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1988. 8

st=atehalet 24 M| atelA x| AAE M
Korea Basic Science Center (KBSC) was
established as an affiliate of Korea
Science & Engineering Foundation.

1897 Sz

478 K|SFMIE HX| (ME, S48 o7, HFME)
Four regional centers (Seoul, Busan, Daegu,
Gwangju) were established.

1999. 5
FIES PR

KBSI was established as a corporate body.

1999. 12
ZMIES A5

Jeonju Center was established.

2001. 1

"SI |ZISIKIUT, O Y WY

KBSC was renamed Korea Basic Science
Institute (KBSI).

EHMIE Ax|

Chuncheon Center was established.

2005. 5
=HEYL HX|

Suncheon Branch was established.

2005. 10

TS SIHTFHMIE,, "S71ea|2stdTA, 2472 HX|
"National Fusion Research Center ,,"National
Institute for Mathematical Sciences, were
established as affiliated organizations.

2006. 5
LEETA 4%

Gangreung Branch was established.
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In situ frequency calibration technique of FM reflectometer
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A frequency modulation (FM) reflectometer is designed to linearly sweep the microwave frequency
in order to diagnose the plasma density profile. The static characteristic curve of the frequency
versus the control voltage can be easily measured by using a spectrum analyzer. However, it is not
guaranteed that the characteristic curve will be the same when the frequency is swept. A technique
is devised which measures the dynamic characteristics by using the reflectometer itself. The results
show that the shape of the characteristic curve does not depend on the sweep rate but on the time
delay between the control voltage of the function generator and the microwave frequency at the
detector input. This time delay should be compensated. Based on this measured characteristic curve,
the frequency sweep rate and the distance between the antenna and the vacuum chamber are
experimentally determined. © 2006 American Institute of Physics. [DOI: 10.1063/1.2188908]

I. INTRODUCTION

FM reﬁectomctry]", is a basic diagnostic which is rou-
tinely used to measure the plasma density profile in many
magnetic fusion devices. It launches the microwave into the
plasma in O mode or in X mode and measures the phase
delay of the microwave reflected from the cutoff layer as the
frequency is swept. A voltage controlled oscillator (VCO) is
hort

used to sweep the microwave frequency or an ult
pulse.}‘4 which contains broadband frequency components in
a Fourier space. takes the role of a broadband microwave
source. Since the reflected microwave signal is sensitive to
the plasma density fluctuations near the cutoff layer, reflec-
tometry is also a powerful tool to measure the magnetohy-
drodynamics (MHD) and turbulence fluctuations.”™’ Fixed
frequency rsl"lectomctry8 or frequency hopping
ru:i‘]:fctmnelry9 is used to measure the fluctuations because the
large phase noise of a VCO (Ref. 10) makes fm reflectometry
not adequate for the high frequency fluctuation measure-
ments.

Recently. the more sophisticated systems, such as Dop-

—13 . 14,15 .
correlation reflectometry, and mi-

pler reﬂeclonwtry.”
crowave imaging rc‘ﬂecmnh:trylﬁ (MIR) expand the applica-
tion to the measurement of the perpendicular rotation of the
plasma, electric field fluctuations, fluctuation correlation
length, and two dimensional fluctuations, etc. In parallel with
these advances, the software'’ and hardware'®2" techniques
of the traditional FM reflectometry have been continuously

developed in many fusion laboratories. The high temporal
and spatial resolution of reflectometry makes it play an im-
portant role in (ELM), H-mode pedestal. and turbulence
studies. In this article. a simple frequency calibration tech-
nique is presented.

