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Interferometrie

Ubersetzer
Mehrdad Bahman Ziari /Bachelor Student
Deutsche Sprache und Literatur/ Universitdt Teheran

Einleitung

Interferometrie ist das Wissen Uber die Kombination
zweier oder mehrerer Wellen, sodass durch Untersu-
chung der aus dieser Kombination resultierenden Welle
Informationen Uber die eingehenden Wellen gewon-
nen werden koénnen. Interferometrie ist eine wichtige
Forschungsmethode in den Facbereichen Astronomie,
Messung, Lichtphysik, Kernphysik, Teilchenphysik, Plas-
maphysik, Glasfaser, Geologie, Seismologie, Ozeanogra-
phie, Quantenmechanik und Fernerkundung.

Die Funktionsweise von Interferometern basiert auf den
Prinzipien der Lichtinterferenz. Basierend auf den Inter-
ferenzprinzipien Gberlagern sich zwei Lichtquellen, deren
Licht kohérent ist, wenn sie miteinander interferieren,
und das Ergebnis dieser Uberlagerung sind dunkle und
helle Bereiche im Raum.

Interferometer werden in zwei Gruppen eingeteilt:
1- Domanenaufteilungsinterferometer

2- Wellenfrontaufteilungsinterferometer
Interferometertypen:

Fabry- Pérot- Interferometer, Lummer- Gehrcke- In terfer-
ometer, Mach-Zehnder-Interferometer, Martin- Puplett-
Interferometer, Michelson- Interferometer, Sagnac- Inter-
ferometer, Watson- Interferometer.

Sagnac-Interferometer

Der SAGNAC-Effekt manifestiert sich in einem Versuch-
saufbau namens Ringinterferometrie. Ein Lichtstrahl wird
geteilt und zwei Strahlen werden dazu gebracht, einem
Pfad in entgegengesetzte Richtungen zu folgen, der eine
Schleife bildet. Um als Schleife zu funktionieren, muss
der Pfad einen Bereich umschlie3en. Die Rotationsachse
sollte nicht innerhalb des umschlossenen Bereichs liegen.
Das aus dem Ring austretende Licht wird so gelenkt, dass
ein Interferenzmuster entsteht. Die Position der Inter-
ferenzstreifen hangt von der Winkelgeschwindigkeit der
Einstellung ab. In diesem Fall wird es auch Sagnac-Inter-
ferometer genannt.
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Normalerweise werden mehrere Spiegel verwendet,
sodass die Lichtstrahlen einem dreieckigen oder qua-
dratischen Pfad folgen. Auch Glasfasern kénnen zur Licht-
leitung verwendet werden. Das Ringinterferometer ist auf
einer Plattform platziert, die sich drehen kann. Wenn sich
die Plattform dreht, bewegt sich der Ein-/Austrittspunkt
wahrend der Laufzeit des Lichts, sodass ein Strahl beim
Austritt eine kirzere Strecke zurlickgelegt hat als der an-
dere. Folglich ist das Interferenzmuster bei rotierender
Plattform im Vergleich zur Position der Interferenzstreifen
verschoben, wenn sich die Plattform nicht dreht. Diese
Anderung ist proportional zur Winkelgeschwindigkeit
des Sagnac-Interferometers. Diese Art von Schleifeninter-
ferometer wird manchmal als passives Schleifeninterfer-
ometer bezeichnet. Ein passives Ringinterferometer ver-
wendet Licht, das von auRen in den Aufbau eintritt. Das
erhaltene Interferenzmuster ist das Streifenmuster und
gemessen wird die Phasenverschiebung.
Young-Interferometer

Die Akzeptanz der Wellenansicht von Licht erfolgte Jahre
spater, als der englische Physiker und Arzt Thomas Young
im Jahr 1801 sein klassisches optisches Doppelspaltex-
periment durchfiihrte.

Auf der Grundlage dieses Experiments konnte Thomas
Young zeigen, dass Licht eine Welle ist. Normalerweise
beobachten wir jedoch nicht das Wellenverhalten von
Licht, das in Youngs Doppelspaltexperiment auftritt, da
Licht zunachst mit kleinen Objekten wie den Spalten in-
teragieren muss, die Young zur Darstellung der charakter-
istischen Welleneffekte verwendete. Yang lieR zunadchst
Licht von einer einzelnen Quelle (der Sonne) durch einen
einzelnen Spalt, um das Licht einigermalien koharent zu
machen. Kohadrentes Licht bedeutet Wellen in einer bes-
timmten Phase oder Phasenbeziehung, und inkoharentes
Licht bedeutet Wellen, die eine zufillige Phasenbeziehu-
ng haben. Yang liel3 Licht durch einen Doppelspalt, da die
beiden Spalte zwei kohdrente Lichtquellen liefern, die
konstruktiv oder destruktiv interferieren kdnnen.

