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Figure 3: Reflectance and GDD spectra of a TFP (AQI=70°, lower
Rs-value to achieve a "zero” GDD for Rs and Tp, bandwidth
~300 nm
a) Reflectance vs. wavelength
b) GDD vs. wavelength
€) Back side AR coating for s-polarized light. Please note

that this coating results in R ~ 15 % for the p-polarized
component. As an AR coating for the p-polarization we
suggest the use of the design from fig. 3a.
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Figure 1: Refleciance and GDD spectra of 2n wirs broadband nega-
TV dispersion laser mimor pair
a) Reflectance vs. wavelength
b GDD vs. wavelength
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Figure 2: Reflectance and GDD spectra of an ultra broadband nega-
tive dispersion pump mirror pair
a) Reflectance vs. wavelength
b) GDD vs. wavelength
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Figure 3: Reflectance and GDD spectra of an ultra broadband turning
mirror pair for p-polarized light
a) Reflectance vs. wavelength
b) GDD vs. wavelength
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SILVER MIRRORS OPTIMIZED FOR FEMTOSECOND LASER APPLICATIONS
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Figure 1: Reflectance and GDD-spectrum of a silver mirror optimized
for use with fs-lasers in the wavelength range
600 — 1000 nm (AO0I=0%)
a) Reflectance vs. wavelength
b) GDD vs. wavelength
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METALLIC HIGH POWER MIR

GDD OF HIGH POWER FEMTOSECON
LASER MIRRORS
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Figure 2: Reflectance and GDD-spectra of a silver mirror optimized

for use with fs-lasers in the wavelength range
600 - 1000 nm (ADI= 45%)

a) Reflectance vs. wavelength

b) GDD vs. wavelength
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Figure 3: Reflectance spectra of bare gold and fs-optimized silver
(optimized for high reflectance at 800 nm)
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Figure 4: Group delay dispersion (GDD) of standard and high power
dielectric mirrors and fs-protected silver mirrors
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Figure 1: Reflectance and GDD spectra of a fs-optimized dual wavelength mirror for 400 nm + 800 nm at  Figure 2: Reflectance and GDD spectra of a fs-optimized dual wavelength turning mirror for 400 nm +
ADI=0" 800 nm at AOI=45
) Reflectance vs. wavelength b, ¢} GDD vs. wavelength ) Reflectance vs. wavelength b, ¢) GDD vs. wavelength
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Figure 1: Reflectance and GDD spectra of a fs-optimized dual wave-  Figure 2: Reflectance and GDD spectra of a fs-optimized turning  Figure 3: Reflectance and GDD spectra of a broadband negative dis-
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-MIRRORS FOR Yb:YAG- AND Yb:KGW
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Figure 1: GDD spectra of GTl-mirrors for 1040 nm with different

Figure 3: GTI-mirror with positive GDD
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Figure 4: GDD spectrum of a rear side GTI mirror with GDD {0°- 10°,

1030 nm}) ~ -700 fs*. The mirror is irradiated through the
substrate which has an AR coating on the front side. Back
side GTI mirrors are insensitive against surface contamina-
tions which sometimes distort the GDD spectrum of com-
mon front side GTI mirrors
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Figure 1: Reflectance and GDD spectrum of a negative dispersion
laser mirror (GDD ~ -150 fs? for 1200 — 1370 nm)
a) Reflectance vs. wavelength
bj) GDD vs. wavelength

Figure 2: Reflectance and GDD spectrum of a negative dispersion
pump mirror: HR (0, 1180 — 1380 nm) > 99.8 % + R (0°,
1020 - 1070 nm) < 5 %, GDD (1180 — 1380 nm) ~ 60 fs?
a) Reflectance vs. wavelength
b) GDD vs. wavelength

Fax:+86-571-88225252 Q Jiiz= PINNACLE



GTI MIRRORS FOR AOI = 0°
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Figure 3: Reflectance and GDD spectra of GTI mirrors for 1500 nm with different GDD values
a) Reflectance vs. wavelength b) GDD vs. wavelength
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Figure 4: Reflectance and GDD spectra of a broadband negative  Figure 5: Reflactance and GOD spectrum of & broadband negative  Figure 62 Reflectance and GOD spectrum of a beam combiner ALY
dispersion mirror pair; single mirrors with R > 99.7 % (mir- dispersion turning mirrer for p-polarized light HRp[45% 1500 - 2000 nm} + HT (45% 8OO nm) which
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Figure 1: Measured reflectance and transmittance spectra of mirrors
for 157 nm
a) Laser mirror (AOI = 0%)
b) Turning mirror (AOI = 45°)
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Figure 2: Measured reflectance spectra of standard output couplers
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Figure 3: Measured transmittance spectra of a variable attenuator

for 157 nm

a) Transmittance vs. wavelength at different AOI

b) Transmittance at 157 nmvs. AOI for different polarizations
The transmittance varies from

