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M Data 7§ 0|3} &}7|

Incident Medium: Air Substrate: Glass

AO: 510nm : 7|& Op% 4f2 2 Calculation range(57d HO| w2t g2 A7, &=
Formula: 2 & 2|0|0] EA & 42 = St= &4
Symbol Material Optical Thickness (FWQT) Physical Thickness (nm)
L MgF2 0.25
H Ta205 0.25
Starting Formula Air | L 0.2H 0.2L 1.5H 0.2L 0.2H | Glass
Calculation range 400nm 900nm
Design2 o= | =]
Design | Context | Hotes |
UncidentAngle(deal 1000
Reference Wavelength [nm] |B00.00
X o Optical :
: Refractive | Esxtinction ; Physical
Layer Material |ndex Coefficient TF;S&S?[S]S Thicknesz [him] .
b |  Medium|di 1.00000 000000
T 229175 0.00000] 0.12500000 3273
Substrate| Glazs 1.51633 (0.00000
0.12500000 3273
Formula : Z &l g|0|0] MAE
XIE 0| 01 o QlEishe Design2 | EE=]
74 Ol Ol-L_l E_l- _)r_A_l oz Design | Contest | Motes |
|.'— HEFAI Incident Angle [deq] 0.00
- o7 Reference W avelength ] | 600,00
; e Optical ;
; Refractive | Extinction ; Physzical
Layer M aterial Index Coefficient TFFI\CJ\I;S%S Thickness [nm]_
P okl : % 1.00000 000000
1LTinz ] 229175 000000 0.12500000 32.73
Substrate| Glass 1.51633 0.00000
0.12500000 32.73
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File | Edit] Parameters Performanc|”  rormu | = |
Undo i . _ Pros
|pim— Red f | Medium Type b aterial Tﬁcp}llﬁzlss Thic_:lrllffeass ll::'JaECrk @‘
i VEO0 — [nm) :
= v.g 1 L MaF2 0.Z5000000 1.00 _E_a’ﬂl
| H Ta205 (0. 25000000 1.00
Desit g Cut Ctrl+X =
e Copy Design —
Incids fie R = =
HEI:ETE A= Cﬂp}’ Ctrl-C L Formula:
i Copy Thicknesses v | e
T4 Paste Ctrl+V q&( 12.02H o
I\~§—) iai
i Paste Design mLE ’
! Paste Thicknesses  » || Substiate
=R Paste Columns i
= Insert Layers Symbol2 7|EE 2=,
Delete Layers 1 Material2 E445}0f 47,
—  Fhe7|2ER G S
il Reverse Layers — MediumOf £=Alg QU&st =
———  Reverse Design "‘OK" HHEZ 28 gLt
HH_Formula.. 0.2H = 0.2 x 0.25 (A& =7) = 0.05 full waves
Generate Rugate... 12L =12 x 0.25 (&A™ &=74) = 0.3 full waves
FLanarada Daciam
i~ Design2 o |[@][ =]
Qesign] Cortest ] Maotes |
[hzident Angle [dea) .00
Reference Wavelenath [nm) | 60000
L M aterial Refractive | Ewxtinction TEPE':al Phyzical
A gl [ndex Coeffizient [FI'S-.IS?TS]S Thickness [nm]
b = i e 1 Onnnn [RRTaTaTala]
P 1 - 213636 0.00000| 0.05000000 14.04
2| kgF2 1.38340 0.00000| 0.30000000 13011
Substrate|hlazz T.hThad (1O
[0.35000000 14416
FA0 o|A 2 EI FH 7 =80 FEE.
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File Edit Performance | Lock/Link Tools Options Win
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Design | Contest | Notes | SP Simulated Annealing...
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k.
MNumber of Iterations: |-| non I_I
Mirimurn Merit Function |25— Refine |

Improvement To pdate Plot [Z]:

Recycle [nterval: ||:| Cancel |

— Thickneszes |
Refine Thicknesses v

Starting Thickness Increment: II:I_1

— Index

Refine Index [~

Starting D'ensity lncrement: IU.'l

Commmon Scaling: W

— Merit Function

Merit Function Power: |2
Limiting R ange For Mernt Function: II:I_I:II:IEII:IEIEI
IJse Custorn Merit Function [

Source File:

Browsze...

[

Formula , Refinement2| M MLHEE dt= 1 FLYES R0 SHA| 8.
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1. Quarter-Quarter Antireflection Coating ( 1/4-1/4 H|(3F)2tA} R E!)

Incident Medium: Air

A0: 510nm

Symbol Material
L MgF2

H Al203

Starting Formula
Calculation range

Air

Substrate: Glass

Optical Thickness (FWQOT) Physical Thickness (nm)
0.25

0.25
Air | L H | Glass
400nm 700nm

File > New > Design

AwS. OpPRBIBPRIE. Pk E

L(MgF2) el [e =]

Design | Context | Motes |

|_| ( A| 2 O 3) Incident Angle [deg) 0.00

Reference YW avelength [nm) {510.00

Glass

. Refractive | Estinction I:!ptical Phyzical
Layer Material Ihdex Coefficient THB?.S]S Thickr-ress (i)
b edivrn | Air 100000 0.00000
1|{MgF2 1.38642 0.00000] 025000000 92.03
b 2(Al203 1.66574 D.DDDDDW 76.54
Substrate| Glass 1.52083 0.00000

Parameters > Performance

050000000 168.57]

B ggal: Reflectance

A g Lot

4

Reflectance (%)

3_{]_ .......................

ggal: Reflectance

Wavelength (nm)
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2. Quarter Half Quarter Antireflection Coating ( 1/4-1/2-1/4 H|(3F)dtA} R E))

