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Advanced Computation:
Computational Electromagnetics

Formulation of Rigorous
Coupled-Wave Analysis (RCWA)

Outline

* Background

* Semi-analytical form of Maxwell’s equations in Fourier space
* Matrix form of Maxwell’s equations

* Matrix wave equation

* Solution to the matrix wave equation

* Multilayer framework: scattering matrices

* Calculate transmission and reflection

TMM+PWEM = RCWA
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Background

Slide 3

* Developed in 1980’s
*Dr. M. G. “Jim” Moharam
* Dr. Thomas K. Gaylord

* Alternate Names for the Method
* Rigorous coupled-wave analysis
* Fourier modal method
* Transfer matrix method with a plane wave basis

< EMPossible

Rigorous Coupled-Wave Analysis

)\

Dr. M. G. “Jim” Moharam

Dr. Thomas K. Gaylord
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Geometry of RCWA
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The 2D Unit Cell for Single Layer
1
X
0@0
thmo
Y
H
All layers must be uniform in the z direction.
\ In RCWA, it is only necessary to construct
z the cross section of the unit cells.
Thickness is conveyed elsewhere.
<ﬁ| EMPossible Slide 6
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Sign Convention

The negative sign convention will be used here for a wave travelling in the +z direction.

— Jkz
e J

51 EMPossible
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Semi-Analytical Form of
Maxwell’s Equations in
Fourier Space




OE ~
aEZ - == kOluer
oy Oz
OE. OF ~
e |
0z Ox oty
OFE ~
~— aEx = Oﬂer
ox Oy

A=—j |t
&

51 EMPossible

Starting Point for RCWA

Start with Maxwell’s equations in the following form...

7 0H
% ——=2 =k E,

oy 0z
OH B OH ke E
0z ox 7

OoH 7
“ 3 aHX = kOgrEz

ox oy

Recall that the magnetic field was normalized according to

Slide 9

9

homogeneous

z

< EMPossible

z-Uniform Media

We are going to consider Maxwell’s equation inside a
medium that is uniform in the z direction.

The medium may still be inhomogeneous in the x-y
plane, but it must be uniform in the z direction.

Slide 10
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1 :7:”/2 A, /2 -

Ay oA 2-A )2

It follows that the Fourier expansion of the fields are

EDID W
1 :’:/”2 A, 2
b,, =U j /l,(x,J’)e

X0y A [2-A, )2

—j(mT+nT)

Fourier Transform in x and y Only

Unlike PWEM, RCWA only Fourier transforms along x and y. The z parameter remains analytical and unchanged.
The Fourier expansion of the materials in the x-y plane are

7 dxdy

x y,z)= z z SX m,m; Z e /[A (m,n)x+k,(m,n),vJ 1_“1X (x,y,z)= i i U/\ (m,n;Z)‘G_/[A‘(m’n)“k'(m'”)@
SR N kmaeet, ()] L e, J Tk, (ma)y
EV(X,% ) ”x:%’gsv(m,"yz)'e ! ' H),(x,y,z)= Z Z‘U},(m,n,z)-e 1 ]
E(0.2)= X 3 S, (msz)e et A (xy.2)= 3 3 U (mmz)e oot on]
];xv (m’n) = ];xv inc _mTl _nT;
51 EMPossible - B Slide 11
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(1) calculating diffraction efficiencies

k,(m,n)= {\/k(f/zr*g: —k; (m,n)—k; (m,n)}*

< EMPossible

k. (m,n)=k_,.—mT, —nT, m=-0,---,-2,-1,0,1,2,---,00
ky( ) k\mc_ le_nTz‘y n:_009"'5_25_150’1’2,""00

Wave Vector Components

The transverse components of the wave vectors are equal throughout all layers of the device.

kxy(m,n)zk

The longitudinal components of the wave vectors are needed for:

(2) calculating the eigen-modes of a homogeneous layer analytically

These are calculated from the dispersion relation in the medium of interest.