T=75% at ADI=0°1t0 T < 5 % at AOI = 45

Figure 4: Reflectance specira of aluminum mirrors
a) Protected Al mirror
b) Enhanced Al mirror for 157 nm
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Figure 5: Reflectance and GDD - spectra of a turning mirror for 160 nm (A0l = 457
b A0l = 07 a) Reflectance vs. wavelength (measured)
o b) GDD vs. wavelength (calculated)
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Figure 1: Measured reflectance and transmittance spectra of mirrors
for 193 nm
a) Laser mirror (A01 = 0%)
b) Turning mirror (AOI = 45°, unpolarized light)

Figure 2: Measured reflectance spectra of output couplers and
windows
a) Output couplers with R (0°, 193 nmj) = 50 + 3 % and
R (0%, 193 nm)= 25 + 2 % (back side uncoated)
b) CaF, window coated on both sides with a fluoride AR
coating for 193 nm

Figure 3: Measured transmittance spectra of a variable attenuator
for 193 nm
a) Transmittance vs. wavelength at different AOI
D) Transmittance at 193 nm vs. ACI for different polarizations
The transmittance varies from T > 88 % at ACI=0° to
T <2 % at AOI=45°

Figure 4: Reflectance spectra of aluminum mirrors
a) Protected Al mirror optimized for 193 nm
b) Enhanced Al mirror for 193 nm, AQI = 45°
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Figure 5: Reflectance and GDD - spectra of a turning mirror for 200 nm {A0I = 457
m = e a) Reflectance vs. wavelength {measured)
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Figure 1: Reflectance spectrum of a 308 nm cavity mirror

» Oxide coatings for high mechanical stability.
+ Coatings can be produced by IAD, magnetron
sputtering or IBS.

Figure 3: Reflectance spectrum of an output coupler for 308 nm
R{0° 308 nm)=50+3 %

+PR coatings with tolerances of
+2%forR=10...30%
+3%forR=30..75%
+2%forR=75...90%
and =+ 1% forR> 90 %.
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Figure 5: Reflectance spectra of an AR coating for 308 nm and
AODI=0°-30°

+ High quality mirror substrates, windows and lenses
of fused silica.
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Figure 2: Reflectance spectrum of a fluoride KrF cavity mirror

» Fluoride coatings and CaF, substrates for high
stability against fluorine and chlorine.

+ Laser mirrors (R > 98% at 248 nm, 308 nm and
351 nm).
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Figure 4: Reflectance spectrum of a fluoride output coupler with
R(0° 248 nm) =503 %

+ PR coatings with tolerances of
+2%forR=10..30%
+3%forR=30..75%

and *2% forR=75 ..>90%.
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Figure 6: Reflectance spectrum of a fluoride AR coating for 248 nm

+ High quality mirror substrates, windows and lens-
es of CaF, (248 nm excimer grade or UV quality,
HELLMA Materials GmbH).

« Extended lifetimes at high energy densities at
248 nm.
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Figure 8: Measurad transmittance specire of a variable attenuator

Tor 308 nm

@) Transmitiance vs. wavelengtn at different ADI

b)) Transmitiance at 308 nm v=. AQI for unpolarized light
The transmittance varies from T< 10 % at AQ1 = 0 {0
T = 90% at ADI =407

Fax:+86-571-88225252

Figure 9: Transmittance spectrum of a sputiered atienuator for
308 nm with exactly adjusted and themmally stabie trans-
mittance of T= 0.2 % at AD| =45° (unpolarized kght)
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Figure 1: Reflectance spectra of cavity mirrors for

Figure 2: Reflectance spectra of turning mirrers for

a) 694 nm 2) 694 nm
b) 755 nm b) 755 nm
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Figure 4: Reflectance spectrum of an output coupler for the ruby
laser: PR (0°, 694 nm) =20+ 2 %
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Figure 5: Reflectance spectrum of an output coupler for the alexan-

drite laser: PR {0° 755 nm)= 85 + 2 %
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Figure 6: Reflectance spectra of AR coatings for 694 nm and 755 nm:
a) AR (0°, 694 nm) < 0.2 %,
b) AR (0° - 30° 694 + 755 nm) < 0.5 %
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Figure 3: Reflectance spectra of special beam combiners for 694

nm and 633 nm:

a) PRr (45%, 694 nm)= 99.0 + 0.3 % + Rr (45°, 633 nm) <
35%

b) Rr (457, 630 - 640 nm) > 35 % + Rp (45°, 694 nmj) < 03 %
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Figure1: Reflectance and GD - spectra of a broadband laser mirror
a) Reflectance vs. wavelength
b) GD vs. wavelength
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Figure 2: Reflactance spectra of 2 broadband pump mimor
a Reflectance vs. wavakength
B) GO vs. wavelength
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I T e Figure 3: Reflectance specira of a thin film polarizer for 940 nm,
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Figure 2: Reflectance spectra of a scanning mirror for diode lasers ? 900 920 940 950 930 1000

between 805 and 940 nm combined with R = 50 % between
630 and 670 nm (alignment laser):