Yang verwendete Sonnenlicht, da in der Sonne jede Wel-
lenlange ihr eigenes Muster erzeugt, wodurch der Wel-
leneffekt des Lichts schwieriger zu erkennen ist.
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Mach-Zehnder-Interferometer

Das Mach-Zehnder-Interferometer ist ein Gerat zur Bes-
timmung der relativen Phasenverschiebungsanderungen
zwischen zwei sich kreuzenden Strahlen, die durch die Auf-
spaltung von Licht aus einer einzelnen Quelle entstehen.
Mit dem Interferometer werden die Phasendanderungen
zwischen zwei Strahlen gemessen, die durch die Probe
oder die Anderung der Linge eines der Pfade verur-
sacht werden. Der Name dieses Gerats stammt von den
Physikern Ludwig Mach (Sohn von Ernst Mach) und Lud-
wig Zehnder.

Das Mach-Zehnder-Interferometer ist ein hochgradig
anpassbares Instrument. Anders als beim beriihmten
Michelson-Interferometer wird jeder der gut getrennten
optischen Pfade nur einmal durchlaufen.

Mach-Zehnder-Interferometer werden in elektroop-
tischen Modulatoren verwendet, elektronischen Geraten,
die in verschiedenen Glasfaserkommunikationsanwend-
ungen eingesetzt werden. Mach-Zehnder-Modulatoren
werden in integrierte Schaltkreise eingebaut und bieten
elektrooptischen Spielraum mit guter Bandbreite und
Phasengang im Multi-GHz-Frequenzbereich.

Es wird haufig in den Fachereichen Aerodynamik, Plas-
maphysik und Warmelbertragung verwendet, um
Druck-, Dichte- und Temperaturanderungen in Gasen zu
messen.




Fabry-Pérot Interferometer

Das Mehrstrahl-Interferometer, das erstmals Ende des 19.
Jahrhunderts von Charles Fabry und Alfred Pérot entwickelt
wurde, ist besonders wichtig, da es nicht nur ein spektroskop-
isches Gerat mit extrem hoher Aufldsung ist, sondern auch als
Laserverstarkungshohlraum dient. Die Basis wird ebenfalls ver-
wendet. Dieses Gerat besteht im Wesentlichen aus zwei par-
allelen flachen Oberflachen mit hoher Reflexion, die in einem
Abstand voneinander angeordnet sind. Dies ist die einfachste
Konfiguration.

Das Fabry-Pérot-Interferometer wird haufig zur Untersuchung
der Details der Struktur von Spektrallinien verwendet. Wie wir
gesehen haben, erzeugt eine hypothetische Lichtwelle, die
vollstandig monochromatisch ist, ein spezielles kreisformiges
Gefriersystem. Wenn also die Feder aus zwei Komponenten
besteht, Takfam. Wenn sich einzelne Friese teilweise Uberlap-
pen, entstehen zwei libereinanderliegende Ringsysteme, was
zu einer gewissen Unsicherheit bei der Entscheidung fiihrt,
wann die beiden Systeme einzeln unterscheidbar sind.

Die Anwendungen und Konfigurationen des Fabry-Pérot-In-
terferometers sind zahllos. Die Messgerate sind mit anderen
Messgeraten in einer Reihe angeordnet, sowie mit prisma-
tischen und Gitterspektren, sowie mit mehrschichtigen dielek-
trischen Schichten, die verwendet werden, um die Metallbes-
chichtung der Spiegel zu ersetzen und sie werden haufig in
Scanverfahren verwendet. Diese Verfahren profitieren von der
Uberlegenen Linearitat von photoelektrischen Detektoren im
Vergleich zu fotografischen Lamellen.

Heute haben die Systeme mit gekriimmten Spiegeln eine
privilegierte Stellung als Laserkavitaten und werden haufig als
Spektrumanalysatoren verwendet, und die Konstruktion sol-
cher Systeme ist vom Farby-Pérot-Interferometer mit einem
spharischen Spiegel inspiriert, das 1956 von Pierre Connes

gebaut wurde.
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3Boyutlu yazici nedir?

