW. 

The MZI can also be utilized as an all optical switch. When the pump light induced phase shift is 0, the 1550 nm 

light outputs from port “output 1”. When the phase shift is π, the 1550 nm light outputs from port “output 2”. In 

Fig.2(c), a square-wave 980 nm pump light (yellow line) is applied and the corresponding 1550 nm output 
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waveform from port “output 1” is plotted (blue line). Fig.2(d) shows the detailed waveform of a single output period 

(blue line) and the exponential fit (red line). The rising and falling time is 7.3 ms and 3.5 ms, respectively. The on-

off extinction ratio can be known from the transmission spectra in Fig.2(a), which is 15 dB. Fig.2(e) is the 

compensated output from port “output 2”. A slow all optical modulator can also be realized if only one output of the 

MZI is monitored. To measure the modulator bandwidth, sine wave pump light is applied. A typical 1550 nm output 

waveform is shown in Fig.2(f) and the frequency response is shown in Fig.2(g). The 3-dB bandwidth is 320 Hz 

which is mainly limited by the slow thermal response. 

 

Fig.1. (a) TEM images of WS2 nanosheets in the dispersions, (b) Raman spectrum, (c) microscopic image of WS2 deposited 

tapered fiber, (d) SEM image of WS2 deposited tapered fiber, and (e) experimental setup 

 

Fig.2. (a) Shift of transmission spectrum of the MZI, original (blue) and pump light applied (red), (b) phase shift with respect to 

applied pump power, (c) Switch output waveform from output 1 (blue) and control signal (yellow), (d) detailed output waveform 

from output 1 (blue) and exponential fit (red), (e) output waveform from output 2, (f) output sine wave from output 1, (g) 

frequency response of the modulator 

 

In conclusion, a proof-of-concept all optical device has been demonstrated by depositing few-layer nanomaterial 

WS2 to tapered fiber. The device can be utilized as an optical phase shifter with 6πtuning range, an optical switch 

with on-off extinction of 15 dB and a slow optical modulator with a bandwidth of 320 Hz. Such a simple and low-

cost device has potential applications in all optical routing, logic gate and signal processing. 
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