Incident Medium: Air

Substrate: Glass

AO0: 510nm
Symbol Material Optical Thickness (FWQOT) Physical Thickness (nm)
L MgF2 0.25
M Al203 0.25
H Ta205 0.25
Starting Formula Air | L HH M | Glass
Calculation range 400nm 700nm
ghgal [=&@]f=]
Alr Design | Contest | Motes |

Inzident Angle

[deq) 0.00

L(M g FZ) Fieference wWavelength [nm

: o Optical :
. Fefractive | Estinction : Phzical
H (Tazo 5) Layer el Index Coefficient TFFI'SFS?'S]S Thickress [hm)
b edivirn | Air 1.00000 0.00000
H (Ta 2 O 5) 1({MgF2 1.28542 0.00000| 025000000 9203
2(Ta205 214455 0.00000] 025000000 59.45
M (Al 203) 3| Ta205 214455 0.00000| 025000000 59.45
4a1203 1 66574 0.00000] 025000000 76.54
G I ass p | Substrate| Glazs 1.52083 0.00000
1.00000000 28748
£x ghgal: Reflectance =& |=]

Reflectance (%)

ghgal: Reflectance

2_[’]_ ............................ A A AT A A A AT A

157

0.0
400

C|X|22tA Copyright©AIl Rights reserved .
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3. W-Coating ( Wing Coating )

W-coats Jete Hrhe B2 2lof F2 AFSE LT

Incident Mediu
A0 510nm

Symbol M
L M
H Ta

m: Air

aterial
gF2
205

Starting Formula
Calculation range

Substrate: BaSF 1 Glass

Optical Thickness (FWOT) Physical Thickness (nm)
0.25

0.25
Air | LHH | BaSF 1
400nm 700nm

wel ERE=EEE
Design | Context | Motes |
|ncident Angle [deq) Q.00
Reference \Wavelength [nm] | 510.00
: A Optical :
; Refractive | Estinction ; Phyzica
Layer hd aterial S Thicknesz :
[niden Coefficient (Fo0T] Thicknessz [hm) .
b edivim| Air 1.00000 0.00000
1|kgF2 1.38542 0.00000| 025000000 9203
2| Ta205 214455 0.00000| 025000000 5945
3| Ta205 214455 0.00000| 025000000 59 45
b | Substrate - 1.67409 .00000
0. 75000000 21094
B wels Reflectance IE_H = |

Reflectance (%)

wcl: Reflectance

300

600 700

Wawvelength (nm)
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4. V-Coating

~
o

O[2He=

Jm

Incident Medium: Air
A0 510nm

oy ool grAkE

=
[

ol

Lt

o

"oz st C|At

Substrate: Glass

Symbol Material Optical Thickness (FWQOT) Physical Thickness (nm)
L MgF2 0.25
H Ta205 0.25
Starting Formula Air | 1.2L 0.2H | Glass
Calculation range 400nm 700nm
File > New > Design
StLte| CIApQI &2 BHE 1
Edit > Formula
[ . Formula [ = |
. Phuzical
Symbaol | Medium Type b aterial TPE:EIEﬁ:Ls Thicknezs F[lja;rt
[rin] '
iy L MoF2 025000000 1.0 L mares
H Ta205 0.25000000 1.00
*:
X | 2l
Eormula;
’j;dum\
(EXEL A
F ]
Substrate
Formula
Symbol2 7|EE §3, Material2 EHAMSIH MY, = 7|EE2 83 =
Mediumof 412 9/2ish = "OK' BHES 22 gLt

0.2H =02 x 0.25 (B ¥

1.2L =12 x 0.25 (

=0 T

M
= O T

=7H) = 0.05 full waves
=7H) = 0.3 full waves
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otzflet 20| =402 HF =l C|AHQl ool 4o gLt

e vel [==]=]
Qesign] Contesxt ] Haotes ]
Inzident Angle [dea] .00
Reference wWavelength (nm) | 510.00
: e Optical ;
: Refractive | Estinction : Phyzical
Laper M aterial Index Coefficient m Thickness [nm)
M edium | Air 1.00000 0.00000] /7
1|kgF2 1.38542 EI.EIEIEIEIEII (030000000 110.44
2| Taz05 214455 0.00000 11.89
Substrate| Glass 1.52083 0.00000 /
f ——
(035000000 1 22.33|
=+ yel- Reflectance o= | 2|

vil: Reflectance

Reflectance (%)
3.04
2.01

1.04

0.0 t t t + 1 |
400 500 600 700
Wavelength (nm)
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Simplex EE= Conjugate GradientZ 0|23} RefinementE StH™

£|To| Eotg T8 47t Qb Aot

Simplex Parameters &

Conjugate Gradient Parameters [

~ General-

| [ o
—l MNumber of Iterations: h oo -
o Mirirnurn et Function ,"25— FRefine

tert Function Power: 12
Improvement To Update Plot [%):

Limiting Range For Ment Function: |0.0001 Refine ] Recycle Intereal: [0 Cancel
M aimurn lterations: [1000 e ]

o ) ) Thicknesses-
| Mmtm'.ll'umUMdE“: F;Tcét'[?fr] |25 Refine Thicknesses [v
mpravernent To Update Plat [3]:
o Starting Thickness Increment: (0,1
Termination Match Count |2 | |
Index

Refine Index [~

Starting Density Increment: JEI.'I

Cornman Scaling v

Merit Function
V_ant Merit Function Pawer: |2
Design | Context | Motes | Limiting Ftange For Merit Function [0.000000
Incident fngle [deg) 0.00 Usze Custom Merit Function [
Reference W avelength (] | 510,00 Source File:
1
; Refractive | Estinctiol Eronad
Laer Material [ndex Coefficiel| | m
b | bdedium|si 1.00000 0.00000| ~
1|kgF2 1.28542 000000 0.31346530 11760
2| Ta205 214455 0.00000N 0.06458621 15.36
Substrate| Glass 1.52083 0.00000
£ V-Coat: Reflectance (== =] 132,96

V-Coat: Reflectance !