The conjugate operations enforce
the negative sign convention.

xy,inc

T —nf,
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12

4/6/2020



Substitute Expansions into Maxwell’s Equations

E, (x y,z) Z Z S m n; z e [kcmnyerk, (mm)y ] i i b, ”e (T +nTs )
(xy,2)= 2 Z S (mn;z)-e STk (mn)tk, (mn)y ] (x,3.2) = z Z U, (m.n;z) oLk mmyee (may ]

OF, 6Ey B ~/\J

oy Oz

‘ S:(m,n;z)fﬂ[k‘( ek (o :|——|: z z S, (mn;z)-e ik q:kﬂ[

oy = i — e st i
© @ © . o o | M. 2a(m—q)x 2a(n-r)
> 2. ik, (mn)s, (m,n;z)‘eij[k\(W’)M(Wb]7|: 22 BS“(rnn,n,Z)‘e,,[k'(,,,_,,),%(”'~”)“]:|:k" 2 Z{ > b Qlraistrer ]"'ej{ }U (g.riz)e ™
e Le BNl ~

i i {_jky (m,n)S, (m,n;z)'e”[*\(""")w‘(m"’)“’J —7&9‘" (;nz’ 2 o Latmsrty (] =k, i Z bnifq.nfrej[("w)ﬁ+(”7')f2]'rU.r (‘IJ’;Z)eij[k‘(q")m‘WM}

g=—0 r=—mn

ds, (m,n;z) i i o Ul(or32) The derivative is ordinary because z is

Yk (‘i»"))]}

—jk,(m,n)S, (m,n;z)— y
ﬁ' EMPossible z the only independent variable left. Slide 13
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Semi-Analytical Form of Maxwell’s Equations in Fourier Space
If this is done for all of Maxwell’s equations, we get...
Real-Space Semi-Analytical Fourier-Space

aHz 81{[’ dU (m,n; 2 &
e st )0 nie) S a5 (o)
oA, . . .p WD) o). (miz) =, 3 S @, S, (0ri2)
0z  Ox oY dz =

6Hy _ 61‘[“_ —keE —Jjk, (m,n)Uy(m,n;z)-%—jky (m,n)Ux(m,n;z) =k, i i am,q_,,,,sz (q,r;z)
ax ay 0“r™z ==

‘ das (m,n; I

OE, 6Ey _ kO/’lr[:IY —jk, (m,n)S. (m,n;z)—% =k, z z byyurU,(4:752)
8y oz ’ z =0 r=—o

OE. OE -~ s (mmz) S (mmz)=kS S b, U (g

* = —fouH, p +J X(m,n) z(m,n,z)f 02 Z g y(q,r,z)

0z Ox ! geor=—

%_ aEX —k P g 7jkr(m,n)Sy (m,n;z)-%—jky(m,n)S (m n; z):k z Z bmiq_WU:(q,r;z)
6x 6_)/ 0tz g=—0 r=—n

Note: U(m,n;z) and S(m,n;z) are functions of z. 4, & a, and b are not.
Slide 14
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Matrix Form of Maxwell’s
Equations

Slide 15
15
Normalize the Fourier-Space Equations
Define normalized wave vectors.
~ k -k, -k - o dU, (mmy2) & & 3
k. = kio k, = é k, = g —jk, (m,n)U, (m,n;z)_% - q;o Z:wanwwsx (g.732)
de(m,n;Z) - R .
Normalize the z coordinate. g AU (ne)= 2, 3, S, (4:2)
F=kz R (mm)U, (m2)+ jE, (mon)U, ()= 3 Y a8 (4.1:2)
et
—j/;v (m,n)SZ (m,n;Z)— as, (Zl: i = i i By gntU, (g.15%)
Z ——
ds (mmnz) - L e )
2 (:; %) + jk, (m,n)S, (m,m;2)=3 Db, . U, (q.5;:%)
Pt
—jl;x (m,n)Sy (m,n;2)+j/€y (m,n)SX (m,n;f) = i i b"H],"frUZ (q,r;f)
ﬁl EMPossible Slide 16
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Matrix Form of Maxwell’s Equations (1 of 2)

Start with the first equation.
~ dU m,n;z

_jk,V(m’n)UZ(m’n;’Zw)_i Z zam —q,n—r x q,l" Z)

g=—0 r=

This equation is written once for every combination of m and n.