HRr (22°- 58°, 805 - 940 nm) = 99.3 % + Rr (22°- 58% 630
— 670 nm) = 50 %

Tel:+86-571-88225151

Figure 3: Reflectance and GD spectra of a broadband tuming mirror
a) Reflectance vs. wavelength
b) GD vs. wavelength
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Figure 1: Reflectance spectra of a broadband turning mirror which
can be used for all diode Iasers between 808 nm and
980 nm (A0 = 45, 5- and p-polarization)

wavelength Inm]

Figure 4: Reflectance spectra of a broadband thin film polarizer for
940 — 970 nm: HRs (45%, 940 - 970 nm) > 99.9% +
Rp (45°, 940 - 970 nm) < 1%
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Figure 6 Transmittance spactra of a special steep edge filter HRr (452,
980 nm) > 99.8 % + HTr (457, 940 nm) > 97 %
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Figure 5: Transmittance spectra of conventional steep edge filters
HR (980 nm) > 99.9 % + R (915 nm) < 5 % which are used
as combiners for pump laser diodes at 915 nm and 980 nm;
a) HRs, p (22.5°, 980 nm)>99.9 % + Rs,p (22.5% 915 nm)<2 %
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Figure 1: Reflectance spectra of HR mirrors for 1030 nm I
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Figure 3: Transmittance spectrum of a steep edge long-wavelength
pass filter with HR (0°, 915 — 980 nm) = 99.8 % and
HT {0°,1030 — 1200 nm}) > 97 % for use as output mirror of
a fiber laser (back side AR coated)
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:’H< Figure 5a: Reflectance spectra for s- and p-polarized light of a broad- Figure 5h: Reflectance spectra for s- and p-polarized light of a narrow
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Figure 5c: Calculated and measured transmission spectra for s- and Figure 5d: Transmission spectrum Tp vs. AOI at 1042 nm measured
p-polarized light of a narrow band thin film polarizer at the polarizer shown in fig.5¢c

according to the design shown in fig. 5b (AOI=55%). Itis
clearly visible that Tp > 99.8 % is reached with a band-
width of 15 nm and that Tp > 99.9 % can be achieved
within a bandwidth of 5 nm. The spectral position of this
transmission maximum can be adjusted to any wave-
length between 1035 nm and 1045 nm by angle tuning.
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spectral range

Tel:+86-571-88225151  Fax:+86-571-88225252 v Jiiz= PINNACLE

T LA ) AR




3 5 ammRp AOI=55° a) ADI=0° mmfp=66£10% maRp=50120% ==fp=33x10% ADI=45°
a) —Rs=56+10% =mRs=50:20% =mRs=33:310%
F 100 Z= 100 — —
= \ = 985 [ 1064m) — £ 100
o= o = —
\ = 9
&0
/ 80
\ / 73% i 70 N
60 60 — e —
1 50% B =2
50 \\' = ==
40 Lo 5% 0 =P - —t ———
B 0% 30 T
0 0 2 =
\ 10
[ ol 0
9B0 990 1000 1010 1020 1030 1040 1050 1060 1070 1080 200 1000 100 1200 1030 1040 1050 1060 1070 1080 1090 1100
wavelength [nm] wavelength [nm] wavelength [nm]
by s =Rp ADI=d45% by amfS wmfl w=fp ] =mRs wmRp AOI=45°
F 100 F w0 £ 100
= = g9 = 9
80 0 80
70 70
60 60 60 ——
\ o % =
40 a0 0
\ 30 0
El n 0
10 10
o il o 0
980 990 1000 1070 1020 1030 1040 1050 1060 1070 1080 50 1000 1050 100 150 1030 1040 1050 1060 1070 1080 1090 1100
wavelength [nm] [nm] wavelength [nm]

Figure 4: Reflectance spectra of thin film polarizers for 1040 nm
a) Standard TFP (AOI =557)
b) Special TFP (A01= 457
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Figure 5: Reflectance spectra of output couplers and beam splitters
a) Output couplers with different degrees of reflectivity
b) Common 50 : 50 beam splitter for unpolarized light

