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1.1 XHBAECALOhIBRESE

X#HFHHIZHOW O N D BHSRICITRkA R bORELHINTEY . ZRZENRHEORNIC K> T—R—Erd 5,
FP. B OBRHGFTOWTHAEL, £ D%, £ORFTEANC il T <,

EEBIEHEE LLBIRHIE I A 2 W EHEE O—FE T, PR F A (B Ar 90%+ CHy 10%) F 4 B&ICEH AH 50T
BRANCIR L. AR L7 XBRIC K> TES 2B 2 H AR L THRIET 20T, AKX BROFHIATE S
ENTERNVFX =AY FAB[DLIERTE LD, FEIEIMENFHE TREBELL TV I &0, REDRSH
DEEALLERES I EFONG 2 b Tho, HRxRERARSH, BUETIE, MLERH D TE 5 &5 2L EH
RLHIRHEE LB STV 5,

SUFL—a UftBIEE XA Nal 0 Csl e Eov v FL—FERICH TTHHEIBICER L, EFEHEER L
FoTHHTALEVWI LD TH S, FfE K& T35 LI Lo Tl X B BT s tziRAE EiF 5 2
EMNTE, MDA I usec LEV, T RLF—IMRAEL 5Fe T ~500eV RETH 5,

FERREEE p AR L p AESERAZEMSE T TELZPNERICHEANAAL T AZNT DL LICL > TEMFY I T
ODHEELRNWEZBEIA L TRV, ZOFEBIC X B TBARNT 5 L BRAER I, TNUNEBHITE 1N
TEMICEETHZ LI TESE LTIV IHEND, Si, Ge TTE 7 EEARHEBNS —RITHEDLI D23,
BN EED TR X =N ARG LY /SN2 ENBEL DBEBFMMELN., BV T XL X —fiFHE %
HIZEeRnTXS, £ @BEEZNTTAWEZBEZEY BT 70— RICHRHZIERLEV,

CCD ka4 LSI BEifiic K-> TME L2 b 0& v ) arF v 7o RICii 70T, B AR I3 & [
EOTINX—DRELHFLRNRE, A A=YV T ORNMib->T0o, LrL, MULL TWB 2% E
EESTHZLEATES, XBTHE 10keV & TOREAERT R X =0 XBRIZ LBREN R, £/2, 22
DM > 722 NE2 ZREAH LTV < 2 LD DR AREE bR O A — & — L OBHHER I~ D L,
CCD 2oV TIHRDETH LB B,

RAAF v oRILTL—b Fv o FARNEEHEZERZ DO T, AR XBITHT 7 AER WV LEEICY -5 T
EBEFEAEVEZLF v o XNV EFEHEE THIESN D, Ty RE SR 10~20pm THES N TE Y ALE
SfFREIEm . ERBEIAT Y o3 ERT HREM b ns LIEFICEW - ORBOMEELEN TV DA, =
IR —FRENIEFIZE N VWIKRE L H D,

AOY—A—8 WLEE B+ mK ETREAIL, XHERI LB LT 2IREZRET 2 0T, BEOKS
OHFRTIIREMDO T RN X —REEEHE > TS, XBERRTSZ LI VAERSNDRFIZZOEHET + ./
VT, MO T x 7 v EART D OICHKERERLF—F 1072eV LIEFITNI N £ BEL ORI AER
ENB0, TRAX—SREOHEGMIE leV UT Wb Tng, BFEES CIIHEGRME I T®ES BE L TV
WA, FITH 10eV LUV DIERITE VT RV ¥ — D RRE &R L TV 5,



1.2 HERHBOFH

8 = O ORR, EiiAR LLICE L7,

# 1.1: ZHIFoOEF., i

WRefE o fiRRE ZERIOfFRE =X —4fEee  BRBE mHr— b
Fefl O X (A) A O O
vrFL—va VR O X (A) A O O
HEE R 2R O X O O O
CCD A O O VAN VAN
v A raFyrxZNTL—h O © X A O
ral) —A—4 O A © O X
X7 40 h X O X X X

INERTHEH5 L9512 CCD IIWNTHDNBFIZEWTHZENR ) ORI ZFET 2 HREFETHD LV 5 FERN
TE 5,

1.3 X i CCD ZH#I 5 X RRXXEE
BT X CCD Z45# L TITS B SRR T oV BAD 2 AOMESRENTH 5.

£5I5 1991 i TH EF o= KGERA X BEE T, M X EEREO A A — VISR CCD NME# ST
be KENHO X BUIFEFEITHLS . EARITIZI T T v 7 AF— RICE D KBOA A — Pk TrEFEHRTT 2
b7evy, CCD DREICY Y v X —BONTED, I|ER Ty v ¥ —%2HATH LTI 9,

ASCA 1992 2 AWCHTH b7 RCBIA X A E T, 2 EEH 4 HolmtasEfTon TRy, MERH
B 2 BIEHE GIS & &bz, X# CCD, SIS Ryl T#E#Hianz., 1 >0 SIS k4o CCD F v
TG0 Gt LR 4 B RIEBREREIZE— RIC Lo TR 1 7 b—2A 4805 16 BE TET D, =F/b
F—fREEITIT S B YY) 130eV Tho 7203 ETCOFHBIHRIC LD F A — Y Tha B L TE TV,
Z2ZJ@i% 30 um T, 0.3keV 205 10keV =R /LXF— N2 R TEEZFFON, BT — I TIIHmHzhsEN
%hH5, EESMRET X HELESE TR E Y. Half Power Diameter (33’ Td 5723, cusp-shape k4% &>
Point Spread Function # L T\ 572, 20" FREE TREENMRT 5 Z ENTFRETH 5,

