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Volume Phase Holographic
Grating

’

gese. M 82 (NGC 3034) FOCAS (B, V, Ha)

Subaru Telescope, National Astronomical Observatory of Japan March 24, 2000 : Hickson Compact Group 40 CISCO (J & K’)
Copyright© 2000 National Astronomical Observatory of Japan, all rights reserved =

Subaru Telescope, National Astronomical Observatory of Japan January 28, 1999




Efficiencies of Transmission Gratings
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Surface relief grating: VPH (Volume Phase Holographic)

Efficiency decreases grating (An ~ 0.02): Efficiency

steeply below 4 A/A. increases up to 100% below 4 A/A.
(Oka et. al., SPIE, 5005, 2003)



ZnSe prism " VPH grlsm Ec ' Surface relief grism

(Ebizuka et. al. PASJ, 63, 2011a)
FOCAS Grisms P S

4 SR grisms: 300 < R < 1,400.
1 Echelle grism: R~2,500.

8 VPH grisms (3 grisms with
ZnSe prisms): 1,600 < R < 7,000,
Collaboration of JWU (Japan
Wemen’s Univ.) and NAQOJ.
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New VPH grisms for FOCAS
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Band width of VPH grating becomes Diffraction efficiency of
narrow in diffraction angle: o VPH grating decrease
increase because semi-amplitude of toward higher orders.
index modulation of dichromated (Oka et. al., SPIE, 5290, 2004)

gelatin (DCG) is An < 0.15.
(Baldry et al., PASP, 116, 2004)



Polarized Diffraction Efficiency of VPH Grating
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Measured polarize 'diffraction
efficiencies of VPH grating.

Mave= (n

max

-1

min

)2 =1.53,

A=0.984 um, ¢t = 20 um,
0=19.8° @1.02 um.

Calculated polarization diffraction
efficiencies vs. 7 of a VPH grating.

An=(n
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)/2=0.017

(Ebizuka et. al. PASJ, 63, 2011b)
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1[ ~ IC 434 (Horse-head Nebula) Ultra-high-sensitivity HDTV 1.1. color camera (NHK)
L=y Exp. 22 sec. (11 frames coadded) January 16, 1999

Subaru Telescope, National Astronomical Observatory of Japan
Copyright © 1999, National Astronomical Observatory of Japan, all rights reserved




Volume Binary Grating - r=os

S Diffraction Efficiency

N3
A w

Transperant medium
(I2b) or metal
i lym3BBEKY 48t\E4 831588 SE

Grating Iicpth (pm)

Fig. 1. Scanning electron micrograph of grating lines etched into
quartz substrate (n, = 1.46). f — 0 2
— .

. _ (Gerritsen, Jepsen:
An = (R Tyyin)/2 ~ 0.5. Appl. Opt., 37,1998)
*Polarized diffraction

efficiencies of S and P
polarization coincide with o
each other by tuning of f Filling factor: f=w/A |

and 7. While aspect ratio

T Diffraction Efficiency

o _— 1 e — 1 46 — 1 O Fig. 5. (a) First-order diffraction efficncics for a grating with »
becomes t ° w — 1 020 ~ 1000 nH_ . ° nL_ (A =056 pm, A = 02880 pm, &, = 45% 8 = 1.50, and = 050, (b)
First-crdar diffraction cfficiencies for a grating with » = 055 pm,

ol _45 deg A = 03889 wm, By = 45°, n = 150, and £ = 0.80.

(Gupt & Peng, Appl. Opt., 32, 1993)



Volume Binary Grating for Higher Diffraction Orders

Electne Fleld astnbubon over 3 periods Efﬁciency a.t 550 nm il 9: 1 extenﬁ on
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Photo Resist Grooves with High Aspect Ratio

30° Thickness of Grooves
)
__ 46.7 [um]
T ~ 46.7um sin 30°
= 93 [um]
Cr mask pattern
46.6;; L4 | /\\
\

SEM image of grooves (L&S:
10pm), tilting with 30°. " . ~ ~
Photo resist: KMPR1000. SHIRKPT/TI9T5v bI+—4

L&S: 10um — 1um : 9um



Bir-—efﬁgeng‘e VYolume Grating

9 Ring Nebula (M 57 / NGC 6720) Suprime-Cam (Ha, V, B)
Subaru Telescope, National Astronomical Observatory of Japan September 16, 1999
Copyright© 1999 National Astronomical Observatory of Japan, all rights reserved




Birefringence VPH Grating
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~~_— Liquid crystal
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Binary Bragg (3B) Grating

. S—
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Echellegram

High diffraction efficiency
in higher diffraction order.

Substrate 2

Transparent electrode ACthe Optlcal element:

/ /Orientation membrane Window — Grating,

Grating — Polarizer,
Day lighting, Head-up
display, 3D display,

rientation membrane & computing, vee

Transparent electrode

Substrate 1
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Polarized Diffraction Efficiency of
VPH Grating and 3B Grating

Thickness [pm]

calculated by Kogelnik method.
n; = 1.46, n;=1.54, 6 =48.5°.

w:t (Aspect ratio) = 1:20~100 — 1:4~20
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3B grating calculated by RCWA.
n; =1.46, n=1.544, n, = 1.60, 65 =45°.



