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FIR-Interfercmeter for JT-60

Tokiyoshi ITAGAKI, Tohru MATOBA, Akimasa FUNAHASHI+
and Yasuc SUZUKI

Divisicn of Large Tokamak Development, Tokai, JAERI

( Received May 23,1977 )

A far infrared interferometric method has been studled for
measuring the electron density in large tokamak JT-60 to be
completed in JAERI in 1981. A far infrared laser is necessary
to optimize the number of fringes and the refraction in JT-60,

The maximum detectable densifty of plasma is limited by the
refraction., Far infrared interferometry whereby electron densities
are measured in medium tokamaks such as TFR and ALCATOR 1s first
explained. The S/N'values of iInterferometric signals are estimated
in JT-60. The major noise sources are fluctuation of the far=
infréred laser beam, attenuation of the prcbe beam by refraction,
synchrotron radiation and mechanical vibration. The frequency
modulation method is effective for improvement of S/N values
against noise sources, except the mechanical vibration, A far

infrared interferometer used for JT-60 is alsc described.

+) Division of Thermonuclear Fusion Research, Tokai, JAERI.
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PYROELECTRIC | e ceTURE CONSTANT - . |DETECTIVITY
DETECTOR | 1.(°c) | ¢  |$B(-84) | P=hr) | O%(em HEZWIISHD)
TGS 52 40 |35x10° | 17 11x10°
Li,S04 H,0 — 10.3| 78x10° | 205 | >6x10°
LiNsOs 1190 43 | 4 x16°| 4e 2 x10°
Sr,sBagsNb, 0.l 130 | 500 | 6 x10° | ~50 | 2.5% 10(B00Hz)
PbTiOs 470 200 |6 x10°| 778 | 1.7x10°
B4FE EEEESBR LRI RO
PEAK
INTRINSIC ~ {OPERATING|pecoqner | TIME | SPECIFIC
PHOTOCONDUCTIVE| TEMP.  WAVELENGTH|CONSTANT DETECTIVITY
DETECTER TUK) [Am (um) | T(us) DemHz¥W)
Si 78 0.9 |1+300, 1 x10"
In Sb 78 5.3 -1 3xi0"
InAs 78 3.3 5 4x10°
PpS 78 3.0 |i~5x10° 2x10"
HgosCdo , Te 78 12 4 6 x 10"
PbxSnx Te 4.2 | 14 .2 | 1.7x10'°
(X=0.17-0.2)
5 SRR RN D
EXTRINSIC OPERATING ;IE%LEEES’E' TIME | SPECIFIC
PHOTOCONDUCTIVE, TEMP, WAVELENGTH CONSTANT|DETECTIVITY
DETECTER T(K) [Amax(um)| T(us) D*emHz"¥W)
Ge 1Ga 4.2 —~135 | —~10°|2x10" (108um]
Ge:In .5—~4.2 | 160 [10°%~1G"|3x10" (120:m)
Ge: B 1542 | ~160 [10>~10"|3x10 (120um




DETECTIVITY O Cm Hz' 2/ W)

JAERIM T7!21

SILICON BOLOMETER 1.5K

WAVELENGTH A { um)

g mFABROBROEERIFE

Cals R, = 1OM2

10

RESPONSIVITY S{w/W)

2

J ] i 1 1 ] |

3,

S, O,
1/2

NE.P ( W/H

)

10—13

-14

10

110 10° 10° 10" 10° 1 1T 10° 1O

FREQUENCY (Hz)

F23 [ ERSMRL B0 R RN

)

z



JAERI-M 7121

_@roy (04°0)
v "2’———;+
284 pm
a3t
310 pm 3l um
o v _ —+ J{10)
337pm 335 um
—T - J(9)
373 pem
—tJ(8)

Rotation-vibration encrgy levels of HCN near 2900 cmi—? and the origin of laser
action in HCN vapour.?”? The [Mtype doubling for the (11} 0) state is shown greatly
exaggerated. :

®wo4E 337s#m HCN L —¥FDxiwF—ifEhf

CH, CH
TufneK) (vg) C-0 STRETCH
16,(0,1,8) V=i
392 1um 170-6am
6p
15.(0.1,8) 4 17,(0,2,7)
14,(0,1,8)
T 16,(0,2,7)
Ha-8puam
15,0,2,7)
417 9pm jj{iOﬁLT)
CO, PUMP
Y P(36)
96948 um
J,(n,e,K)
GROUND STATE
16,(0,1,8)
V=0
15,{0,1,8)

Partial energy level diagram for CH,OH showing

: . . 3
several laser line assignments

#o5 1188am CHOHL —¥ 0T HL+—HEA]
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—.Thickness l4pm
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/
—Pyrex tube with temperature ~
requlated cil jacket

29 pym

—-w*/

Plane mirror -
|

l . Gas inlet W
I ool T : T
Output  ~=— | 7 5-05 20.05cm -
’l =z e
Mesh _l]‘l
reflector J l
Anode and Cathode in
puping port woler jocket

4

Schematic representation of the laser used to study the modes of propagation
of 337 um radiation in a cylindrical Pyrex tube.

