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Coating design contest: Antireflection coating for lenses to be used
with normal and infrared photographic film

Alfred Thelen
Ingenieurbiiro Thelen, 6384 Schmitten, FRG
Roland Langfeld
Schott Glaswerke, 6500 Mainz 1, FRG

ABSTRACT

A11 contributed solutions to the coating design problem, sent out with the
Advanced Program, are presented and evaluated.

2. THE PROBLEM

Task:

Design a multilayer antireflection to the specification given below. Two
types of responses are solicited: Category A (conventional design): All
Tayers are homogeneous and refractive indices correspond with the indices
of the table; Category B (futuristic design): Mixtures of oxide materials
(not with MgF,) are permitted, both as homogeneous layers with inbetween
refractive indices and/or tranition layers. The goal is Towest Figure of
Merit F as defined under "Evaluation".

Specification:

Incidence medium index: 1.0 (air)
Incidence angle: a=0°-30° (in air)
Substrate Index: 152

Maximum Reflectance: (Ry=0°)max < 1% and ((%Rs+%R))s-30+ Jmax< 1%
A = 400nm to 900nm

Polarization: Unpolarized light

Thicknesses: The physical thickness of all the 1ayers together
shall not exceed 2y, the physical thickness of all
the Ti0,-Tayers together shall not exceed 150nm.

552/ SPIE Vol. 1782 Thin Films for Optical Systems (1992) 0-8194-0961-8/93/$4.00
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Coating materials:

Material n at 400nm n at 550nm n at 900nm
MgF, 1.39 1.38 ke )
Sio, 1.47 1.46 1.45
Al1,0, 1.65 1.63 1.60
Ta, 04 2.26 2.16 2.09
Ti0, 2.45 2:32 2.20

Index interpolations, both for dispersion and
in-between indices, shall be linear.Allcoating
materials are assumed free of losses.

Evaluation:
1 Az ¥ .
F : Z(AZ—AI) § (R§=u-+ %Rgna=30'+ %RE,R=3U') Al =D min
1

A; = 400nm, X, = 900nm, AX = Inm

Your solution shall contain:

Refractive indices at 550nm and physical thicknesses of all layers, reflec-
tance plots, 400nm to 900nm, at @=0° and @=30° (in both planes of polariza-
tion), and method of interpolation for dispersion.

3. BACKGROUND OF THE PROBLEM

Optical coating design contests were carried out before!.2,

The type of problem emerged during a meeting of the programm committee of
the conference. It was formulated by the authors of this paper.

Wide band antireflection coatings are a great challenge to the optical coat-
ing designer. The question: "Over how wide a wavelength band can the re-
flectance be kept below a certain value" is unanswered. The design of anti-
reflection coatings is further complicated by the fact that Tow reflectance
isnotonlyrequiredat normal 1ight incidence but also at oblique incidence.

The wavelength range from 400 to 900nm and the incidence angles of both 0°
and 30° were dictated by the application. The Tens designers would have pre-
ferred 45° but accepted 30°.

SPIE Vol. 1782 Thin Films for Optical Systems (1992) / 553
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The substrate index of 1.52 was selected because it is easier to adapt an an-
tireflection coating designed for a Tow substrate index to a high substrate
index than the other way around. The lens designers would have preferred de-
signs for substratre indices from 1.50 to 1.80 in .1 steps.

The limitation of the physical thickness of al1 Ti0,-1ayers together to 150nm
was a compromise between taking advantage of a Targer spread of refractive
indices and minimizing the slight absorption TiO, has below 450nm.

Dispersion of the coating materials is an important element in the design of
antireflectioncoatingsbecause it decreases the bandwidth. Alineardisper-
sion was selected for simplicity.

The coating materials selected are common when thermal evaporation is the
method of deposition. In order to stimulate consideration other methods of
deposition (sputtering, chemical vapordeposition), category Bwas allowed.

The definition of the Figure of Merit F (which, in this case of minimizing
should have been called Defect Function) favored, because of its squared
characteristic, smoother curves. The fact that 501 values were divided by
500 (A, - A, ) was a cosmetic defect. It did not affect the ranking, though.

4. EVALUATION

Each author of this paper wrote his own evaluation program and evaluated the
contributions independent of the other. The results were compared. In case
of discrepancies errors werecorrecteduntil complete agreement was reached.

A special feature of the evaluation was the treatment of inbetween refrac-
tive indices. They were treated as combinations of materials with neighbor-
ingrefractive indices, interpolated 1inearlyon the basis of the refractive
indices. Materials with inbetween refractive indices above 2.16 would con-
tribute to the total thickness of all Ti0,-layers as a consequence.

The Figures of Merit given by the contributors often disagreed with the Fig-
ures of Merit calculated by the authors. There were several reasons: 1. ear-
1y versions of the specification used a substrate index of 1.50 rather than
1.52, 2. there was a misprint in the definition of the Figure of Merit in
the Advanced Program, 3. the reflectances at angle were first added and then
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squared rather than adding the squares, 4. dispersion was added into the
substrate index, 5. the reflectances were taken in steps different from 1nm,
and 6. non-linear interpolation of the refractive indices was used.

5. CONTRIBUTIONS

There were 44 designs contributed by 28 authors. 41 designs were in category
A and 3 in category B. A11 contributions are presented in the same format on
the subsequent pages.

6. AWARDS

Onlycontributions whichmet all partsof the specificationwereeligible for
awards. In category A the three lowest Figures of Merit were reached by

1st Prize: W.H. Southwell, F = 2.721x10-3

2nd Prize: anonymous, F=3.202x10-3

3rd Prize: H.R. Dobler, F = 3.215x10-3

In category B the lowest Figure of Merit was reached by

1st Prize: R.H. Miller, F = 3.172x10-3

We also decided to give special awards.

Lowest-Total-Thickness Prize: J.E. Simpson, 346.5nm

Lowest-Number-of-Layers Prize: V.A. Trevino, 7 layers

Surprise Award: H. Greiner, all thicknesses are multiples
of 10nm.

7. STARTING DESIGNS

Most designers did not reveal their starting designs. The authors feel
that this should be a condition of participation in future contests of this
type. Some did:

1. Anonymous, M. Friz, and H.R. Dobler used starting designs of the type
(HL)a, as proposed by Baumeister3

2. E. Hacker used Chebyshev Polynomials

SPIE Vol. 1782 Thin Films for Optical Systems (1992) / 555 |
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3. J. Hrdina and most Tikely W.H. Southwell used flip-flop methods4:5

4. H.A. Macleod used classical design methods (absentee layers, buffer
layers, and admittance diagrams. His paper is scheduled to be included
in these proceedings as a poster paper.

9. CONCLUSIONS

Fig.1 gives a plot of the Figure of Merit F as a function of the total
physical thickness for each design. Designs which include refractive in-
dices higher than 2.16 are shown as black dots, the ones without as grey
dots. Two lines connect the lowest Figures of Merit of the designs with
Ti0, and one 1ine the Towest Figures of Merit of the designs without Ti0,.

1
L
8
L]
F e
p o
b i
oo o°
§\" - s
L]
e\, SO
o T A
2
0
0 PR e R S FRERD T T AT,

Total Thickness

Fig.1 Figure of Merit as a function of total physical thickness,
black circles with Ti0, and grey circles without Ti0,
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We can draw the following conclusions:

1. Increasing the total physical thickness improves the performance only
mildly. Quintuplicating the thickness reduces the Figure of Merit by
one third.