Liquid Crystal Gratlng (3B Grating)
I Specifications

Z LC grating Lens + dlffuser Type: replicated grating
Digital » POlamer\ — Groove period (A) :2 um
w {15 08 (Line & space : 1 um)

Groove thickness (t): 1 pnm

Orientation layer
(Grating vector)

Polarizer angle: 60 ~ 70° Polarlzer angle 90° - Polarizer angle: -60 ~ -70°
Images of the first order diffraction
OFAR—ILT 4 TR (%) BARE




Efficiencies of Liquid Crystal
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Immersion Grating

"ﬂ" Orion Nebula CISCO (J, K’ & H2 (v=1-0 S(1)) Star-forming Region S106 IRS4 CISCO (J, H, K')
w Subaru Telescope, National Astronomical Observatory of Japan January 28, 1999 - Subaru Telescope, National Astronomical Observatory of Japan February 13, 2001
Copyright© 2001 National Astronomical Observatory of Japan, all rights reserved




Ge Immersion Grating for GIGMICS

(Germanium Immersion Grating Mid-Infrared Cryogenic Spectrograph)

@RIKEN

.
W . —— -

Nano-precision

machine and ELID

grlndlng method.
30 x 30 x 72 [mm],
- a = 08.75°% A—600um

aZme

Truing/sharpening

|

@Electralytlc dressing

‘ harpend tool tip

o

Isolator

(Ebizuka et. al. SPIE, 4842, 2003b)

Electrolytic dressing elctrode
Rotary truer Workpicce (3) Micro-Grinding




Wave front (633nm, left) and Far Field Images (10.6mm, right)
of Immersion Gratings
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4 trial (Ge), PV: 583nm, rms: 87nm

The 5" trial (Ge), PV: 577nm, rms: 107nm
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developed by Hirahara lab., Nagoya Uniy.

(Hirahara et. al., SPIE, 7735, 2010)



First Light Observation of GIGMICS

/
~ .
£
® I

o

-

GIEVINGE

, Higashi-Hiroshima Observatory, Space
Science Center Hiroshima Univ., Dec. 2010~Apr. 2011.




First Scientific Result (1) Venus

‘QHQ!' q .

m

0.0223 tt m

FSR

444 435 430 425 42¢ 415

Diffraction Order for the Ge Immersion Grating

Absorption lines cannot be identified to the ‘“‘telluric lines”.
— CO, hot-band & isotopes from Venus.



Trial Fabrications of Ge lonersion
Grailng for #~200,000

R—200,000@10um — Size: 120 x 120 x 270 mm
— Fabrication time: several 1,000 hours




Quasi-Bragg Immersion Grating

N\
Total Reflection or /

\ ¥
Mirror surface @© DISCO* e : * g . | \ -
» i‘\ 3 ./ ’.':‘. ::‘%' ;'v B - i = 4 ‘ — ‘ - S ;
5 /> b v y N =
é)/ \ ‘r’ﬁ" .; —‘.‘ » v s 1 i
5 k » 5y 4 o, P

Mirror Surface
e <> /

Vacuum or Air

Dielectric Media

—~

 Machining of dicing saw
makes smooth surface

e Easy tooling.

 Fabrication time for
grating with 120 x 120 x
270 mm — Several 100

hours?
(Ebizuka et. al. SPIE, 6273, 2006)




Trial Fabrlcatlon of Quasi-Bragg Grating

7
/

",

"

/

"4

/

/

\J/

AS10 X 10 x0.2x 40 pes et S——

B: 1.5x10 x 0.2 x 40 pcs (right) Laminating
of Mirror ¢ / ,,,,,,,,,,,,,,,
Plate ////////

/ W
s Lapping and

: YPollshlng

E for Wave
Guide




Diffraction of Quasi-Bragg Grating

Small incident angle

—

Ideal incident angle

Diffraction by quasi Bragg grating
(A type). 6=0 (top), 6= 0.6 (middle),

6= 1.2 (bottom). Large incident angle
Spacing of mirror plates is imperfect.




Fabrication of Immersion Grating for
Near IR by Means of Diamond Machining

L Specifications

o A ;200 Material : Si, (Ge)
0L =605 . i Wavelength range :1~2.5 um
= Groove period (A) : 200 pm

Blaze angle (o) : 60°

@ 1~3uem

[ BoOd <LV

‘ > R\ Negative
2t (7 [ Flank .

Diamond endmil Diamond bite
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Current and future works

*Trial fabrications of high aspect rectan-
gular grating with duty ratio of 1 : 8~10.

*Trial fabrications of liquid crystal grating
with high aspect ratio.

*Trial fabrications of immersion grating
for near IR by means of novel diamond
turning methods.

*Trial fabrications of quasi-Bragg immer-
sion grating.




N

724 FLOR FORVDEIFTHEFIE
EHIEXRESF/ TUVT5v F
74— LDIREIR 8 k& BF R5 Fx
ITHIEL TV LT,

COWRIXHAHER TR EEED
A-Step BEFIA TFEB L UVEIILX

X ETMTE

SRS R R EMRIERED

YIRICE D THESINTULVET,




Thank you for your

kind attention!