INFETO XHHERICHESNIZERE NS, X CCD 2 X #ERICBIRICHD THZ e MRHER Th 2 FARH S
NTETz, %, 2000 FFICHES> TR X BRIEENSENLITH EF 5D, ZoWTivh NESOBHE
LLT, X#CCD 2H#liLTWa, S%ITLLETFED XBRIERE L ZOHRITLUTOL I ITR>TND,

AXAF 1999 £H, AX—22 v M EVITH EFFEOT AV IO X #EE T, MR 0.5 &) 3Eo X
RS A I LTV, BIHEEE LT X# CCD, ACIS &, =4 7 aF v 2V 7L—FThs HRC 23
HENTRY, XBRLEEENSOEBERWL3IFEHEO/ L—T 4 > 7 %8 L0 X BAE AR L THhESEZL
BENT 2 F CHRIBT 5, ACIS 13 Kimi R 8 L &K 1L F—{ TR BIER o @\ S PR 2 K od 2 FlE
» CCD X vipish, 1CCD F v 7 8.45'x8.45'(1 pixel 0.495" ) OB A RL Z LN TE 5, FAHL
BERIT 3.3sec TH AN, HEFOKE SRV LT —Z OE MRS T IE 0.2sec £ TEEILTE 5,

XMM 1999 8 ATH L FEO I — 1 v RFHEEO X R CHE, 0.3keV 205 10keV 58D T AXAF @ 5
ERREORAWHEM 57235, Half Energy Diameter T 207 L Zh 72 ) OEBOREAHEEL TS, X
MEESITIIEDOY, 2BEAD S L —T 4 VB FICE AT RAX—DIREOBR L AHETH 5, E AR
22X, EPIC &9 MOSH & PN Rl 2 ffifEio CCD T, MOS CCD (3 At iz 1 o CCD &%
OFCESFEHZHRT S L9126 20 CCD REEWVICEIND,



Astro-E 2000 4E 2 AfTE L FPEDOAARD X HRLER T, ZNFETO XHRLEHE THDH T 4dkeV YL EOFW
TRV F T ~15eV O =R NVX —DBEEHE A7 Xy a ) —A—% (XRS) 2#HT 5, HEICIT B
WAL EB THR SN 5 B0 X REES & STEORHSBAHEREIN, XRIn)—2—=2n"14H, X
CCD (XIS) 74 6D b BB AEICE NS, b 9 —FEEITME X fHEE (HXD) T 10keV 725 700keV
PE COM X #iEE A N— L2 ) A —2 THREZH#ET 5, XIS 13 AXAF @ ACIS LR CCD T, 20
HERIIFR 12105, BIE, 774 NETADERMETHY . BIFRETHLREEEITRDbATNS (FN
M i [8] 5 HR),

# 1.2: Astro-E #£# CCD, XIS Otk

2w ~25mm X 25mm
GEILES 1024 %256 x4
YA X 24pm x 24pm
A2h ¥ — i 0.4~10keV
W] 70 AR AE 8sec(frame mode)?
ez EE 60~80um
TR L X — iR e 130eV(FWHM)@6keV
oA LHER 3e~
B LA 4 @ipr
BRI -90°C

1.4 X # CCD ORfER

UED X912 CCD 1345%4< 0 X BHECHE SN 1 oRE2MEND D, ZTHITHAH LEEORBS T
H5, CCD @ lpixel 5 DOEFEFTAHTICIE 10usec FEET 528, dEDO CCD 1T 1024x1024 pixel 2SHEHE
T, 17 b —2FHAHT DI 10sec YL EORZET 5, XIS X° ACIS OfE, A2 LH % 4 EEE T TR A
HLETR> TVERE/EOAE— KT v 77BN TH D, Fid i LEERITZZ O T EREMOMRERIC RN D 2 &
Mo, S —0 XS R BRWRHEB & R T RIEZ RS LR SRET 217725 Z LIFBIERTTRTH 5,

L2vh, BEVFEAH LERIZZNL EOMEAZIZSA TS, XHMCCD Z X MOAKICL > TTEZEMDOEK
ERERADZ LIS TARXBOZINF—ZRET S, B LELEZ BLIZ2 O EOXFRART L L, bIE
TEDOXMOTINALFXF—ZBPETEX RV, TNEAA LT v 70, SIS IZBWTYH Crab S —D X 5723
WRKE TRV —FERERGFE LS EBINT 52 L3 TE R o7, HFEO X BEESHOENGEHOm X2 hn
K OVRAREE 2 oob 5, FIZIZHE AXAF 054, fIERENL O X#iT 1pixel NIZIFEAEA-TL
FU, BLR XBRIBIZKERZ ORA VT v TBEEL EIZ/2->TLE S, EMpMFEDH E721F T, XMM O
E9%I7—0FEHEMOERL, X CCD OBRHBEOR LICk-TH I U ML — "R X, SA LT v 70
BZVRLT <D, 2. O —20KME L TAWAENEEEZKE 200 CCD Fv 7OKRKEME. HDWVIERL
ERET 572001 7 LVo/hEfRbd S, ZIGITEFEROMEMNZE LTt LR OHER & v 5 I S50
D

FITHELHLOEFEENAE L 250, EBHET ) A AL_ANREL LT R AX—DRERE L TLE - IR
BRASZ2V, BHFEE TIEA% CCD O®mB{LICIY M TE T, ZOBEMmIZZO T E LT CCD ORARRESL
TR DTH B,



klrz:::