This large set of equations can be written in matrix form as

k} (1,1) 0
. k(1,2
—]K u, ——u =[e.]s. K, = (2)
0 k,(M,N)
(11) U, (L1) (L1)
. U (1 2) u - Uv(l,Z) s = N (12
B : B Toeplit;
U.(M,N) U,(M.N) S.(M.N) ' RN
ﬁ EMPOSS|b|e Note: only truly Toeplitz symmetry for 1D gratings. Slide 17
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Matrix Form of Maxwell’s Equations (2 of 2)
0 au, (mmz) & & —jK u —iu =[[e ]]s
—Jjk, (m,n)U:(m,n;E)—"di;’: 7;/2’7;/2%,%”,,5\(q,r;Z) yoz df ¥y r X
7dUA(m,n;Z)+ ik_(m,n m,n;z 3 a rz d
F L ) 8 8 o500 e + K u =[e]s,
- ~ Mp '\‘/2
- jk, (m,n)U‘ (m,n;i)f/kJ (m,n)U‘ (m,n;z) = q:;/zrzzmam,qw S. (q,r;f)
Kxuy —Kyux :][[gr]]sz
- d
it s, ) SO § 50 Ky = =L,
7(15“(”1’";2)4— ik, (m,n m,n;z ¥ rz d ~
e ) 5, i frotilere) ) 5K, =[x ]u,
M2 \/2
—jk (m,n)S, (m,n;z)+ jk,(m,n)S, (m,n;z) Z;/Z Z/ by gnU.(q,752) { - .
Ks -Ks, =][[yr]]uz
ﬁl EMPossible Slide 18
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Matrix Wave Equation

Slide 19
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Solve for Longitudinal Field Components

To eliminate the longitudinal field components s, and u,, start by solving the third and sixth
equation for these terms.

. d
_]Kyu: _iu}’ = [[81 IISX

d =
g“x +/jK u, :[[grﬂsy

o d
_]Kysz _gsy = [[lur]]ux

%sx +jI~(xsz = [[yr]]uy

szy _Kysx = leur]]uz u, = _j[[/ur]]il (f(xsy _K,vsx)

< EMPossible
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Eliminate Longitudinal Field Components

Substitute s_ and u_ back into the remaining four equations.

d’*}’

. d
_]Kvuz_dfu‘__ﬂgr]]sv} K, [u]" (Ks ~K s )——u =[e.Js.

L+ R =[2]s d
g —u +K [ ] (szy—Kysx):[[é‘,ﬂSy

S, :—jIIE]] (Kju),—f(yux) dz

—I~(} [[5]] (K u, —K u )—;s‘ [[yr]]u

7jl~()‘s: *%sy :Hﬂrﬂux
%sx+jl~(s :ﬂﬂﬂu o
L l[g ]] (Kxuy _Kyux) = [[,ur]]lly

u =—j[um] (Ks -Ks,

4/6/2020

ﬁl EMPossible Slide 21
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Rearrange the Terms
Next, expand the equations and rearrange the terms.
—Ky[[y]] (Ks -Ks, )—}ut—[[g]]s \ / —u =K [[;1]] Ks, +([[£]] K [u] K) ,
gux+f<x[[,1,]]*‘(f<,sv7Kysx):[[g,]]sy N —u = (R [T K, e ])s. K, [4] ' Ros,
K, [e]" (Ru,~K,u,)- ;{s =[#Ju, 4 ;s =K. [&]'Ku +([[ﬂ]] K. [e] K)
Lo ok o] (R R )<ulo, Ly (& o] R [ R [ ] o,
2 dz >\ :
ﬁl EMPossible Slide 22
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Block Matrix Form

equations in block matrix form.

d ~ -1 7 9 = -1 25
Su=K [u] K5, +([a]-R.[a] 'K, )s,

Just as was done for the transfer matrix method using scattering matrices, write the matrix

iu.: K, [«]' K, [ s,-K, 'K, r_l~r
o= (R[] R, e )s K L] K R [u]'K, }
: e )7l
ESX:kx[[gx]]ﬁkr“‘*'([/lr]]_k‘[gr]]ilkr)“\» ‘ Els, | |u,
Ly (R[] K, ~La])u. R, [a] R, P{ K, [2]'K, ﬂu,]l—kxlla]llkx}
K‘_[[gr]]flﬁy—[[,ur]] —K‘_[[gr]]’lﬁ
ﬁl EMPossible Slide 23
23
TMM vs. RCWA
T™MM RCWA
o L[ RE ek oo KII'K,  [a]-R[aT'K,|
&, 1;} —U.E, —NXNy _Ky [[gr]]_lky—[[yr]] —Ky[[gr]]_lf(x |
1 { kk, e, - } Q_' K [u]'K, [e]-K.[u]'K.]
M k) - e —kk, K [u]'K, -[6] K [u]'K,
ﬁl EMPossible Slide 24
24
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P and Q in Homogeneous Layers

When a layer is homogeneous, the P and Q matrices reduce to

B K,f(, ,ugl—f(z B K_f(, ,ugl—f(z
P:é‘rl ~2A bl ri ~ X Q:,Url ~2.\ ¥ ri ~ 5
K, -pel -KK, K -pel -KK,

H,

Notice that these matrices do not contain computationally intensive convolution matrices

Therefore, they are very fast and efficient to calculate for this special case.

