Research

Configuration of nonlinear couplers
for creation of random optical multipulses

Bui Xuan Kien”

Electric Power University, 235 Hoang Quoc Viet, Bac Tu Liem, Hanoi, Vietnam.
*Corresponding author: kienbx@epu.edu.vn

Received 17 Apr. 2025, Revised 1 Jun. 2025; Accepted 10 Jun. 2025, Published 25 Jun. 2025.
DOI: https://doi.org/10.54939/1859-1043.j.mst.104.2025.137-143

ABSTRACT

In this paper, a configuration of nonlinear couplers with different coupling lengths is presented.
Based on the influence of the transmission coefficient on the nonlinear index coefficient, the interval
of the input intensity to generate overlap-transmission intensity at two output ports is determined.
This behavior is simulated to confirm the connection of multiple nonlinear couplers as a
configuration to generate random optical multi-pulses. The simulation results give us an opportunity
to modulate laser pulses for information security of wireless or free-space laser communication.
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1. INTRODUCTION

In the fields of electronics and optics, signal pulses are commonly pre-processed before
transmission. These signals may be modulated or split prior to transmission and recombined upon
reception to ensure information security. In optics, a directional optical coupler is used to divide
an input pulse into two output pulses with different peak intensities, according to a predetermined
ratio [ 1-4]. However, since the output pulses retain the original input shape, ensuring information
security is not feasible.

Unlike linear optical couplers, in nonlinear optical couplers, both the amplitude and the shape
of the output pulses depend on the intensity of the input pulse. As a result, the output pulse becomes
distorted and no longer maintains the same form as the input pulse [5—7]. Thanks to this property,
nonlinear optical couplers have been studied and employed for pulse shaping and for separating
pulses with different peak intensities [8§—12].

This application is only viable when the intensity of the input pulse lies within the stable region
of the transmission characteristic of the nonlinear coupler [13—15]. If the pulse intensity falls
within the overlapping region of the transmission coefficient, the resulting output pulses will be
random. In our previous works [16, 17], we demonstrated this behavior. However, our
configuration was limited to a single coupler generating two output pulses.

To enhance information security, a single input signal pulse should ideally be split into multiple
output pulses. In this work, we propose a configuration comprising three nonlinear couplers with
various connection schemes to generate different sets of output pulses. Based on the operating
principles and the transmission characteristics of nonlinear couplers, sets of random pulses were
simulated for four different connection schemes. The obtained results suggest the potential
application of random pulse generation in wireless optical communications.

2. PROPOSAL MODEL AND CONNECTION CASES

The model consists of three fiber-based nonlinear couplers, labeled A, B, and C, interconnected
via switches K; and K, as illustrated in figure 1. Each nonlinear coupler employs a guiding

medium with a distinct nonlinear refractive index coefficient n,,, n,,, n,. resulting in different

nl

transmission characteristics for each coupler.
Using the two switches K, and K, the output ports (Aol, Ao2, Bol, Bo2) and input ports (Bil,
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Cil) of two consecutive couplers can be either connected or separated. When the output port of
one coupler is connected to the input port of another, the optical signal is transmitted from one
coupler to the next. The remaining unconnected output port will direct the signal outward through
the optical fiber.

There are four possible connection schemes:

1. Aol — Bil and Bol — Cil
2. Ao2 — Bil and Bol — Cil
3. Aol — Bil and Bo2 — Cil
4. Ao2 — Bil and Bo2 — Cil

Figure 1. Proposed model.

A, B, C— Nonlinear coupler, o-Output, i-Input; K; and K> -Optical switch.

The four connection schemes produce four distinct sets of optical output signals, due to the
differing transmission coefficients of each nonlinear coupler, which are dependent on the intensity
of the preceding output signal. The output signals from couplers A, B, and C will exhibit phase
delays relative to one another, with delay values determined by the lengths of the connecting
optical fibers.

However, the two output signals from coupler C will remain in phase. The specific phase
relationships and signal intensities will be determined during the practical design and
implementation stage.

3. RESULTS AND DISCUSSION

3.1. Transmission characteristics

As shown in Ref. [6, 7, 14], the transmission coefficients of SNC are given as following:
2
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wherer, (I.) and 7, ,(l) are the transmission coefficients from through and cross-ports
determined at the coupling length/_, respectively; C, is the linear coupling coefficient; and
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meen, I
C — 0" "nl"in 3
nl 2/1 ( )
is the nonlinear coupling coefficient; where, A and ¢ are the wavelength and velocity of the light,
g0 = 8.8541878128x107'* F/cm is the permittivity constant of vacuum,n  is the nonlinear

> "onl

coefficient of refractive index, 7,, = 1,, (I =0) is the input intensity of the optical field at input
port. In this model, we choose I =200m,n,, =0.5x10" cm’ /W ,n , =1x10" cm’ /W,

n,.=2x10" cm® /W ,2=1.06 um and C, =0.05 cm™'. The transmission characteristics of the
three couplers are numerically calculated and simulated as shown in figure 2.
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Figure 2. Transmission characteristics of nonlinear couplers with different nonlinear
coefficients of refractive index: A with n,,, =0.5x10™ cm® / W ;