Figure 6: Non-polarizing beam splitters
a) Calculated reflectance spectra of 3 types of non-polarizing
beam splitters for AQI = 45°
b) Measured reflectance spectra of the 50 % beam splitter
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Figure 3: Reflectance spectra of a HR mirror for 1064 nm which is
also an output coupler for 532 nm: HR (0°, 1064nm) >
99.9% +R(0° 532 nm)=99+ 0.3%
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Figure 4: Reflectance spectra of separators for the second harmonic
from the fundamental wavelength:
a) HR(0®, 1064 nm) > 99.9% + R (0%, 532 + BO8 nm) < 3%
b) HRs,p {45% 532 nm) > 99.9 %
+ Rs,p(45°, 808 + 1064 nm) < 2 %
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Figure 6: Reflectance spectra of a non-polarizing beam splitter for
532 nm with Rs=Rp =50 + 2% (|Rs - Rp|< 3 %)

Figure 7: Reflectance spectra of mirrors and separators
a) Separator for the third harmonic from the second
harmaonic and the fundamental wave
b) Dual wavelength turning mirror for 355 nm and 532 nm
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Figure 9: Reflectance spectrum of a dichroic mirrer on KTP: HR (0%,
532 nm) =99.98 % + R (0%, 1064 nm) < 0.2 % optimized
for very high transmission at 1064 nm
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Figure 1: Reflectance spectra of a turning mirror HRs (45°, 355 nm)
= 99.9 % + HRp (45°, 355 nm) > 99.5 %

Figure 3: Reflectance spectra of a special separator which is espe-
cially optimized for low reflectance at 1064 nm:
HRs (457, 355 nm) > 99.9 % + HRp (45°, 355 nm)=> 99.5 %
+Rp (45° 532 + 1064 nm) < 2 % + Rs (45°, 532 nm)< 5%
+Rs (45°, 1064 nm) <2 %

Figure 5: Reflectance spectra of a single wavelength AR coating for
355 nm optimized for AOI = 0°- 30°
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Figure 2: Reflectance spectra of a standard separator for the third
harmonic from the second harmonic and the fundamental
wave:

HRs (45° 355 nm) > 99.9 % + HRp (45° 355 nm)= 99.5 %
+Rp (45° 532+ 1064 nm) < 2 % + Rs (45° 532 nm) <5 %
+ Rs (45 1064 nm) < 10 %
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Figure 4: Reflectance spectra of a special separator for the third harmonic
from the second harmonic and the fundamental wavelength:
HRs (45°, 355 nm) > 95% + Rp (45° 532 nm) < 2% +
Rs,p (45° 1064 nm) < 2 %; substrate and coatings consist
of fluoride materials
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Figure 6: Reflectance spectrum of a triple wavelength antireflection
coating on fused silica for 355 nm, 532 nm and 1064 nm
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Figure 8: Reflectance spectra of a dual wavelength turning mirror for
355 nm and 532 nm

L 5N

11, # Nd F135 Yb B0t & & i S H]

=mRs e=Rp ADI=45°

&

wmfs  ==Rp AODI=45° s wmRr w=Rp AOI=457

ZF 100 —

z = 10 100

= 0 l l- \ ! 590 zga Ll ol
80

r \
g E=sn NI e

17 % ‘ B off 196

‘%l
50 [ f )
50 90
i, A I \1 @ . fI f’ﬂf 1‘-.|l \\
30
2 |- [Th ] - . 1 L) ! S
[ A & 3“ s
10 1] 10 82 ‘ II L ‘ Jil=3
0 V[V 1 — [ l { 1 | o=
240 260 280 300 320 340 360 380 400 0 e P
wavelength [nm] 20 340 440 54D G40 740 840 940 104D 114D 190 200 210 20 230
wavelength [nm] wavelength Inm] >+
Figure 1: Reflectance spectra of a dual wavelength turning mirror for N
Figure 3: Reflectance spectra of a separator for the fourth harmonic o

266 nm and 355 nm from the longer wavelength harmonics and the fundamental

RS =—Rp AOI=45°

”“W‘H‘ S el %)

AQI= 0 by —=fs emRp AOI=45°
= 100 7 TN -
= g fal F 100 F 1w
ML ol 5= [ M F =i
1] 20 80— ——1—
7 | I l 70
o5 70
9% 60 f i 50
us = il | 50
- a0 Ahhg i | a0
- » AﬂmMﬂl UL AT | 20
2wl IR VAVAAL | n pus
" Ly | TUNERRYU [ 10 N
* 200 300 :no 500 600 700 800 000 1000 1100 1200 1:: J ” i U 0 VAVA e e H/}
wavelength [nm] 00 250 300 350 400 450 500 550  GOO 180 280 330 480 580 6BO 780  BBO 980 1030 ﬁ‘ﬁ"

[nmi ‘wavelength [nm]

