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Limitation of surface relief (SR) grating Birefringence volume phase holographlc (B-VPH) gratlng
T (Mg e = Msin ) }

Transmission gratings for WFOS

S, = n sinb Vertex angle: 6, = 36~53°

Jr(npmax —Np i )1€0826,,
'l = sin {A(nSmax +nSmm)sin2HS 'lp =sin {

' - = §1 . 20,
n sin(a Hé) s1nl962 Period : A= 2~5 um A(Mp s + Tpyy )SIN 3
2= 0+ Size : 400 x 550~750 [mm] (Myme ~Msmn) (Mo = o) 0526,
n Sln(a -Hl) — Sln(a +90) n= 1.5, 80 S 300 (62 < 900) (nSmax +nSmin)Sin2HS ( Pmax Pmm)81n20
n (sine coso, - sinf, cosa) = sina cosf, + sinf, coso n=18. 6. <36°
(n cosd, - cosf,) sina = (sinf, + n sinb,) cosc n="2 3’ 9 : 450 _ Smax  Smin/ 1 Pmw Pan/ o TP _ 1é)hicnlesss[ nflo i ®  Thickness [um]
= 2sinf, cosa B 3° 0’ 0 : 540 (s mas + Msmin ) * 25 OlcOS b (715 P Pt%la.rlzefi dlftfliz)l?tlon, Birefringence VPH grating
— 94ing . 0 n=>5Y, ¢, = criciencies or icson s and calculated polarized
tana = 2smg) /(n cosd; - costh)  Diamond: n = 2.46@400nm (Psmax = Msmin) _ (s = Mprin ) €08 206, VPH grating (Polarizer) giffraction efficiencies versus
cos 0, cos6, calculated by Kogelnik  orating thick-ness #. A= 0 646
‘1"22“’“"?2 ‘?-246,4 1§L5= um, n; =1.46,n=1.544,n,
o o 46, n,;=1.54, 0,=48.5°. =45°
Volume Binary Grating =% O 1.60, 6=45".

‘ S0
Total reflection at boundary Rt VA NA NA K N Lo, e
: 04 06 08 10 12 14 16 18 2. 4 0.
between rldge and Zroove. Wavelength [pum] "Wavelength [p.m] 60
— Function as a Quasi Diffraction efficiency of volume binary grating calculated by RCWA.
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Efficiency [ % ]

Bragg grating. A=5um, L&S=4.75:0.25 [um], 0,=45°, n,=1.0, n,=1.54, n,=1.5, t=9um.
Reflector facet transmission (RFT) grating

Efficiency [ % ]
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Vis curable resin (nd=1.51) + UV curable LC
(no=1.55, ne=1.72), t=20 um, 616 grooves/mm
(A=1.62 um), Vis (532nm) : 2.0mW, 100sec.

Quasi-Bragg immersion grating

Wy ' Dz [
04 06 08 10 15 T4 Quasi-Bragg grating with 30 ~ 35° tilting

4 Wavelength [um] . . . . W a\.elength [p.ll'l]
lefractlon efficiency of RFT grating calculated by RCWA. A=5pum, 0,=45°, n=1.54.

Hybrid grism for MOIRCS (as a prototype of RFT grating) Surace mirror e TReecTon o
Mirror Surfac
Prism material :ZnSe  (n,=2.4529@1.65 pm)
Plate : S-FPM3 (n,= 1.5240@1.65 pum) Shit width: 0.5” : : : : : : : e T r——
Prism vertex angle : o =23.8° 7th, R=2,900@0.55 pm - . ’ tQilte%lrr?lilrI;%:Vllattice.
Grating period : A=10.79um (92.68 grooves/mm) 6th, R=2,790@1.02 pm
Incident angle : 0= 5° S, L8 22 [
Groove blaze angle : f§ = 64.8° 4th, R=23500@1.65 pm

Groove vertex angle : vy =61.8° 3rd, R=2,770@2.20 um
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Master grating

Size of QBI grating. Block of mirror substrates Cutting position of wire saw.
stacked by fusion of gold.

