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SUPPLEMENTAL

SILICON-BASED ALL-OPTICAL PHOTONIC CRYSTAL NEUROMORPHIC 
SYNAPSES USING GE2SB2TE5: SUPPLEMENTAL DOCUMENT

Sensitivity of the proposed structure to the radii of holes A2 and A5.
In Fig. S1(a), changes in the radii of A2 and A5 have the greatest effect on the resonance 

wavelength when the input is sent from ports 1 to 2. In contrast, changes in B2 and B5 radii 
have no significant effect on resonant wavelength transmission. In Fig. S1(b), changes in the 
radius of holes B2 and B5 have the most significant effect on the transition from ports 3 to 4, 
while holes A2 and A5 show the slightest impact. The rod radius as a function of wavelength 
is been determined and depicted in each figure, utilizing MATLAB's Curve Fitting Toolbox for 
precise modeling.

Fig. S1. Maximum transmission wavelength based on variation in radii of holes A2, A5, and B2, 
B5 for input from (a) ports 1 to 2, and (b) ports 3 to 4. The radii of holes A2 and A5 and holes 
B2 and B5 have the greatest effect on the transmission wavelength in their respective 
waveguides.

Ge2Sb2Te5 Phase Change Material.
Fig. S2 shows the real and imaginary parts of the refractive index for GST and GSST 

materials at different wavelengths [20,35].



Fig. S2. (a) Real part, and (b) Imaginary part of GST and GSST refractive index. In the 
wavelength range of 1500-1600 nm (indicated by the gray box), a significant difference is 
observed in the real and imaginary parts of the refractive index for the GST and GSST materials.

Fig. S3 illustrates the phase diagram and transition process between the crystalline and 
amorphous states in GST materials. Moving toward the GeTe material along the line section, 
the melting temperature (Tm), glass transition temperature (Tg), and activation energy increase, 
while the crystallization speed decreases. Materials such as Se2Te3 can be used to increase the 
crystallization speed, but these materials are not stable enough. However, by choosing the 
Ge2Sb2Te5 material, a favorable crystallization speed with relatively good stability can be 
achieved.

To transform GST material from an amorphous state to a crystalline state, the temperature 
of GST must be higher than the Tg and lower than the Tm. These conditions can be provided 
by applying pulses of low amplitude and high duration to heat the GST. Also, for GST to 
become amorphous, the temperature of GST must be raised above its melting point to liquefy 
and then rapidly cool. For this purpose, GST can be converted from the crystalline state to the 
amorphous state by applying a high-amplitude and short-duration pulse [77].

Fig. S3. (a) GST-PCM phase diagram, and (b) the transition process of GST-PCM.



Optimization of the radius of PCM rods.
The transition from ports 1 to 2 under the conditions of amorphous and fully crystalline 

states for GST and GSST rods is shown in Fig. S4. Actually, Fig. S4(a), (b) shows that by 
choosing the optimal radius of the PCM rod, a significant effect on the resonance wavelength 
transmission can be obtained. This capability is very critical in the design and optimization of 
optical devices.

Fig. S4. Transmission from ports 1 to 2 for the proposed structure in both amorphous and 
crystalline states using (a) GST, and (b) GSST materials. For GST materials, the optimum radius 
of PCM rods to achieve the greatest discrimination between amorphous and crystalline states is 
61.9 nm, while for GSST materials, it is 83.3 nm. (Cyan: Amorphous, magenta: Crystaline, and 
black dotted: Difference rate)

Fabrication tolerance and structural sensitivity analysis.
To assess the structural robustness and fabrication tolerance of the proposed photonic 

crystal architecture, an extensive sensitivity analysis has been conducted with respect to 
dimensional variations that may arise during the fabrication process. This supplementary 
section presents additional simulation results that extend the findings of the main manuscript 
by evaluating the impact of key geometric perturbations on the device’s optical response.

Figure S5 illustrates the effect of ±5 nm variations in the radii of selected holes (A3–A4, 
B3–B4, C3–C4, and C2–C5) on the transmission response for both input directions. The results 
indicate that the structure maintains acceptable optical performance under moderate deviations 
in hole dimensions.

Furthermore, Figure S6 illustrates the effect of GST rods' radii fluctuations on the resonance 
wavelength shift. The analysis reveals that the wavelength tuning remains within a controllable 
range, and the overall optical behavior of the structure is preserved across practical fabrication 
variations.



Fig. S5. Transmission spectra for variations in hole radii: (a–d) Transmission from ports 1 to 2, 
and (e–h) Transmission from ports 3 to 4, corresponding to ±5 nm changes in the radii of holes 
(A3–A4, B3–B4, C3–C4, and C2–C5). Red lines represent a +5 nm increase, and green lines 
represent a –5 nm decrease in the respective hole radii.

Fig. S6. Transmission spectra for ±5 nm variations in GST rod radii: (a, b) from ports 1 to 2, 
and (c, d) from ports 3 to 4. Red: +5 nm, Green: −5 nm.
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