Figure 2: Reflectance spectra of a four wavelength turning mirror: 5 ?
HRS (45, 266 nm + 355 nim) = 90 %6+ HRs (45°, 532 nm Figure 4: Reflectance spectrum of a special separator for the second  Figure 5: Measured reflectance specira of fluoride coatings on CaF,

+ 1064 nm) > 99.9 % harmonic from the fourth harmonic: T L e RS F\‘
HR (0°, 532 nm) > 99.95 % + R (0°, 266 nm})< 5% D) Separator for the fifth harmonic from the long wavelength o
harmonics and the fundamental E

\ ¥4 T PINNACLE E-mail:sales@psci.cn ~ Website: www.psci.cn

Y 4 T ‘ 30/




% El Rl =Tl ADI=45° El RS ==Rp AQI=56° b} ==RS ==Rp ADI=56°
=& 5 : =
R - ——h ~p | [ ~ z SESES
Eami “w 1/ A T \ 0 [ \
I Y4 Il i - \ o H
i " v » )\ [ ” AN I 1
2 e . | \ - 1 NI
i . I \ » 1] WAV
° A . \ { o L ] 1 I
< > i 11 » \ L {1 AN/AVTA) 1
= - Al I " \ NATRVAY I I
= 0 U1/ = 0 Vsl -~ TV
%i 200 210 220 230 240 250 260 270 230 290 300 240 250 260 7 280 200 208 1o s 210 215 230 235 ‘ZJD
ﬁé wavelength [am] wavelength [nm] wavelength [nm]
:’H< Figure 7: Reflectance spectra of thin film polarizers for 266 nm and 213 nm:
= a) HRs (56°, 266 nm) > 98 % + Rp (56° 266nmj) < 5 %, Tp (56° 266 nm) ~ 95 %
) b) HRs (56°, 213 nmj > 97 % + Rp (567, 213nm) < 5 %, Tp (56°, 213 nm)~ 75 %
by mmfRr =T AOI=45°
=+ = —
= 2 A~
= = 80 b~ ™A f ‘\
= HH A
60
z " it 7
= = al A
A . il VIR A
2 10 / \Vf
= ; ]
= . [~Ard A~ V] L/
|: 200 210 220 230 240 250 260 270 280 200 300
4= wavelength [nm]
.;R Figure 6: Reflectance specira of separators for the fourth and fifth
harmenics:
o HRr (45°, 266 nm) > 98 % + Rr (45, 213 nm) < 10% for
Hi unpolarized light
a) Oxide coatings optimized for low stray light losses
Efﬂ'v b) Fluoride coatings for high laser induced damage thresholds
S 2> NETAN i 12
x 12, # Nd BOLZ BN H
s
R AOI=0° —R(0-100%) =R (O0-100%) AOI=0°
R F 100 # 100
- £ Jil £ 7. Yha
_ B0 ¥ 20 E H
ey il Il 70 H |
P 60 50 i A | 1
— ] ° i
~ &z 40 l in{
H L ‘ L 0 [ | TRl
o B » N @ 1 ‘M -
:@:.\( 0 ‘ | l\)'. 1 10
> ) ’ 400 SO0 GO0 700 800 900 1000 1100 1200 b-rsamaun o I |
> =X 0 450 550 G50 750 BS0 950 1050 1150 1250 1350 1450
DR wavelength [nm] wavelength [nm]
HE :
g Higue Refle::::ance; Spe{zg];n o gﬁaal wa\.rglen.?;r;].mrulr:or for. 2 Figure 2: Reflectance spectrum of a dichroic mirror with high trans-
‘?‘E‘* S e ransr_msT mission for the pump wavelength which also suppresses
sion for the pump wavelength and the strongest laser line: the 1064 tirt Fne:
i HR (0°, 473 99.85 % + HR (0°, 946 99.95 % ;
o . {0[0 - n”m';”z G {Do: 105;4 ﬁm)‘:nsmqr Sy HR (0°, 1123 nm) > 99.9% + R (0°, 561 nm) < 2 %
o : : + R (07 808 nm) < 10% +R (0°, 1064 nm) < 50 %
BS
Jrﬂﬂi ==RS =mRp ADI=356" R (0-100%) =R (09-100% A0I=0"
m £ A Z7 ~
-3 = 9 ¥
H a0 H f + Il a0 *1
ok 70 AL A 0 o AT !
. [ NATH [ ” |
0 A % by LALIT
= o T ° ;
8 N I 1 T A
[ i [ .
20 W | LA '\ﬁ“— i ) » 1
- o A T AT A YT AT m f
& 0 bl /A Y VAV L :
£ 500 60O 700 aoo 900 1000 1100 1200 500 600 700 B00 900 1000 1100 1200 1300 1400
~ wavelength [nm] wavelength [nm]
=
= Figure 3: Reflectance spectra of a thin film polarizer with high trans- Figure 4: Reflectance spectrum of a dichroic mirror with high reflec-
mission for the pump wavelength and the second har- tance for the NIR wavelengths and high transmission for
- monic which also suppresses the 1064 nm line: the correspending second harmonic wavelengths:
12 HRs (56° 1123 nm) = 99.9% + Rp (56°, 1123 nm) < 50 % HR (0° 1064 + 1123 + 1319 nm)> 99.9 %
3 + Rs,p (56% 561+ B0& nm) < 10 % + Rs,p (56°, 1064 nm) +R (0% 532- 561 + 659 nm) <2 %
= < 50%
Gl
E Tel:+86-571-88225151 Fax:+86-571-88225252 v Jiz= PINNACLE
=




