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Normalized Intensity , [UF/U2
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Normalized Intensity , |U>/U
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Multiple Slit Diffraction (Fraunhofer Approximation)
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http://hyperphysics.phy-astr.gsu.edu/hbase/phyopt/mulslid.html#c2
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Multiple Slit Diffraction (N=3) — Fraunhofer Approximation
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Multiple Slit Diffraction (N=8) — Fraunhofer Approximation
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Multiple Slit Diffraction (N=10,20) — Fraunhofer Approximation
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Scalar Theory of Grating Diffraction — Transmittance Approach
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Scalar Theory of Grating Diffraction — Transmittance Approach
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Scalar Theory of Grating Diffraction — Transmittance Approach
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Scalar Theory of Grating Diffraction — Transmittance Approach

Multiple-Slit Grating

1D Grating: A, = 0.65 um,z =200 pm
A=15pm,F=05,P =0, Number of Periods = 10
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Scalar Theory of Grating Diffraction — Transmittance Approach
Multiple-Slit Grating

1D Grating: A = 0.65 pm, z | = 200 um
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Scalar Theory of Grating Diffraction — Transmittance Approach

Multiple-Slit Grating

1D Grating: A = 0.65 pm, z | = 200 um
A=15um,F=05,P E= 0, Number of Periods = 1000
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Diffraction Gratings

Example of a reflecting and transmitting holographic (volume) gratings

S wave

R wave

R(0)=1 S(d)=0

R wave
S wave

http://www.intechopen.com/books/holography-basic-principles-and-contemporary-applications/understanding-diffraction-in-volume-gratings-and-holograms

Example of a reflecting surface-relief grating

Mormal to Surface
| 1% Order
Incidant 2% Ordar '
(Diffracted)

http://www.andor.com/learning-academy/diffraction-gratings-understanding-diffraction-gratings-and-the-grating-equation
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Diffraction Grating Classification

1 PLANAR GR.
L SLAB GR.
_..__.__.-—r

VOLUME GR.

N
/
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/ SURFACE-RELIEF GR.
.-—"—-'---

-— CORRUGATED GR.

.-""'"-—'--.P

H% '_/_____...--ﬂl- MIXED GR.
|_|

\

/

.---"'"""'-'

J

T. K. Gaylord, Notes on Gratings, Georgia Tech
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Surface-Relief Grating Types
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T. K. Gaylord, Notes on Gratings, Georgia Tech

RECTANGULAR GR.

BINARY GR.
LAMELLAR GR.

THREE-LEVEL GR.

STAIRSTEP GR.
MULTILEVEL GR.

BINARY MASK GR.
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SINUSOIDAL GR.

SAWTOOTH GR.
BLAZED GR.

ECHLETTE GR.
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Diffraction

Transmission or Reflection

DIELECTRIC
TRANSMISSION
< GRATING

/

\

METALLIC
REFLECTION
GRATING

\

DIELECTRIC
REFLECTION
GRATING

S
|

T. K. Gaylord, Notes on Gratings, Georgia Tech

Grating Classification

Classification based on Regime

-

—

HENERERER
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/\

BRAGG REGIME
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Diffraction by Gratings

e Acousto-Optics

e Diffractive Optics

* Integrated Optics

* Holography

e Optical Computing

e Optical Signal Processing

* Spectroscopy

Prof. Elias N. Glytsis, School of ECE, NTUA
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Grating Applications

® Acoustic-Wave Generation
e Antireflection Surfaces

* Beam Coding, Coupling, Detection, etc.

* Grating Lenses

* Grating Scanners

* Head-Up Displays

* Holographic Optical Elements
* Interferometry

* [nstrumentation

* Mode Conversion

e Multiplexing / Demultiplexing
e Modulation / Switching

e Optical Interconnections

* Photonic Crystal Devices

e Spectral Analysis

Prof. Elias N. Glytsis, School of ECE, NTUA
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Methods Of Analysis Of Gratings

Integral Methods

Finite Elements
Boundary Elements
Differential Methods

Exact Methods
- Rigorous Coupled Wave Analysis (RCWA)
- Modal Analysis
Approximate Methods
- Two-Wave Coupled-Wave Analysis (Kogelnik’s)
- Raman-Nath Analysis
- Others

Prof. Elias N. Glytsis, School of ECE, NTUA
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Differential Grating Diffraction Analysis Hierarchy
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|
| ) .
: c R"?odro\l/"vs Exact Differential Formulations RI'\iO;OTS
I oupled-ivave (no approximations to the model) oda
I Analysis Analysis
I
I
A ]
o | Neglect Second Derivatives
i=0,1only (neglect some boundary effects) i=0,1only
Two-Wave Multi-Wave Two-Wave
Second-Order Coupled-Wave Modal
Coupled-Wave Analysis Analysis Analysis

i=0,1only

Neglect Second Derivatives Srhall Modulati

Neglect Dephasing

(neglect some boundary effects) A>> A
Kogelnik
2 Optical Path Raman-Nath
Two-Wave Method Analvsi
Coupled-Wave Analysis €tho alysis

Incidence Small Modulation

Along Fringes

Amplitude
Transmittance
Analysis
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Holographic Grating Diffraction Geometry

. s Region 1
Region 3 6 8 X

Region %

Region 1

A Region 2 Region 3
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Electromagnetic Problem Formulation

