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Spectrograph of 30m Telescope (R~ 50,000@1µµm)	

Natural 

seeing: 0.5””	 	 
Diffraction 

limit: 0.0084”” 	
 Remarks	


Slit width	
 727µµm	
 12.2µµm	
 F/10	


Dcol	
	
 3 m	
 0.05 m	
 αα  = 26.7°,	

~ 900g/mm	


Fcol 	
 30 m	
 0.5 m	
 F/10	

Size of 
spectrograph	


36 × 9 × 	

4.5 [m]	


0.6 × 0.15 × 
0.075 [m]	


Littrow 
mount	


Camera F	
 F/0.62	
	
 F/37	
 15µµm × 3 pix.	

Precision of 
optical elements 	
 ~ 3λλ	
 < λλ/20	
 r.m.s.	


A high dispersion grating is necessary!	




  Volume phase holographic (VPH) grating 	
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Novel Gratings under Development	




	 	 

	 

Transmission grating	 
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Λ/λ	


VPH (Volume Phase Holographic) 
grating (Δ
increases up to 100% Λ/λ.	


TEM mode	


TEM mode	
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VPH grating 	
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Grism for FOCAS��
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nSmax − nSmin
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mirror	 

	 

Two beam interference exposure optics 	 	 

mirror	 

Λ = mλ/2sinθB = 0.325/2sin 21.3°  = 0.447 [μm] 	

(2,235 grooves/mm)	 	 

Fabrication for Liquid Crystal Grating �
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MOIRCS SR Grism ��
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Prism material 1 	
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Diamond Bite for Master Grating��



Fabrication Method for MOIRCS SR Grating��
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Substrate	 	 

Master grating	 	 
Clear resin	 	 

Finish�
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 Λ μm�



          sinθ0 = n sinθ1 	

n sin(α -θ1) = sinθ2	

               θ2 = α θ0	


θ1�

α-θ1�
θ0 �

α�
θ2�θ0�

α�

n�

n sin(α -θ1) = sin(α θ0) 	

n (sinα cosθ1- sinθ1 cosα) 	

                   = sinα cosθ0  sinθ0 cosα	

(n cosθ1 - cosθ0) sinα 	

                   = (sinθ0  n sinθ1) cosα 	

                   = 2sinθ0 cosα 	

          tanα  = 2sinθ0 / (n cosθ1 - cosθ0)	


θ0 ≤  (θ2 	

θ0 ≤ (θ2 	
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Limitation of Surface Relief Grating		
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Quasi-Bragg grating	




Λ
μm μm, θ1 = θ2 	

	


	


 

	

 

	

  	




Quasi-Bragg Grism�

μm)	

	
 	
 	


 × 50 × × × 350 	

	
 rms)	


ZnSe��

Quasi-Bragg 
grating with silica ��

ZnSe��

60
��

70��

Adhesive is available ��



Trial Fabrication of Quasi-Bragg Grating 1	


A: 10 x 10 x 0.2 x 40 pcs (left),	

B: 1.5 x 10 x 0.2 x 40 pcs (right)	


Lapping and 
Polishing	


Cutting	
Laminating 
of Mirror 
Plate	


for Wave 
Guide	




Diffraction by Quasi-Bragg Grating	

Large incident angle	


Ideal incident angle	


	 	

Small incident angle	


Normal incidence��



Au膜膜をを用用いいたた大大気気中中のの原原子子拡拡散散接接合合法法��

◆◆	 	 重重ねねたたウウエエハハのの一一部部ををピピンンセセッットト等等
でで加加圧圧すするるとと，，Au/Au界界面面にに再再結結晶晶のの
核核がが形形成成さされれ，，瞬瞬時時ににウウエエハハ全全体体にに
伝伝搬搬.	

◆◆ 真真空空中中のの接接合合ででもも同同様様ででああるるとと推推定定. 	


片片側側ああたたりりAu(20 nm)/Ti(5 nm)のの膜膜厚厚でで合合成成石石英英ウウエエハハをを接接合合ししたた際際のの連連続続写写真真	


合合成成石石英英ウウエエハハA	

(4 inch diameter)	


合合成成石石英英ウウエエハハ  B	


Au (20 nm) 
/Ti(5 nm) 

20 nm

original 
surface

Si substrate

Cr

Cr

Au/Au

Si substrate

片片側側ああたたりりAu(20 nm)/Cr(5  nm)のの膜膜厚厚でで
Siウウエエハハをを接接合合ししたた際際のの断断面面TEM写写真真	


TT  OO  HH  OO  KK  UU  
U N I V E R S I T Y 



in room temperature 	
  φ25 × t

(Tohoku 
	


 Thickness to  t 	

 Thickness to t 	

Trial Fabrication of Quasi-Bragg Grating 2	


	



Trial Fabrication of Quasi-Bragg Grating 3�



Diffraction Images of Quasi-Bragg Gratings��

	


	


	




Fabrication Method of Quasi-Bragg Grating��

：
Λ μm, 

γ )�

metallic mirror (Al, � → Finish�

�

�
�

�
�

�

�



Quasi-Bragg grating for TMT WFOS 		
	
Item 	
 	
       Λ [μm] ([g/mm]) 	
θ0 	
  γ 	
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Conclusions	
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Quasi-Bragg Immersion Grating�

	
 	
 	
 	

　 μm) 	
 × 40× × ×300 	


	
 	
 	
 45nm (P-V), 9nm (rms)	

	


	
 	
 	
 , 	

　 μm) 	
 × 120× × ×300 	

　 	
 	
 	
 150nm (P-V), 30nm (rms)	
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