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Object of this visitObject of this visit
To study the operational characteristics (remote control, 
vibration isolation, etc. ) of the FIR laser interferometer 
/polarimeter on NSTX.
Implement new technology to the two-color 
measurements system using 50 µm FIR lasers.

LHD
13ch 119-µm laser 
interferometer (routinely use)
50 µm laser two color int. or 
int./pol. (under development)

NSTX
4ch (7ch) 119- µm laser 
interferometer/polarimeter
(routinely use)

ITER
Multi-channel two-color 
laser interferometer/polarimeter using 50 µm lasers
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High density operation
1. Plasma refraction effect
2. Mechanical vibration effect 

Optimum wavelength
⇒ ～～50 50 µµmm (ITER also)

Undeveloped region

Development of the 
short-wavelength FIR 
laser interferometer
1. Laser,
2. Optical elements (Win, BS),
3. Detector,
4. Transmission guide, etc.

Large Helical 
Device

Interferometer
frame

Electron density profile 
in LHD (NIFS)
⇒119-µm laser interferometer 
(routinely use)

Example of 
measurements data

IntroductionIntroduction



1313--ch FIR laser interferometerch FIR laser interferometer

He-Ne interferomer
(vibration compensation)

•• LaserLaser
119 µm ⇒ 50 µm

•• Optical elementsOptical elements
X-tal qu ⇒ Si ?

Diamond ?
Mesh ?

•• DetectorDetector
GaAs SBD ⇒ Ga:As SBD ?

Ge:Ga photocon.?
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COCO22 laser pumped FIR laser systemlaser pumped FIR laser system
(Chubu University)(Chubu University)

CO2 laser power：cw 250 
W @10P(20)

FIR molecules：13 kinds
（CH3OH，NH3，HCOOH, 
etc.)

Wavelenght regions：40 -
500 µm

FIR laser lines：80 lines



ShortShort--wavelength FIR laser lineswavelength FIR laser lines
((λλ= 40= 40～～100 100 µµm)m)



HighHigh--power 48power 48-- and 57and 57--µµm CHm CH33OD lasers OD lasers 
pumped by 9R(8) COpumped by 9R(8) CO22 laserlaser

Power meter : 
H310(Detector model 
AC500H), Scientech. Inc

Output power
Total： 2.4 W2.4 W
57-µm： (1.6 W)
48-µm： (0.8 W)
Output stability

(free running)
57-µm:±1 %/30min.
48-µm:±2 %/30min.

Pol. FIR⊥CO2

Pol. FIR∥CO2

57
2 µm

48
2 µm

Detuning curves



Simultaneous oscillation of 48Simultaneous oscillation of 48-- and 57 and 57 µµm lasersm lasers
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New two color FIR laser interferometerNew two color FIR laser interferometer

48- and 57-µm lasers are optimum 
probe beams for LHD and ITER.
Both lasers oscillate simultaneously.
BS and windows can be optimized 
at both lasers by choosing the 
etalon’s thickness.
An additional laser is not needed to 
compensate the fringe shift due to 
mechanical vibration.
Same optical pass. 
One detector detects the beat signal 
of both lasers simultaneously, and 
each interference signal can be 
electrically separated.

The diplexer is used to obtain 
the co-polarization.

ω1= 57 µm
ω2= 48 µm



Observation of new FIR laser linesObservation of new FIR laser lines

cw∥-85.485.4

cw∥-47.65

cw∥-54.254.2

cw∥,⊥1016897.2295

cw∥-289.6

cw∥,⊥980591.6306

cw--825.0

cw, pulsed⊥5245612.957.1511

OperationRel.
Pol.

Frequency
(MHz)

Wavelength
(µm)

CHCH33OD lasers pumped by 9R(8)COOD lasers pumped by 9R(8)CO22 laserlaser

Diffraction grating
Spacing: 220 µm
Blaze angle; 26°

Czerny-Turner mount

New laser line

These lasers were not observed.



Pressure dependence of  CHPressure dependence of  CH33OD OD 
lasers pumped by 9R(8) COlasers pumped by 9R(8) CO22 laserlaser
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Pump power: 75 W

New lasers are 
weaker than 48- and 
57-µm lasers. 

These lasers can be 
separated by the 
pressure dependence 
and the cavity tuning.



