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Symbols and abbreviations
used in E2M

Symbol
| # Layer index

T Thickness

Wavelength

Real part of relative permeability

-
-

Imaginary part of relative permeability

<~

Real part of relative permittivity
Imaginary part of relative permittivity

Normalized wave vector

G: Group index

G)
D

— o
IHIIIIIII.III

X: seperator meaning times
#: Repetition num. for the group

The azimuthal angle
The polar angle

Transverse Electric

—]
=

Transverse Magnetic
Reflectance
Transmittance
Absorptance (R+ T+ A =1)
Thickness of a period

speed of light



In this tutorial, step-by-step
instructions for recalculating Fig.
7.8 of reference 1) below are
offered. By performing these steps,
you will learn how to extract
reflectance, transmittance,

absorptance, and field distribution
by utilizing E2M.

This tutorial requires creating four
layers to recalculate the reference
selected. Therefore, this tutorial
cannot be followed up with
freeware mode. Since we offer a 1-
week free usage period for any
standard subscription, you may use
this offer to follow this tutorial up.

On the next page, this tutorial will
finally start.

1) Yeh, Pochi. Optical Waves in Layered Media. New York:
Wiley-Interscience, 1988.



(Optional steps for users followed
1in performing other tutorials)

A. Users can remove a layer by
swiping from right to left and
tapping the “trash” 1con.

Layer Designer

-z: Boundary for the incident wave,

# Name (| GX#
O: Alr
--n
31

.
5. Air 3016 7494 L

+z: Boundary for the incidenfl wave,

lap to1
Copy the layer

Exchange position wit

Exchange position with above

Add a layer Setup Simulation Conditions

e ‘] A J |
1 ‘L ) ~ Iy L
i J :v»» ] : ‘ \/ D Er “, f 1,4: l:' LU _— 9

Simulation

Try swiping to other types of layers on other pages.
|



1.Tap “Add a layer” button four
times to create four layers.
Boundary must maintain “-z:
Boundary for the incident wave,
” and “+z: Boundary for the
incident wave, |”.

Layer Designer

-z: Boundary for the incident wave,

Name T. [um] A [um] GX#

+z: Boundary for the incident wave,

Tap 4 times

Add a layer  Setup Simulation Conditions

=




2.We need to create three new
user-defined materials before
inputting each layer’s
information. Tap the “Library”
1con.

Layer Designer

-z: Boundary for the incident wave, J

A [um]

0.400~0.994

0.400~0.994

0.400~0.994

0.400~0.994

+z: Boundary for the incident wave,

Add a layer ‘¢etup Simulation Conditions

=

Simulation




3.Tap “Create a new material data”
button.

4:47 al = @*D'

Material Library

Q Search

REFRACTIVEINDEX.INFO

(~2022-10-01) g
USER-DEFINED DATA >
Create a new material data

© =2

Simulation Library Save/Load Setting/Etc




4.We are going to create three
constant £. whose values are

maintained for the frequency
range of 0.1 THz and 1200 THz.
Since the current table shows
wavelength notation, let us
change this to the frequency
notation. Tap the *“Setting/Etc”
1con.

4:50 . tf '

£ Back

Name: Vacuum

nput description for this material
Info.: data.

# )\ [I.J.m] I.ll HH E:I 8”

0 1.00e-05 1.00e+00 0.00e+00 1.00e+00 0.00e+00
1 1.00e+05 1.00e+00 0.00e+00 1.00e+00 0.00e+00
A [um] = 1.0

U = 1.0 U h— 0.0

e' = 1.0 . gl = 0.0

Insert below the last layer

Save Plot

o

Library



5.First, tap “Energy-related
Representation™ and then tap “t”.
Here, f means frequency.
Second, tap “Unit for £ and tap
“THz”. Then, tap “Library” icon
to go back.

5:00 al (4 ;

Setting and Etc

- # of A for RTA: 100 — 4+ x10
- # of A for Band: 2000 — 4+ x10
- y-Axis Label of PB: /A A
- Font Size: 15 (A) S X
. Unit for Thickness: um <

- Unit for A: um <

- Energy-related Representation: AT

- Email Contact: iInfo@caginphysics.¢om
- Documents: List of Documents

- Current App Status: Owner M ade

Setting/Etc



6. We can see the changed symbol

and unit from A [um] to f [THz].
Tap #0 row of the table.

