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Thermal tuning of chirped SOI sidewall grating for tun-
able wavelength, delay, and bandwidth* 
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In this work, we design a silicon-on-insulator (SOI) sidewall grating with tunable wavelength, delay, and bandwidth 

through thermal tuning. Incorporating uniform sidewall corrugations and a linearly chirped rib waveguide, the ther-

mo-optic effect imposed on chirped rib waveguide changes the effective refractive index, due to the resultant of the 

temperature gradient. Consequently, tunable wavelength, delay, and bandwidth in SOI sidewall grating are achieved. 

In the numerical simulations, the designed SOI grating is demonstrated with a tunable wavelength from 1 560.7 nm to 

1 561.9 nm, a tunable delay from 0 to 38 ps, and a tunable bandwidth from 1 nm to 1.5 nm. 
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The advances in photonic integrated circuit (PIC) have 
promoted optical communications, microwave photonics, 
and optical sensing to new heights[1-3]. It can overcome 
the bottlenecks on bulky size, power consumption, and 
instability in the discrete system. Recently, a large 
amount of compact PIC is realized in different platforms 
including InP[4], Triplex[5], and silicon-on-insulator 
(SOI)[6]. Particularly, silicon-based photonic integration 
technology has a good continuity to the current mature 
microelectronic processing technology, because of its 
complementary metal oxide (CMOS) compatibility[3]. 

Due to the large refractive index difference of the SOI 
platform, waveguide Bragg gratings (WBGs) have strong 
refractive index modulation and thus large bandwidth via 
compact size and low power consumption, which is ben-
eficial to large-scale and high-density chip integration 
applications[7,8]. Recently, many WBGs implemented on 
SOI platform have been reported. WBGs can be used as 
filters for wavelength selectivity[9]. Also, linearly chirped 
Bragg gratings (LC-WBGs) can perform pulse shaping 
of different wavelengths[10,11] and all-optical signal proc-
essing[12]. Meanwhile, tunable WBGs are highly desired 
for the optical filter[9] and dispersion compensation[13]. 
Electro-optical[14,15] or thermo-optical effects[16-19] can be 
employed to tune the spectral response and group delay 
of SOI gratings. For instance, the introduction of electri-
cal tuning is able to achieve tunable delay at fixed wave-
lengths[15], and thermal tuning can provide tunable 
wavelengths and improved group delay[17,19]. These flex-

ible tuning features enable SOI gratings to greatly reduce 
the cost and the redundancy of integrated chips. 
LC-WBGs with high tunability are essential in flexible 
PICs, since their tunability can be employed to combat 
undesired geometric variation in fabrication. 

In this work, we propose an SOI sidewall grating with 
tunable wavelength, delay, and bandwidth by setting a 
thermal uniform or gradient along the device length. A 
tunable LC-WBG is designed and numerically demon-
strated with tunable wavelength from 1 560.7 nm to 
1 561.9 nm and tunable group delay from 0 to 38 ps in 
the uniform heating configuration. In parallel, the band-
width can be tuned from 1 nm to 1.5 nm when applying 
the gradient heating. Compared with previous thermally 
tuned gratings, the combination of linear displacement of 
heaters and the chirped side-wall grating is capable of 
achieving high-performance tunable wavelength, group 
delay and bandwidth with high process tolerance. The 
thermally tuned sidewall grating is relatively easier to 
implement in the manufacturing process, which results in 
the grating parameters can be flexibly changed to meet 
different communication systems. Consequently, the 
tunable device is capable of implementing a compact 
wavelength-to-time mapping module for many specific 
applications, such as arbitrary waveform generator and 
radar signal processing[20], representatively. 

The proposed grating structure is shown in Fig.1(a), 
which is an LC-WBG with the linearly increasing rib 
width. Such an LC-WBG is formed by a rib waveguide 
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with rib etched wrinkle shape. Thanks to the etching ex-
tension on the entire inner and outer ribs, the rib forma-
tion enhances the modulation intensity and process tol-
erance of the grating[8,21]. The proposed LC-WBG is de-
signed by using a thickness of 220 nm SOI substrate un-
der a buried oxide layer with a thickness of 2 μm. The 
core waveguide has a silicon slab with a thickness of 
150 nm and a rib height of 70 nm, which ensures a fun-
damental transverse-electric (TE) mode in the waveguide 
with a rib width of 400 nm and 700 nm, as shown in 
Fig.1(b). Unlike the traditional chirped grating by 
changing the period preciously, the chirped waveguide 
rib width is easier to manufacture[22]. 