Slide 25

51 EMPossible
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Matrix Wave Equation

From here, derive a wave equation just as was done for TMM.

dis.| _|u dlu. | s,
ffrle] e Aololy] e

v

dZ _sx d l;x - R Pie
-p.= ) TS
| j dz{u J Fq. (3)
Second, substitute Eq. (2) into Eqg. (3) to eliminate the magnetic fields.

¥}
w2

|8}

£f: )l
S

dz* s, ,
Third, the final matrix wave equation is
d2 s’( s\f
—| " |-Q* "|=0 Q’=PQ This is the standard “PQ” form!
dz*|s, s,
ﬁl EMPossible Slide 26
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Solution to the Matrix
Wave Equation

Slide 27

27

Analytical Solution in the z Direction

The matrix wave equation is

ai S —0? Sx =0
dz’|s, s,

This is really a large set of ordinary differential equations that can each be solved
analytically. This set of solutions is

sx z —QZ + Q7 —
Lygfﬂze $"(0)+es(0)
The terms s* (0) and s~ (0) are the initial values for this differential equation.

The + superscripts indicate whether they pertain to forward propagating waves (+) or
backward propagating waves (-).

< EMPossible

Slide 28

28
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Computation of e**¥

Recall from TMM...

A = Arbitrary square matrix (full rank)

f ( A) =W. f ()\,) . W_1 W = Eigen-vector matrix calculated from A

A = Diagonal eigen-value matrix calculated from A

Use this relation to compute the matrix exponentials.

-Qz' Byv4 -1 Q7' ' -1
e =We "W e =We"W

W = Eigen-vector matrix of Q’ N VB

A* = Eigen-value matrix of Q°

51 EMPossible

Slide 29
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Revised Solution

Start with the following solution.

SX(Z) —Q 4 Q- 6‘792=W-€Xp(—)\z~)-W’1
= 0 0) Eq.(2 . Eq. (2
L}’(EJ e ®s"(0)+es (0) Eq.(1) % = Woexp(h2)- W a.(2)

Substituting Eq. (2) into Eq. (1) yields

s, (2) - 7 - ‘7

{SX (5)} = We™ Ws* (0)+ We W"S_’ (0)

The termss” (O) and s~ (0) are initial values that have yet to be calculated. Therefore
W-1 can be combined with these terms to produce column vectors of proportionality
constants ¢*and c.

{Sx (2)} =We ™ ¢+ Were

s, (2)
< EMPossible

Slide 30
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Solution for the Magnetic Fields (1 of 2)
A similar solution can be written for the magnetic fields.

{ux (2)} =-Ve ™ e +Vere

u, (%)

V must be calculated from the eigen-value solution of Q2. To put this equation in terms
of the electric field, differentiate with respect to z.

d {u“ (Z)} =Vhe ¥ e+ Vie¥e

u,(2)

The negative sign is needed so both terms
will be positive after differentiation.

ﬁl EMPossible Slide 31
31

Solution for the Magnetic Fields (2 of 2)

Recall,
d|u, (2)__ s, (2)
dz{uxs)_“’{s},(s) e
{sx (Z:) =We™¥c¢" + Were™ Eq. (2)
s, ()]
i u"(z:) =Vie ¥e" + Ve e Ea. (3)
dz|lu (z)

d|u,(2)

Il — -3z + 3 -
= _uy(E) QWe ™ ¢" + QWe"c

Compare this expression to Eq. (3).
Vi = QW B — > V — Qw;\’—l
ﬁl EMPossible Slide 32
32
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Overall Field Solution