5:00

< Back

Name:

Vacuum

Input description for this material
Info.: data.

# f[THZz] ' ' g' g’
0

3.00e+07 1.00e+00 0.00e+00 1.00e+00 0.00e+00

1

3.00e-03 1.00e+00 0.00e+00 1.00e+00 0.00e+00

f[THz] = 299.792458
u' = 1.0 U — 0.0
g = 1.0 . B = 0.0

Insert below the last layer

Save Plot

Simulation

Library

10



7.Tap the field 1 and 1mnput 1200.
Then, tap “Apply” button to

apply the changed value.

5:54 al & @)
< Back
f[THZ] 1200 \
W= 1.0 M= 0.0
€' = 1.0 B = 0.0
Apply
Library il

11



8.We can confirm the changed f

[

value 1n the ;

_/

‘0 row of the table.

Tap the #1 row of the table.

5:58

< Back

Name:

Vacuum

Info.: data.

Input description for this material

# f[THZ] s

“” 8' SII

0 1.20e+03 1.00e+00 0.00e+00 1.00e+00 0.00e+00

1 3.00e-03 1.00e+00 0.00e+00 1.00e+00 0.00e+00

f[THz] = 299.792458
= 1.0 ; IJ" = 0.0
g = 1.0 . g = 0.0
Insert below the last layer
Save Plot

Simulation

Library

12



9.Input 0.1 after tapping { field.

Then, tap “Apply” button to go
back.

5:59 al ¥ @)
< Back
f[THZ] 0.1 |
e 1.0 Bt E 0.0
g' = 1.0 B = 0.0
Apply
— Q —

Library

13



10.Tap the “Save” button to save
all input information. Next, tap
the Name field and enter
“n=1.5". Then tap the first row
of the table, which 1s #0.

5:59 all = @)
< Back
Name: Vacuum
Input description for this material

Info.: data.
# f[THZz] ' Vi g' g’
0) 1.20e+03 1.00e+00 0.00e+00 1.00e+00 0.00e+00
1 1.00e-01 1.00e+00 0.00e+00 1.00e+00 0.00e+00
f[THz] = 299.792458

' = 1.0 RV — 0.0
g = 1.0 Sl — 0.0

Insert below the last layer

Save Plot

O

Library

14



11.After tapping &’ field, input
2.25, which 1s 1dentical to the
n=1.5 with non-magnetic
material assumption. Next, tap
“Apply” button to go back.

6:20 al T @)
{ Back
fITHZ] 1200.0000000000
U= 1.0 U= 0.0
e = 2.25 = 0.0
Apply

Library

15



12.Tap the #

'] row and change €' to
2.25 as betore. Tap the “Apply”
button after that.

6:25 al & @)
< Back
Name: n=1.5

Input description for this material
Info.: data.

# f[THZz] ' ' g' e’
0 1.20e+03 1.00e+00 0.00e+00 2.25e+00 0.00e+00
1 1.00e-01 1.00e+00 0.00e+00 1.00e+00 0.00e+00
f[THz] = 299.792458
u' = 1.0 U= 0.0
g' = 1.0 i o=

0.0
Insert below the last layer

Save

O

Library

Plot

s (D)

e )
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13.Tap the “Save” button to save
the user-defined material with
n=1.5. Next, tap the Name field
and enter “n=2.5". Next, tap the
table’s #0 row. After that, change

the value of €to 6.25 and tap the
“Apply” button.

6:25 al & @)

< Back

Name: n=1.5

Input description for this material
Info.: data.

# f[THZz] ' " g' g'’
0 1.20e+03 1.00e+00 0.00e+00 2.25e+00 0.00e+00

1 1.00e-01 1.00e+00 0.0t 2+00 2.25e+00 0.00e+00

f [THz] = 209.792458
' = 1.0 W= 0.0
g = 1.0 . B = 0.0

Insert below the last layer

Save Plot

O

Library

17



14 Perform the 1dentical procedure

[

for ;

1

'] row of the table. Then

save 1t by tapping the “Save”
button. Finally, a third user-
defined material 1s created. Tap
the “Back’ button.