Maxwell Equations

Constitutive Relations

D = eoé"l:j
g == ﬂoﬁ
J=GE

Medium Properties: Permittivity, Conductivity Tensors are Periodic

Electromagnetic Boundary Conditions: Continuity of Tangential

Electric and Magnetic Field Components

Prof. Elias N. Glytsis, School of ECE, NTUA
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Electromagnetic Field Expansions
Rigorous Coupled Wave Analysis (RCWA)

Region1l A Region?2

X

Region 3

N3

0-th

Input Region (Region ) g

E; = Eine + Z R; eXP[—jEM - 7]

1 - =
- VXE[
JwW 0

fiy = —

NY

0,

|
i-th
Output Region (Region 1)
Err =) T, exp[—jks; - 7]
i

1

Hrrr=— V X Errr

Jw o
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Electromagnetic Field Expansions
Rigorous Coupled Wave Analysis (RCWA)

Grating Region (Region 1)
EU—ZS z)expl—jd; - r] = ZS(Z exp|—j(kine — iK) - 7]

ﬁH:(—)l/zzU z) exp|—jo; - 7] = ( )

1/2

ZU 2) exp|—j (Kine — iK) - 7]

Complex Permittivity Tensor Expansions (Region Il)

E = Z En exp[jhf{’ < 7]
h

En = [ — jo /wegly, = Fourier Tensor Component

Prof- Elias N. Glytsis, School of ECE, NTUA 26



Floguet Condition

RegionxlA Region 2 Region 3

Backward Fordward
Orders Orders A
X
0-th —A:LA— O-th i Region 3
K _::l___l-____
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Grating Equation

Regionl | | Region3

|

AN

~i

~i

1 :k0n3

FORWARD-DIFFRACTED ORDERS Region2 !
) 9'=ang|e of incidence

rr

. ' . rn .
n,sin@ - ngsing; = 1+ .= angle of forward diffraction
9;=angle of backward diffraction

BACKWARD-DIFFRACTED ORDERS All are measured CCW from the normal in
' ' A their respective regions.
sin® + sinB. = |—
' An,

T. K. Gaylord, Notes on Gratings, Georgia Tech Prof. Elias N. Glytsis, School of ECE, NTUA 28



Grating Equation

Red laser beam split by a diffraction grating. Transmission diffraction gratings
consist of many thin lines of either absorptive material or thin grooves on an
otherwise transparent substrate. Light transmission through a diffraction
grating occurs along discrete directions, called diffraction orders. Here a
diode laser beam (635 nm) is split into three diffraction orders (+1, 0, -1).
This grating's groove density is 500 lines/mm.

http://www.sciencephoto.com/media/92635/view
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Rigorous Coupled Wave Analysis (RCWA)
Numerical Implementation

Truncation to Arbitrary Number of Diffraction Orders: M =2m+1

Grating Region Equations

A% .
= JAV
dz J

Vi =1[S],87, UL, U] (4M x 1)

x ° y’

A = Coupling Matrix  (4M x 4M)

Standard Eigenvector/Eigenvalue Analysis

V(z) = Wexp[Az]C
W = Matrix of Eigenvectors of A (4M x 4M)
A = Matrix of Eigenvalues (diagonal) of A  (4M x 4M)
C' = Vector of Unknown Coefficients — (4M x 1)

Boundary Conditions: Input and Output Regions Boundaries

Prof- Elias N. Glytsis, School of ECE, NTUA 30



Rigorous Coupled Wave Analysis (RCWA)

Numerical Implementation

System of Linear Equations (10M x 10M)

Li=b

L = Matrix of Coefficients of Linear Equations

#' = [RF, TT CT] (10M x 1)

(10M x 10M)

b = Excitation Vector (depends on Incident Wave)  (10M x 1)

Prof. Elias N. Glytsis, School of ECE, NTUA
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Rigorous Coupled Wave Analysis (RCWA)
Surface-Relief Grating

INCIDENT
WAVES
BACKWARD
0 DIFFRACTED
¢ WAVES
1i
n,
REGION 1
= X
REGION 2
T
REGION 3

T. K. Gaylord, Notes on Gratings, Georgia Tech
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x (microns)

1.2

1.0

0.8

0.6

0.4

0.2

Rigorous Coupled Wave Analysis (RCWA)
Surface-Relief Grating

TE-POLARIZATION TM-POLARIZATION

Ey FIELD H, FIELD
DE,(forward) = 88.6%

DE,(forward) = 94.1%

x (microns)

0.2 04 06 08 0 0.2 04 06 08
z {(microns)

z (microns)
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Gratings Applications Examples

OPTICAL INTERCONNECTION

Fiber Ribbon

=

o wm

Lasers

Holographic

DIFFRACTIVE PRINTER SCANNER Beam
Combiner

» LinearScan 'V =T
Observer
» Uniform Intensity

Image Plane ‘:Q
Motion

Incident
Laser
Beam

Direction of
Rotation

Mirror

Disk
Diffraction Grating

Lens
Prof. Elias N. Glytsis, School of ECE, NTUA
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Grating Applications in Integrated Optics

/
////

=\
i
(a) Input/output (b) Waveguide (c) Deflector
coupler couplers
A1, A A2
-~ - 4 N -— )
(d) Reflector (e) Mode converter (f) Wavelength
/K filter
Y
/ W /
(g) Waveguide lens (h) Focusing (i) Butt-coupled
coupler reflection grating

From “Optical Integrated Circuits”, Nishihara, Haruna, and Suhara, McGraw-Hill 1989
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