Reflectance (%)

400 300 600 700
Wavelength (nm)
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5. V-Coat High Index Substrate

Incident Medium: Air Substrate: Silicon
A0 2000nm
Symbol Material Optical Thickness (FWOT) Physical Thickness (nm)
L SiO2 0.25
H Ta205 0.25
Starting Formula Air | 0.8(L H) | Si
Calculation range 1500nm 2500nm
i Formula | i
: Physical
Symbal | Medium Tupe b aterial Tﬁ:glt:ﬁ:!ss Thiérllfrezs %aecrf_ LJ
() '
O Si02 0.25000000 AT |
H Ta205 0.25000000 1.0
*
? 2
Eormula;
b edivm
0.8[LH] -
Simplex Parameters 3% |
Substrate
General
Mumber of lterations: IL]

Finimurm Merit Function
Improvement To Update Plot (%)

e Simplex& 0|23}0] RefinementE 5|0
S Hmo) gore 7 & 47t et

Recycle Interval;

Thickhesses -
Fefine Thicknesses

1000
93
0
v
Starting Thickrnesz Increment: |0.01
Index
Refine Indes [
Starting Denzity Increment; |0.1
v
2

Carmmon Scaling:

erit Function

Merit Function Power:

Limiting B ange For Merit Function: |0, 000000

Use Cuztom Merit Function [

Source File;

Browsze

I
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| . V-Coat high Index Substrate [ = || = |z |

Qesigni Context | Motes |

[nzident Angle [dea) .00
Reference Wavelength [nm] | 2000.00
L MAtera Refractive | Estinction TED}ECEﬂ Phyzical
e ] Index Coefficient [FI'S\-"S?I'S]S Thicknesz [nm]
kediumn| Air 1.00000 0.00000] -~
1{5i02 1.43807 0.00000[ /.1352414% 188.09
2| Ta205 210000 0.00000| \0.186527053 17797
Subztrate| Si 344800 ] 4

032211229 36606

CIRtRlel =2 FH7F 21X ol JEjz HEFLIL.

V-Coat high Index Substrate
£+ V-Coat high Index Substrate: Refle_. | = || = | &2 | L

V-Coat high Index Substrate: Reflectance i
p
Reflectance (%) .
3
]
0 ———t = ——+ +——t— :
1400 1600 1800 2000 2200 2400 2600 2.
Wavelength (nm) -
= E& B 5 substratel| 2 E ELCF 2082 0| 4L ZeroOf CHst
FH7F BF Yamp BCF A2 20 AA b= AS 2lo] gLt
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6. Quarter Quarter for High Index Substrate

Incident Medium: Air Substrate: Silicon

A0: 2000nm
Symbol Material Optical Thickness (FWOT) Physical Thickness (nm)
L SiO2 0.25
H Ta205 0.25
Starting Formula Air | LH | Si
Calculation range 1000nm 5000nm
Quarter Quarter for High Index Substrate (o= =]
Design | Cantest | Motes |
[nizident Angle [deq) 0.00
Reference Wavelenath [nm] | 200000
' S Optical :
' Fefractive | Estinction ; Phyzica
Layer Material Index Coefficient Tﬁa?ﬁ]s Thicknesz [hm]
[ 3 b edivinn | Air 1.00000 0.00000
11502 1.43807 0.00000( 025000001 347 69
2| Taz05 210000 0.00000) 025000000 23810
Subsztrate| Si 344500 0.00000
. 050000001 585,75
£ Quarter Quarter for High Index Substrate: R | = || = || 22 |

Quarter Quarter for High Index Substrate: Reflectance

Reflectance (%a)
4[] ...................................................

3000 4000 5000

Wavelength (nm)

1000 2000
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7. Four-Layer Antireflection Coating

Incident Medium: Air

Substrate: Glass

AO0: 510nm
Symbol Material Optical Thickness (FWQT) Physical Thickness (nm)
L MgF2 0.25
H Ta205 0.25
Starting Formula Air | LHH 0.25L 0.25H | Glass
Calculation range 400nm 700nm
Formula | X |
. Physzical 0K
; ; Optical ; FPack
Symbal | Medium Type b aterial R Thl[ﬁmess i 4]
iy L | MaF2 025000000 1,00 )L e
H Ta205 0. 25000000 1.00
*
[ 2
Formula; Simplex Parametars 22
k edivirm General
LHH_ 75 25H Mumber of lterations: [
. . Mirirnurn Merit Function | Refine
y Improwvernent To Update Plot (3
Recycle Interval: Cancel
Thicknesses-

Index

Merit Function

Source File;

se Customn Merit Function

Refine Thicknesses

Starting Thickness Increment;

Refine Index

Starting Density Increment;

Carmon Scaling:

Merit Function Power:

Limiting Range For Merit Function:

N |

0.000000

r

Browse...

i
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J
:

{~- Four-Layer Antireflection Coating
Design | Context | Motes |

Incident Angle [deq) 0.0a
Reference \Wavelength [nm] | 510.00
: Refractive | Estinction E!ptical Phyzical
Layer Material [nden Coeffizient T[hE'CkEnE;S]S Thiu:krj:ess [Firn]
b | Medium dir 1.00000 0.00000)/7 N\
1|kgF2 1.38542 0.000 025097882 9238
21 Taz5 214455 00000, 052513167 12583
3 kgF2 1.38542 0.000Q0| 0.02056418 2966
4| Ta205 214455 0.000 006871331 16.34
Substrate| Glass 1.52083 0.00000 4
~—F
0592933738 264.22|