6:26 ol ? __Bj
< Back
Name: n=2.5
Input description for this material

Info.: data.
# f[THz] ' Vi g' g’
0 1.20e+03 1.00e+00 0.00e+00 6.25e+00 0.00e+00
1 1.00e-01 1.00e+00 0.00e+00 6.25e+00 0.00e+00
f[THz] = 299.792458
u' = 1.0 U = 0.0
g = 1.0 . B = 0.0

Insert below the last layer

Save Plot

O

Library

18



15.By tapping the USER-
DEFINED DATA section, we

can confirm the three newly
created materials. Tap the
“Simulation” 1con.

6:27 ot ? -

Material Library

Q. Search

REFRACTIVEINDEX.INFO
(~2022-10-01)

USER-DEFINED DATA v

Input description for this

Vacuum material data.

Input description for this
n=1.5 .

material data.

Input description for this
n=2.5 P P

material data.

Create a new material data

O

Library

19



16.Change “Air” to the newly
created “Vacuum” for L#0 layer
after tapping 1t. Then tap layer

L#1. L#0 becomes boundary

material, and 1t must be lossless
in E2M.

6:47 ol ? -

Layer D 2signer

-z: Boundary for the incident wave,

# Name il “al f [THZ] GX#
0: Air 1000 [371C0.2554 gxq
1: Air toon 801 2S g
2: Air 1000 SOMOOTNE  oxs
3: Air 1000 E1 20 el 55

2 81

+z: Boundary for the incident waveg, |

Tap 2

Add a layer Setup Simulation Conditions

imulation

20



17. Tap the “Thickness” field and
enter 0.1666666667. After you
tap “Material”, select “n=1.5" to
choose the material. Then,
change “Group Index” to 1 and
“Group Repeat Number™ to 10.
After that, tap “Apply” button.

8:02 al ¥ @)
< Back
Layer ID = 1
Thickness = 0.1666666667 | um
Material ID =1

Material: n=15

Group Index: 1

Group Repeat
Number:

10

Apply

21



18.Tap row L#3 and then select the
material named “n=1.5". It
becomes the boundary material
for +z direction. It can be
thought as an infinite substrate in
this tutoral.

Layer Designer

-z: Boundary for the incident wave,

# Name T. [Mm] f [THZ] GX#
1200.
0: e 1000 2199 650000 0x1
000 7.
1200.
1: = 0167 2190 50000 1x10
000 7.
| | 300.2 749.4
2: Alr 1.000 43 81 0X1
| | 3002 749.4
& Alr 1.000 43 81 0X1

+z: Boundary foffhe incident wave,

Add a layer Setup Simulation Conditions

=
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19.Choose the material 2.5 after
tapping the L#2 row. Also,
change the thickness to 0.1, set
the group 1index to 1, and set the
group repeat number to 10.

Layer Designer

-z: Boundary for the incident wave, J

# Name T. [um] f [THZ] GX#
1200.
0: o 1000 2199 650000 0x1
000 7.
1200.
1: 1 0167 2199 50000 1x10
000 7
| | 3002 749.4
2: Air 1.000 43 81 0X1
1200.
3. s 1500 2190 55000 ox1
000 7.

+z: Boundary for'the incident wave,

Add a layer

=

lap
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20.With the existence of 1dentical
ogroup 1ndices right below or up,
a periodic structure 1s internally
created. Such a period 1s
repeated as the group repeat
number. Tap the “Setup
Simulation Conditions’ button.

Layer Designer

-z: Boundary for the incident wave,

Vacuum

+z: Boundary for the incident wave,

Add a layer Setup Simulation Conditions

=

Simulation

24



21.Simulating only for 8 = 0.0° 1s
enough to recalculate the target
reference. However, we fill in 6
=0.0°~90.0° with A@ = 1° to
practice more features of E2M.
After all filling finished, tap
“Perform Simulation” button.

8:26 oll ¥ @)

< Back Simulation Condition
kinc TM
.

$=0°
TE: TM = 1.0 ; 0.0
f [THz]: 0.100 ~ 1199.986

Rule1: 0° <8 < 90°
Rule2: TE=0, TM>=0and TE+ TM >0

Perform Simulation

= O S '

Simulation Library Save/Load Setting/Etc

25



22. By slightly swiping up, we can
see the RTA vs. @ figure. If users
control the slide bar or —/+

buttons for f, then the RTA vs. @

figure will be redrawn to present
the result related to the
frequency.