13. # Ho A1 Tm 06N H

=
E

;0
%t
=3
a ADI=0° al —F5  ==Rp ADI=45° ADI=0° ﬁ %
% 1 g;o — % 1(;__(: = g 100 Eg\fu‘.
™ sl / \ a0 Sk
9.7 27 1[ / ‘i
- / =l / \ | T
w1 \ u ! x 1 Bt
] \ = | | | 1 =
o ] | - [ | l N 3
202 ir l'll 02 Ij ]l ll [ / \ ?@
20.1 L FI(:"
20.0| | 2.0 [ ‘ l 50 i
1800 1900 2000 2100 2200 2300 2400 1750 1800 1900 2000 2100 2200 2300 1800 1900 2000 2100 2200 2300 2400 2500 =F
wavelength [nml length [nm] ‘wavelength Inml $
- Figure 3: Reflectance spectrum of an output coupler with R= 82 %
by w—R(-100%) =R (09-100%) AQI=10° b} —Rs ==Rp ADI=45° = e
+ 1% at 2100 nm l—
£ 100 F 1000 1
« 9 A \\— Z 1] ‘\\ [é
. i il N \ S
7o [ \ srl | / A\ &
: ' Ol | =i \ =
jz \ i = i l ‘l RS (0-100%] =R (0-100%) eearRS (09-100%) AODI=55° 5
924
; 1l | | 2 —
| I/ = [ | =
B 21 \ _
S [ EMRRY NN n | e p | - : :
0 J-EBWFU WIVVMVY | o0 ] | 70 v X =3
700 1000 1300 1600 1900 2200 2500 1850 1900 2000 2100 200 2300 2400 6 . g’
wavelength [nm] wavelength [nm] 50 \ : \ 37:"
Figure 1: Reflectance spectra of cavity mirrors Figure 2: Reflectance spectra of turning mirrors for i \\ . \\
a) HR cavity mirror a) 2010 nm 30 -
b) Pump mirror which has a spectral region of high trans- b) 2100 nm 20 \\ 4 \\ HE
mittance around 808 nm. 10 : "H]E
. :
1900 1950 2000 2050 2100 2150 FH
wavelength [nm]
=
Figure 6: Reflectance spectra of a thin film polarizer for 2010 nm
(Rs > 99.8 %, Rp < 2 %, AOI=55")
—R(0-100%) =R (99-100%) AOI=0° al AOI=0° @
= 100 F 20 %
= o [ / \\ 1 =i —F—E
80 - F
B3l 1 ;-
125
60— NI
50 i ‘,"r\ 1.00 o
L I 078
= 0.50 H\L
20 .‘ AN
10 \ 0.8 -
. = = | —1
1600 1700 1800 1500 2000 2100 2200 1850 1900 1950 2000 2050 2100 2150 SE
wavelength [nm] wavelength [nm] S=H
SE
Figure 4: Reflectance spectra of a cavity mirror for 2010 nmwhich o = I
suppresses the 2100 nm line g 2:
g 10 ~
= 08 H’ %
08 oo
Tem
—R(0-100%) =—=R(99-100%) AOI=0° o \H
zw ~ : =
= 90 A :
o / 04 / R
f 03
;: | 02 AN d Em
- i 01—\ =1
20 ‘ 0 iy
20 I wavelength [nm] =

'! 1800 1900 1000 100 1200 2300 2400
|
|

]
10 ]

0
1900 1930 1960 1990 2020 2050 2080 2110 2140 21702200
wavelength [nm]

o ADI=0"

R [%]

M
L4
AT,

Figure 5 Reflectance spectra of a steep edge filter for the separation
of the 2010 nm and 2100 nm lines

J’ \
/ \

/ \
/ N

GO0 300 1000 1200 1400 1600 1B00 2000 2200 2400
wavelength [nm]

'S

|t
—)