2. The wider the refractive index spread the better the potential per-
formance.

3. At approximately the same total physical thickness, the Figures of
Merit varied by a factor of two. The position within this spread is
most 1ikely a combination of skill, intuition, and Tuck of the designer.

In the short time available, the authors could not come up with additional
structures of the data. It is hoped that, after the data sink in, addi-
tional insights will emerge.
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Author: M.N. Annapurna, C.L. Nagendra, G.K.M. Thutupalli
ISRO Satellite Centre
A 5-6 Peenya Ind. Estate
Bangalore 560 058, India
Design category A: # nm  material
; 1 1145 MgF2
ggfr. Ui 2 175 Ta205
sk 3 49 Al203
I HL\_.—— 4 175 MgF2
1,5F 5 10 Ta205
1 6 35 AI203
7 224 MgF2
05F 8 -115 Ta205
b A 2 : . ; 9 45 AI203
0 200 400 600 800 1.000 1.200 10 15 MgF?2
thickness (nm) 11 25 Ta205
12 105 AI203
Result: 13 2125 MgF2
reflectance
0,02
0,015
0,01} :
0,005}
956 500 600 700 800 900
wavelength (nm)
RORsRp
# of layers: 13
# of materials: 3
X total thickness (<= 2000 nm): 881.5 nm
X thickness of TiO2-layers (<=150 nm): 0 nm
O Max Ro (< 1%): 1.62 %
O Max (Rs + Rp)/2 (< 1%): 3.18%
Meritfunction: 8.651 * 107 i
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Author: anonymous
Design category A: # nm  material
_inde 1 41081 MgF2
ggfr ex 2372 Ta205
2f _ 3 124 Si02
4 805 Ta205
1,5¢ e L 5 402 Si02
ik 6 162 Ta205
7 1245 Si02
05F 8 194 Ta205
3 ] : . . : ; 9 342 Sio2
0 200 400 600 800 1.000 1.200 1.400 10 91,3 Ta205
thickness (nm) s BTG Sio2
12 34,1 Ta205
Result: 13 80,6 Si02
14 11,6 Ta205
reflectance 15 86,6 Si02
0,02 16 33,1 Ta205
0,015} 17 26,9 Si02
' 18 70,6 Ta205
001§ 19 238 Si02
0,005} 20 359 Ta205
s e 21 50,2 Si02
900 500 600 700 800 900 22 115 Ta205
wavelength (nm)
RORsRp
# of layers: 22
# of materials: 3
X total thickness (<= 2000 nm): 1046.0 nm
X thickness of TiO2-layers (<= 150 nm): 0nm
® Max Ro (< 1%): 0.39 %
® Max (Rs + Rp)/2 (< 1%): 0.51 %
Meritfunction: 3.101 * 10 AR orw
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Author: L. Dick
Docter Optische Werke
Perfektastr. 89
A 1235 Wien, Austria
Design category A: # nm  material
g 1 110,3712 MgF2
E.Bsfr' I 2 326853 Ta205
3 17,1385 MgF2
4 91,4524 Ta205
: 5 222121 MgF2
1E 6 33,6052 Ta205
7 586573 MgF2
0,5 8 14,3244 Ta205
0 : : ; . . . 9 49,8803 MgF2
0 100 200 300 400 500 600 700
thickness (nm)
Result:
reflectance
0,02
0,015k~
0,01 3
0005 |-
S0 500 800 700 800 800
wavelength (nm)
RORsRp
# of layers: 9
# of materials: 2
X total thickness (<= 2000 nm): 430.3 nm
X thickness of TiO2-layers (<= 150 nm): 0 nm
O Max Ro (< 1%): 1.97 %
X Max (Rs + Rp)/2 (< 1%): 0.96 %
Meritfunction: 5.341 * 10-3 DOCT1.DRW

560/ SPIE Vol. 1782 Thin Films for Optical Systems (1992)