8:41 all ¥ @)

£ Back Result

THz]

f =1199.98600 [THZ]
R =0.04135 [0~1]
T =0.95865 [0~1]

A =-0.00000 [0~1]

OR O0T @A
1.0 .

o9
AAAAA

vvvvv

260



23. By swiping up more, we can
see RTA vs. 1 figure. It shows
very similar R result with the
reference’s lower-side figure. If
you want to observe a better
matching result, increase the “#

of f for RTA” after tapping
“Setting/Etc” 1con.

8:41 al @ )

{ Back Result
U MaX. s—— —

+
RTA min. — T
+

RTA max. s— —

U

27



24. By swiping up more, we can
see several buttons. Among
those, tap “Calculate Field

Distribution”. Then, £, Ey, H.,
and Hy field distributions are

calculated as functions of depth.
Betore tapping, users may try to
control the not-introduced shiders

and —/+buttons freely.

8:41 ol ? __I]

{ Back Result

A min. —

)\ maX. i | —

4
4+
RTA min. — | +
RTA MaX. s— — | +

Calculate Field Distribution
Plot as Heatmap

Send Results to E-mail

Send Results to Files

Filename = RTA_ Results

=

Simulation

28



25. Drag the “Distance max.”

slider to the most right. Then,
you may observe the field
distribution. Each field 1s
normalized state. After

observation, tap the “< Result”

button.




26. As a next, tap the “Plot as
Heatmap™ button.

{ Back Result

A min. —_

)\ maX. - —

4
4+
RTA min. — | T
RTA max. ss—— — | T

Calculate Field Distribution
Plot as Heatmap

Send Results to E-mail

Send Results to Files

Filename = RTA_Results

e “,’ ’ ! ‘ { ~‘ ‘Z'v_».'; N N :T.fj:
a i @ Y I B SR | e e
: < ¢ d oeltting/elC

Simulation Libraryv
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2’7. Observe heatmap plots of
reflectance, transmittance and
absorptance by swiping up and
down. Then tap the “< Result”
button to go back.

8:42 = @'

€ Result

Reflectance

1.20e+03

9.98e+02 2=

— 8.55e+02

y— /.47e+02

6.64e+0 2 S ——

5.97e+02

0 [Deg.]

Transmittance

1.20e+03
0.08e+0" -

— 8.55e+02
N

1
—

i

o 7.47e+02

=

Simulation Library Save/Load Setting/Etc
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28. Raw data and figures can be
exported. To export, tap “Send
Results to E-mail” or “Send
Results to Files”. Also, designed
layers and simulation conditions
can be saved in E2M. Tap the
“Save/Load” 1con.

8:41 al @)

{ Back Result

0.5

A min. — | +
A MAX, e— — | +
RTA min. — | +

4

RTA maxX. s ————— —

Calculate Field Distribution
Plot as Heatmap

Send Results to E-mail

Send Results to Files

Filename = RTA_ Results

=

Simulation
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29. Input “Recipe Name™ and
“Comment” fields. Afterward,
tap the button labeled “Save
Current Design”. If you want to
load your previously saved
design, tap a row of S# what you
want to load, then tap the “Load
This Recipe” button. We have
one more figure of reference to
recalculate. Tap the “Simulation™
1con after saving.

Save and Load

S# Recipe Name Comment

0) Recipel Input comment.

Tap 1

Recipe Name: Recipe0

Comment: Input comment

Save Current Design

Save/Load

33



30. Go to the “Layer Designer”
page. Next, tap row L#0, and
change the material from
“Vacuum” to “n=1.5" as shown
below. After that, perform a
simulation under the 1dentical
conditions performed before.

Layer Designer

-z: Boundary for the ingident wave,

T. [um] f [THZ]

1200.
0100 _no000  0x1

000 0

1200.
0100 _ 50000 1x10

000 0

1200.
0100 _n0000  1%10

000 0

1200.
0100 _no000  0x1

000 0

+z: Boundary for the incident wave, |

Tap 2

Add a layer Setup Simulation Conditions

imulation

34



31.After performing the
simulation, we can observe the
RTA vs. T spectrum as below.
Extracted results show 1dentical
results to the upper-side figure of
the reference.

e al © @ )
< Back Result
O MaX, = —————— ——
RTA min. _ 4
RTA MaxX. s— _ i

OR 1T @A

G

0.9

_—————ee— - ———,——,——_—_—_————,
250 500 750 1,000
f[THZ]
A min 4
A max — |+
RTA min . 4
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