=

CCD ETM

CCD(Charge Coupled Device) I3ERMFEEHE T LREND LT, ARIFEMOEEFXOLHTH S, £ ORI
L LToMRRIT, AL CEMEER LEBT ML %ﬁéht BRAT % e B D BRI KRB S D,

2.1 FEHmESFELTO CCD

2.1.1 XREOKRHERE

CCD 3%#H® MOS ¥4 4 — REEFAL TRIZERTZH DT, 121 20X A 4 — FRPEEBHIFE LTH
<o FEEN PRSI 04, BMICIEOEBEZINZ 5 &8RP O EFL BMBO SN LiBT ST, izt
WCEZBERT 5, ZOZEZEIZ X MIET (AL TEH A BROAL & B4R L Z N EFHOE 1% B
THZELICE-oTIRETEERT 5. 201 RKEFVEBRICTT ST DAL, BEBOICEREFEORT v x VIR
ISR S,

2.1.2 BEER

CCD 1T BMIZEEZ )T, EAZBVHIREICLVEZBEERT S, ZOREITEWICIEFEHEDREEZEY H
LTWAZ LIZHE L, RIIFICEMOME CEICRERT2OICEME AR T 5, ZOBMERERE VU, XA

MZEBEFEMIKF LT/ A XTERD,

CCD TORERORAESGIIZEL LT,

1. 2824t L TR WEIR COEREL & 2 DOYEEL
2. Z2Z BN TOEELE
3. RE TOERRUENIT X 5 BhiE

D3ONHY, WE 3. ORSNEL LY ERS, ZOHEBE LT, Si NSV FXy v FEEKRTHLEN
FiFohb, BV Ry v 7REROBE, ETHEPOEEER~OEHERF/ESITEEALBZ LT, v
R¥ vy v FHIZRE L= RV X — AL 2R L-MEEE N T ERARBEMSGRRE L 25 [13], Z0FEIPLREL
T R VFX —UENL N 2 5 L BBHERN/ Z 528, Si0y & Si OBERE Tl FEENREGEAENS L 7)) v
Ry REFMRL, ZhICX YV ZHEORBEEMPEL D, ZADRKERBMOFER T, Z0ORS% kT &R
X— e %E LIFAEBERARA L ML B,

J/—%I)E—F& MPP £—F

CCD@%ﬁﬂ%@ﬁﬁ@%&%%ié/—vw%—Fﬁ@ﬁ?%éﬁ\LKT&kﬁﬁEﬁﬁE®P%Fﬁ$@
THRBEZIEOATNDS, ZHCx LEDIALTF ¥ o 3x A H EMEINS CCD 1k, RO EREY 2 TRERIREICT
522 L TIOMSERIBICHITE . Z OB FEE MPP £E—FEE 9,

FHRRREIC BT ART o v MG AKX 2.1 1TRT, HOIALF ¥ oA TIE n WS ITK VRT3 v LFHF R
NEICTE 2720, BEENIEREBICLTHLEMEEMT 22 08T 5, —FH, SiOy L OREEIFAT ¥ vV

9



Sio?

EH#(collecting phase)
o.:o'o
731) 7f8{barrier phase)
.
pinned
REHEOER
Evo IRE |
{pinning voltage)
(e.g. -BV)

2.1: MPP 8{ERs DR T > > v L5 Fi X
[12] ‘& 1 RAESK X v B

BREEL, R TOME FHFOEFRENRE LS 25720, BFAREEMITHE S THIEFLICHE S, (mEH
W SIC< <725, ZORITEY, 3. ZERE LIEEERITIELI DRI 2200, BEELXZTT TWVLH72H
ZEZRIIME LRV E VI RERH D, BICEWIRERHCA T Y 7 AF v =P LW EMMERIND LI RED
HY, ZHFKRETE~D,

2.2 BREEZETNSARELTH CCD

R ENE—REFPERGIDEEOBEMICEBENT-ZZ L6, BIZZOEMEFAHTEXBOZ L F—
LArEIE#RN NS, CCD ORIz O 2 OBEMESE 7 VOB TZIFIEL T, HiAHLOFE TEATH
EITH B,

2.2.1 EfEE

BEEE~ OBWB TR L TN TRT Y LOHFEE L, BRIZEDOR CCD OEMIRE T TAT
VI V—IlBL Tz 2 b, FRIITW<O0d Y, WHE, =M, ZH, B (S—=Fy 17 =4 X) O 48BY R
FifEbN D, ZNLEFERICMAEEOELEE T D0 OBENTREROEMR TERICRE-STEBY, 1207 2L
FOBEBBIEICEOEEMIET D, ZMHE =M ey 7 OBMEETREX 2.21C#E7-, M7 v v OfA, Bl
EELY FTEEL7ZT TIEMIBB LN b, AENICA A 2EATHZ LITL> T, RAUERNTRT
VA NEEOIVHLTWS, 2070 BERIIMHEICZR 52, RUEBRM CIRXEFHBRE-STLEI LWVIRA
LD, THFHEEZ oy 7 bREETH D, BFRETIX, FCZ0Mr7avy s CCD ZHVWTERL TV,

