
TMT WFOS
Λ=0.489μm (2,045g/mm)
VB Trapezoid

L&S=55:4 L&S=2:1
t=1.06μm t=1.36μm

a=0.07μm
Trapezoid grating has high 
efficiency at AOI~45˚.
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Reflector Facet Transmission (RFT) Grating Volume binary (VB) grating and trapezoid grating

・Volume binary (VB) grating: A quartz VB grating has been developed as a successor to the 

MOIRCS K band VPH grism. A silicon VB grating for SWIMS H-K band is going to develop.

・Trapezoid grating: A resin trapezoid grating was prototyped by replica processing using a silicon 

mold had performed.  As a result of the experiment, the peak efficiency was nearly 30% because 

the grooves became cloudy upon release from the silicon mold.  We plane to improve the method 

for releasing from the mold. 

・RFT grating: A 20 lp/mm RFT grating with hard resin has been prototyped using diamond fly-

cutting processing.  It was found that the diffraction efficiency of central order is lost by surface 

scattering, and the fly-cutting procedure has been improved to reduce scattering.

・Prism array for grism: To reduce the thickness of grism of SWIMS z-J band, a prism array for 

the grism was prototyped. We are currently developing a prism array using optical glass.

Resin for
replica

Replication

Finish

Optical glass

Si mold

Oxidation of Si

Removal of 
oxide

Ion milling

Hard resin

Taper forming

AOI=27.8˚ AOI=44.2˚

MOIRCS K band
Λ=2.36μm (423.7 g/mm)

VB Trapezoid
L&S=1:1 L&S=7:5
t=4.25μm t=4.5μm

a=0.28μm
There is not much difference between 
Trapezoid and VB grating at AOI~30˚.

Trapezoid grating

VB grating

RFT grating is able to achieve high diffraction
efficiency by means of internal reflection of a
facet of the groove.

Diffraction efficiency of reflection echelle
grating is peaky. The efficiency of certain
orders decreases due to the influence of
surface plasmons.
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Λ=5μm, θ0=45˚

Prototype of RFT grating with hard resin
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Echellegram (incandescent and mercury lamps).

Improved replica processing method.

SEM image of silica VB 
grating.
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AOI=27.8˚

L&S=6:4~4:6, 

aspect ratio (s:t) < 1:5

Fabrication methods of silica VB grating by anisotropic plasma etching

VPH (Volume phase 
holographic) grating

Silica VB grating for MOIRCS 

K-band grism.
Diffraction efficiency of silica 
VB grating.

RCWA Measured (633nm) Measured (1,100nm)

Efficiency [%] Orders    Efficiency [%] Orders  Efficiency [%]

1.1 98 0.2 55 ー
1.2 99 0.6 56 2.9

0.9 100 10.0 57 1.4

84.4 88.0 90.6 101 59.1 74.2 80.5 58     66.5 73.7 79.2

2.7 102  5.1 (±2) (±3) 59 5.8 (±2)  (±3)

1.4 103 5.7 60 2.6

0.6 104 2.9 61 1.5

Since the efficiency of the central order is higher for longer wavelengths, it is supposed that the
diffraction efficiency of central order is distributed to the nearby orders due to forward scattering
caused by surface roughness.

Replica processing method for a trapezoid grating using silicone mold

Resin for replica

Replication

Finish

Hard resin

Si mold

Oxidation of Si Removal of oxide

Optical glass

Previous replica processing method.

Silicon VB grating

Open type Si VB grating

n1=3.455@1.9 μm

Λ=10.75μm (93.0 lp/mm)

L&S=19:1, t=60 μm

Aspect ratio=1:111.6
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Closed type Si VB grating 

n1=3.455@1.9 μm

Λ=10.75μm (93.0 lp/mm)

L&S=19:1, t=58 μm

Aspect ratio=1:107.9

Without ion milling 
process.

Cycle etching: 5 μm +Ion milling.: 355nm.

Toyota technological institute.

Applied ion milling 
process.

Si VB grating for H-K band grism of SWIMS of 6.5m TAO Telescope.

Reactive plasma etchingResist patterning
Removal of resist

Photoresist +

Metal resist (Cr)

Finish

Quartz glass

Prism Array for Grism

VB grism with ZnSe

Prisms. AOI VB

grating are 22.6˚.

Which is about 75%

of target resolving

power of z-J band

grism of SWIMS.

Prism array for incident (left) and exit (right) side. VB grism with ZnSe

prism and prism array

for exit side. AOI of

VB grating are 30.9˚.

This value is sufficient

for z-J band grism of

SWIMS.

Micrographs of grooves (left: cross section, right 

top view).
Specification of 
RFT grating.

Fly cut processing of hard 

resin (NTKJ Co.Ltd.).

Cycle etching

(Bosch process)

Single 
crystal Si

Reactive plasma 

etching
Photoresist

Cycle etching

(Bosch process)

Single 
crystal Si

Reactive plasma 

etching
Photoresist

Even if the conditions
of the Bosch process
are changed, the
grooves often end up
being vertical.

Under conditions
where a taper is
formed, acicular
black silicon is
generated at the
bottom.

Applied ion milling 
process (tapered)

Without ion milling 
process

Hard resin Optical glass Release from mold

Peak efficiency is ~30%.

Collimating lens

RFT grating

Lock in 
amplifier

Monochrometer

Light chopper

Rotating stage 

Camera lens

Slit
Silicon 
photodetector

Fabri lens

Measurement system with rotating stage for 
diffraction efficiency.

VPH grism combined with prism arrays (left and center) and transmission

or diffractive efficiency of each optical element (right). Some amount of

light intensity from the prism array on the incident side is disappeared.
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