As well known, the Bragg grating follows the Bragg 
equation[23], expressed as  

λB=2neffΛ ,                                 (1) 
where λB is the central wavelength, neff is the effective 
refractive index, and Λ is the grating period.   

For the rib waveguide, the effective refractive index 
neff varies with the rib width. In an LC-WBG, the effec-
tive refractive index is derived via the effective index 
method and the boundary condition. As shown in 
Fig.1(c), the calculated effective refractive index of the 
LC-WBG is linearly increasing with rib width rising 
from 400 nm to 700 nm. Here, Λ is setting as 300 nm 
with a duty cycle of 50%, and the grating is 1.8 mm in 
length to ensure strong reflection. In order to keep the 
central wavelength at 1 560 nm, the rib width is specified 
to be 500 nm. The rib width of its structure is changed to 
be 8 nm, while setting W1=500 nm and W2=508 nm. 

 

 

Fig.1 (a) Schematic of the linearly chirped waveguide 
Bragg grating; (b) Profile of fundamental TE mode in 
the rib waveguide with the width of 400 nm and 
700 nm; (c) Effective refractive index with the width 
increasing from 400 nm to 700 nm 

 
The group delay of grating τ is calculated from the 

phase information of the spectrum[24] 
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where ρ is the phase of the corresponding wavelength. 
The calculated grating reflection response and group 

delay are shown in Fig.2(a). The central wavelength of 
the grating is 1 560.7 nm, and the bandwidth is 1.5 nm. 
The group delay gradually increases from 0 to 43 ps 
within the bandwidth. The grating has a chirp rate of 
0.83 nm/mm and an insertion loss of 0.13 dB. Due to the 
wavelength selectivity of the grating, the transmission 
spectrum is calculated and shown in Fig.2(b).  

 

 

Fig.2 Characteristics of SOI chirped grating: (a) Re-
flection spectrum and group delay; (b) Transmission 
spectrum 

 
To achieve tunable wavelength, delay, and bandwidth, 

the thermo-optic effect of silicon-based materials is 
adopted by thermally manipulating the effective refrac-
tive index of the rib waveguide. The relationship be-
tween the effective refractive index and the temperature 
in the thermo-optic effect[25] can be expressed as 

n(T)=n0+αΔT,                              (3) 
where the thermo-optic coefficient α is 1.84×10-4/K. 

For the thermal tuning, the variations in the tempera-
ture can be implemented inside the grating by introduc-
ing the heating power or displacement from the wave-
guide along the propagating direction as shown in Fig.3. 
When the distance d between the aluminum heater and 
the waveguide grating is fixed at 1 μm, the temperature 
increases as the heater power increases. Conversely, 
when the heater power is fixed at 5 mW, the temperature 
decreases as d increases.  

 

 
Fig.3 (a) Thermal model of the heater element above 
the waveguide grating; The temperature of the grating 
versus (b) the heater power and (c) the distance of the 
heater relative to the waveguide  

 
One of the methods is the uniform heating, leading to 
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an identical temperature difference (i.e., ΔT) over the 
grating structure. For the LC-WBG, the uniform thermal 
tuning increases the effective refractive index by αΔT. 
As shown in Fig.4(a), the heater is suspended above the 
grating, and d is 1 μm. Because the temperatures at the 
front end and rear end of the grating are consistent, ΔT is 
a stable value. Correspondingly, the change in effective 
refractive index with the different heating powers is 
shown in Fig.4(b). The effective refractive index curve 
increases uniformly with the rise of the heating power.  

The other solution uses the gradient thermal tuning, 
where the higher temperature is applied to the front end 
and low temperature to the rear end. Since the effective 
refractive index at the front end is less than that of the 
rear end, the gradient is used to compensate the effective 
refractive index. Consequently, the temperature differ-
ence at a certain location ΔT(z)=(1−z/Ltuning)ΔT0, can be 
changed along the grating length, where ΔT0 is the tem-
perature difference at the front end, and Ltuning is the 
grating length of the gradient thermal tuning. Here, the 
temperature gradient coefficient is related to the distance 
between the heater and the grating. By varying the dis-
tance between the central axis of the heater and the 
waveguide, the temperature of the waveguide can be 
controlled as shown in Fig.4(c). With d1=1 μm and 
d2=30 μm, a specific temperature gradient can be gener-
ated in the LC-WBG. The linearly increased distance 
ensures that the temperature of the second half of the 
grating is 300 K. As shown in Fig.4(d), the effective re-
fractive index at the front end of the grating is stable, for 
a given temperature gradient induced by the heater dis-
placement. The effective refractive index at front end of 
the grating is 2.535 3 when the heating power is 5 mW, 
which is equal to in the middle of grating. Due to can-
cellation between the effect of the temperature gradient 
and waveguide width on the effective refractive index, 
the neff keeps invariable along the propagating direction 
until the rib width is increased to 504 nm.  