THZ vy 7 OYE . BRERERILX 2.30 ‘readout’ FED X 572, high & low ZLZAEICHV IEIE SN2 OD
BRI TREO NS, Bk MPP £— RiX high & low OEEMEE FiF, T (‘integrate’ FF) |2 O B
L low level IC¥ 72 & CTREBIR AW S T, Lo LERERFICIT low 725 high ICB 5B T, ATV TAF¥—
N D EMAER SN TLE I ERMLN TS, Janesick[16][17][18] iz k5 &, CCD MIKERRAETEME L
TWDHEE, JEH L CRAZELO —HIIMILBERAEICZ-> T R T v 7 &5, CCD M EXKBRE~EL L, FTv T
ENTOZTEAB M, HEEMZEZTORT DRI X— 2 oF Th#E s, SiRF2EHE L CEMELELD
HLED, ZOBMTEDOKHEREFR ) A AL/ b, MEEFRPTEARANIENLEbETHERE VI FREL
Wy,
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X 2.2: ZFH7 vy,

_\_\_E& oo
electron
0000000 0000000
electron
ocO
[OHONONONONONG) )HoNoNoNoNoNe)
0000000 00006)
[OHONON¢ DOOOOOO0
QOO0 | 0000000
O0O0O0000 OO0 00000

3 1y 7 OERERE

oMz vy OB ORHRIA A EEAN LTS ERT,

CCD drive patterns

MPP MODE

integrate

x

{1 {l high level
" low level
[‘ " high level
low level

normal mode

readout

% 2.3: CCD EWizEbnbs 71y
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ADC InputSignal

Float

Reset Sampling

Pulse

Signal
Sam pling

24: CCD "o ESLMHBEAEY SV IR I T

2.2.2 CTI

CCD W EMEELEEITRIBE, MOOEB THRY ZIZLTLEIBBMBOL SPFET S, 1 B A H0RE
TEREBICEE SN D ERMOFEG % EWiEED®E (CTE = Charge Transfer Efficiency) ¥\ 9, ZHiZxtL 1 7 &
IV Gy DEEE THRRE SN WVERT ORI E A BiTiEEIEE (CTT = Charge Transfer Inefficiency) &\, CTT =1 -
CTE BV o, V B BNVEEREITR T2 HEICIER SN 5B EL AL 5 & RYOER O A No, okl
\ZIRD M O A N, Kb S EROEE AN L35 &,

N =Ny — AN = Ny x (CTE)Y ~ No(1 - CTI x V) (2.1)

LIERICE B, FEROMERERFICE O TSI L 225 01, IRETR/SY RE Yy TRICRIE L by 7 i
* o THEITERD S —ATH S,

2.3 T—AYUTYUHTARK

CCD 20X 240 L 5 RIEFENELNTL 5, SRIOFERTIIMEBEZEY 7)) > 7iEE AW TEREICT —
2 EWY AT, CCD OEFIX) By MEERELNEIEDO AL T AETH S Float level BB L7-%, HHE
YA DIEEE%ER LT2 Sample level ~: #4779 %, Sample level & Float level 5| & H A, {55 EHIZ (FRAEM
IR B L2 EICR2 D 2 2D, T2 BETHI23Z02 2O L _A MNP0 TRD 2L TER LR, £
T, ARIOERTEADHAVSIOEIMHENEY Y 7 ThE, ZHITELNTE{E5% Float level, Signal
level 5T NEWH 7Y 7L, PHLEEZEHETIETEZ wAEEZRD LS LI b0 TH S, N[EY
IV TTHDIE, BTN TERHEESC L TEEO ) A XS EITHEZE S L3572 Th 5, M 2.413MHB4
HY TV TOBITH D,

2.4 WMBT—4% &HERETE

CHOLTHELFELAONEBMYVHE LIAEELD 1 7L—20A A—URELND, ERRICHERICRVIAENSA
A—VIER 25080 THDH, HHD effective FEIK & IEEBRICELFIC CCD D&Y7 B VICEBINTT — ¥ &5t
TAA TR AT, effective SEIUTFA T E 1T [ #6 + BHEERE + HAML | 03 SOBBRERTED,
ZOHEANOEEEZ T TND, ZZTINLDORELY RIEL720IT,  effective FIROFAH LEZEIZCCD 27 vy
V h o TRBHREITR D, BEHMIARFHMEREFTEO 2 HFEIZOWTITRVY, ZUENKELS—N"—r a2y
(Horizontal Over Clock) fEi, HEE A —/3—2 12 7 (Vertical Over Clock) fEik & FEIZN 5, HBimCTiE, L%
HOC ik, VOC fEIk & WFd %,

HOC #8I%iT effective FEIROAERR L4 I21T 72 5 EFEAEIK T [ BEHEE + FEAH L | OREEZ 5, —fRICHR
%1% 100msec LT &I E S BEEBIRORE L IZ LA EZ TRV, HAOL-VLIEEEFOEr L)L E B RTERN
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512 pixels 64 pixels

A - A
' readout
horizental
over clock
region
512 . .
pixels effective region
P
576
pixels
6‘_1 1 vertical over clock region
pixe T

B 2.5: FABICESGSNDA A—Y

T&D, /AAXBHAHELITHEIRAPMIF L AERTZD, HAHL ) A XLV SRHTII Z OEBORES E&2iEd, —
J. VOC fElE [ BREE (o i) + HAML | Ol b 2K 5, 22T, ZOEEOMEE2£LEI 2L T
effective fHIK CEHLFITH I BV L NAEREHTHZ ENTE D, 72, VOC - HOC » 5, MEREIZE S FE
B OERBEEHET 2ENRTE S,
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A-h-3::=

=

X # CCD Otaes

3.1 X# CCD i X 7L

FERZFHBFEED CCD F—FZ RS AT A% 1994 FICBIESh, ZO%Y AT LAORERHED Hhiz,
FEHZOWTI ] ZRTH LY, VAT AOMBIILLTOMEY TH 5 (K 3.1LFFHCSEOE),