New FIR laser for 48New FIR laser for 48-- and 57 and 57 µµm lasers m lasers 
(Chubu University)(Chubu University)

New laser
(under construction)
LFIR = 4 m
Lco2 = 4 m

Old
LFIR = 3 m
Lco2 = 2.4 m

Single mode
High power
High stability 
(feedback control)



Choice of the optical materials Choice of the optical materials 
for windows and BSfor windows and BS

The optical constants have been precisely measured by using The optical constants have been precisely measured by using 
shortshort--wavelength FIR lasers.wavelength FIR lasers.
Design of the common window and BS for 48Design of the common window and BS for 48-- and 57and 57--µµm lasersm lasers

The reliable optical constants for shortThe reliable optical constants for short--wavelength FIR laser wavelength FIR laser 
wavelength are unknown.wavelength are unknown.



Reflectivity and Reflectivity and transmissivitytransmissivity
by multiple reflection of an etalonby multiple reflection of an etalon

iiiii

ii
i

iiiii

iiii
i

rArA
tAT

rArA
AArR

δ

δ
δ

cos21

cos21
)cos21(

22

2

22

2

−+
=

−+
−+

=

( )

formulae sFrenel' by given are ,

)sin(4
sinexp

where

2
1

2
1

22

22

ii

ii

-
iiii

 tr

nh
θ)-h(nn-αA

−−=

=

θ
λ
π

δ

nn, , ααλλ, , hh, , θθ, , TT



Experimental setupExperimental setup

Sample

Rot. Stage

W.G. (BS)

Det.

Det.

Attenu.

Aperture

PC

Lock in Amp.

Lock in Amp.

Chopper
Pol.

Pol.

FIR laser

CO
2 laser

He-Ne
laser

Lens

Lens



Example of the measurement data and Example of the measurement data and 
calculation of the refractive indexcalculation of the refractive index

Reference

Probe



Optical constants (Optical constants (nn, , αα, , T T ))



TransmissivityTransmissivity as a function of the as a function of the 
incident angle for 57.1511 incident angle for 57.1511 µµm lightm light

Experimental
Calculated (n=3.4172, α=0.39 cm-1) by our results
Calculated (n=3.4195, α=1.2 cm-1) by Loewenstein’s case

Silicon etalon
h=2.1718 µm

Our results Loewenstein’s case



Design of Design of a commona common use windowuse window
for 48for 48-- and 57and 57--µµm lasersm lasers

CVDCVD--diamonddiamond

57 µm,  n=2.3831, α=0.19 cm-1

48 µm,  n=2.3830, α=0.25 cm-1

T,
T,

Incident angle 3°

3010 µm

T57=91 %
T4890 %

CVD-diamond
TT4857 4857 = 90 %= 90 %

Silicon
T4857 = 75 %

Crystal quartz
T4857 = 20%

Window design 
(thickness～3mm)



Design of Design of a two color beam splitter usinga two color beam splitter using
a silicona silicon etalonetalon for 48for 48-- and 57and 57--µµm laserm laser

(a) (a) pp--polarizationpolarization (b) (b) ss--polarizationpolarization

Incident angle 45° Incident angle 45°

57 µm,  n=3.4172,  α=0.39 cm-1

48 µm,  n=3.4172*, α=0.57 cm-1

T,
T,

R,
R, *Assumed data

∆∆TT < 5 %< 5 %



Calculation of the Calculation of the transmissivitytransmissivity of of 
metalmetal--mesh for 48mesh for 48-- and 57and 57--µµm lasersm lasers
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Metal-mesh

Small absorption
T/R can be optimized by choosing 
the grid and aperture size.
Metal meshes are used as the BS 
in FIReTIP (λ=119 µm) on NSTX.

∆∆TT ～～ 10 %10 %

48 µm

57 µm

It is difficult to obtain BS 
with the same ratio (T/R) 
for 48 and 57-µm lasers.

g=25.4 µm, 
a=18.0 µm

*Lumped circuit model of meshes (Appl. Opt. 
23, 4228, 1984) is used in this calculation.

g

a



SummarySummary
For high density operation of LHD and future large 
plasma devices such as ITER, a new two color FIR 
laser interferometer is under development.
Powerful 48- and 57-µm lasers have been obtained.
Precise optical constants of CVD-diamond and silicon 
have been measured to design the window and the BS 
for both lasers. 
Common use windows (CVD-diamond) and BS 
(silicon) for both lasers have been designed.
Although metal mesh is small absorption, it is difficult 
to obtained BS with same ratio (T/R) for both lasers.