Cevirmen
Zahra Bayani /lisans 6grencisi
Tiirk edebiyat1 / Tebriz Universitesi

Giriis

3D vyazicl aslinda CNC makinesine benzeye, 3Dyazilim
veya 3D tarayici kullanilarak tasarlanan 3D dosyayl somut
bir fiziksel nesneye donlstiirebilen Bir cihazdr.

3D yazicilarin ¢alisma sekli, 3D dosyanin dilimlenip nasil
yazdirilacagina iliskin ayarlar uyguladiktan ve cihaza ak-
tardiktan sonra cihazin sarf malzemelerini veya filamenti-
ni yikledikten sonra calismaya baslar ve 3D yazicilarin
uygulamalarindan birini yapar. temel modelleme ve bazi
durumlarda nihai Grindr.

Genel olarak bu cihazin en 6nemli uygulamasinin, tasar-
lanan Grtind kontrol etmek, teshis etmek ve olasi kusur-
lar gidermek icin Grlinin prototiplenmesi ve son olarak
Uriiniin dokim veya plastik gibi diger Gretim yontemleri-
yle seri Gretimi oldugu séylenebilir. enjeksiyon.

3D yazicinin galismasinin temeli.

3D yazicllarda, 3 boyutlu parcalarin talas kaldirma veya
metal tornalama yoluyla Uretildigi torna veya freze maki-
neleri gibi geleneksel Gretim makinelerinden farkli olarak,
3 boyutlu modeller, malzemelerin Gst Uste ylklenmesi
veya eklenmesiyle Uretilir.

Yapilan is, bir binanin ingaat veya duvar insa etme isine
cok benzemektedir. Tipki bir insaat¢inin bir duvar insa
etmek icin tuglalan katman katman istiflemesi gibi, 3D
yazicilarda da malzemeler, sonugta bir 3D model olustur-
mak icin FDM filamenti gibi katman katman (st Uste isti-
flenir. Teknolojiye sahip 3D yazicilarda ekstruder tarafin-
dan isiticiya veya isiticiya yonlendirilir, burada eritilir ve
niizulden enjekte edilir.

Enjekte edilen malzeme 6nceden tanimlanmis bir pro-
grama gore ekran Uzerindeki hareket sistemi ile enjekte
edilir ve bu ¢alisma 3D parga yapilana kadar tekrarlanir.




3D yazicilarin avantajlan!

Ozel ve kisiye 6zel Uriinlerin Uretilmesi siirecinde 3D
yazicinin kullanilmasi, daha 6nce geleneksel olarak yapilan
ve ¢ok zaman alan bir siireg olan kalip yapimi gibi birgok
maliyetten tasarruf saglayacakti. Mal Gretmek icin kul-
lanilan malzemenin tiirtine gore, bazi durumlarda silikon
malzemeler gibi kalip, 3 boyutlu yazici yardimiyla 3 boyut-
lu olarak basilabilir ve farkli malzemelerin kaliplanmasi icin
dogrudan kullanilabilir.

Geleneksel Uretim yontemleri yerine 3D yazicinin kul-
laniimasi, atiklarin azaltilmasini ve Uretim maliyetlerinin
yani sira ¢evreyi de azaltir.

3D yazicilarda modelin ¢ok fazla diizenlenmesi 6nemli
degildir ve 3D yazici cok karmasik bir 3D modeli basip kul-
lanima hazir hale getirebilir.

Yani daha 6nce geleneksel yontemlerle tretilemeyen kar-
maslik pargalar, glinimuzde 3 boyutlu yazicilar yardimiyla
Uretilebilmekte ve bu da birden fazla parcanin bir araya ge-
lerek karmasik bir yapi olusturmasi nedeniyle bir Girinin
Uretim surecini kolaylastirmaktadir. kismi kisaltilmistir.

M SKETeH Laacg H

3D yazici uygulamalarn,

3 boyutlu yazicl teknolojisinin gelismesiyle birlikte kul-
lanim alanlari da genisledi. Bu sekilde 3 boyutlu yazicilar
icat edildigi ilk zamanlarda sadece kiigtik ve tek kullanimlik
numunelerin yapiminda kullaniliyordu.