O = MW B e N omoes

Figure 7: Reflectance spectra of typical antireflection coatings:
a) Single wavelength AR coating for 2010 nm
b) Broadband AR coating 2010 nm - 2100 nm
c) Dual wavelength AR coating for the pump and laser
wavelength (808 nm + 2010 nm)

\ ¥4 T PINNACLE E-mail:sales@psci.cn ~ Website: www.psci.cn

Y T ‘ 30/




&
=

R
X
&
Be
R

RO I

Tl O B A

ot 2 e ‘ Je L

E/‘%ﬁ‘ﬁﬁwﬁﬁ

B A/ e
N

LAt LU

E‘L/ﬁ%%‘ M ‘E?H%

i

i

T LA ) AR

14, % Er #OE LS 3um 35 By N A

AQI=0"

R Pl

20 I ™

\
T

60 l
1

\

i

\

1

ADI=0° - AOI=45°
F 100 L
z [ N 25 N

|
30 "’ l
[

” [ i » Al J
iy (WA 2 ] v v
\Vi LV A 10 HA Y
! 2000 2200 2400 2600 2800 3000 3200 3400 0 W A o o
‘wavelength [nm) 800 1050 1300 1550 1800 2050 2300 2550 2800 3050 3300 2000 2200 2400 2600 2800 3000 3200 3400
[nm] wavelength [nm]
Figure 1: Reflectance spectrum of a HR cavity mirror S : Fi 2: Reflecta + il e o
HR (0°, 2040 99.8% Figure 2: Reflectance spectrum of a HR cavity mirror with a HT region  Figure 3: Relleclance specirum of a tuming mirror for unpolariz
i W between 800 nm and 1100 nm light
Bl —Fr AQI=45° AD— 0"
z 100 7 Y F 100
0 !1 a0
| I of—T | —
" | U
40 70
il — E—
I
B 60
MAAAY
) Wy
o 50
500 1000 1500 2000 2500 3000 3500 2800 2850 2900 2350 3000 3050 3100
wavelength [nm] wavelength [nm]

wRr ADI = 45°

R %]
g
e

|
m {
i
[
|
|

11

=1

Figure 5: Reflectance spectra of output couplers with R=70+ 1%
and R=84 = 1%

+ Output couplers with precisely adjusted degrees
of reflectivity (tolerances of + 1% at reflectivity
values between 70 % and 90 %).

Il V A =07
20 ¥
| | " il F 10
] [ LATAYAY EYAVAVAL) =
500 1000 1500 2000 2500 3000 3500 08
wavelength [nm]
Figure 4: Reflectance spectra of beam steering mirrors 0e
a) Dual wavelength turning mirror e
b) Separatorcombiner for 2940 nm and an alignment NN
laser between 630 nm and 655 nm ~
0z
0
2750 2800 2850 2900 2950 3000 3050 3100 3150
wavelength [nm]

—_a )

FFERM Do CRIPEOE o) IR TARR TRy, FHA

Rk N a2 e

EEAWIES

LN
LN
* 3.
* 4.
LN
6.

HSEIRFH (PO HoLN
ok EE i)

TEH A

WS AR

TRBFEN 0

B it A

Tel:+86-571-88225151

Figure 6: Reflectance spectrum of an antireflection coating for
2.94 pm on sapphire
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b) GD and GDD vs. wavelength a) Reflectance vs. wavelength Please nate the smooth GDD spectra. The GDD spectra 'JN:L
D) GD and GO vs. wavelength shown are calculated for the 75 % output coupler, but \EH
the spectra for other reflectivity values are very similar. ﬁ
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Figure 3: Reflectance spectrum of a special output coupler:
R (0° 1400- 1700 nm) < 3%
250 + PR (0°, 2000 - 3150 nm) = 90 + 3%
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Figure 1: Reflectance spectra of an ultra broadband mirror for the

NUV, VIS and NIR

Figure 2: Reflectance spectra of a broadband mirror
HR (0%, 400 — 1400 nm) = 99.9 %

a) R (0° 360 - 1200 nm) > 99 %
b) Rs (45°, 350 - 1150 nm)=>99 %

a) Calculated design
b) Broadband CRD measurement

+ Rp (45°, 350 — 1050 nm) = 97 %
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3. EM A
ANGLE TUNING OF NARROW BAND FILTERS VARIABLE FILTERS FOR LASER APPLICATIONS
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Figure 2: Transmittance spectra of a laterally variable filter for the wavelength range of the Ti:Sapphire laser taken
a) on the short wavelength side
bj) in the center
¢ on the long wavelength side of the filter
d) Center wavelength vs. position on the filter

Figure 1: Transmission spectra of a narrow band filter for ~ 800 nm;
a) Transmission vs. wavelength, spectral overview
b) Transmission vs. wavelength at AOl = 0°, 5%, 10° and 15
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STEEP EDGE FILTERS NARROW BAND REFLECTANCE FILTERS