2" Four-Layer Antireflection Coating: . [ = |[ @ | &= |

Four-Layer Antireflection Coating: Reflectance

-

Reflectance (%
_4 e B e L e S S e

Wavelength (nm)
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8. Broad Band Six Layer Antireflection Coating

Incident Medium: Air

Substrate: Glass

A0 510nm
Symbol Material Optical Thickness (FWQT) Physical Thickness (nm)
L MgF2 0.25
H Ta205 0.25
Starting Formula Air | L 0.2H 0.2L 1.5H 0.2L 0.2H | Glass
Calculation range 400nm 900nm
Formula [
: Physical
Symbol | Medium Type b aterial TPE:EIEﬁ:LS Thiérllf:ezs F'Daecrk L
[rirn) ;
> Mar2 0 25000000 Toi _ Lancel
H | Ta205 0. 25000000 1.00
% I
| |
= 2
Formula;
b edium
Ld.2H 2,20 1.5H 0.2L 0.2H P
Subsztrate

FormulaE =aist1,

Refinement : Simplex, Optimac EE= Conjugate GradientQ| “Refine” A2,

Conjugate Gradient Parameters |2

kent Function Power; |2

Lirniting B ange For Merit Function: {00001 Refine |
b4 axirurn [berations: {1000 Forel |

kirirnLim b erit Funchion |25
Irmprovement To Update Plat [%]:

T ermination Match Count |2

C|X| 2 2tA Copyright©AIl Rights reserved . http://www.thinfilm.co.kr



I - Simplex Parameters 2

Optimac Parameters

~ General- 5
Optimac Parameters | Spnthesis Materials | oK

2
- Murnber of Ilterations: (1000
Refine biinaurn b erit Function ,-25— Fefine

Improvement To Update Plot [%):

Sinimactiead] (.0 ] Recycle Interval: ID— Cancel
Swnthesis Parameter (0-2) 0.2
Initial Siearch Step: [0.01 Thicknesses -
Refine Thicknesses [
Initial Search width; [0.01 : :
Number Of Synthesis Cycles: ﬁ— . Starting Thickness Increment: |01
|  Index
Merit Function Power: |2 Fsfine Index [
Limiting R For Merit Function: |0.01 ; ;
e et Starting Density Increment: JEI.'I
|lse Custom Merit Function [~ :
Common Scaling. W
Source File:
| Merit Function

Browse. . Merit Function Pawer. |2

Limiting Range For ket Function: 1D,DEIDDEID
b aximurn Mumber OF Layers: |100

Use Custom Merit Function [~

et -
Improvement To Update Plat [%): 25 1
Browsze...
Broad Band Six Layer | = E__H_SS__I
Design | Context | Motes |
Incident Angle (deq) 0.00
Reference Wavelength [nm] |510.00
; o Optical .
: Refractive | Extinction : Physzizal
Layer Material Index Coefficient Thickness Thickneszs [nm]
B | Medium|Air 1.00000 0.00000
1|MgF2 1.38542 0.0000Q 027337113 102 BB
2| Ta205 214455 0.00000| 0.10853399 25.81
3| MgF2 1.38542 0.00000| 0.03327448 12.25
4/ Ta208 214455 0. 000 0.46195730 109.87
5/ MgF2 1.38542 0.00000\ 0.06566033 / 24,54
G| Ta205 2.14455 0.00000N\Q.08822458Y . . T . 2 _ —_
Substrate | Glass 152093 ool S| i Broad Band Six Layer: Reflectance = [ =] ==
_1.03756244 Broad Band 5ix Layer: Reflectance

Reflectance (%)

s SO RS AR PR SRt :

600 700 800 900
Wavelength (nm)
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9. Quarterwave Stack

Incident Medium: Air
A0: 650nm

Substrate: Glass

Symbol Material Optical Thickness (FWQOT) Physical Thickness (nm)
L Si022 0.25
H Ta205 0.25
Starting Formula Air | (HD”~11 H | Glass
Calculation range 400nm 1000nm
Formula | 28 .|1
. Physical
Symbal | Medium Type M atenal TIE:EEﬁ:ISS Thiéllf:'uceass F[')aecrt L
[rim] )
YN Ta205 0 25000000 Tor _ Cancel
L 502 0.25000000 1.00
*
] 2]
Formu An: QO BHES n# HHE =, “[HUALL H'= HUS EHE23}0]
M 11742 BH5 1 1 C+3 H #0[01S Y610} & 23 layersS KA.
HL™1 H -
Substrate
] L S i U - .!3}= R .

Quarterwave Stack: Reflectance

Reflectance (%)

100
20

600

500

Quarterwaves = Z|CHQ|

700 800 a00 1000

Wavelength (nm)

e 2otE =Lk
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10. Notch Filter

Incident Medium: Air
A0: 650nm

Substrate: Glass

Symbol Material Optical Thickness (FWQOT) Physical Thickness (nm)
L Si02 0.25
H Ta205 0.25
Starting Formula Air | (LH)~30 L | Glass
Calculation range 400nm 1000nm
Formula =y
" il A - OF | St <=2 nI:H Hl-E
Symbal | Medium Type b aterial Digtlﬁzlss Tirigknesls P‘?:rt LJ Kn :.1 II: < _|"E = =" "
H | Ta205 ;;ssnuuuu - [1.0[ Eatios! =, [HL"30 H" = HLE HH=5104
502 025000000 0 3074 2t=10 1 CF2 H YO E
o Q1280] = 61 layersS A4
T | i
Formula;
M edium
{LAr30L =
Substrate

*‘_?; Motch Filter: Transmittance

Notch Filter: Transmittance

Transmittance (%a)
1007 s

400 500

active plotZ 0| &

600 700 800 200 1000

Wavelength (nm)