B with n, =1x10"° cm® /W ; C with n,,. =2x10" cm’ | W.
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It is clearly observed that the beginning input intensity and the width of the region overlap
interval is proportional inversely to the index nonlinear coefticient. For coupler A , this intensity

marks the beginning of the overlap region with 7, =2.1x10° W /cm® and width of the region
overlap Al ,, =8x10° W /cm?®, Similarly, for coupler B, it is 7,,=1.1x10° W /cm’ and
Al ., =4x10°W/cm®>, and for coupler C, it is [7,,.=0.7x10°W/cm®> and

entC

Al =1.5x10° W /cm’ . Based on their characteristics, we can select an input signal with an
intensity oscillating within the boundaries of the overlap intensity region.
3.2. Random output multi-pulse

First, for simplicity, we assume a monotonic pulse at the input port described by the
following function:

Al 2t
I =1 +—2%gin| —+ 4
m ave 2 ( T wj ( )

where [, =(1 +1

ent exit

) / 2 is the average intensity, with 7, , /,, are the input intensities at the

nt >

beginning and end of the overlap region, A/

ovel —
respectively. As is well known, the output intensity of each coupler is lower than its input
intensity. Therefore, to ensure that the peak intensities of the output pulses from the preceding

couplers remain within the overlap region of the subsequent coupler, we select 7, and /7,

1, —1,, is the width of the region overlap,

corresponding to the largest overlap intensity region. In the proposed model, this pulse serves
as the input to coupler A. Based on the results shown in figure 2, we choose
1,,=6x10°W/cm® and Al,, =8x10° W /cm’ . Substituting these into equation (3), the input
pulse at port A; is illustrated in figure 3.
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Figure 3. Input pulse in port Ai.
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Next, we will simulate the four output pulses corresponding to four different connection
configurations. The first configuration is Ao1-Bil and Bo1-Cil. The output pulses appear at the
four output ports Ao2, Bo2, Col, and Co2.
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Figure 4. Output pulses at ports for the first case.

According to configuration 2: AO2-BI1, BO1-CI1
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Figure 5. Output pulses at ports for the second case.
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: AO1-BI2, BO2-CI1
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Figure 6. Output pulses at ports for the third case.

: AO2- BI1, BO2-CI1

and configuration 4

© w0

(zwo/Mmpw) Ausueuy

e @ @ ~ © v ¥ o 8 - °o

(zwapmm) Ansuayuy

Time (UT)

Aol

Time (¢T)

Bol

3
(zwoapm) Aususyu)

25

(zwapam) Ausuau)

Time (tFI')V
Co2

Time (tT)

Col
Figure 7. Output pulses at ports for the fourth case.
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From the results shown in Figures 4, 5, 6, and 7, we observe that:

1) The output pulses no longer maintain a single-valued curve but become band pulses;
ii) The shape of the output pulses no longer retains the form of the input pulse;

iii) The four output pulses exhibit completely different shapes;

iv) The sets of four pulses vary distinctly across configurations.

Therefore, it can be inferred that the integration of multiple couplers enables the division of a
single monotonic pulse into a collection of random band-limited pulses. This approach offers
promising potential for enhancing information security by transmitting signals not as a single pulse,
as illustrated in figure 1, but as a set of four pulses generated through the proposed configuration.

4. CONCLUSIONS

We have proposed a configuration consisting of three nonlinear couplers with different
transmission characteristics to generate four random-like pulses from a single monotone input
pulse. The results show that, with four different connection schemes enabled by switching
mechanisms, four distinct sets of output pulses are produced. These four configurations, combined
with the randomness in the output pulse shapes, contribute to enhancing the security of the
transmitted signal.

These findings serve as a foundation for designing an optical signal modulation system for free-
space transmission, with the aim of improving the security of communication and the control of
aerial or flying devices.
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TOM TAT
Céu hinh b ghép phi tuyén tao cic xung quang ngiu nhién da xung

Trong bdi bdo nay, mét cau hinh cia cdc bg ghép phi tuyen Véi cdc chiéu dai ghép khac
nhau dwoc trinh bay. Dya trén anh huong cua hé so z‘ruyen déi véi chzet sudt phi tuyén,
cwong dé dau vao dé tao ra su chong lan cwong do truyén tai hai cong ddu ra dwgc xdc
dinh. Dac tinh nay dwoc mo phong dé kiém chirng tinh kha thi cia viéc ket néi nhiéu bé
ghép phi tuyén thanh mot cau hinh ¢6 kha nang tqo ra cdc xung quang ngau nhién da xung.
Két quda mo6 phong mang dén co héi diéu ché cac xung laser dé bao mdt thong tin trong
truyén thong laser khong day hodc qua khéng gian tuw do.

Tir khoa: Bo ghép phi tuyén; Truyén thong quang khong day; Xung laser; Bao mat thong tin.
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