Figure 3: Transmission spectfa of a steep edge short-wavelzngth

pass filter for use a5 a combiner for laser dicdes at 635 nm
and 670 nm

Hetr (22 57, &70 nmj) - 99.9 %

+ HTr (22.5"%, 635 nm) = 3B %, back side AR coated)

a) Section around the edge of the blocking band

b} Spectral ovendiew
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Measurement
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Figure 1: Reflectance, transmittance and loss spectra of low loss mir-
rors for 1550 nm
a) Optimized for highest reflectance (transmission ~ 0}

Figure 2: 3) Reflectance spectra of a variety of low loss mirmors for the UV
b) Reflectance spectra of a variety of low loss mirrors for the
VI5-NIR spectral range

4 o)

ﬁf,'g D) Designed for T= 5+ A 4_\1&! meajf'uremenls were performed at the CRD setup whiFh
i is described on page; 33-35. Flea_se not_e that thes_e _rn|r—
::B“‘ e s s e rors are specially designed for relatively high transmission.
= Wavclength | R__[%] | T(%] | Loss[ppm]| Measured at

- | L=1-R-T
f@ 248nm 99,87 0.00024 | 1300 | LAYERTEC GmbH

- 266nm | 99.941 D.0031 | 560 | LAYERTEC GmbH

ﬁ " 355nm | 99.988 0.0004 & LAYERTEC GmbH

e, AD0NM 09,0054 — — | LAYERTEC GmbH

& = 550nm 99,9977 0.00039 19 | LAYERTEC GmbH

E% B33nm oo 992 0.006 20 Westsachsische Techmische Hoohschule

Sdickan, GF'FI'I'IEIF‘!,'

= GEONM | 99.992 0.006 20 | Universitat Heidelberg, Germany
12 798nm 99,095 0.003 10 | LAYERTEC GmbH
. 840nm 99.9988 0.0002 10 | LAYERTEC GmbH
% 1030nm o0 9980 o002 | 8 LAYERTEC GmbH
D 1150nm 09.9994 0.00035 | 25 | LAYERTEC GmbH

- 1392 nm 99 9985 0.0007 & | TIGER OPTICS, USA (R measurement)
= LAYERTEC GmbH (T measuremeant)
® 1550nm 59,9949 0.0002 B IPHT Jena, Germany
- 2350nm 99.995 0.002 30 | University of Grenobile, France
X 3250nm | ©9.928 0.012 600 | University of Grenoble, France
g 4000 nm 9.9 — — Uiniversitat Bielefedd, Garmany
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6. PEMm A

Crystal Type

aSi0.

AR/BBAR Single HR

optional with HT

Double HR/BBEHR
optional with HT

X

BEBO

BiEO

CaCo,

CTa

Nd:GdVO,

Nd:GGG

Nd:Cr:GSGG

KTA

KTP

YoKGW, YhKYW

LR AR,

LEO

LiNDO,

LM

Nd:LSB

RDP

Ruby

Ti:Sapphire

Spinell

CrYAG

Er-YAG

HoAG

Nd:YAG, YbrYAG

ERE A -]

Nd:YALO (YAP)

YLF

Nd:YVO,

ZGP

Znse

ol | e | | B | B | B ) B | B | e | B | B | e | B | B | B | B | B | B | B | Bl | B | e | B | D | B | B | B | B

X

COATINGS ON DOPED LASER CRYSTALS

COATINGS ON NONLINEAR OPTICAL CRYSTALS
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Figure 1: Reflectance spectrum of a dual HR mirror for 532 nm and
1064 nm with a HT region around 808 nm for pumping
with a laser diode (on Nd:YAG)

Figure 3: Reflectance spectrum of a triple wavelength AR coating on
KTP:
AR (0° 1064 nm + 1575 nm + 3400 nm) < 0.5 %

Figure 5: Reflectance spectrum of a dual wavelength AR coating on
ZGP:
AR (0°, 2050 nm) < 1 % + AR (0°, 4300 nm) < 0.2 %
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Figure 2: Reflectance spectrum of an AR coating for an Yb:KYW crystal:
AR (0° 1030 nm) < 0.2 % + AR (0° - 30°, 980 nm) < 0.2 %.
Please note the large acceptance angle for the pump radiation

& izt PINNACLE

Figure 4: Reflectance spectrum of an AR coating for PPSLT:
AR (0°, 2000 nm) < 0.2 % +AR (0°, 3400 - 4400 nm)< 1.5 %

E-mail:sales@psci.cn

Figure 6: Reflectance spectrum of a dichroic mirror on KTP:
R{0° 532 nm) < 1 % + HR (0°, 1064 nm) > 99.95 %
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