Low-index layers= S/ & &7}, Low-index layers= S7H & &A1Y
Z 74t C}Z “"Conjugate Gradient” refinementz Z| & o}
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11. Non Polarizing Beam Splitter

Incident Medium: Air

A0: 550nm  Match Angle: 45°

Substrate: Glass

Symbol Material Optical Thickness (FWQOT) Physical Thickness (nm)
L SiO2 0.25
M Al203 0.25
H TiO2 0.25
Starting Formula Air | LMHM)A14 L | Glass
Calculation range 400nm 700nm
Formula e |
: Physical
Symbaol | Medium Tepe b aterial ngﬁﬁ:; Thig‘lfrlﬁceass %aecx gt
[tirn] ]

N L | S0z 0.25000000 1,00 L S

H Ti0z 025000000 1.00

M 41203 025000000 1.00
*
T - i
Eorrula:
M edium
(LMHM]14 L 3

Non Polarizing Beamsplitter 1: Reflectance

Reflectance (%)

507

ﬁ[]. ...... Lo e SR R SR R SR R SR

e s e S S G AR

580 390 600

Refinement= " Simplex EE= Optimac ” M &.

45.00 deg. p-pol
45.00 deg, s-pol
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12. Non Polarizing Edge Filter

Incident Medium: Air Substrate: Glass
AO: 800nm  45° Incidence

Symbol Material Optical Thickness (FWQT) Physical Thickness (nm)
L MgF2 0.25

H TiO2 0.25

Starting Formula None. Use Edge Filter Tool

Calculation range 400nm 1000nm

" Tools > Design Tools > Edge Filter ”

[ [Tools J]options  window Help

& Materials JOSHE&L. e
& Substrates
Browse Materials Library...
Browse Online Materials Library...
Refine >
=2 Compact Design
Analysis »
Design Tools » Edge Filter...
Index Profile... Herpin...
Sensitivity » Induced Transmission Filter Desig
Load ZEMAX Coating File... ShpmeTiCal benocs

W Edige Filter Desigr EG——————

Shortwave Pazs Filer: % l TR e I I

Longwave Pazs Fiter:

E dge ‘W avelength [nm] IW Canee! |
Incident bedium; I.-“-‘-.ir ;I
|nzident Angle [deq) IW
Material & | Ti02 B4
Material B: [5i02 |

Mumber of Periods; I'I
Lower Search Limit: IEI_'I 1]
Upper Search Limit: I'I oo

Search Interval |0.05
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£ Mon Polarizing Edge Filter: Transmittance [= &=

Non Polarizing Edge Filter: Transmittance

Transmittance (%)}

45 00 deg_ p-pol
——  45.00 deg. s-pol

Wavelength (nm)
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13. Layer Longwave Pass Filter

Incident Medium: Air Substrate: Glass

A0: 600nm

Symbol Material Optical Thickness (FWOT) Physical Thickness (nm)
L SiO2 0.25

H TiO2 0.25
Starting Formula Air | (0.5H L 0.5H)~10 | Glass
Calculation range 400nm 1000nm
Formula |4J§E
. Physical 0K
; ) Optical : Fack
Symbaol | Medium Typpe b atenal Thickingss Thﬁmess Din —]
N L S0z 025000000 75 Cancel |
| H Ti02 0.25000000 1.00
*
I 1] [#]
Eormula;
M edium
[0.5HLO.5H]™0 -
4 b
Suhztrate
£ 21 Layer Longwave Pass Filter: Transmittance =& | =]

21 Layer Longwave Pass Filter: Transmittance

Transmittance (%a)
100 ; : : S g e g s
sof -t M-l | To—— T—  — — T— 5

40 500 600 700 800 800 1000
Wavelength (mm)
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14. 55 Layer Shortwave Pass Filter

Incident Medium: Air Substrate: Glass

A0: 897nm

Symbol Material Optical Thickness (FWQOT) Physical Thickness (nm)
L SiO2 0.25

H Ta205 0.25
Starting Formula Air | (LH)~27 L | Glass
Calculation range 400nm 1000nm
o : [ |
Formula 2|
. Phyzical 0k
: : Optical i Pacl
Symbol | Medium Tepe b atenal TRl ThlﬁwlmESS Dar: Q
iy - Ta2is 025000000 T AT
L 5i02 0. 25000000 1.00
*
1 i
Formula:
Mediurn
][LH]"E? L
£ 55 Layer Shortwave Pass Filter- Transmittance | = || = || ==
55 Layer Shortwave Pass Filter: Transmittance
Transmittance (%a)
1[].[]:. : . d . - e o o 1 LA T S A AT Y B R
8[]:- ............ ............... ............... .............................. ...............
Ij{] .............. .............. ............... ..............................
4[]:: .............. _, .............. ............... ............... | R ._
g 1 s pES v R, o o
0 ' ' ' ' ' ' ‘ ' ' ' ' |
400 500 600 700 800 800 1000

Wavelength (nm)

RefinementZ "Optimac” H-&
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15. Rugate

Desigr [=[@] =
Qesignl Context | Notes |
Incident Angle [deg) 0.00
Reference Wavelength [nm) | 510.00
. ol Optical .
Refractive | Estinction Physical
e Haais Index | Coefficient | THEKNESS | rpinkness frm)
(Fw/0T)
Medium| Air 1.00000 0.00000
1/ Na34F6 1.35000 0.00000| 0.25000000 34.44
Substrate| Glass 1.52083 0.00000
0.25000000] 94.44
~ Rugate: Generate Rugate =N R ™

Material XN~ | Generate
Total Thickness [30.00000000

Replace Design |
Reference Wavelength I‘l 000.00
Preview
Void Material |1.45 | - |
Woid Density |‘l .00000 Plot Value |
MNumber of Layers |5DU
Close |
Angle Units I Degrees LI
Packing Density Formula

| Pre-defined Variables

I'N - Number of Layers

I'L - Current Layer Number

I TotalThickness - Total Optical Thickness

I LayerThickness - Optical Thickness of one layer

I Thickness - Cumulative Optical Thickness to center of current layer
I ReferenceWavelength - Reference Wavelength

I PackingDensity - the Packing Density of the current layer

I IMPORTANT
I NInc and NSub must not be less than NVoid.
I Void Density must be set at 1.00
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I The rugate is made up of three sections, two matching structures, one at either end and
a central single-line rugate

| First we must define certain parameters. The rugate wavelength can be changed if
desired.

