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Visible, Vacuum Ultraviolet and X-Ray Spectroscopy
Using Back-Illuminated CCD Detector
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(Received 5 September 2000)

Abstract

Back-illuminated CCD detectors have been used for visible, VUV and x-ray spectroscopy. The results are
compared with those generated by conventional detection systems such as the photodiode array with image.
intensifier or micro-channel plate. The use of the back-illuminated CCD demonstrated excellent qualities in-
cluding low noise, a hgih level of spectral resolution and a greatly extended output dynamic range. Detailed
results of the comparison are also discussed.
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Fig. 1 Principles of front- and back-illuminated CCDs.
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Fig. 2 (a) Visible spectra of Ha and Clil obtained using a combination of L.I. and PDA. The data are taken from CHS NBI plasmas.
(b) Visible spectra of Ha and Clll obtained using back-illuminated CCD. The data are taken from LHD NBI plasmas.

WHa 255 EHBEICHY» 5. LIFOBAEIZIE FWHM
Z75F % YA NVTHLOIN LT, FHBHM LA
E45F ¥ VANVBETH Y, COEFPILOZELE L 5.
BEARIZBTL1IF Y A2 VH2NDOEIEVOKRE
XiWHE L BIEFIEFALETHL (2Bum) OTHEBLE
BumBEDENE 25, 8% MCPICAS L ITET
PR RH O OB BT 75- 100 um BEEIZIEA S, L7z
Do TEDTEum &) FHEEOZRILISER L Twb
LEXTHBVRWY, T2, N2 rT Y FOESET
DAV INIEHBHEOF L L0, 22T
RL7ZARYZ FPIVIZERO CCD L L TH 52,
—ACHEILGHTLENY 7S5V F )4 XF1F %
YENBTDHAT Y FUTEL S (B2 50 ms E
BE). %72, B3R L0 55T T ORSTEEED R 2K
XV BILIEEF v AN T 7 AN RBAWTHEWA R
N7 &Mool Ha baf ¥ VoAt 2479 B4E), 1L
DBEIIZFO-EY DF—FHTRTHEDITHR B,

1239

CCD M8 D E M DA 1 AR B K
D77 ANF v Y AN T B2 THOT 7 4 1N F
T Y AVETRTHERE 2 5.

ILZ A L2k B0kt 2FICBWCERR
58 CCD 0B 2 WA GEHIOBRr b T L0 B L
PFo L)% 2 (THOWE, RiEESE CCD oK
ELEHET L HANL ).

(I B REEDNIE B D2 (CCD DEEFDORE X

(E7 NP4 2) 1Y),
BHIRZIEI Ny 2 752 F ) 4 ADEEIA %
W,

REORBEAMNTIEAL Y ILOBEIF1ED
HRHTHRYHLTS).

(4BERZE BIAEL—F—) ZAFLTHERLW
OTHR Y PFAPFEFIZES.

(5)RITA ARSI A CCD L B L CORE IR0 2 D &L,

NI | -El ectronic Library Service



The Japan Society of Plasma Science and Nucl ear Fusion Research

T3V - BREFRE HI6BE12T 20004124

3.4 EZRINIK (@)
BRI (BRRIIEBR 2D BB L2 2000 AMT) i &mwml .
1

HIABEBBLEVOTILAMBET L can
Vv, ZZ TSRO ETIE, MBS E ILICBRAT
MCP H & % B2 b8 IR E LB 20w
%. MCP ICH#EZEEMNEE AS L, 22 CHRELED
REF2MCPIZL DL, 86 X T kic
ZE#LCCD D L < 1ZPDA Tk d 5. % MCP 1% 1700
AB7Y) TTREFZHM L AL AV EEL %S OTHl
EFRIZNUTOW%EL %5, MCP & PDA (E#RK X0’
=2 A8, 1024 ch, 254 X5 mm?) THEER & N2
L 20 cm B ARSI EMAEDEI VT T ¥ VR
BRSNS B2 EUE L. 2% A LT CHS @ NBI T
TF A B2 VUV AR b V% Fig, 3@IRY. —
FEVCBIC & 2 W R 400 ARERZOTHRE LIS T R ey S e e B
WERRIIL, ZRODARY MU EOL XEDEHE &)

RERLTH L. EHEEMD 400 AETARY PVD
BEANS L BB DS RBORENRL %5 (I o000 o won s
TOREANS S RD) St ks, £, 0V | " |
(1623 A, 1640 A) X Y BV EHERTIE = X06 L 28 o0 ;
WENT, MCP TII#DH 72 ) HEEORRE L 25T
LDIEHHTH 5.

KA U 20 e 8 A 5153 6 2 1 B T R B CCD AR 23
(EEV47-20:1024 X 1024 ch, 13.3x133mm?) #H Y4 2000
(FCLHD®ONBI 75 X< AT S5 VUV AR b
WEBRL7. ¥R % Fig 3b)I2Rd. CCDEEATHE 000ty
ZZENEFER L SR ERTW A, BiligsiE-40TI sou0 | :
HHENTWDID TNy 275V R4 XZBEAER
, RIZRONBDPRYKRERNYy 2759 FET T
A= O OEFI L T HEORIKITL 5. Fig. 2() & X 4000 ¢

ov1'1031.9, 1037.6 |

HI 1025.7

Counts/ch.