The field solutions for both the electric and magnetic fields were

5. (2)
(~) S, (2) W Wle* 0| here V = QWA
Z)= A= . where V =
v w(Z)| [-V V] 0o ¢
u, (%)
ﬁl EMPossible Slide 33
33
Interpretation of the Solution
.......... y(Z)=We"c
‘// ________ “'\Y
y(z) - Overall solution - ¢ — Column vector containing the
which is the sum of all the amplitude coefficient of each of
modes at plane Z'. ) the modes. This quantities how
//" much energy is in each mode.
/ N
W — Square matrix who’s column e — Diagonal matrix describing how
vectors describe the “modes” that the modes propagate. This includes
can exist in the material. These are accumulation of phase as well as
essentially pictures of the modes decaying (loss) or growing (gain)
which quantify the relative amplitude.
amplitudes of £, E,, H,, and H,.
< EMPossible oide =
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Visualization of this Solution

Modes >

Slide 35

51 EMPossible
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Solution in Homogeneous Layers

Recall that in homogeneous layers P and Q are

Q=P

g I~(XI~(y pel— l~(§
My

r 72 R ¥
K, -uel -KK,

The solution to the eigen-value problem is

I 0
Q' =PQ Eigen-Vectors: W = L} I}
_f(z K
Eigen-Values: A= : 92 A=| I 9
0 K 0 JK.
K. =(Juet-R: K )
H . . . jeen-
The eigen-modes for the magnetic fields are simply actually so\\liz‘“\‘:;\é
no Nee™ ©
i T‘m\)\j'le problem 1” homo
va
i EMPossible Slide 36
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Multilayer Framework:
Scattering Matrices

R. C. Rumpf, "Improved formulation of scattering matrices for semi-analytical methods that is

consistent with convention," PIERS B, Vol. 35, 241-261, 2011.

37
Geometry of a Multilayer Device
z=0
z=2,
z=2,
z=2,
Unit cell
<ﬁ| EMPossible Sample of an infinitely periodic lattice -
38
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Eigen System in Each Layer

Boundary conditions require that all layers
have the same K, and K, matrices.

K [u.]'K

Q‘{k‘umw—n«n

Q=PQ, - W.i -V

QZ{R‘H,AJ]}"R‘—HMH :

Q=PQ, » Wk, — V,

Rpe D& Rl &,
el & ] K o] K. }
NI S R R P
[ sl & -] R ] & J
______________________________ WoPQ > Wb VS
z BCs
ﬁl EMPossible Slide 39
39
Field Relations & Boundary Conditions
Field inside the it" layer: Medium 1 Layer i Medium 2
sx,i(z) vi [wi(0) v.‘:iol.) i
(~) s),’,.(é) {W VV,-H@*'Z 0 Hcr} —>e0—> v, (2) -
‘Ili z)= ~ = Y3 -
“x,i(z) -v. YV, 0 ¢ vi lwi( - wikn) v
uy,i (2) .‘—'\P, (zl) 4+ |0t
Boundary conditions at the first interface: < | &
¢ e (B -
_ 0 1 i =
‘I’] WI( ) L,- '
W Wil || W Wl
Vi Vil | [V Ve
Boundary conditions at the second interface:
\I’i(koL[):‘Vz
W, W, [t : "
! e 0 e |2 W Wolle Note: k, has been incorporated to normalize L,.
-V, Vv, 0 et c -V, V,|le)
ﬁl EMPossible Slide 40

40
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Adopt the Symmetric S-Matrix Approach
Free Space Layer i Free Space
The scattering matrix S; of the i*" layer is
. . T |wi(e) Lo WD) v
still defined as: —ae i () —>ele—>
- -+ S(i) S(z') ﬁnd—ﬂo) v, (z;)ﬁo;—
¢ | (i) ¢ (6) _| P 12
| S - § = (i) (i) & W«
¢, ¢ Sy Sy & o
But the elements are calculated as
. - S,
s/ =(A,~XBA'XB,) (XBA; XA -B) :
i _ _ —1 -1
S =(A,~XBA;'XB,) X, (A, -BA,'B,) A =WoW VIV,
Nl ) _ _ B, =W 'W, -V,
S(l) — S(l) « Layers are symmetric so the scattering matrix i i i
(21) 22) } elements have redundancy.
Sl =gl * Scattering matrix equations are simplified. B
2 1 * Fewer calculations. Xl. = g Mkl
* Less memory storage. X = expm(-LAM*KO*L (nlay)) ;
51 EMPossible Slide 41
41
Global Scattering Matrix
4 Scattering matrix for all layers.
¥ o BCB S(device) > S(l) ® S(Z) ® S(S)
TTTTT st
:=7, - y Connection to outside regions
-------------------- D s S(global) _ S(ref) ® S(device) ® S(tm)
-
____________ z =Zz DBCS Recall this procedure from Lecture 5.
_________ =4 -
z BCs
ﬂ EMPOSS|b|e Slide 42
42
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Reflection/Transmission Side Scattering Matrices