RugateWavelength=1000;
LongestWavelength=2000;

NInc=1.52;
NSub=1.52;
NMaterial=2.00;
NVoid=1.45;

I Next the index excursion for the sine wave variation of the rugate

NHigh=1.8;
NLow=1.6;

I Now we calculate the necessary thicknesses of the matching assembilies.
MatchThickness=LongestWavelength/(2*ReferenceWavelength);

I The thickness available for the rugate is what is left.
RugateThickness=TotalThickness-2*MatchThickness;

| The three regions must be defined by logical statements. The region will be recognized
by a value of unity.

I This means we must have a minus sign in front of the logical statements as shown.

I Remember that Thickness is a predefined variable that corresponds to the thickness at
the center of the current layer.

Match1=-(Thickness<=MatchThickness);
Rugate=-(Thickness>MatchThickness&Thickness<TotalThickness-MatchThickness);
Match2=-(Thickness>=TotalThickness-MatchThickness);

I The required parameters are mostly given in this rugate in terms of refractive indices.
| The rugate design will be defined in terms of packing density and so we have to
convert.

I We need the terminal packing densities at incident medium and substrate. These

I give terminal indices equal to those of incident medium and substrate respectively.

PFirst=(NInc-NVoid)/(NMaterial-NVoid);
PLast=(NSub-NVoid)/(NMaterial-NVoid);
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I Next calculate the swing in packing density for the rugate.

PHigh=(NHigh-NVoid)/(NMaterial-NVoid);
PLow=(NLow-NVoid)/(NMaterial-NVoid);
PMean=(PHigh+PLow)/2;
PAmplitude=(PHigh-PLow)/2;

I The argument of the sine function that will generate the rugate is required.

I Note that a complete rugate cycle occupies one half of the rugate wavelength.

I Also the design will be defined at the reference wavelength that may be different from
the rugate.

I We want the sine function to start at zero angle and so we have to subtract the
thickness of the first

I matching section from the variable Thickness to obtain the parameter we need to insert
in the argument.

RugateArgument=360*(Thickness-
MatchThickness)*ReferenceWavelength*2/RugateWavelength;

| The packing density variation for the rugate is then a simple sine function.
PRugate=PAmplitude*sin(RugateArgument);

I Additional rugates at different wavelengths can be added if required.
I For example:
PRugate=PAmplitude*sin(RugateArgument1)+PAmplitude2*sin(RugateArgument2) etc.

I Now we need the apodizing function. The rugate sinusoidal variation will be multiplied
by this.

I We use a half cycle of a sine function so that the rugate thickness corresponds to 180
degrees.

Apodization=sin(180*(Thickness-MatchThickness)/RugateThickness);

I Finally we set up the various parts of the entire structure. The rugate part so far is just a
sinusoidal variation. It must

I be multiplied by the apodizing function and then must be added to the mean packing
density. For the matching structures we find it easier

I to use a single quartercycle of a sine function and to square it to give the shape we
need (equivalent to 4th and 1st quadrants).

Match1: PackingDensity=PFirst+(PMean-PFirst)*(sin(90*Thickness/MatchThickness))* 2;

Match2: PackingDensity=PLast+(PMean-PLast)*(sin(90*Thickness/MatchThickness))”2;
Rugate: PackingDensity=PMean+Apodization*PRugate;
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: F= foR

Design | Context | Notes |
Incident Angle (deg) 0.00
Reference Wavelength [nm) | 1000.00
, . e Optical | Physical A
Layer | ot | Mateial | PR | Sl Thickness | Thicness |  VodMateid ||
[P/0T] [rim)
Medium 152 152000/ 0.00000
1| 0.12800/2.00 152040/  0.00000 0.08000000 39.46/1.45
2| 013377/2.00 152357|  0.00000] 0.06000000 39.38(1.45 .
3| 014511/2.00 152981 0.00000| 0.06000000 39.22(1.45
4| 016161/2.00 153889  0.00000 0.06000000 38.99(1.45
5| 0.18269/2.00 155048  0.00000] 0.06000000 38.70[1.45
6| 0.20761/2.00 156419 0.00000] 0.06000000 38.36(1.45
7| 0.23548/2.00 157951]  0.00000 0.06000000 37.991.45
8| 0.26531]2.00 159592 0.00000] 0.06000000 37.60(1.45
9| 0.29605/2.00 161283  0.00000] 0.08000000 37.20(1.45
10| 0.32661/2.00 1.62963|  0.00000] 0.06000000 36.82(1.45
11| 0.35590/2.00 1.64574] 000000 0.06000000 36.46/1.45
12| 0.38283/2.00 1.66059  0.00000] 0.06000000 36.13(1.45
13| 0.40862/2.00 1.67364|  0.00000] 0.06000000 35.851.45
14| 0.42625/2.00 168444  0.00000] 0.06000000 35.62(1.45
15| 0.44109/2.00 169260/  0.00000| 0.06000000 35.45(1.45
16| 0.45060/2.00 1.69783)  0.00000] 0.06000000 35.34(1.45
17| 0.45446/2.00 1.69396|  0.00000] 0.06000000 35.30(1.45
18| 0.45514/2.00 1.70033  0.00000] 0.06000000 35.29(1.45
30.00000000]  17729.04 v