Zhejiang Crystal-Optech v. Viavi Solutions COT Ex. 1063, p. 16



Author: H.R. Dobler
Carl Zeiss
Oberkochen, Germany
Design category A: # nm  material
: I MgF2
refr. index 2 255 TiO2
af } T H' H ‘ 3 11,89 Al203
4 9 Si02
1,5k : 5 63,6 TiO2
il 6 17,2 Ta205
E 7 285 Al203
0,5} 8 18,1 TiO2
0 : : : r : 9 216,7 Si02
0 200 400 600 800 1.000 1.200 10 21,83 Ta205
thickness (nm) 11 3472  SiO2
12 25 TiO2
Result: 13 27,19 Al203
14 37,86 Ta205
reflectance 15 35 Sio2
0,02 16 155 Tio2
0015k 17 30,68 Al203
‘ 18 36,37 Si02
) g 19 2,3 TiO2
0,005} ",""‘---‘_ -------- Frep R i SRR 20 4,77 T3205
900 —""500 "800 700 800 300
wavelength (nm)
RORsRp
# of layers: 20
# of materials: 5
® total thickness (<= 2000 nm): 772.7 nm
X thickness of TiO2-layers (<= 150 nm): 150.0 nm
X Max Ro (< 1%): 0.36 %
® Max (Rs + Rp)/2 (< 1%): 0.36 %
. : -3
Meritfunction: O * 10 DOBL1.DRW
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Author: G. Emiliani
ENEA Thin Film Laboratory
Via Anguillarese 301
00060 Roma, ltaly
Design category A: # nm  material
refr. index 310,410 Mare
25 2 32 Ta205
of . £ : 3 16 MgF2
M— 4 & Tazos
1,5 : e 5 25 MgF2
P 6 24 Ta205
7 101 Sio2
0.5} 8 105 MgF2
o : . . . 9 97 Si02
0 200 400 600 800 1.000
thickness (nm)
Result:
reflectance
0,02
0,015~
0,01}
0,005f
f06 B0 e00 700 800500
wavelength (nm)
RORsRp
# of layers: 9
# of materials: 3
X total thickness (<= 2000 nm): 592 nm
X thickness of TiO2-layers (<= 150 nm): 0nm
X Max Ro (< 1%): 0.92 %
O Max (Rs + Rp)/2 (< 1%): 1.20 %
Meritfunction: 4.378 * 103 S0
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Author: G. Emiliani
ENEA Thin Film Laboratory
Via Anguillarese 301
00060 Roma, ltaly
Design category A: # nm  material
refr. index 1109 MgF2
25 2 36 Ta205
of 3.4 MgF2
455 5 39 MgF2
4 6 21 Ta205
7 3 MgF2
0,5 8 Ta205
0 . A " , 9 57 MgF2
0 200 400 600 800 1.000 10 48 Ta205
thickness (nm) 11 25 MgF2
12 51 Ta205
Result: 13 40 MgF2
14 19 Ta205
reflectance
0,02
0,015}
0,01 1
0,005 —.':
T 0 i e
wavelength (nm)
RORsRp
# of layers: 14
# of materials: 2
X total thickness (<= 2000 nm): 671.0 nm
X thickness of TiO2-layers (<= 150 nm): 0 nm
X Max Ro (< 1%): 0.80 %
O Max (Rs + Rp)/2 (< 1%): 1.96 %
Meritfunction: 4.102 * 10> i
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Author: G. Emiliani
ENEA Thin Film Laboratory
Via Anguillarese 301
00060 Roma, ltaly
Design category A: # nm  material
¢ 1 108 MgF2
5%“' igex 2 28 Ta205
18115 MgF2
4 97 Ta205
! 53122 MgF2
p\: 6 23 Ta205
7 103 Sio2
05F grT103 MgF2
0 : . . : 9 98 Si02
0 200 400 600 800 1.000
thickness (nm)
Result:
reflectance
0,02
0,015}
0,01F
0,005}/
) e g
wavelength (nm)
RORsRp
# of layers: 9
# of materials: 3
X total thickness (<= 2000 nm): 597.0 nm
X thickness of TiO2-layers (<= 150 nm): 0 nm
X Max Ro (< 1%): 0.61%
X Max (Rs + Rp)/2 (< 1%): 0.94 %
Meritfunction: 4.549 * 10-3 ENEA3.DRW
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Author: L. Eriksson
BPT Optik AB
Traffgatan 2
S-13644 Haninge , Sweden
Design category A: # nm  material
: 1 107,08 MgF2
2%“' X 2 11,15 AI203
of 3 255 Ta205
4 1456 AI203
1,5F 5 19,78  MgF2
it 6 4162 TiO2
7 31,13 Al203
0,5F 8 31,71 Ta205
g ; . : : . . 9 9765 Al203
0 100 200 300 400 500 600 700
thickness (nm)
Result:
reflectance
0,02
0,015}
DOUE -~
0,005}
900 500 600 700 800 900
wavelength (nm)
RORsRp
# of layers: 9
# of materials: 4
X total thickness (<= 2000 nm): 380.2 nm
X thickness of TiO2-layers (<= 150 nm): 41.6 nm
X Max Ro (< 1%): 0.89 %
® Max (Rs + Rp)/2 (< 1%): 0.98 %
Meritfunction: 6.727 * 10™ e
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Author: M. Friz
Merck
Frankfurter Str. 250
6100 Darmstadt, Germany
Design category B: # nm  material
i 1 111,228 1,38
;gfr. o 248778 131
3 20201 146
EJU_.I—H———‘ 4 69716 21
1,5F : : 5 34937 146
A 6 21,29 2.1
7 205992 1,46
0,5}
O, —700 200 300 400 500 600 700
thickness (nm)
Result:
reflectance
0,02
0,015
0,01 >
0,005 | |- 25azs--
T — 600 700 800 900
wavelength (nm)
RORsRp
# of layers: 13
# of materials: 3
X total thickness (<= 2000 nm): 501.1 nm
X thickness of TiO2-layers (< =150 nm): 0nm
O Max Ro (< 1%): 3.17 %
O Max (Rs + Rp)/2 (< 1%): 1.99 %
- - -3
Meritfunction: 5.654 * 10 MERC1.DRW
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Author: P. Ganner
Swarovski & Co
A 6112 Wattens, Austria
Design category A: # nm  material
; 1 111,27  MgF2
g%fr' lgex 2 2587 TiO2
3 2037 Si02
2 4 7843  TiO2
1,5} e 5 16,97 Si02
il 6 32,59 TiO2
7 444 MgF2
05} 8 11,8 TiO2
0 , . e 9 201,89 Si02
0 200 400 600 80O
thickness (nm)
Result:
reflectance
0,02
0,015F
0,01}
0,005 P2
- S iaeti
900 500 600 700 800 900
wavelength (nm)
RORsRp
# of layers: 9
# of materials: 3
X total thickness (<= 2000 nm): 543.6 nm
X thickness of TiO2-layers (<= 150 nm): 148.7 nm
X Max Ro (< 1%): 0.68 %
X Max (Rs + Rp)/2 (< 1%): 0.78 %
Meritfunction: 3.854 * 10-3 SWAR1.DRW
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Author:  H. Greiner
Philips Research Laboratories
Aachen, Germany

Design category A: # nm  material
refr. index 1 ''90 MgF2
25 2 30 Al203

st 3 2020 TiO2

4 20 Sio2
1,5} R - 5 80 Ta205
it 6 40 AI203
7 “0%0 Ta205
0,5F 8 30 Al203

o : . : : . 9 200 MgF2

0 200 400 600 800 1.000 1.200 10 130 Al203
thickness (nm) 1110 Ta205
12 120 Al203

Result:
reflectance

0,02
0,015}

0,01 = :

0,005
B =
wavelength (nm)
RORsRp
 # of layers: 12
# of materials: 5

X total thickness (<= 2000 nm): 780.0 nm

X thickness of TiO2-layers (<= 150 nm): 20.0 nm

X Max Ro (< 1%): 0.94 %

X Max (Rs + Rp)/2 (< 1%): 0.95 %

Meritfunction: 6.273 * 103 Lol
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Author: K. Grtler
Jos. Schneider Optische Werke
Ringstr. 132
6550 Bad Kreuznach, FRG
Design category A: # nm  material
refr. index 111231 MgF2
25 2 2255  TiO2
| —|_' ‘ ' ' 3 2631  AI203
4 754 Tio2
1,5¢ 5 18,95 Al203
it 6 W7 TO2
7 3895  Al203
05f ' TiO2
0 , . : : ; ; 9 5665  Al203
0 100 200 300 400 500 600 700
thickness (nm)
Result:
reflectance
0,02
0,015}
0,01} Srtnicts :
0,005}/
4 '_'_.-.,--__‘_‘_‘-H\""\._‘__-‘_-/
900 500 600 700 800 900
wavelength (nm)
RORsRp
# of layers: 9
# of materials: 3
X total thickness (<= 2000 nm): 384.2 nm
® thickness of TiO2-layers (<= 150 nm): 136.2 nm
X Max Ro (< 1%): 0.67 %
& Max (Rs + Rp)/2 (< 1%): 0.79 %
Meritfunction: 4.179 * 10'3 SCHN1.DRW
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Author: E. Hacker
Jenoptik Dunnschichtzentrum
Carl Zeiss Str. 1
0-6900 Jena, FRG
Design category A: # nm  material
i 1 1192 MgF2
5%"’ i 2 2303 TiO2
of 3 2556 MgF2
! 4 1456 TiO2
1,5¢ A — 5 2336 MgF2
A 6 3032  TiO2
7 46,69 MgF2
0,5F B BT TiO2
00700 200 300 400 500 600 700
thickness (nm)
Result:
reflectance
0,02
“ 0,015}
0,01/
0,005
900 o T 900
, wavelength (nm)
| RORsRp
# of layers: 8
'} # of materials: 2
X total thickness (<= 2000 nm): 4255 nm
O thickness of TiO2-layers (<= 150 nm): 210.7 nm
O Max Ro (< 1%): 1.10 %
X Max (Rs + Rp)/2 (< 1%): 0.75 %
Meritfunction: 6.675 * 107 bk,
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Author: E. Hacker
Jenoptik Dinnschichtzentrum
Carl Zeiss Str. 1
0-6900 Jena, FRG
Design category A: # nm  material
; 1 1132 MgF2
;e;fr. ipionx 2 2326  TiO2
i U ’ 3 2339  MgF2
4 1402 TiO2
1,5¢ e 5 21,07 MgF2
F 6 29,58 TiO2
7 425 MgF2
05} 8 11,83 TiO2
00700 200 300 400 500 600 700
thickness (nm)
Result:
reflectance
0,02
0,015
0,01
0,008 F 5o Byt T g T s
B 800 900
wavelength (nm)
RORsRp
# of layers: 8
# of materials: 3
X total thickness (<= 2000 nm): 405.0 nm
O thickness of TiO2-layers (<= 150 nm): 204.9 nm
X Max Ro (< 1%): 0.98 %
X Max (Rs + Rp)/2 (< 1%): 0.93 %
k : -3
Meritfunction: 6.401 * 10 HACK2.DRW
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Author: E. Hacker
Jenoptik Diinnschichtzentrum
Carl Zeiss Str. 1
0-6900 Jena, FRG
Design category A: # nm  material
refr. index 1119 MgF2
25 23075 Ta205
5 H “—UL 3 2208  MgF2
4 1429 TiO2
15t B 5 20,49 MgF2
1t 6 3841 Ta205
7 4346 MgF2
05f 8 1383 Ta205
%700 200 300 400 500 600 700
thickness (nm)
Result:
reflectance
0,02
0,015}
0,01 /\’\/—\. :
006500 BT B 500
wavelength (nm)
RORsRp
# of layers: 8
# of materials: 3
X total thickness (<= 2000 nm): 430.9 nm
& thickness of TiO2-layers (<= 150 nm): 142.9 nm
O Max Ro (< 1%): 1.26 %
X Max (Rs + Rp)/2 (< 1%): 0.87 %
Meritfunction: 7.250 * 103
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Author: E. Hacker
Jenoptik Dinnschichtzentrum
Carl Zeiss Str. 1
0-6900 Jena, FRG