Shaper cutting of master grating. ..
Work : Ni-P alloy of non-electrolytic plating Replication Finish

Fabrlcatlon method of SR grating for RFT grating and MOIRCS hybrid grism » Sputtal filier

e 7 Diffraction pattern (about 1,000th order) of
UL ﬂ]]]ﬂl?ﬁ' QB grating. Beam is split up and down.
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of prism

Ultra-high precision machine (Nagase-I,
NPIC-M200).

Single-crystal diamond tool. The diffracted beam is concentrated (blazed).
o Sk W W i Litt However diffraction orders cannot separate because
Surfaee MIrTor, . . a point source image is larger than the interval of the

Attached by matchlng 011 Measurement optical system. diffraction orders (about 2,000th orders).

Summary
Optimal | Eff. [%]

a =5 Master 5 PV: 0.79A, RMS: 0.122,
P (upper left)

1st replica ; PV: 0.76), RMS: 0.12), [ b= SN Status of development
= | | sf = 7 4. (u:)pell)‘ right) 00 1000 1200 140& ‘“i:seolgg R :zﬂ?] 2000 2200 2400 Order (k_k [Mm]) p
Mold for replication * 2nd replica; PV: 0.484, RMS: 0.07A.  Diffraction efficiency of replicated . : . .
experiment size: 50x50 [mm]. ~ - o (left) transmission grating. Reflector facet Hth ~ 80 Evaluations of diffraction efficiency by
Echelle orism (Volume binary grating) for MOIRCS transmission grating (0.32~2.4) |numerical calculations of RCWA.
20 Performing diamond cutting of a master
Hybrid grism 2rd~ (0.32-2.4) grating of Ni-P alloy for MOIRCS.
- | " |Replication method is under developing.
Slit width: 0.3” 5 , : .. .
5th, R= 4,630@1.02 pm Volume binary T ~ 80 Performing test tabrications by using

4th, R= 4,420@1.25 um
3rd, R= 4,270@1.65 um

grating (0.2~1000) |MEMS technique.
Installed in FOCAS, MOIRCS, Kools and
Wavelengh [um VPH grating

‘ ~90 —~ WSGS2. (photopolymer
Schematic representation of volume binary grating (left) function as a . ISt - 100 . (p POTY . ) .
quasi-Bragg (QB) grating and diffraction efficiency calculated by RCWA —B-VPH gratln g (O 32~2 -4) Developlng Nncw I'GCOI'dlIlg materials for

(right). L&S=4.6:0.5 [pm], 0,=28.4°, n,=1.33, n,=1.6, n,=1.6, t = 16 pm volume hologram with liquid crystal.

Fabrication process of the volume binary grating . Performed test fabrications of lamination
Quasi-Bragg ~ 80

800 1000 1200 1400 1600 1800 2000 2200 2400

Schematic representation of
echelle grism for MOIRCS

thN o o o .
3333 (high A index) 51 g Imml | |immersion grating 8 (0.2~1000) by atoms tusion bonding and lamination of
Single crystal T embossed substrates.
silicon 0.44 mpE EFF Il
Bosch process = - Clll‘l‘ent and f“ture WOl‘kS
3 5 5 — : . . . . . .
(isotropic etching) e s e Trial fabrication of a mold for the RFT grating is on going.
Cross section A-A’ )\ o . .
< L m ' SRR | +S0Q (silicon on quartz) wafer will use for a substrate of the VB grating.
| 2L L CT ) O s e Performance of a 3D holographic printer (colinear two beam exposure system) for the
M Removal oL A A Silicon mold for volume binary grating. . : g L ( ] P M )
Clear resin Fabricated by Nanotechnology platform VPH gratlng Wlth d large S1Z¢C (NIXI [m]) Wlll be eValuated.

Mold of silicon (low refractive index) Side view

of Toyota Institute of Technology. *The mold for the hybrid grism of the MOICS will fabricate in this business year.