#%2.00 (==]=] #3152 e [@][=] i 145 [e @] =]
Refractive Index Modet [Table  ~| Refractive Indes Model: [Table - Refractive Inde Modet |Table -

Estinction Coefficient Model [ ] Estinction Coefficiert Modet [ | Estinction Cosfficiert Modet [ -]

Internal Transmittance Model: Im Internal Transmittance Model: Im Intemnal Transmittance Model Im

ntk | Froperies | Notes | n&k | Propeties | Notes | n&k | Propeties | Notes |
Wavelength | Refiactive | Extinction ‘ Wavelength | Refractive | Estinction Wavelength | Refractive | Estinction
nm Index Coefficient {nm) Index Coefficient fnm) Index Coefficient
2.00000 0.00000 10000 1.52000 0.00000 10000 1.45000 0.00000
10000.00 2.00000 0.00000 10000.00]  1.52000 0.00000 10000.00,  1.45000 0.00000
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Rugate from Medium v10 n4: Reflectance

200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000

Ct= HO[X= B2 Mwd LHE RILICE
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106 Design Window

Mumber of Layers (500
Anale Units |_Degrees -

Packing Dengity Formula

Rugate: Generate Rugate |E” (=)
b aterial {M b Generate
Tatal Thickness |30.00000000 -
Fieplace Design
Reference "Wavelength  |1000.00

— = Preview

Void Material | Air x|
Void Density [1.00000 Plotyalie

Cloze

| The rugate iz made up of three sections, two matching structures, one at either end and a central sin- A
| Firgt we must define certain parameters, The rugate wavelength can be changed if desired.

Rugateiw'avelength=1000;
Longest avelength=2000;

Minc=1.52;
MSub=1.52;

MM aterial=2.00;
Myiaid=1.45;

| Mest the index excursion for the sine wave varniation of the rugate

MHigh=1.8;
MLow=1.5; W

L4

v

The limits of the index variation may easily be established by setting the Material
parameter to a material that represents the highest refractive index that is present in the
coating, setting the Void Material to a material that represents the lowest refractive index
that is present in the coating and setting the Void Density to 1. As the packing density
varies from 1 to 0, the refractive index will vary from the Material refractive index to the
Void Material refractive index. Since the layer refractive indices are calculated using the
packing density function, other relationships between packing density and refractive
index can also be used (for example the valid packing density range may be 0 to 2 instead
of 0to 1).

The total thickness of the rugate structure is specified in optical by the Total
Thickness value. The Reference Wavelength must also be specified. Number of
Layers specifies the number of layers that are used to model the rugate structure.
Increasing the number of layers improves the accuracy of the calculations at the expense
of increased calculation time. A good starting point is to set the number of layers so that
each layer is about one eighth of a wave thick at the shortest operating wavelength of the
structure. To check the quality of the performance calculations, increase (or reduce) the
number of layers and calculate the performance again. If there is little or no change in
performance, then the number of layers is sufficient.

The Packing Density Formula is used to enter a set of statements that specify how the
packing density varies through the set of layers. The formula consists of one or more
statements. Each statement consists of an optional Condition, and an Assignment. A
Condition is specified by an Expression followed by a colon (“:”) An Assignment is a
Variable name followed by an equal sign (“=") followed by an Expression and ends with
a semi-colon (“;”). Any text after an exclamation point (“!”) is ignored up to the end of

the line.
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When a rugate structure is being generated, the statements in the Packing Density
Formula are executed in order from top to bottom. If a statement has a Condition, then
the Assignment is only executed if the value of the Expression in the Condition is not
zero. If the statement does not have a Condition, then the Assignment is always executed.
The Assignment calculates the value of the Expression and stores the value in the
Assignment Variable. Variables are automatically created if they do not already exist.
There are several special variables:

L The current layer number. This variable cannot be modified.
The first layer is numbered 1 and the last layer has the value N.

N The number of layers as entered in the Number of Layers box.
This variable cannot be modified.

TotalThickness Total Thickness as entered in the Total Thickness box. This
variable cannot be modified.

LayerThickness The Thickness of one layer: (TotalThickness / N). This
variable cannot be modified.

Thickness Cumulative Thickness to center of current layer: (L-1) *
LayerThickness + LayerThickness / 2. This variable cannot
be modified.

ReferenceWavelength Reference Wavelength as entered in the Reference Wavelength

box. This variable cannot be modified.

PackingDensity The Packing Density of the current layer. After all the
statements have been executed, the current layer’s packing
density will be the value of this variable. This variable can be
modified.

The following operators are supported in Expressions:

0 sub-expressions

" power

*/ multiplication, division
% modulus (remainder)

\ integer divide

+, - addition, subtraction

> >= < <= <> logical comparison

&, | logical "and", logical "or"

An operator that is listed on a line above another operator has a higher precedence.
The following functions are also supported (they are not case sensitive): Abs, Sin, Cos,
Tan, ACos, ASin, Atn, Log, Logl0, Exp, Sqr, Int, Frac, Ceil, and Floor. Trigonometric
functions accept and return angles expressed in radians or degrees, depending on the
setting of Angle Units.

For example, the formula:
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PackingDensity = (1 + sin(360 * L/N))/2;
generates a rugate structure consisting of a single period of a sine wave.

Click Preview to generate an index profile plot of the rugate structure. This allows
you to verify that the correct structure has been generated. The rugate structure can be
made available to the design in two ways: Clicking Generate will put the layers of the
rugate structure onto the clipboard. These layers can be pasted into any design in the
normal way. Clicking Replace Design will cause the current design’s layers to be
completely replaced with the layers of the rugate structure. Selecting a variable name in
the Packing Density Formula and then clicking Plot Value will display a plot showing the
value of the variable as a function of thickness. This is useful for making sure that the
variable’s value is set correctly during rugate generation.