CCD EEmMBIRTL CCD X, 222fiCii~7= L 512 CCD i B R - BRICHBIFCEEEZ T 5 2

LICKVEWEELZITR Y., BEEWNTIZZAILTIV—I AF—3 gy ETa—F—NRE. FRITHE-

THRERFZFHRIIIEED CCD R4 72 AT AP EEICKLERBEZIARIEY 727 L CCD 2% viatl, 4

Bl EBRTHW-EEMITE 32HBEL TH 5, BEIZH-T CCD Xy HhIh-E=FITaiEEEss (LT

PreAmp) 12 ko THIE S, Z87 > 7 (LLF Diff-Amp), 2—/327 ¢ L4 — (LLF LPF) %l U TERE S

niztg, VME Fo7Far75Foarar"—2— (LT ADC)ICk-» THlViAEns, BYVAENZT—4

1% VME E£o CPU AR— RCHEFEAE SN, Ethernet @ U T1IHKO 7 L—AaF—2 L LTSNS, K

WL E R Difft-Amp 722V L., LPF #%ic4 v n A a—7FTE=4— L7, LPF OBEEHIT ~2usec ITREL
Thd, WHEHESRKICIZ, K32 0L REENPRLND,

CCD AHIEEI RT.L CCD X @mﬁﬁmtwﬁﬁ FAWTHAIT S, HEIZOTF bN/za—L R~y R
BEFLEE—F—ZBMOHTTHY, BRBICE > TEEOREIC n/bm~w¢é LnT&%, CCD %#fl
FIKZEKEL T ETHH (K 3.383) 7254 CCD REMPHEBEL TLEY, ZORIZ CCD % BEhT 5 & RE
Va—FLTCCD%%LTL&O$_&Dﬁm&w0%_T\CCDiH 2V —RoT | RN —RAR

T o THEZEFEEE CTEES| & ST v o " —Hickrhbd, BEEOE=F —FREZEFEKIIYT =
HIER, MEZEFERIIN= TEERTIT I,
EERERR D BTSN EZE T v L N—DBEZEEL 8 x 1075 torr BEE THEL TWWEN, EBRT LN
277 VI 372 D-sub, BNC a7 2 —865H00 Y —AnbOEZERANOEL Y, HIRTIX
107% torr BIZTHEFELRLS RS> T LEST2, FI2T, BRI — LD ENB RIS FROHEEHZEH - THL
HESWELEZA, BEICEMRRERN 1.5 x 107° torr ([Z42 8 EFTHEEEAEE L7Z, 7T Il i1
D-sub ~OHEXELEZWOT LI R TRBESBLEICRLTHA I, BEMITITREKANZEO D-sub T f+
F. Z® D-sub &7 7 PICEBY FT72 D-sub KR L. KKUAIORI O D-sub % &7 — 7 /VHEHE A
L7 ERBZHND,

3.1.1 /4 XMH&E

CCD OMREIFMAZITR ORI, ZDOVAT LD ) A4 XM S mOEEFEA e Aa—FTE=4 —FT 5FTIT
Kotz ZTOFERN OND ) A4 XRRWHENT,

ey F/SLANSEDE /A X

LOCD FIA T AT MI N AT =R L— 2 DEFEEEY 7y 2 VME Licdh s DAC 23 MEF L LT
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2.50

| Voltage Reference

CCD Driver ["Analog Switch
r-=—---=---- Y-M-E-: ------------ 1 [(Ozaki Kairoz

Vacuum Chamber

—— PIO board

X-ray
Fe55 |

VME Bus

12bit
ADC \ Low Pass

Diff A
Filter ! P

N

< p| | NOVA

1
1
:
1
Board \
:
1
1
1
1

A4 Computer
Sparc5CE

Cooling System

Etherner

NOVA >
Hard Disk
Sun WS

X 3.1: CCD 77— G A7 LD

3.2 ® Diff-Amp BOWFEERDL L, VY FERBICT VA —va— &I L, 10 ps 2> THRK Vp-p
~ 1V ICEDEREZEZ LTHEO08005, CCD OFAH LI OREKRIZK 3.40 X 51278 > TW5BH I,
CCD ®V kv ~MI RG WHCELNTEZY By MEBEOBEAZK LT, RD BERELMMETHZ & TITR
bivd, ToF—va—hME, CCDIZANLIEY By MEBENENWRASVAZM L TOZRWETIZRED &
5, VEY MaRERTHDZ L, RLEIRTUVE—va— MRERICA LI, 2% 20O FE FHEE L2/
KoL oCRhRxzTnwabdEbhs, 7o —va— NI LPF Z@LEZRICLRONDZ E026, ADC TO
F—BBRET v~ a— MEOEENLE LIZH o TiTh 2722, o &b ZoRIFERIZEL LN &h
. Data #EUET 2RFZIZERIF CEE LR Y /A ZESIZIEINT I 20,

Diff-Amp #%OWEHICIZ 7 a— LU, 7 F N LU Vp-p ~ 600mV @) A XBD->TWn5, L
L. Zhid lusec INOIEFICE WKL EZ R T Z £ 0vb LPF TEBER%ZICIZRL LY, Vpp ~ 50mV
BREIZET/ A XRIBIXTR-TNEZ ERbhs,

sec noise

Diff-Amp % O H D 2R 0 figie s EIFCTRS &L Vp-p ~ 1V T2.5 usec @ spiky 72/ A4 AND > TV
72o 2.5usec AT CCD RIA4 T AT AZMEL TWAEREIZ o v Z7ITHYELTEY ., FIA 7RO