Glinimiizde 3D yazicllar asagidaki durumlarda kullanil-
maktadir:

Canta, ayakkabl, aksesuar, gozliik ve siis esyalari, mobilya
vb. tlketici Grlnleri.
Yapay viicut parcalari yapmak

Film ve dizi sahnelerinde orijinal ekipman ve araclarin

replikalarinin yapilmasi (maliyetleri azaltmak igin)
Tibbi, discilik ve hayvan ilaglar malzemeleri
Cihazlarin montaj parcalari gibi endstriyel Grlinler
Eski eserlerin tekrar
Farkli yas ve buyukliikteki fosillerin rekonstriiksiyonu
Adli patolojide kanitlarin yeniden yapilandiriimasi

Farkl 6lceklerde mimari modeller ve replikalar
Kaynaklar
1. Klap.ir
2. borna3d.com

chalesh

36



37

[1',L{I)

L[SJ

Optical quantum logic gates based on photonic qubits

Ali Bolhassani /PhD Student /Computer engineering
Department of Computer, Science and Research Branch, Islamic Azad University, Tehran

Abstract

Quantum optical logic gates are key components of an
optical quantum computer. Quantum computing deals
with qubits, or quantum bits, which are considered the
guantum analog of classical bits and can be used to store
guantum information. Quantum mechanics is one of the
basic principles in the design of photonic qguantum com-
puters that use photons as qubits and have a large paral-
lelization capacity. The security and fidelity factor is one of
the important indicators of these systems, and the quality
of photons, noise and accuracy of optical elements can be
mentioned among the factors affecting it. Various types
of encoding processes, such as phase encoding, frequen-
cy encoding, polarization encoding, resonance encoding,
combinational encoding, etc., are used to develop qubits.

Index Terms: Quantum Information, Reversible Comput-
ing, Optical Gates, Photonic Qubits.

L.Introduction

Optics is now considered a powerful and promising can-
didate in quantum computing, entanglement, communi-
cation and data processing due to its intrinsic nature of
creating quantum states. Quantum optical logic systems
are very useful in fast processing, data encryption, secure
and noise-free communication. The CNOT gate is used to
perform information processing tasks in quantum optical
logic systems. It is a two-qubit reversible quantum logic
gate, where the first qubit is designated as the control qu-
bit and the second qubit is introduced as the target qubit.
In three-state logic, information is represented by three
distinct states: 0, 1, and 1. Quantum computing inspired
photonic integrated circuit (PIC) technology to expand
its application in quantum information technology (QIT).
Photons are attractive in QIT because they do not interact
with the medium and can be transmitted through fiber
optic networks. Many attempts have been made using
photons to demonstrate quantum logic operations and
guantum repeaters essential for quantum computing
and networks.



2.0ptical Quantum Gate, Single and Multiple Photon
An all-optical quantum system offers very fast and se-
cure communication and data processing due to its large
storage capacity, low loss, very fast response time, parallel
nature, and quantized data management. In computing,
encrypted data is a very powerful tool to protect privacy.
Encryption and decryption schemes are experimentally
developed using single-photon and linear optics on a set
of gates for arbitrary quantum computing. Quantum logic
extends the applicability of the quantum world by using
superposition and entanglement. Properties of light such
as phase, state polarization, intensity, frequency, etc. are
used to encode different states of quantum logic. All-op-
tical quantum logic gates are based on single-qubit, dou-
ble-qubit, or multi-qubit, which are the building blocks
of quantum computers. Single qubit gates such as Pauli
gates X, Y, Z, Hadamard gate, phase shift gate, square root
Not gate (SRN), square root Z gate (SRZ) etc. operate in
two quantum states. An all-optical design of the integrat-
ed Pauli X)Y,Z gate is developed as an optical switch using
electro-optical Pockels materials. The all-optical Pauli Y
gate is developed using integrated resonance and phase
encoding technique. All-optical Hadamard-Pauli quantum
gate, SRN gate, phase shift gate, SRZ gates, square root
control Z (SRCZ) gates are developed using phase, intensi-
ty and polarization state of light. Multi-control Toffoli gate,
linear optical Toffoli gates, nanomechanical Friedkin gate,
guantum controlled all-optical NOT gate, nonlinear inte-
grated quantum electro-optical circuits have been creat-
ed in this process. Single-qubit quantum gates have been
created using the magneto-optical effect. Ultrafast all-op-
tical NOT gate is implemented using quantum dot semi-
conductor optical amplifier and XNOR optical gate using
semiconductor laser. So far, the quantum Friedkin gate
has only been demonstrated with pre-entangled input
modes in free-space optics, which limits its use to inde-
pendent input photons. But by using three-qubit Fredkin
and Toffoli gates on a programmable quantum photonic
chip, this problem can be limited. Quantum computing
enables exponential speedup of computations and solves
many NP-hard problems that cannot be efficiently solved
by classical computing. Recently, attention has been paid
to realizing large-scale global quantum computing with
superconducting qubits, linear optics, atoms, and NMR7