242 0.02 m

F268 BEEHHCN L -HOBKEK

Pump _ TaTrl]giéJm
Adjustable concave mirrors ! ! conoce
Woter

| ;‘I Anode
; N L 0il30°C)
[3eroroac ) |
AL

AN | {

[h

|
Gas infet

- ! Zm I
_! | n |
Brewster Polyethylene
angle beamsptitter
WIoW 7} geor beam

Complete design of the 100 m\ 337 1um waveguide laser with detalla of the
beam splitter output coupling.
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125 1

337 pm OUTPUT POV.ER {mW)

%5 r

o N " " " A A A A
0 1 2 3l 4 5 6 7 8 9 10
TUBE DIAMETER {(cmY

Output power as a function of tube diameter f a 337-um
waveguide laser with a fixed discharge length of 2 m in & 2.4-m long
Pyrex tube for external loss a,, of 1%, 2%, 3%, and 4% per single pass.
"The values given by the curves correspond to optimum gas discharge
conditions and cavity coupling for cach combination of external loss
and tube diameter. It is seen that there is an optimum tube diameter

that decreases slowly with increasing external loss.

w08 B AT — BTN EKAEE

12 T LS L T i L L T T T T T T

OPTIMUM TUBE DIAMETER (Ccm)

337 um OUTPUT POWER (W)

o 2 4 3 [ 0 ) “
LASER DISCHARGE LENGTH (m}

Optimum tube diameter and corresponding optimum output
power as a function of discharge length ot a 337-um waveguide laser
fur external losses of 1%, 2%, 3%, and 4'% per single pass. Optimum
discharge conditions and cavity coupling are assumed. The curves
are extrapolated to show what would be required to produce powers

of the order of 1 W at 337 um,

29 ROEBHEENEE BT - DRERIKEE
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33 pm QUTPUT POWER (mW)
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LASER DISCHARGE LENGTH (rm)

un

Optimum output power as a function of discharge length of
a 337-um waveguide laser for external losses of 1%, 2%, 3%, and 4% per
single pass. These are the same as the power curves of Fig. 5 but
shown on a logarithmic scale to give better precision in designing lasers
with discharge lengths up to 5 m. They agree quite well with the
30-mW, 100-mW, and 170-mW power levels obtained from waveguide
lasers of lengths 1-m, 2-m, and 3-m lengths, respectively (ag = 2%).

B30 Bl HT - oREEREYE

20

%)

15

OPTIMUM COUPLING FOR OPTIMUM TUBE DIAMETER

9|||Allll_lllll.1.1_J

0 5 10 15
LASER DISCHARGE LENGIH M)

Optimum coupling as a function of discharge length of a
337-um waveguide laser for-externallosses of 1%, 2%, 3%, and 4% per
single pass. ‘The values given by the curves correspond to the opti-

mum tube diameter for each discharge length (Fig. 5).
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TEMyq
relstive pawer
{arbitrary units)
10F
(@) dymethylamine-ammonia 11
08 | (B emmonis-methaoe &:1
() ethylene-ammania 1.7 ) /"‘! /@w'
0B | (@ dymethytamine-nitragen 11 ‘}%‘/\_ﬁ_ Zom
(£) acethylené-ammonia 1:2 ]
i o
08|
a5t
Y o
i 03t
0y
IRN o
i § 1 1 | 1 L

L.
0 61 02 03 04 05 05 07 08
laser current

(Al

The TEM,, mode relative power at 337 um plotted vs the laser current for some
of the investigated media. The remaining parameters of the striated discharge are as follows:
pressure ~ 1 torr, flow 11 l/min air at standard temperature, and external tube temperature

105°C.

#328 HCN V*“b“‘m‘i‘ijj/\"v—@ﬁflﬁétbﬁﬁ‘ﬁt

C.W. power characteristics of HCN laser system at 337 ym

TEMgy
relative power
10}
09 I
08t
0.7
05 |-
0s |
(1% o e (@ ethyiene-ammonia 1:7
. / @ ammoniz-ethytene 47
03 © (& dymethyiamine-nitrogen 11
02 @ acethyiene - ammonis 1:2
AN o Laser tube
external tempecature
00 d L 1_ L 1 Il L 1 Il Il L
@ 5 5 5 B0 65 70 75 80 85 ‘C
. " . | | | . ) l(wllhnull buckler }

B5 70 7% B0 B85 90 85 WO W5 1 %X
*[under the buckier)

Temperature dependence of the TEMg, relative power at 337 um for few laser media

; - ¢
we have studied at laser current 0.6 A, pressure ~ 1 torr and fliow of 11 I/min air reduced
to standard temperature.

#33K HCN v —¥HH e7—OREERERFY
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3 mr DIA DIELLCTRIC WAVEGLIDE
LH.OH. 100 m Torr
S2 "HYBRID COUPLER 12 mm DIA

8
T

OQUIPYT POWER AT 118 . m 1N mi¥

®

1 L

5 16 15 1]

CU? PUMP POWLR 1P30), 9.0 4mi IN Walls

CW _output power at 118 um for 1’ and
2 m long, 38 mm dia. dielectric waveguide

laser.

HaBhig 7 — A
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1188#m CH,OH L —#iFH*7—-D 364mCO, L —H+

LY 1
SMALL-SIZED T
LOW ~LOSS WAVEGUIDE
M-
AL
W
E
[
=
i
-
=1 R TaLL Qe
F S
TEx
-
cwﬁﬂm
Smm
W' /
B LLEL -PLATE
‘d!
oo

WAVELENGTH {mm)

Some small-sized, low-loss waveguides for

optically pumped waveguide lasers.
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