Iy I NEBRIZOSTLEST-LDEEEXLNS, LPF TRLRDZEDLAEERRANZIRITLE - T
b\fcﬁb\o

1 i sec noise

CCD o7 —#BfFHIC LPF % OWEEE RizE 25, 1u sec(1MHz) @ spiky 72/ A4 X330 - Tz, i
LPF LRIOGEERENLTHD-TEY, ADC 2b /A APWFHLTWEZ L3y ho7z (K 35), 20/

2 HARIIIZIZ Y & > ME B, 10 psec BARICT — 2 # it LT\ %

15



# 3.1: W= ADC o#Hit&

PAEA VMIVME-3115(VMIC $:%1)
etk simultaneous sample-and-hold inputs
resolution 12bit

voltage range

0 to 5v, £5v, or 0 to +10v

— +5v CfFEH

conversion cycle

1ps %2,000,000/scan rate

gain error

40.05% maximum

input offset

+5mv maximum

maximum sampling rate

1.0Mcps(2channel) or 0.5Mcps(4channel)

— 1.0Mcps TfEM

Tek Run: s.oonsq Tsample
¥

...................................

T T T Ty

...............

0V T Mi0.05s ChIN 23V

3.2: Diff-Amp %, LPF O FEOE=4 —
b2 Dift-Amp #@iE#%OER (1div=2.0V), F2»% LPF @ia#%OE® (1div=1.0V) I272 5,

16




% 3.2: T o+ =27 248 CCD D%

CCD configuration

Full Frame Transfer

Fill Factor

100%

Effective Pixels

512(H)x512(V)

Effective Photo Sensitive Area

6.144mm(H) x6.144mm(V)

Chip Size 7.5mm(H)x8.0mm(V)

Pixel Size 12pmx12pm

CCD Clock Phase 248 CCD

Output 1 stage MOSFET source follower
for Low Noise Readout

Other Spec Buried Channel

Clock Vertical & Horizontal Shift

Normal High 12V, Low 0.4V

Register Clock Voltage

MPP High 6V, Low -8V

Output Gate Voltage

Normal 6V

MPP 3V

lot No. N18, N13, P2 3@,

I+ (Torr)

It

1

® o
= /
% o y
-1 A L

1071 55

RSN [

1

[T T

200 250

[-123][-73] [-23]

A I

E (K)

[k (C) ]

3.3: AR

17

JEDIREZEAL




o

RGo——|E

oD
SG oG
i Cid
‘ I—__’ FET
. 0S JFET
- > | Source
EBEOEEHR

{charge transfer direction)

3.4: CCD FAH LESy OREIEIX
IR T 4 =27 AER B HFE, OS Oy L0 £173 CCD chip NOMIEIZ/R D,

Tak Run: ZSOMSIS‘ _rSample

X 3.5: 1 pusec /AR
i LPF #%O¥H (1div=20.0mV), FA* Diff-Amp i@if#% (1div=20.0mV) O

18



HPKCCD spectrum

19971110142442_HOC.qdp
T

10°

1.718

, GW=

10*
T
L

count/chan
100 1000
= 3553, GC= 541.1
22.00

, GN
. N=

1.620
13.35

10
, GW=
L Wy=

534.7
2686.

510 520 530 540 550
chan(ADU)

o)
o
a

GC:
GN

xrayhard 11-Nov—1997 12:37

3.6: HOC fEik/HIE->72 8 XA 7T A
HFTNE—7 OFEERROND

A4 XX VME @ One-board computer 28 ADCIZ7 7 A L TWAKIZIZ- &Y Ao, Vp-p ~100mV (2
BREZLHEXIDES, —F, EOR—RFICHET 7 EA L TWARWVEE Vp-p <20mV &/hEhotr,

KK CPU A— KAWL VME 7 v27iZh-o72, R LICADCA— RUANDOR—=RIZT7T 78R L2 A,
A XEYREN L2 &6, VMERY 72 7 L—00F—2T7 7 ABEICERH b0 L EBEbS, 2
D) AXiF ADC % VME o8 VEES 20RO 2< T2 &LV, 22T, VAT A/ A XEFMT52
LTI/ ARXDRGmBEL /A X222 EREEZFEE L (( BERY T, BERBRNDHLD /A X)) OHYS
)

o

EXRMTSLOETILE—YiEE

CCD o7 Vv—Ar7—4%EH L HOC O A T ABERLIZEZ A, RKALL—IUTHHITH N
boP, K 36IREND LI R 200 =N, WTRLIT YT T4 b T&7, RUAICEEL
7= LT — A ERE LT ZA, 200 IV T VOEBEOkIFE T L—LEBIZKE B L TR, F
LF XY FRNVDETETHo7, LPLAEEZTRHELZE Z A, BIORIE L E_XPLF v o XVOEDE
LL T\, ZOMMITEEEEEN 72, Ly effective SEHIE® VOC SEIRIC B AR F 70— RR SN
b, ZOMETETORKRICHERDD ETFREND, 72, FTNE—TOR IO ERYH L
A A= R OORHAMER RV H SR 7-Z L5, 1 pixel(60 psec) LLPIZREEIZE8) 9 % i
LD ) A RRGBTEET D EBbh b,

Z ORBEITAL BIRME D bRk Z Rz, LPF & ADC 2R <Elir —7 1% EFICSS EIEEDAL T A
LAULIS ~ 2V S5 E WS- BN A L, ZOERIT LPF OREh =37 # —O#EMRBICL D b0
T, BEREBE~OAEZ R T720IC LPF 23 vy —VICHMBAALTaRrx I X — 2 BESEIZEZA, EH LN
NORNZRONEL ooty ZOWEDER., 7V—AF—REREL-EZAXTAE—IRRLNL o
2o ZTNE—=213 LPF O3 2 —OEMARIC LY A URREREN., EVEY TR L /-HENREE T
RN EHERIL TV B,

HERO T, AEBZRALD/ AKX

30ne-board computer 7% Bus Master (27 7 & %32 LED 23847 L CWAIHZ ) A4 XRD S
AEARINCIZ 2 DDA T 2T o DHPLTF ¥ FAOHTEE L D EOF v F A0 pixel DHEHIHLTA A= %12,
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F 33 VATALIARX
HZEAHAREET (ADU) | EZE/AEIRESE) (ADU)
B AR 0.86 1.00
Bl R U 1.03 1.14

BZERCTOERDOZZ 2~ F (LU GND) & VME, &EFEED 7T v FLoBMEZE=F—FT5L, Bt mV
BED ) A ARREFIZDO > Tz, 2, VME ERSAFTOEIRRDO GND IZE-> TESICEELY RIF
FTHREM NS S, £72. Pre-Amp <° Diff-Amp 1ZEZEF v o RX—RICANLNTEY, BERLThHD ) A
ANERRIZDARREEND S, F2 T, YATLAIARZREL D DEEL T T,
SR 5 1k

e CCD KAIKIZH Y +iF74. CCD OHAERE L% GND 12K &3,

o CCD ERENE & EZeAMEBROER Y. FURERNSIAEE. BIORER) S & 558 THES,

o HELZUMRZGTR A BB L T B BE & BRED L T\ 722 W CENE L,

e ADC OF — 2B ITEFEOTFT—FBME LR L XL 51277489,

WEEFRLTIL—ATF —F52BELZOEADOE T EAMEOE A NS AEER LTI T T4y LT &
ZAMETF v RNVET v R FIZRRIR S B RO T2, SBOMER R 3.312H 5, EEREY—FEIT LT
FR2ENEE ) A XKL TEY, BERZNS /A XRD->TWAEEZRLTWS, £7-, EZEHHERLEE
L TWRVIRIE L BRE) L TV DIRIBE ZIET 5 L. 15~20% O/ A XOHERBRALND,

ZOHENEH CCD N18 4-5A0N-4 ORIE (3.3HiB M) X TEX 57205 L/ A XDl T2 L0 H8E1D
Bl Z AN LTATZR > T 7eh, CCD OMY B ZMEEFTF v 7 %L T LE -7z, ZOEEOREIIFET
XMool WERIBERE T v o N—F%OBEMN ACHICKEENS L, CCD BV HITHIZELTLE D
FREMEAE SN, BRDT-DIZF UBLER) b ERZMA T 2T L,

GND LOOP xt%

8% DFEY 2—1D GND $UIN—T %D L BEIREIC XA EERS /) A X&5l&gz LTLES [11], £
ZTHIERRD GND Z#—AR{ L. Difft-Amp, LPF E&MEREIEERZ > v — VICHAIAT Z & THE DR L, E
W ) A X OEBEMZ T,

FoAvrAa—7T GND v—7RTxnL o, 7—FBERIIIRE 7 — 7 L OFE SR E GND I 1 A3
Ta—T7%Y4 T, =70 GND #ORSHII > TT—FBERDO GND & Avuxa—70 GND #8910 EEL
72

3.1.2 FERhRERE

CCD [ZaEYeicxt L CHIREAFO- 0, EBRFFIZIT CCD AR AL RN E I LAaTER b0, L
ML, NV ZEEFIEER L, E2. VI VORBEZES— VIANNEN L OREEABEBLTLE S, BITU A
T ATIEREORBIEETE LN LRGP Toled, X2 ZITHEFREREE L, BEZES— 0 b OB
WRETTF vy o —%E5 2 L TRLL,

S e BB O & o T2 B A O SERIT 1997 48 11 J] 30 HITATZRW, i R 5 0 BeA3 1997 48 12 J] 27 HITAT/- 7=

SIRADALASAICE D &y Bl BATHTHETIC CCD % 3L T LE, ZOMCIERER L T v A —ROMR ~50V 1EE b
RhTnizényd

THKROY AT K CIREERZ T LA T b, WERBER L F ¥ o S—ROEMEE (V27 22075 L TRV 5+ mV p-p Thor,
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F£34: lxD T v TEEFFOE 7 VK

trap $t | 7 &A%
0 820691
1 313392
2 104427
3 29597
4 10054

—20°C Dt R,

3.2 &/ 4 X CCD DOtEgEEFHE

3.2.1 BBEREFMH

BHERTITER 7+ b=7 248 CCD F v 7 S5467 ORFEREMEARIE L, BEROEMNNEE 7 1 & X
FIZADZARHMPITER L T A FELEEX DT, Z20%, BRT7+ b=7 2% CERE 7ot A% RE L, KREER
FoTEBRLTND, SEEIET S OEFHERETOF » 7 N18 4-5A0N-4(F£ 3.288) Th 5, BFERKOFET
EH M i & R CFETHE L.