 

 

Fig.4 Side view of the (a) uniform heater position and 

(c) gradient heater position; The effective refractive 
index as a function of grating length under the (b) 
fixed temperature and (d) gradient temperature 

 
Thanks to the effective refractive index change real-

ized by the thermal tuning, the central wavelength varies 
in the axial direction. In the uniform tuning, the neff is 
increased by αΔT, so the wavelength can be calculated to 
shift by αΔT×2Λ. Since τ is related to λB, a wavelength 
shift results in the change of the group delay.  

In this case, the bandwidth of the Bragg grating is ex-
pressed as[26] 
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where κ is the coupling coefficient, and L is the grating 
length. For the LC-WBG, ΔλBW is defined as the differ-
ence between two wavelengths reflected at the rear and 
front ends. With the gradient thermal tuning, the increase 
of the minimum neff causes the change of bandwidth.  

To demonstrate the specifications of the designed 
LC-WBG, the bidirectional eigenmode expansion solver 
is used in our numerical simulations. The light field and 
phase information can be derived efficiently. Here, two 
thermal tuning schemes are used to achieve the corre-
sponding changes in wavelength, delay, and bandwidth.  

For the chirped grating with uniform heating, the 
thermal tuning changes the group delay by shifting the 
central wavelength. The group delay of a fixed wave-
length can be changed in this way. When using the uni-
form heating power levels of 0, 5 mW and 10 mW, the 
reflection spectra and the group delay profile for the 
grating are measured. Fig.5(a) shows the reflection spec-
tra of the grating with different heating power levels. As 
the heater power increases to 10 mW, the central wave-
length is shifted to 1 561.9 nm. Meanwhile, the group 
delay is moving with the central wavelength as shown in 
Fig.5(b). For a specific wavelength (e.g., λS=1 561.2 nm), 
the group delay can be varied between ~0 and ~38 ps. 
This tunable delay can be used to flexibly change the 
group delay of the specific wavelength. 

 

 

Fig.5 Uniform thermal tuning for (a) the central wave-
length and (b) the group delay (The black dashed line 
indicates the wavelength λs= 1 561.2 nm.) 

 
Furthermore, the variable bandwidth can be expected. 

In this LC-WBG, the gradient thermal tuning method is 
used to change the bandwidth. For instance, when the 
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power level is specified as 0, 2.5 mW and 5 mW for the 
gradient heater of the LC-WBG, the reflection spectra 
and the group delay profile are measured and shown in 
Fig.6. It is clear that the bandwidth is reduced from 
1.5 nm to 1 nm, and group delay has also changed. The 
heating power can be adjusted to achieve a tunable de-
sired bandwidth in the gradient thermal tuning. The de-
vice can be fabricated using CMOS-compatible technol-
ogy with 193-nm deep ultraviolet lithography[22]. The 
heater structure formed by the resistance has been veri-
fied to adjust the local refractive index of the wave-
guide[27]. Due to the large mismatch between the thermal 
conductivity of silicon and silicon dioxide, the heater 
allows different temperatures for the compact structure 
by setting different distances[28]. 

 

 

Fig.6 Gradient thermal tuning for (a) the bandwidth 
and (b) the group delay 

 
In conclusion, we report a thermally tunable SOI 

sidewall grating, wherein different temperature distribu-
tions implemented. In the grating, linearly refractive in-
dex chirp is introduced by the change in the waveguide 
taper with uniform Bragg grating. The results show that 
the wavelength, delay, and bandwidth of the grating can 
be tuned through the thermo-optical effect. With the 
uniform thermal tuning, the wavelength can be shifted 
from 1 560.7 nm to 1 561.9 nm, and the group delay is 
tuned from 0 to 38 ps. By applying the gradient heating 
method, the grating bandwidth is tunable between 1 nm 
and 1.5 nm. It is expected that the proposed SOI grating 
will have wide applications in the field of on-chip optical 
communication and microwave photonics due to its tun-
able characteristics and compact size. 
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