Here is a more complicated example. In this example, we want to generate the
following refractive index profile:

Z My Rugate: Index Profile = ||E_|

Refractive Index

01 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
Optical Distance from Medium (FWOT)

There are three parts to this rugate. The first part is the rise in refractive index from
1.0 to 1.7. This is achieved by the first 90 degrees of a sine wave profile. The second part
is a sine wave profile of 32 cycles modulated by a half sine wave profile. The last part is
a fall in refractive index from 1.7 to 1. This is achieved by the following Generate Rugate
form:
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Mumber of Layers (1000
Angle Units ]—Degrees -

Packing Dengity Formula

Close

Generate Rugate | = EI_|
Material | T b Generate
Tatal Thickness |20.00000000 -
Feplace Design
Reference "Wavelength  |500.00
Preview
Woid Material | Air x|
Void Density [1.00000 Flatyelig

Fraction = 10;

InFirstPart = -[LL < N/ Fraction):

InLastPart = -[L > [[Fraction - 1) * N / Fraction]):
InMiddlePart = InFirstPart = 0 & InLastPart = 0;

ProportionO FirstPart = InFirstPart * L * Fraction / M
ProportionOfLastPart = InLastPart * Fraction * [M - L] / N:
ProportionOftdiddleFart = InkiddlePart * Fraction * [L - M / Fraction] / [[Fraction - 2] * H);

Envelope = #in[180 * ProportionOftiddlePart);
Period = sin[360 * 2 * Thickness)/2;

InFirstPart: PackingDengity = sin[90 * ProportionOfFirstPart) * 0.5;
IntdiddiePart: PackingDiensity = [0.5 + Envelope * Period):
|InLastF'art: PackingDensity = zin[30 * ProportionDfLastPart) = 0.5;

The first four lines set up the three parts of the rugate. The first and last parts are each
one tenth of the total thickness and the second part is eight tenths of the total thickness.

InFirstPart is 1 during the first tenth and 0 elsewhere. InLastPart is 1 during the last

tenth and 0 elsewhere. InMiddlePart is 1 when both InFirstPart and InLastPart are 0

and 1 elsewhere. Selecting InMiddlePart and then clicking Plot Value gives the

following plot:

Z Generate Rugate: [nMiddiePart == |
Generate Rugate: InMiddlePart
InMiddlePart
1_0 PR it
U_S .......................................
0.0+

01234567 8 91011121314151617181920
Optical Distance (FWOT) from Medium

ProportionOfFirstPart, ProportionOfMiddlePart and ProportionOfLastPart start

at 0 and linearly

The envelope for the middle part is generated by a sine function that uses
ProportionOfMiddlePart to generate an angle that varies from 0 to 180 degrees.

increase to 1 in each appropriate part.
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The periodic component is generated by another sine function whose period is one
half an optical thickness. The periodic component is scaled so that it varies from —0.5 to
+0.5 — a total range of 1.

The last three statements generate the packing density variation. These statements use
the Condition component to control which statement provides the packing density as a
function of thickness. For the first part, the first 90 degrees of the sine function are used
to raise the packing density from 0 to 0.5 (the midpoint of the packing density range used
here). In the middle part, the periodic component is multiplied by the envelope and the
result is then shifted up by 0.5 to give a packing density that varies from 0 to 1. The last
part is generated by a sine function starting at 90 degrees and reducing to 0.

Generating Complex Designs

In the Essential Macleod, the Formula tool is used to generate designs with regular
features. Some designs have more complex features that cannot be expressed by using
Formula, such as chirped reflectors. For these designs, the Generate Design tool can be
used to generate the layers in the design.

Amplitude Thickness Modulated Design: Generate Design = Ee
Phyzical 2 Inhame- Miniriurn | M axic
Symbal | Medium Type Material ngﬁﬁis Thickness %a:ngﬂg Lack | Link | “oid Material Diﬁ‘s‘:\il geneity Physical Phys Generate
[nm) ¥ Y Factor Thickness | Thick
Ta205 0.25000000 1.00000| Mo 0] &ir 000000 0 Replace Design |
L 5i02 025000000 1.00000| Mo 0] &ir 0.00000 1] . T
™ Preview (Opticall
] Preview (Physical)
4
—*—j Plat Yalue [Dptical]
Angle Units | Radians v Plat Yalue [Physical]
Reterence ‘Wawvelength  |1000.00 Mumber of Lapers {50
Close

Fomula

[ =nnz;

I[L %2)=1: Layer = H;
i[L %2)=0 Layer =L

L aperlipticalT hickness = LayerDpticalT hickness * (1 + k *sin(2 * Fi *F = L] * cos{2 * Fi* =L}

A Generate Design definition consists of default layer parameters represented by
single letter symbols, the number of layers in the design and a Formula that specifies the
parameters of each layer as a function of layer number.

The Formula is used to enter a set of statements that specify how the layer parameters
vary through the set of layers. The formula consists of one or more statements. Each
statement consists of an optional Condition, and an Assignment. A Condition is specified
by an Expression followed by a colon (*:”’) An Assignment is a Variable name followed
by an equal sign (“=") followed by an Expression and ends with a semi-colon (*;”). Any
text after an exclamation point (“!”’) is ignored up to the end of the line.

When a design is being generated, the statements in the Formula are executed in order
from top to bottom. If a statement has a Condition, then the Assignment is only executed
if the value of the Expression in the Condition is not zero. If the statement does not have
a Condition, then the Assignment is always executed. The Assignment calculates the value
of the Expression and stores the value in the Assignment Variable. Variables are
automatically created if they do not already exist. There are several special variables:



