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A B S T R A C T

The on-chip scale circuit of the optoelectronic transformer is designed and manipulated using the microring resonator system. By using the monochromatic input
light source, the electro-optic signals can be generated and functioned as the step up and down conversion by mean of the on-chip optoelectronic transformer. The
step up and down of the electro-optic related power conversions can be obtained via the input and drop port connections. The results obtained have shown that the
flexible up and down electro-optic conversion ratios of 1: 5 and 10:1 for the step up and down conversions, respectively. The uses light source wavelength source was
centered at 800 nm, where the conversion stability of 1600 fs is noted. The linearity trend of the conversion stability is confirmed.

Optoelectronic and plasmonic materials have become the most ex-
citing goals for the new disrupted changes in modern advanced tech-
nologies. The advantages of such materials are the small dimension and
the electro-optic signal conversion that can offer the various forms of
applications [1–4], where the critical aspect is that the electrical and
optical signal conversion can offer the challenging applications [5–8].
Recently, the authors in the references [9–14] have reported the pro-
mising works that the on-chip circuit of the electro-optic signal con-
version can be integrated by a tiny circuit, which can offer the chal-
lenged application, especially, the electro-optic signal conversion. In
this article, the optoelectronic transformer on-chip circuit is designed
and manipulated. By using the optoelectronic material property, a cir-
cuit can be employed as the embedded part in the circuits, which is
allowed the required up and down electrical voltages being arranged.
By using the specific arrangement of the nonlinear microing circuits,
the optoelectronic transformer can be obtained. The preliminary results
can be obtained by using the Opti-wave program to manipulate and
investigate the required signal characteristics, in which the selected
device parameters of the results can be obtained and applied for the
further improvements. The Matlab program is also employed for the

specific conditions of the required results.
From the system in Fig. 1, the input electrical field is given by

E Ein Z= = E e ik Z t
0 z + [15], Where E0 is the initial electric field

amplitude, kz is the wave number in the direction of propagation, is

Fig. 1. An on-chip Optoelectronic Transformercircuit, where Ein, Eth, Edr , Ead
are the electrical fields of the input, through, drop and add ports, RR, RL, and
RD are the right, the left, and the centre rings, respectively, all coupling coef-
ficients are κs = 0.5. The center ring is a silicon oxide material, while the ring
materials are the InGaAs and SiO2 materials.
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the angular frequency, where is the initial phase. The distributed
electrical fields within the system are given by
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where Ead= Eth. The circumference of the ring is L. LR, LL and LD are the
circumference of the right, left and center rings.

In a simulation, the selected light source with a wavelength of
800 nm is input into the input port as shown in Fig. 1. The related figure
captions provide the other used parameters. In applications, the re-
quired input/output signal output can be configured by the device
components, which can be supplied by the optoelectronic transformer
in either the step-up or down requirements. The overall integrated
circuit can be more complicated and reliable for various forms of ap-
plications. The graphical results of the optoelectronic transformer in

Fig. 2. The graphical results of the system, where the input light pulse power is
100mW with the center wavelengths of 800 nm. The ring system, RL =
RR =1.0 µm, RD =1.75 µm. All 1 to 4 =0.5. The InGaAs refractive index
(n0) is 2.9, the nonlinear refractive index (n2) is 1.02× 10−17 m2 W−1 [6–10],
while nSiO2 is 1.439. The used waveguide loss is 0.10 dB cm

−1, the core effective
area is varied from 0.25 to 1.0 µm2.

Fig. 3. Simulation results of the electro-optic conversion, where (a)–(c) and (d)–(f) are step-up and down conversions, where the input light power was fixed at 100
mW.
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Fig. 1 are as shown in Fig. 2, where the input light pulse power is 100
mW with the center wavelengths is at 800 nm. The ring radii are RL =
RR =1.0 µm, RD =1.75 µm. The applied program is the Optiwave. The
center ring signals are coupled by the nonlinear side ring signals, in
which the short coherence pulse of the side ring signals can be resonant
with the center ring signals and the obtained peak signal power is
higher within the shorter time, which means that the power per area is
increased but the conservation of energy is maintained, which is de-
tected at the throughput port. The extended results are obtained by the
Matlab program as shown in Fig. 3, where the simulation results of the
electro-optic conversion by using the selected parameters and given by
the related figure captions, where (a)-(c) and (d)-(f) are the step-up and
down conversions, respectively. The input light power was fixed at 100
mW. The comparison between the input and drop port normalized in-
tensities and wavelength and time are plotted. The obtained results
have shown that the promising results of the step-up and down con-
version can be transformed with stability in time and wavelength. The
ratios of the transformer of 1: 5 and 10:1 for the step up and down are
noted. The stability time of 1600 fs is noted. The plots of the conversion
stabilities of the results are shown in Fig. 3, where (a) the step- up and
(b) the step-down conversions. The maximum input power of 600 mW
was applied, where the linearity trends are seen (See Fig. 4).

We have proposed the use of the integrated microring circuit for an
optoelectronic transformer, which is a micro-scale device that can be
fabricated and on-chip application [16]. The selected light source was
wavelength 800 nm, the microring materials were the InGaAs and SiO2
materials. The center ring was formed by a SiO2, the side rings formed

by the InGaAs, in which the nonlinear effect was obtained by the high
Kerr effect of the InGaAs, which is useful for short pulse pumping
output requirement. The maximum pumping output for the step-up and
down of 5 times is achieved. In application, the required power con-
version of the input/output components within the applied plasmonic
circuits can be employed with this form of the device, in which the
specific input/output powers are required in the circuit operation.
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Appendix A. Supplementary data

Supplementary data to this article can be found online at https://
doi.org/10.1016/j.rinp.2018.10.022.
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Fig. 4. The plots of the conversion stabilities of the results in Fig. 3, where (a)
the step-up and (b) the step-down conversions.
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