Design category A: # nm  material

refr. index 1 1176 MgF2

2,5 2 3231 Ta205

of 3 21,35 MgF2
4 1502 TiO2

1.5k 5 18,36 MgF2

ik 6 43,74 Ta205
7 41,12 MgF2

0,5F 8 16,91 Ta205

00700 200 300 400 500 600 700

thickness (nm)

Result:

reflectance

0,02

0,015}

0,01

0,005

00 500600 700 800 300

wavelength (nm)
RORsRp

# of layers: 8
# of materials: 3

X total thickness (<= 2000 nm): 441.6 nm

O thickness of TiO2-layers (<= 150 nm): 150.2 nm

O Max Ro (< 1%): 1.27 %

O Max (Rs + Rp)/2 (< 1%): 1.09 %
Meritfunction: 6.794 * 1075 bl
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Author: J. Hrdina
Institute of Physics
Na Slovance 2
18040 Prague 8, Czechosloakia
Design category A: # nm  material
i 1 11162 MgF2
;gfr. m?ei = 2o QAR 102
ok 3 2312 AI203
(] 4 7672 TiO2
1,5E 8] L 5° 223 Al203
L 6 2354 TiO2
7 12846 AI203
05f 8 2331 MgF2
0 : . ¢ ! 9 22354 AI203
0 200 400 600 800 1.000 10 19,12 MgF2
thickness (nm) 11 381,01  AI203
Result:
reflectance
0,02
0,015}
0,01}
0,008 K /cime e s mamann 2 er e
%00 500 600 700 800 900
wavelength (nm)
RORsRp
# of layers: 11
# of materials: 3
X total thickness (<= 2000 nm): 707.5 nm
X thickness of TiO2-layers (<= 150 nm): 125.1 nm
& Max Ro (< 1%): 0.69 %
O Max (Rs + Rp)/2 (< 1%): 1.16 %
Meritfunction: 3.544 * 10-3 HRDI1.DRW
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Author: A. McLeod
The University of Arizona
Tucson, Arizona 85721, US
Design category A: # nm  material
) 1 113,82 MgF2
ggfr. index 2 2817 Ta205
af 3 1852 MgF2
‘ | l 4 9421 Ta205
1,5k 5 1578 MgF2
it 6 3585 Ta205
7 4129 MgF2
0,5} 8 &/ 151 Ta205
% 700 200 300 400 500 600
thickness (nm)
Result:
reflectance
0,02
0,015}
0,01 oo
0,005 [
900 500 600 700 800 900
wavelength (nm)
RORsRp
# of layers: 8
# of materials: 2
X total thickness (<= 2000 nm): 360.7 nm
X thickness of TiO2-layers (<= 150 nm): 0 nm
X Max Ro (< 1%): 0.84 %
X Max (Rs + Rp)/2 (< 1%): 0.78 %
Meritfunction: 5.107 * 103 b

SPIE Vol. 1782 Thin Films for Optical Systems (1992) / 575

Zhejiang Crystal-Optech v. Viavi Solutions

i

COT Ex. 1063, p. 31



m—

Author: R.H. Miller
Optical Physicist
1816 Arroyo Sierra Court
Santa Rosa, CA 95405, US
Design category A: # nm  material
refr. index 1 112 MgF2
2,5 2 28 TiO2
4 78 TiO2
1,5F 5 24 Sio2
: 6 23 Tio2
7 07 AI203
0,5} 8 14 Tio2
4 : | . 9 34 Si02
0 200 400 600 800 1.000 10 150 Ta205
thickness (nm) otoie Sio2
12 19 Ta205
Result:
reflectance
0,02
0,015}
0,01F
0,005/ \.
) 600 700 800500
wavelength (nm)
RORsRp
# of layers: 12
# of materials: 5
X total thickness (<= 2000 nm): 640.0 nm
X thickness of TiO2-layers (<= 150 nm): 143.0 nm
& Max Ro (< 1%): 0.82 %
® Max (Rs + Rp)/2 (< 1%): 0.75 %
Meritfunction: 3.860 * 1073 s
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Author: R.H. Miller
Optical Physicist
1816 Arroyo Sierra Court
Santa Rosa, CA 95405, US
Design category B: # nm  material
refr. index L 1,38
25 2 42888 -2
of JW [ 3 1767 1,5291
| B ez ¥ 1] 4 701 2,32
1,5F - 2t e 5 39,38 1,6545
it ¢ NMs57 23
7 21078 1,38
0,5F 8 679 16881
. , : ' ; 9 107,03 1,8591
0 200 400 600 800 1.000 10 72,82 1.6596
thickness (nm) 10h2T 1,8549
Result:
reflectance
0,02
0,015
0,01
0,005 Jb- o e e RSy A
QOD 500 600 700 800 900
wavelength (nm)
RORsRp
# of layers: 11
# of materials:
X total thickness (<= 2000 nm): 743.0 nm
X thickness of TiO2-layers (<= 150 nm): 114.7 nm
X Max Ro (< 1%): 0.97 %
X Max (Rs + Rp)/2 (< 1%): 0.89 %
: : -3
Meritfunction: 3.172 * 10 MILL2.OAW
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Author: J. Mouchart
Laserdot
Route de Nozay
91460 Marcoussis, France
Design category A: # nm  material
¢ 1 114 MgF2
ggfr. fidlex 2 246 TiO2
i H__H_ﬂ_‘_ 3 206  Si02
4 837 Ta205
1,5 i - T 5 81,7 Sio2
.t 6 177 TiO2
7 2364 Sio2
0.5f 8 159 Ta205
o . . . , 9 548 Sio2
0 200 400 600 800 1.000 10 15,6 Ta205
thickness (nm) 11 1212 Al203
Result:
reflectance
0,02
0,015
0,01}
0,008 purgm
900 500 600 700 800900
wavelength (nm)
RORsRp
# of layers: 1
# of materials: 5
X total thickness (<= 2000 nm): 736.2 nm
X thickness of TiO2-layers (<= 150 nm): 42.3 nm
X Max Ro (< 1%): 0.64 %
X Max (Rs + Rp)/2 (< 1%): 0.63 %
Meritfunction: 3.645 * 10'3 LASE1.DRW
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Author: J. Mouchart
Laserdot
Route de Nozay
91460 Marcoussis, France
Design category A: # nm  material
refr. index 1 1128 MgF2
25 2 245 TiO2
bt H 3 205 Si02
4 823 Ta205
1,5k / 5 31,8 Si02
A 6 168 TiO2
7 2055  SiO2
0.5f 8 1726  Al203
0 . . . : . 9 202 Si02
0 200 400 600 800 1.000 1.200
thickness (nm)
Result:
reflectance
0,02
0,015}
0,01 ..
200 500 600 700 800 900
wavelength (nm)
RORsRp
# of layers: 9
# of materials: 5
X total thickness (<= 2000 nm): 868.8 nm
® thickness of TiO2-layers (<= 150 nm): 41.3nm
X Max Ro (< 1%): 0.98 %
X Max (Rs + Rp)/2 (< 1%): 0.72 %
Meritfunction: 4.465 * 10—3 LASE2.DRW

SPIE Vol. 1782 Thin Films for Optical Systems (1992) / 579

Zhejiang Crystal-Optech v. Viavi Solutions COT Ex. 1063, p. 35



Author: T. Noe
Software Spectra Inc
14025 N.W. Harvest Lane
Portland, OR 97229-3645, US

Design category A:

refr. index
25

1F

0‘5 =
0

0 100 200 300 400 500 600
thickness (nm)
Result:

reflectance
0,02

01015 S

0.01 ni i

900 500 600 700 800 900
wavelength (nm)
RORsRp

# of layers: 8
# of materials: 4
X total thickness (<= 2000 nm):

X Max Ro (< 1%):
& Max (Rs + Rp)/2 (< 1%):

& thickness of TiO2-layers (<= 150 nm):

NGO AN = H

nm material

113,12 MgF2
2621  TiO2
21,19  Sio2
79,2 Tio2
1572  Si02
3529  TiO2

3892  MgF2
17,09  Ta205

346.7 nm
140.7 nm
0.99 %
0.99 %

Meritfunction: 3.969 * 10°3

SSI_1.DRW
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Author: M. L. Rastello
Instituto Elettrotecnico Nazionale
Strada delle Cacce 91
| 10135 Torino, ltaly
Design category A: # nm  material
refr. index 1 11431 MgF2
2,5 2 2649  TiO2
5 _ 3 2267 MgF2
4 7725  TiO2
1,5} _ : 5 1572 MgF2
| 6 3672  TiO2
7 49,66 MgF2
0,5F 8 12,41 TiO2
0 . . , . 9 151,24 MgF2
0 200 400 600 800 1.000 10 1,66 TiO2
thickness (nm) 11 61,34 MgF2
Result:
reflectance
0,02
0,015
0,01} ’
0,005 A\
%00 500 600 700 800 900
wavelength (nm)
RORsRp
# of layers: 1
# of materials: 2
X total thickness (<= 2000 nm): 569.5 nm
O thickness of TiO2-layers (< =150 nm): 154.5 nm
X Max Ro (< 1%): 0.57 %
O Max (Rs + Rp)/2 (< 1%): 1.01 %
Meritfunction: 5.502 * 10_3 IEN_1.DRW
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Author: M. L. Rastello
Instituto Elettrotecnico Nazionale
Strada delle Cacce 91
| 10135 Torino, ltaly
Design category A: # nm  material
refr. index 1 11397  MgF2
25 2 2498 TiO2
of m _ 3 22,09 MgF2
4 8342 Tio2
1,5F f e s G e e 5 624 MgF2
W 6 56,03 Ta205
7 416 MgF2
05f 8 21,26 Ta205
0 . . . ; 9 88,87 MgF2
0 200 400 600 800 1.000 10 7,28 TiO2
thickness (nm) 11 86,79 MgF2
12 6,22 TiO2
Result: 13 30,61 MgF2
reflectance
0,02
0,015}
R e e ()
0,005.‘ = .
- — 800 800
wavelength (nm)
RORsRp
# of layers: 13
# of materials: 3
® total thickness (<= 2000 nm): 589.4 nm
X thickness of TiO2-layers (<=150 nm): 121.9 nm
X Max Ro (< 1%): 0.42 %
® Max (Rs + Rp)/2 (< 1%): 0.72 %
Meritfunction: 5.055 * 10-3 IEN_2.DRW
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Author: M. L. Rastello
Instituto Elettrotecnico Nazionale
Strada delle Cacce 91
| 10135 Torino, Italy
Design category A: # nm  material
refr. index 1 11531  MgF2
25 2 255 TiO2
of 3 24,11 MgF2
4 5121 TiO2
1,5F rrererre——n 5 46,13 Ta205
B ! 6 393 MgF2
7 4376 Ta205
0,5f 8 38,76 MgF2
0 . . : : 9 2504 Ta205
0 200 400 600 800 1.000 10 74,85 MgF2
thickness (nm) 11 10,8 Tio2
12 74,66 MgF2
Result: 13 6,91 TiO2
14 24,27 MgF2
reflectance
0,02
0,015}
it R .
0,005 |-+ 27270 __“_____\M
00 500 600 700 800 500
wavelength (nm)
RORsRARp
# of layers: 14
# of materials: 3
® total thickness (<= 2000 nm): 565.2 nm
® thickness of TiO2-layers (<=150 nm): 94.4 nm
® Max Ro (< 1%): 0.43 %
X Max (Rs + Rp)/2 (< 1%): 0.67 %
. ’ B,
Meritfunction: 5.061 * 10 IEN_3.0RW
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Author: U. Schallenberg
Fraunhofer-Einrichtung fiir Angewandte Optik und Feinmech.
Schillerstr. 1
0-6900 Jena, FRG
Design category A: # nm  material
i 1 11399  MgF2
:g.esfr' s 2 234 TiO2
i U _ i—r 3 2758  Al03
4 7021 Tio2
1,5} s ; 5 1888 Al203
it 6 2985  TiO2
7 61,59 AI203
0,5} 8 6,87 Tio2
% 100 200 300 400 500 600
thickness (nm)
Result:
reflectance
0,02
0,015}
0,01}
0,005} /"~
00500 800 700 800 800
wavelength (nm)
RORsRp
# of layers: 8
# of materials: 3
X total thickness (<= 2000 nm): 352.3 nm
X thickness of TiO2-layers (<= 150 nm): 130.3 nm
X Max Ro (< 1%): 0.70 %
X Max (Rs + Rp)/2 (< 1%): 0.94 %
Meritfunction: 4.094 * 10°3 P
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Author: M. Schulz - Grossar
Spindler & Hoyer GmbH & Co
Koénigsallee 23
D 3400 Géttingen, Germany

Design category A:
refr. index
25
e
1.5k
1l

0,5¢
0

0 200 200 600 800
thickness (nm)

Result:

reflectance
0,02

0,015
0,01
0,005 |/ /N

900 500 600 700 800 900
wavelength (nm)
RORsRp

# of layers: 7
# of materials: 2
X total thickness (<= 2000 nm):
X thickness of TiO2-layers (< =150 nm):
O Max Ro (< 1%):
O Max (Rs + Rp)/2 (< 1%):

#

~NoOOo ks N =

Meritfunction: 5.370 * 103

nm material
106,81 MgF2
26,74 Ta205
12,26 MgF2
104,14 Ta205
32,28 MgF2
18,97 Ta205
217,31 MgF2

518.5 nm

0 nm

3.61%

1.70 %

SPIN1.DRW
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Author: J.E. Simpson
EMF Corporation
701 Spencer Rd.
Ithaca, NY 14850, US
Design category A: # nm  material
) 1 1132 MgF2
ggfr. index o 287 s
3 21,3  MgF2
4 706 TiO2
; 5 48 Sio2
i 6 332 TiO2
7 12 S
0,5} 8 27 Ta205
0 . : : . 9 483  Si0O2
0 200 400 600 800 1.000 10 284 Ta205
thickness (nm) 11 436  Si0O2
12 448  Ta205
Result: 13 268 Sio2
14 432  Ta205
reflectance 15 271 Sio2
0,02 16 234  Ta205
0015} 17 39,7 Si02
18 195  Ta205
0,01f 19 621 MgF2
0,005} i 20 10 Ta205
00 500 600 R
wavelength (nm)
RORsRp
# of layers: 20
# of materials: 4
X total thickness (<= 2000 nm): 739.3 nm
X thickness of TiO2-layers (<= 150 nm): 130.5 nm
X Max Ro (< 1%): 0.53 %
® Max (Rs + Rp)/2 (< 1%): 0.54 %
Meritfunction: 3.920 * 103 i
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Author: J.E. Simpson
EMF Corporation
701 Spencer Road
Ithaca, NY 14850, US
Design category A: # nm  material
i 1 1099 MgF2
fofr ncdex 2 235  TO2
ok 8 2 Si02
W 4 915  TiO2
1,554 5 136 Si02
& 6 33 TiO2
% 87 MgF2
05} 8 17 Ta205
05700 200 300 400 500 600
thickness (nm)
Result:
reflectance
0,02
0,015}
0,01}
0,005 Fpset oo st van apr <o g B S
Q00 500 600 700 800 900
wavelength (nm)
RORsRp
# of layers: 8
# of materials: 4
X total thickness (<= 2000 nm): 346.5 nm
® thickness of TiO2-layers (<= 150 nm): 148.0 nm
X Max Ro (< 1%): 0.54 %
X Max (Rs + Rp)/2 (< 1%): 0.87 %
Meritfunction: 4.268 * 10_3 EMF2.DRW
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Author: W.H. Southwell
Rockwell International Science Center
1049 Camino das Rios
|' Thousand Oaks, California 91360, US
Design category A: # nm material # nm material
: 1 109,1 MgF2 31 60,3 MgF2
! gesfr. index 2 321 TiO2 3 101  Ta20s
T 3 132 MgF2 33 354 MgF2
| ok || W—””uﬂl ‘ Im —— NS TR TR T I T
5 364 MgF2 35 234 MgF2
“ 1,54 Hl- Al 8 | ! LA 6 18,5 TiO2 36 192 Ta205
' 7 1139 MgF2 37 145 MgF2
1 : e isakeiy 8 132 Ta205 38 199 Ta205
] 28,5 MgF2 39 79 MgF2
05f 0 Ta205 40 1072 Ta205
8 : . , : 11 21,3 MgF2 41 11 MgF2
(] 500 1.000 1500 2000 2500 12 775 Ta205 42 203 Ta205
, : 13 59 MgF2 43 157 MgF2
1] thickness (nm) 14 345 Ta205 44 119 Ta20s
(1| ] 15 83 MgF2 45 311  MgF2
Result; 16 211 Ta205 46 133 Ta205
17 416 MgF2 47 247 MgF2
18 183 Ta205 48 66  Ta205
r?gzema"ce 19 241 MgF2 49 454 MgF2
l : [ Ta205 50 58 Ta205
' 0,015 21 218 MgF2 51 249  MgF2
| 22 178 Ta205 52 586 Ta205
| 0,01} 23 179 MgF2 53 252  MgF2
1 24 1299 Ta205
|.‘ L e e 25 136 MgFR
' Mgt N L e e 08T 4R Ta2OS
}‘ Q00 "S00 TG00 700 800S00 27 329  MgF2
28 125 Ta205
wavelength (nm) 29 2484 MgF2
‘ RORsRp 30 51  Ta205
. # of layers: 53
" # of materials: 3
. X total thickness (<= 2000 nm): 1780.7 nm
| & thickness of TiO2-layers (<= 150 nm): 127.3 nm
® Max Ro (< 1%): 0.43 %
X Max (Rs + Rp)/2 (< 1%): 0.82 %
Meritfunction: 2.426 * 10 SouTi-Br
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Author: W.H. Southwell
Rockwell International Science Center
1049 Camino das Rios
Thousand Oaks, California 91360, US
Design category B: # nm material # nm material
refr. index A b i A -
2,9 3 88 2,1033 47 11 1,7223
4 11,8 1,5065 48 12 1,6481
; M 5 83 2,2081 49 175 15827
6 648 232 50 288 1,5342
rd 68 1,38 5 37 1,504
1,5 .. 8 13,1 1.5596 52 106 15127
E 9 17 1,7904 G n 1,5293
1F 10 12 1,8528 54 352 1,547
1" 99 1,8965 55 54 1,527
0,5 . ; | 12 79 1,7028 56 6.7 15121
13 7.4 1,5272 57 10,5 1,46
0 ' - : 1; :91'5 1':?94 gg ;g.s :'35215
0 500~ 1.000 1.500 2000150 B0 e
thickness (nm) B S © xc  tass
19 116 1,46 63 42 4 1,5315
Result: 2 oM TR SR e
22 171 1,4769 66 208 1,72
reflectance B TR e i
0,02 25 10,5 1,9373 69 10,1 1,9422
26 87 1,9481 70 81 1,9147
9, 3 3 , 5804
0015 Z o8 GEEE T oo i
29 12,1 1,9985 73 839 2,16
0,01 30 286 2016 74 116 2,0902
31 83 2,0643 75 35 19723
0,005 a2 93 20296 76 7.4 1,9153
N 3 - a3 111 19788 T 10 1,8639
' & - - " 4 & 10,4 i ] J
%00 500 600 700 800 900 s e 18 18004
36 449 20418 80 129 1,765
wavelength (nm) g R T
RORsRp 3 14 2,1583 8y 5 1,67
e 40 1018 224 a4 69 1,5922
41 a8 1,8679 85 4.4 1.5815
. . f | f
#of layers: 88 B el v e
44 10,3 1.8684 BB 475 1,46
X total thickness (<= 2000 nm): 1736 nm
® thickness of TiO2-layers (<= 150 nm): 142.0 nm
X Max Ro (< 1%): 0.49 %
O Max (Rs + Rp)/2 (< 1%): 1.03 %
Meritfunction: 2721 * 18 SOUT2.DRW
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Author: R. Sperger
Balzers AG
FL 9496 Balzers, Liechtenstein
Design category A: # nm  material
il refr. index 1 1143 MgF2
2,5 — 2 2667 TiO2
of i 3 17,89 MgF2
4 9241 Ta205
15} B 5 8142  MgF2
| 6 29,19 TiO2
7 56,07 MgF2
0,5 8 4243  Ta205
o ; . : i . " 9 3304 MgF2
0 200 400 600 800 1.000 1.200 1.400 10 54,11 TiO2
thickness (nm) 11 2341 MgF2
12 4844  Ta205
Result: 13 52,28 MgF2
14 5,06 TiO2
reflectance 15 8,18 MgF2
0,02 16 7,08 TiO2
0,015} 190 2767 MgF2
18 84,1 Si02
\ 001} 19 121 Al203
0,008 i = = 20 4,972 Ta205
i s 21 3,867 Tio2
l §06 500 800 700 800 900 22 1155  Al203
wavelength (nm)
RORsRp
I # of layers: 22
‘ # of materials: 5
X total thickness (<= 2000 nm): 999.0 nm
X thickness of TiO2-layers (<=150 nm): 126.0 nm
X Max Ro (< 1%): 0.71 %
X Max (Rs + Rp)/2 (< 1%): 0.67 %
Meritfunction: 3.407 * 103 -
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Author:

D. Spindler

GIAT Industries

13, route de la Miniére

78022 Versailles Cedex, France

Design category A: # nm  material
refr. index 1 1125 MgF2
2,5 2 2228 TiO2
ak 'I 1 _ . i H _ 3 259 Al203
4 766 TiO2

1.5k 2 o Dt 2 5 17,4 AI203
ik 6 327 Tio2
7 43 Si02

0,5F 8 173 Ta205

6 : : : : . : 9 287 Si02

0 100 200 300 400 500 600 700
thickness (nm)

Result:
reflectance

0,02
0,015}~

0,01 : :

0,005 /N
Q06— "500 600 700 800 900
wavelength (nm)
RORsRp

# of layers: 9

# of materials: 5
X total thickness (<= 2000 nm): 376.9 nm
® thickness of TiO2-layers (<= 150 nm): 132.1 nm
® Max Ro (< 1%): 0.86 %
® Max (Rs + Rp)/2 (< 1%): 0.90 %
Meritfunction: 4.304 * 10 Tl
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Author: B.T. Sullivan
Institute for Microstructural Sciences
Ottawa, Canada

Design category A:

refr. index
25

oONOOA N = FH

0 100 200 300 400 500 800
thickness (nm)
Result:

reflectance
0,02

0,015F -

T i - T

0,005}

900 500 600 700 800 800
wavelength (nm)
RORsRp

# of layers: 8
# of materials: 3
X total thickness (<= 2000 nm):
® thickness of TiO2-layers (<= 150 nm):
X Max Ro (< 1%):
& Max (Rs + Rp)/2 (< 1%):

nm material

114,60678 MgF2
27,21569 Ta205
2268549 Si02
90,52556 Ta205
14,65128 SiO2
37,80546 Ta205
4455739 Si02
13,17704 Ta205