FM reflectometry measures the phase difference between
the emitted wave and the returning wave as a function of the
frequency. It is required to sweep the frequency linearly for
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easy data interpretation and fast enough to reduce the density
fluctuation effects. The static characteristic curve of the re-
flectometer output frequency versus the control voltage is
easily measured with a spectrum analyzer. However. it is an
issue whether the characteristic curve deviates from the stati-
cally measured one as the sweep rate is increased. A simple
technique which uses the reflectometer itself is developed
cteristic curve. The
results show that the characteristic curve shape does not de-
pend on the sweep rate but that the time delay between the
control voltage and the microwave frequency at the detector
should be compensated as the sweep frequency increases.

and applied to obtain the dynamic chz

Il. EXPERIMENTAL SETUP

The functional block diagram of the experimental setup
is shown in Fig. 1. A trapezoidal control voltage is applied to
the VCO to sweep the frequency. A voltage transducer con-
verts the function generator output of £10 V to a voltage
range of 1—-18 V that is acceptable to the VCO. The micro-
wave is divided into two different paths. The reference wave
goes directly to the detector. The probing wave takes a
longer path through the launching and receiving antennas.
When two waves are combined on the IQ (In-phase and
Quadrature) detector, their frequencies are different from
each other due to the path difference /;=1,—1,, where /, is the
reference path and /, the probing path. If the reference wave
frequency is f(7). the probing wave frequency is given as

fle=7).

lg

; 0

T="
-
where ¢ is the microwave velocity. Therefore, the 1Q detector

output frequency is

fadt)=ft) = f(t = 7). (2)

The phase is obtained by integrating the frequency.

© 2006 American Institute of Physics

Downloaded 05 Apr 2006 to 143.248.6.145. Redistribution subject to AIP license or copyright, see http://rsi.aip.org/rsi/copyright.jsp

67



68

X - SCIENCE

ANNUAL REPORT 2006

[l 20062 EEXI=

20069 48 4, "Heto] E OMIE S4 7 AME ARIeR

AE 72t iS50l & 283 B ich

=

em IV BEXE
2006. 04. 04 49 TfEto| B O[HIE A ZAlA
2006. 04 04 49 Do) & WSOMIE BAHR oA
2006. O4. 07 SIR9L sl ATnSINSnA AHAEmA
2006. 04. 14 SHREENEIITE S 401 001 ot LRI
2006. O4. 15 apslEst 7HiEs SADp |G ot SE=YE
2006. 04 19 7IE HAW SIS Al MA-HTEH| #8 HE T2 A ces
2006. 04 19 ep7te TE7E KD HAIS| T 20iU
2006. 04. 20 517 EISTIBAR] HaiEa] oHEIRA
2006. 04 20 Bfsixt B 7|92 BRI
2006. 05. 24 JESAYA - B BY AT CIxIE EfRlA
2006. (5. 24 JESAIUN - ZYI Y B Y HZ TR
2006. 07. 6 S0zl A0|U= st =t
2006. 07. 12 242 HxE0E 0 s30R 23ius
2006. 07. 20 A DSHD Jha-- WS LE A7 CHEU
2006. 07. 20 AN, B #8 HAd D TR
2006. 7. 21 7=, HUMHIEES Fad Ao CIxE Bt
2006. 07. 21 QSRE HAW WSUT - 7| xeiTe AR
2008. 07. 27 LA BhCh- T2 TpSle] A RIFSHH TSI, Q= 28URE Xiott 0f21El TSSOl Ol#+HEE
2006. 07. 27 HFo| X oM niEE HIYR” ojc|of &=
2006. 07. 28 IR sl RIET 7H5 CH s
2006. 07. 28 M FA AntelE P78 FF ol et AT iz e
2006. O7. 28 QSRE CF- 4 - uich J2ln s #n ge HIFEfRIA
2008. 07. 30 AHIEH TStO| LI2tE - RIFSHHASIT EUe| S 3600 7t B8 ]
2006. 07. 31 2006 FiFsnt AT Mgalol Hai ]
2006. (8.04 7|ADBIRIY, 2StAL G4 CH s
2006. 10. 16 “TEiRt 7|27 2 - M st
2006. 11.18 ot SHA Fopls smA Erys
2006. 11.20 ateiZo= Wizl Ha HEeE Aujol 2w St

Annual Report 2006

Xperiment, Xploring, Xperience Science 2006 &

N
>
10

ol -
el

=1 |

=20 o2

kR 1 3127 |2 ISK|N B
Wl 200748 28

=
MZISBHS : KBSI —2007- 1281 —0022 — 0574
718 B © 0NE, Y4B, WHE| 20|38, AYSI(EIRT|Z TSR A7)
o]

’

CIXRL - 13f © (F)EAHFLIAOINE T.(042)861-3133