Oovl 1031.9, 1037.6

HI 1025.7

— TiXEL 3x460.7

—~CI1 1334.5, 1335.6, 1335.7
—0V 1371.3

- TiXIT 3x479.9

NV 1238.8, 1242.8

6000

Counts/ch

CIV3124

4000

Hell 266.3(3p-1s)

€—NiXVIli 320.5

<
<«—Fexvzss

o s37
o1V 554

Counts/ch

6000

OV 758.7-762.0

o0 TiXi 2x386

OIV 608.4,609.8
OV 787.7,790.1

Ofll 832.9-835.3

oV 620.7

T-RLThhbBCETIEOSE LAk, 2% . | |

7 FVBOMRETH B, BITHREOK X HARS T 13 i
FROHEE DEL 545, MCP 6 O 35 & 8805 (215 A5 5 )12 o000 w04 10004 11904

BB LADBE., ZIULS L b X MCP H SO M | 1 EI I B [
AT 100 umBIETHSH = & & MCP TR S N BTE & : N
BZOWODE ZACENS I LICL . Fig3byTid  § o 3 : .

400 AT OARS VBB SRTW B2, Z0Ob wal Pog N g

D R ENZROEITHETIC X 2 KIEOBNE Y K T EMM i U
X\VOTMCP & B L7 % RS 2 038 it " I ﬂMﬁ

v, L Laass, CCD O E#EM oK E X MCP e e e s o
EHBLUTIEECEL, BEALTHIRE CHEfL T Hmber of Ganne|
FHLREZHLTWA. Fig. 3 (a) VUV spectra obtained using a combination of MCP
Fig. 1 CHUM L7 £ 3 |l IAE CCD 1 3% VUV spocta obtinod uaing backluminated 6. T
ChrEOI—F 4 Y IPHEINTWE, —fBICEREX data are taken from LHD NBI plasmas.

1240

NI | -El ectronic Library Service



NEE

NTVBEI A TRIOERDLDOTHY, YWZh%EHE
BEERNESICER L, St zmm L. MRE
LTIEEAEARY PVEBNTAZ ETET, 4
BN REMBIC Lo TWVEI LDV ERDIZ- X
DEREEXEDLILDNTERo72. BONLKRE
Fig 4 2R ¥, LER@IGERS b= 7 248 E R
CCD (EAMIZIITHTH W/ CCD LR L) 2 Hw /4
BTHY, TROIIAR L F L EEV 480 CCD 560
WRTHL.HOPL L I2@DHEITIE CCD DRI
MorOa—F 4 7 (ZOBRY IZLERES L EHR
BEIZAL W) PHEINTBY, BERNEETIEIEZ
EAEARZ PVEBITAZILIITE b o7 HER
ERTREIIDbYP o TERILTHEY, BERIVEE
T CCD M 23 % HEA R T 2 I RELHE AN & T
WHEWS DR EEICRINT 2 LENH L. M EEER

(a) AR coating
7 . . - -
P~ 20cm normal incidence
E 6
g #1543 in CHS
T entrance Imﬂpm ‘I
2 expos !
> hinniing over vertical 128channels 1
a4
%
=
2 Y
&3WMWMMWWWMWWMWWMMWwmmmwwwwqu
1100 1150 1200 1250 1300 1350 1400 1450 1500
wavelengh(A)
7
—
2
g6
=
Is3
53
o
S 5t
z
2 a4t
%
= ﬂ ﬂ
2
K 3

ISO(l 1550 1650 1700 |750 1)(0() IBSO 1900

wavelengh(A’
(b} without AR coating
12 v r
2 20cm normal incidence
=1
=
3w
K #77034 and 477033 in CHS
< entrance slit 60um
= exposure time 200ms
EE averaged over 100 chanaels
é
&
[} S
1w 1150 1200 2% 1300 50 a0
wavelengh(A)
12 :
P
<)
=1
2
b4 i
Y
jod
2
2
& A
£ \/\/\4
6

1550 1650 1700 1900

wavclengh(A)

1800 1850

Fig. 4 Comparison of VUV spectra between coating and non-
coating back-illuminated CCDs. The data are taken from
CHS NBI plasmas.
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Fig. 5 X-ray spectrum of heliumlike TiXXl obtained using
multi-wire proportional counter. The data are taken from
JIPPT-IIU ohmic discharge.
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Fig. 6 (a) Doppler broadening of TiXXI x-ray line measured using multi-wire proportional counter. The data are taken from JIPPT-1IU
ICRF plasmas. (b) Doppler broadening of TiXXI x-ray line measured using back-illuminated CCD. The data are taken from LHD

plasmas.
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