365.2 nm
0nm
0.80 %
0.73 %

Meritfunction: 5.653 * 10™3

NRC_1.DRW
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Author: V.A. Trevino
PAGE Iberica SA
Avda. de la Industria
38760 Tres Cantos (Madrid), Spain
Design category A: # nm  material
: 1 1182 MgF2
2.%"' DaeX 2 2924 Ta205
of 3 19,69 MgF2
ﬂ‘_\_—‘ 4 8507 Ta205
1,5} : 5 14,95 MgF2
1F 6 30,17 Ta205
7 9537 Al203
0,5k
05700 200 300 400 500 600 700
thickness (nm)
Result:
reflectance
0,02
0,015F
0,01 fpm:
0,005}
900 500 600 700 800 900
wavelength (nm)
RORsRp
# of layers: 7
# of materials: 3
X total thickness (<= 2000 nm): 387.7 nm
X thickness of TiO2-layers (<= 150 nm): 0nm
X Max Ro (< 1%): 0.82 %
X Max (Rs + Rp)/2 (< 1%): 0.92 %
A A -3
Meritfunction: 5.268 * 10 PAGE1.DRW
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Author: V.A. Trevino
PAGE l|berica SA
Avda. de la Industria 26
28760 Tres Cantos (Madrid), Spain
Design category A: # nm  material
refr. index 1 1139 MgF2
25 2 3037 Ta205
3 20,22 MgF2
4 81,82 Ta205
; 5 1721 MgF2
S 6 3884 Ta205
7 4209 MgF2
0,5 8 14,14 Ta205
0% 700200 300 400 500 600
thickness (nm)
Result:
reflectance
0,02
QOIS E -
A g e ;
0,005 e g " _“.“-.A---""
S50 "8 000 300
wavelength (nm)
RORsRp
# of layers: 8
# of materials: 2
® total thickness (<= 2000 nm): 358.6 nm
® thickness of TiO2-layers (<= 150 nm): 0 nm
® Max Ro (< 1%): 0.71 %
® Max (Rs + Rp)/2 (< 1%): 0.88 %
Meritfunction: 4.969 * 107 Lol
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'
| Author: M. Trubetskov
Science Research Computer Center
1_ Lenin Hills
' 119899 Moscow, USSR
Design category A: # nm  material
: 1 111,4967 MgF2
glesfr. ndox - 2 26,1023 TiO2
o4 1 14 3 1968352 MgF2
4 8301937 TiO2
4 6 36,15935 TiO2
7 39,8848 MgF2
0,5 8 1371961 TiO2
% 100 200 300 400 500 600
thickness (nm)
Result:
reflectance
0,02
0,015}
0,005 -/ st
! S 760 S0 500
wavelength (nm)
RORsRp
# of layers: 8
# of materials: 2
X total thickness (<= 2000 nm): 343.9 nm
O thickness of TiO2-layers (<= 150 nm): 159.0 nm
X Max Ro (< 1%): 0.62 %
® Max (Rs + Rp)/2 (< 1%): 0.97 %
Meritfunction: 4.122 * 10™ R
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Author: M. Trubetskov
Science Research Computer Center
Lenin Hills
119899 Moscow, USSR
Design category A: # nm  material
: 1 111,6036 MgF2
5%”' X 2 30287 Ta205
3 18,3424 MgF2
ursO 4 88,8971 Ta205
1,5f A 5 16,6287 MgF2
B bl sl st YO 6 37,4259 Ta205
7 41,77848 MgF2
% 100 200 300 400 500 600
thickness (nm)
Result:
reflectance
0,02
0,015}
0'01 3 ambseie, - e,
DR R s M i
Q0500 go0 700 B0 900
wavelength (nm)
RORsRp
# of layers: 8
# of materials: 2
® total thickness (<= 2000 nm): 358.1 nm
® thickness of TiO2-layers (<= 150 nm): 0nm
® Max Ro (< 1%): 0.63 %
O Max (Rs + Rp)/2 (< 1%): 1.02 %
Meritfunction: 4.858 * 10_3 SRCC2.DRW
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Author: M. Trubetskov
Science Research Computer Center
Lenin Hills
119899 Moscow, USSR
Design category A: # nm  material
refr. index 1 111,3627 MgF2
2,5 2 26,05221 TiO2
? —L 3 1979334 MgF2
4 7823043 TiO2
% oo 6 49,86601 Ta205
7 36,15038 MgF2
0 700 200 300 400 500 600
thickness (nm)
Result:
reflectance
0,02
0,015
0,01
0,005} <
e a0 & 1000
wavelength (nm)
RORsRp
# of layers: 8
# of materials: 3
® total thickness (<= 2000 nm): 347.2 nm
® thickness of TiO2-layers (<= 150 nm): 104.3 nm
X Max Ro (< 1%): 0.59 %
® Max (Rs + Rp)/2 (< 1%): 0.94 %
¥’
Meritfunction: 4.095 * 107 -
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Author: M. Trubetskov
Science Research Computer Center
Lenin Hills
119899 Moscow, USSR
Design category A: # nm  material
( 2,5 2 2296626 TiO2
' ol A ST L Ll s 3 21,64529 MgF2
4 8859198 Ta205
1,51 b avalnaplercegass ghensss i oradinis - e . 5 16'12047 Mng
AOSET | LOPBARS LA L. 6 3832682 Ta205
i 7 4127964 MgF2
00300 200 300 400 500 600
thickness (nm)
Result:
reflectance
0,02
e B O MR Ve
Q00560 80 700 B0 500
wavelength (nm)
RORsRARp
# of layers: 8
# of materials: 3
@ total thickness (<= 2000 nm): 356.7 nm
® thickness of TiO2-layers (<= 150 nm): 23.0 nm
& Max Ro (< 1%): 0.59 %
X Max (Rs + Rp)/2 (< 1%): 0.98 %
Meritfunction: 4.586 * 103 SACC4.DRW
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Author: R.R. Willey
OMI Opto Mechanik Inc
425 North Drive
Melbourne, FL 32936, US
Design category A: # nm material # nm material
: { 1146106 MgF2 31 789889 MgF2
gesfr. index » 22879 A203 32 73048 A203
: 3 12,8444 Ta205 33 48179 Ta205
of 4 114,3058 AI203 34 86997 TiO2
5 16,67 MgF2 35 56,5004 Ta205
Lok : 6 1,1248 Ta205 36 68,6721 AI203
if 108,7626 MgF2 37 150,8967 MgF2
1F 8 71,1562 Al203 38 103,4236 Al203
9 350475 Ta205 39 12,121 Ta205
05f 10 272019 TiO2 40 106,2954 AI203
0 v | i s : 11 51,1596 Ta205
0 500 1.000 1500 2.000 2500 3.000 12 56,8014 AI203
: 13 111,1129 MgF2
thickness (nm) 14 585005 A0S
: 15 46,134 Ta205
Result: 16 15,0414 TiO2
17 47,4266 Ta205
18 67,8114 AI203
'ﬂ,‘fﬁance 19 733824 MgF2
y | 20 697884 AR203
0,015 " ' 21 40,5811 Ta205
il 22 16675 TiO2
L i Gai i M W U« (N 53,5969 Ta205
o0 | ERC ST X A VB af G gS " 8 15 24 71,8337 AI2O3
0,005 25 55,5615 MgF2
¢ , , 26 757025 Al203
900 500 600 700 800 900 27 50,1307 Ta205
28 6,8386 TiO2
wavelength (nm) 29 52,1146 Ta205
RORSRp 30 70,581 A203
;  # of layers: 40
# of materials: 4
O total thickness (<= 2000 nm): 2301 nm
® thickness of TiO2-layers (<= 150 nm): 74.5 nm
O Max Ro (< 1%): 113 %
O Max (Rs + Rp)/2 (< 1%): 4.36 %
Meritfunction: 6.846 * 10 &ML 1.0RW
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Author: R.R. Willey
OMI Opto Mechanik Inc
425 North Drive

Melbourne, FL 32936, US
Design category A:

H*

\ refr. index
2.5

Co~NOoOUEWLN =

7000 1500 2000 2500

thickness (nm)

3.000

Result:

reflectance
0,02

0,01 ' :
0,005 /.

800

700
wavelength (nm)
RORSRp

# of layers: 40
# of materials: 4
O total thickness (<= 2000 nm):
X thickness of TiO2-layers (<= 150 nm):
‘ O Max Ro (< 1%):
O Max (Rs + Rp)/2 (< 1%):

E—

nm material

115,8537 MgF2
14,8325 Ta205
116,1678 Al203
124,6661 MgF2
70,091 Al203
34,6873 Ta205
27,2009 TIO2

51,5005 Ta205
56,3369 Al203
111,1833 MgF2
58,5441 AI203
46,3623 Ta205
14,8956 TiO2

47,3205 Ta205
67,6026 AI203
72,4564 MgF2
70,4659 AI203
39,7515 Ta205
16,8888 TiO2

53,8477 Ta205
70,7897 AI203
56,9354 MgF2
76,1584 AI203
49,6195 Ta205
7,1975 TiO2

52,5873 Ta205
69,9589 AI203
79,4469 MgF2
72,7923 Al203
47,0343 Ta205

2332 nm
79.0 nm

1.20 %
4.49 %

#
31

nm material

10,4262 TIO2
57,1306 Ta205
67,3938 Al203
154,8524 MgF2
106,632 Al203
5361 Ta205
24384 TIO2
30146 Ta205
118,5581 Al203
13,0222 MgF2

Meritfunktion: 6.461 * 107>

OMI_2.DRW
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Author: A. Zheng, A. Whatley

CAFD Coating and Filter Design Ltd

Frilsham Home Farm, Yattendon
Newbury, Berkshire, UK RG16 OXT

Design category A:
refr. index
25
1 .
0,5F-
% 200 200 600 800 1,000
thickness (nm)
Result:
reflectance
0,02
0‘01 _,-'\ ® ...‘..._..—............ R s T By e L W
0,005, .._._._.,e’.'..... h ki
900560800 700 800 900
wavelength (nm)
RORsAp

# of layers: 14
# of materials: 3
X total thickness (<= 2000 nm):
X thickness of TiO2-layers (<=150 nm):
X Max Ro (< 1%):
X Max (Rs + Rp)/2 (< 1%):

T. Mooney

Barr Associates Inc

2 Liberty Way

Westford, MA 01886, US

nm material

H*

118
32,15
34,07
55,88
41,51
32,98
67,25
30,1
51

10 43,69
11 39,79
12 34,7
13 54,24
14 13,02

CONOO A ON =

648 nm
0O nm

0.85 %
0.91 %

MgF2
Ta205
Sio2
Ta205
Sio2
Ta205
Si02
Ta205
Si02
Ta205
Si02
Ta205
Si02
Ta205

Meritfunction: 5.080 * 10'3
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