The reflection-side scattering matrix is

S
ref o A =W'W_+V'vV et
SE] ):_ArefBref ref 0l ref O] ref /'lr,li E m
Sg;ef) — ZA’If Bref :WO Wref _VO Vref &l i i &
Ie: [}
A = WO\Wref + VO\Vref; _" —
S(erf) = O‘S(Aref _BrefAr_elfBref) B = W0\Wref - VO\Vref; o
SR.S11 = -A\B; —. :—
(ref) _ -1 SR.S12 = 2*inv (A); —_—
Szz _BrefAref SR.S21 = 0.5* (A - B/A*B); e
SR.S22 = B/A; lim
The transmission-side scattering matrix is
S
trn
_ _w-l -1
Sgtlm) :Bthmll Atm _WO th +VO Vtm Hy | ::ur,II
,l ,1 [
ng) = OS(Alm _Btht_rLBlm) Btm :WO th _VO Vtrn ‘90 i E lg'r,II
A = WO\Wtrn + VO\Vtrn; ﬁi :~
S(Ztl"‘) :2At‘1 B = WO\Wtrn - VO\Vtrn; : g
) m ST.S11 = B/A; e
tm) _ Al ST.S12 = 0.5% (A - B/A*B); —_—
Sx AmB, ST.S21 = 2*inv (A); _)ln:_
ST.S22 = -A\B; m
ﬁ EMPossible external regions are homogeneous so we do not need to construct convolution matrices. Slide 43
43
Calculating Transmission
and Reflection
Slide 44
44
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Calculating the Transmitted and Reflected Fields

The electric field source is calculated assuming unit amplitude polarization vector P.
inc pVa ,Pq inc - - = (0]

sT _|: 60'[]:| cint: 7Wre}sT P= p, ‘P‘:l 0
D00, P 0

Given the global scattering matrix, the coefficients for
the reflected and transmitted fields are

delta function =9 1 |« p.q position

0.pqg —

Sllcmc - SZlcmc 0
_0_
The transverse components of the reflected and transmitted fields are
then
r :s"e‘ Wrefcret Wrefs cmc r]' _|: X:|
t,=s" =W c =W S c r, These are amplitude coefficients of the transverse components
m 21 ine t of the spatial harmonics, not reflectance or transmittance.
t, = i
ty
51 EMPossible Slide 45

45

Calculating the Longitudinal Components
The longitudinal field components are calculated from the transverse components using the
divergence equation (see TMM).
| < ~
K (K,r,+Kr )
Derivation
VeE=0
t. =K.\, (K.t, +K t,) .
£+ =0
ox Oy 62
:_(\/,u S Kz K: )* —jk,(m,n)S, (m,n)— jk,(m,n)S, (m,n)— jk (m,n)S.(mn)=0
r,ref “r,ref ¥ ] ]
) _ . k. (m n)S (m n)+k ( n)SV(m,n)+k__(m,n)S__(m,n):0
K:,lm:(\/ﬂ;mg:tml_l(i_l(i) KS +K)S +KS =0
Ks. =—Kgs, -Kgs,
s.=-K'(Ks,+K s,)
ﬁl EMPossible Slide 46
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Calculating the Diffraction Efficiencies

The diffraction efficiencies R and T are calculated as
2 2 2 2
7 =l +]r, [ +]r.|

2

tZ

i =[t.f +|e,[ +

R - Re |:_I~(z,rcf / /ﬂr,rcf ]

—2
i

inc
Re |:kz /ymef ] Remember that these equations

N assume a unit amplitude source.
Re |:Kz,tm //ur,tm :I ‘f‘z

T= .
Re [k;nc / M ine :'

Don’t forget to reshape R and T back to 2D arrays/
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Calculating Overall Reflectance and Transmittance

The overall reflectance R and transmittance 7 are calculated by summing all of the diffraction
efficiencies.

R=)R
T=>T

Reflectance and Transmittance on a Decibel Scale

Ry =10log,, R T, =10log,, T
\ Be careful NOT to use 20log10/
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Power Conservation

It is always good practice to check for conservation of power.

A+R+T =1

R+T =1 no loss or gain

51 EMPossible

When no loss or gain is incorporated into the simulation (i.e. 4 = 0), conservation reduces to
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