qubits. Quantum logic gates, which act as key compo-
nents of quantum circuits, are essential for quantum
computing. However, the efficient realization of more
qubit quantum logic gates remains a significant challenge
due to the difficulty of chaining different gates together in
a single circuit, for example, a three-qubit Toffoli gate re-
quires six CNOT gates, while that Fredkin Gate needs one
more gate. The difficult decomposition of some innova-
tive methods of realizing three-qubit Toffoli and Fredkin
gates have been demonstrated experimentally with large-
scale bulk optical systems. By extending the qubit space
to a higher-dimensional Hilbert space, it is shown that a
guantum Fredkin gate operating on photons cannot ex-
perimentally function as a standalone gate with pre-en-
tangled input states. The inherent limited programma-
bility, lower scalability and instability of bulk optical gates
limit their widespread deployment. Today, the growing
development of integrated photonic circuits has shown
itself as a paradigm for large-scale quantum computing
due to the precise planning of large-scale circuits. There-
fore, compared to qubits, photons have important appli-
cations due to their unique advantages in the exchange
of quantum information over long distances. Therefore,
the photon is a natural candidate for building a large-scale
modular optical quantum computer that operates at
room temperature. However, two-photon quantum log-
ic gates with their probabilistic nature lead to a large re-
source overhead for fault-tolerant quantum computing.
While in principle the probability problem can be solved
using multiplexing and error correction, the reliability of
the linear-optical quantum logic gate is limited by defects
in single photons. A probabilistic two-photon quantum
logic gate to achieve scalable optical linear guantum com-
puting can be realized using the Knill-Laflamme-Milburn
(KLM) scheme, albeit with significant overhead. Consider-
ing that implementing a definitive two-photon entangle-
ment operation is still challenging in linear optics, a large
entangled cluster mode can be created by ballistically
merging a set of small clusters, e.g., three-photon clus-
ters. Then, the consumption of cluster mode computing
resources is dominated by the preparation of those small
clusters. Figure 1 shows a schematic diagram for generat-
ing entangled qubit pairs in the path and measuring the
operation of the CNOT gate.

1550.12nm K 9 Pass
CW LD Notch I i —
1543.73nm ﬂ—_..
iy - mARE
W LD - PIC | —
1556.55nm
S,

TCSPC

Fig 1. Schematic of qubit pair generation circuit for CNOT operation
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3.Hadamard Optical Gates using Photonic Crystal
Implemented two-mode and three-mode Hadamard
single-qubit quantum gate based on photonic crystal us-
ing optical phase encoding technique. The optical phase
difference is created using electro-optical modulators
of suitable bias voltage. Similarly, with two-dimensional
photonic band gap crystal-based design, this approach
can be realized in smaller dimensions. In this regard, cy-
lindrical rods with desired refractive index are placed on
a bed of air to design the circuit. The system performance
can be simulated by Finite Difference Time Domain
(FDTD) method. The desired phase values are obtained
by changing the length of the optical path in the chan-
nels. The maximum system response time is a few pico-
seconds, which is very useful in fast quantum computing
and data processing. In quantum computing, gates are re-
versible and qubits contain specific quantum information
that is processed through quantum logic circuits. Different
encodings of optical properties of photons can be used
to design different quantum gates. Integrated systems of
Hadamard gates and Pauli X, Y, Z gates can be implement-
ed using polarization coded qubits. Implementation of
two- or three-qubit-based quantum Pauli gate Y can be
done using phase and polarization encoding methods.
It is also possible to design an all-optical system of X, Y, Z
Pauli gates. Electro-optic modulators and polarization and
phase coding approaches can be used to realize the root
process in some quantum gates. The principle of parallel
phase modulation and multi-pass techniques are used
simultaneously to significantly increase the sideband
power using semiconductor optical amplifiers, Toffoli
and Fredkin gates are frequency coded. In this regard, the
CNOT gate can be developed using the principle of encod-
ing the frequency of photons. All these mentioned all-op-
tical logic gates and circuits can be designed on bandgap
photonic crystals. A CNOT gate with a single-loop photon
is shown in Figure 2. This work increases the speed and
capacity of data processing due to the smaller size of opti-

ancilla photon

control _
photon s i r
1 Initial State
target D
photon - r

cal systems. The implementation of quantum gates based
on photonic crystal using the interference effect can be
realized and developed using various other methods, in-
cluding the design of the Toffoli gate based on photonic
crystal using ring resonators and also the implementation
of the gate Fredkin pointed out by creating nonlinear cav-
ity resonators on the photonic band crystal. Therefore,
optical information can be encoded by different optical-
properties of optical signals. In the phase coding meth-
od, light with different phases is considered as different
states. Similarly, it can be used in frequency encoding,
polarization encoding, etc. To process a large number of
signals at the same time, the optical system must be able
to operate with a higher number of modes. This import-
ant can help to transfer several information at the same-
time. For example, we can refer to multi-level, multi-val-
ued systems that, like three-state gates, can process three
states at the same time, which offers a higher degree of
parallelism than a two-state system. The frequency coded
inversion operation is also applicable to the three-mode
logic system, where the three modes are optical signals
with three different frequencies. As an example, quan-
tum Pauli gates and oscillators can be encoded using
triple logic with three optical signals in different phases
with the help of electro-optical modulators. In this regard,
the three-mode Hadamard gate can be implemented
on a two-dimensional photonic bandgap crystal. In this
method, the dimensions of the wafer, the grid parame-
ter and the radius of the rods in micrometers are import-
ant indicators in the design. The performance of this gate
has been realized by the Finite Difference Time Domain
(FDTD) method. Therefore, all-optical Tristate Hadamard
gates can be implemented using the optical phase encod-
ing technique. In optical coding, other parameters such
as frequency can be adopted to design a logic in different
ways. Signals with different wavelengths can be operated
on a photonic crystal based layout with refractive index,
grating parameter and radius of rods in different modes.
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Fig 2. Single-ring photon CNOT gate



4.Multi-qubit Photonic Gates

Integrated photonic quantum chips have become a bet-
ter platform for quantum information processing due to
their scalability, stability, and miniaturization compared
to bulk optics. Femtosecond laser direct writing (FLDW)
is one of the most promising techniques for fabricating
guantum photonic chips, especially because of its true
3D direct writing capability, which can optimize circuit de-
sign with arbitrary 3D layouts to reduce the no. With the
FLDW technique, polarization-encoded single-qubit Ha-
damard (H) gates and two-qubit controlled NOT (CNOT)
gates have all been realized, but Hoose’s combined pho-
tonic quantum logic gates are at the beginning. A CNOT
gate with entangled photon pairs is shown in Figure 3.
Using the FLDW technique, two-qubit photonic quan-
tum gates and a combination of an H gate and a CNOT
gate are coded to create Bell states. In addition, more
guantum logic gates can be combined. For example, the
three-qubit Toffoli gate or CCNOT (Controlled-Controlled
NOT) and the four-qubit Controlled-Controlled-Controlled
NOT (CCCNQOT) gate can be optimized with three-dimen-
sional quantum circuits. The CNOT gate is one of the most
important two-qubit gates and is also a kind of quantum
entanglement gate. The good performance of this chip
depends on two interferences: one is the classical Mach-
Zehnder (MZ) interference and the other is the Hong-Ou-
Mandel (HOM) quantum interference. When a photon
from Cq and another photon from Tq mix simultaneously
in the central DC with reflection R = 1/3, they undergo a
partial bunching effect and receive a phase shift due to
the HOM interference of undetectable photons. In anoth-
er mode, the output state of the MZ interferometer can
be changed according to the target qubit flip state. When
the control qubit Cq is in superposition of |0> and |1>
by the H gate, the chip generates all four path-coded bell
states with the CNOT gate interleaving function. For the
double control phase gate (CCZ) by chaining two control
phase gates (CZ) and using the target quitrit, a three-qu-
bit Toffoli coded path can be created by combination.
One CCZ gate and two H gates are implemented using an
optimized three-dimensional configuration with a pass-
through waveguide to reduce circuit complexity with
three-dimensional FLDW capability. Using the Beamlike-l|
four-photon quantum source, the quantum characteris-
tics of the Toffoli gate should be defined by Restored the
health table. The CCCNOT gate is realized by combining
one CCZ gate, one CZ gate and two H gates. The Graphic-Q
software platform and open source framework for gener-
ating compact entangled photonic graph states and simu-
lating against entangled gates in linear ethics is presented,
and its library is also realized for Python.
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Fig 3. CNOT gate with entangled photon pairs
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