MPP &— RIIRFERENMENZ E205 —40 °C LY EWEREICBW T HERAEf LRV, 2T, MPP £—
RT —40°C KV @mWRETML AR TRV T L—2 2 BEG L, BEROREKRGEEZFNT, FEFLLTO®@Y T
5,

HIERE —20°C, -15°C, -10°C, -5°C, -0°C
g7 —4 5 7L —A
5 H R R 150.0sec

eAHI LR 20.6sec (60usec/pixel)
gAH LTE M4BT Y
74~ (MPP) 12.68eV/ch, 3.47¢~ /ch

MPP £— RiZBW\ T, —40°C XV mVREFER TI?? 8 1.2. OREWEN (LI~ T v 78) 225 OB ER S 5
W2, 1207y 7RO RAETIHEERII-ETHLND, EA NS TANEE T VVIIHFET D N7 v 7HIC
B L2 B L LA L D e VO ERMONTWD [3], Z2ZTHIREDT—ZIZEL, VOC ofMfEx e A
LLTH 7b—4 2R LADELE A ST AEER LT (K 3.7),

FNZENOREIZEL T, ZROE = NHIRIC T vy 7ORWEZEL, 129H5E 7L EXFIEL TV,
=20°C OF—ZIZEHLTCh T v 7O E T 4 v T 4 7 L 0RDIZ (F34) L 2A, b Ty TEHOFHIE 0.50 {#
/pixel THY . BHEROMHERTH S S5467 O 2.6 il /pixel KV ITHNCHEISNTND Z ENDN D,

E—7 OB ERBRETINA NI v 7 1 DUV ITHRAIEEREICHIET 5B 6 TW5 [3), £
T, ZOEZIRERICKROIZRERN £3.5, R38THD, M7y 7HODE—2H VOC O LU L TEEZFF -
TEBY, ZRNLHEREHEHSINLIOTIOELGLE T I 7ICi# LT,

KO M ELERE T Shockley, Read XY Hall 12X > T SRH EF7 VAN ENT-, ZHUIC LD LIRE T(°K) @
KRl ZAE U A RE BT EIIC LI T O L S ickb I 5,

T2

U=Kx _ _ (3.1)
o) + e (Pt

KPP OLFIFXENREN, By N7 v TN, E BT HO MO RV — FE AREREEMDRDO = R /L F—,
kp: ALY ERMTHY HAIERE LT K 2B\, ZOR%Z Si lC@EeT 584, Ec-Ev = 1.12eV &9 B8R

SEAFIAREIM (I RAEMENL AR BT 2 & 0 ZIETRVIAR D & LTBI< Jn b ilfl b5 v 7 LIEER S
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5frame total counts/channel 5frame total counts/channel

5frame total counts/channel

0

10%

1000

100

10

104 5

1000

100

10

5

1000 10*

100
T

10

T

qdp

19971203 /CCD/trapestimate,/MINUSOdeg_VOCEXT.
L B A A

\H PR BRI o |
0 500 1000
channel

10*

1000

100

Sframe total counts/channel

10

1500 2000 6] 500

xrayhard 15-Jan—1998 22:03

5

1000
channel

1500

qdp n_ 19971203/CCD/trapestimate /MINUS5deq_VOCEXT.
S L S e A R

2000

xroyhard 15-Jan—1998 22:00

19971203/CCD/trapestimate/MINUS10deg_VOCEXT.qdp
e

"
|
L,
500 1000
channel

o

1500 2000

1000

100

5frame total counts/channel

|
|
Mw il

500

o

xroyhard 15-Jan—1998 21:58

T
_=so

0 500 1000
channel

19971203 /CCD/trapestimate,/MINUS20deg_VOCEXT.qdp
———— 77—

1500 2000

37 VOC #BufL Lk A NI T A

A REES---DIET, 0,5,10,15,20°C

22

1000
channel

1500

19971203/CCD/trapestimate /MINUS 15deg_VOCEXT.qdp
T

2000

xrayhard 15-Jan—1998 21:56



% 3.5: MPP — F —20°C ~ 0°C O ERE

hT w71 O%720) ORFERE | b7 v 7H0 OFLE

°C (e~ /frame(20.6sec)) (e~ /frame(20.6sec))
-20 102.19 19.95
-15 157.43 41.78
-10 248.04 78.11
-5 394.43 159.06
0 593.53 283.81

Darkcurrent

19971203/CCD/trapestim
— ‘ e

ate/darkcurrent.qdp
‘ ‘ —

1000

darkcurrent(electron)
100
.
L

10

. | . . | . . | .
255 260 265 270
Tem pe rature xrayhard 15-Jan—1998 22:57

3.8: MPP E— K —20°C ~ 0°C fEK CORF B &

BARE—IBRELOROTE=Z—=7 L bR, E01F F I T7EO0DOE I BN HUIFEETHAE—7 L P ETH
Do HTADHRIMEDREMIZIT 4 v T 4 LV THEBOERFICED EZARKEVWENLL, MNP T —TALE L
T 1ADU #27Th s,
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Darkcurrent Darkcurrent
19971203/CCD/trapestimate/darkcurrent.qdp 19971203/CCD/trapestimate/darkcurrent.qdp
—— —r———

, N= 5.000

darkcurrent(electron)
darkcurrent(electron)
100
T
|

3.518BE+0B, P2= 0.5585 , Wv= 148.3

1.08256+11, P2= 0.3807

10

. S R S RS S ER R R . P S BRSNS RS
255 260 265 270 255 260 265 270
Temperature sraphard 20-Jon1998 02:54 Temperature

10

1

§ e

X 3.9: BEEBHRDO 7 4 vT 4 THER

% 3.6: SRHmodel 7 v F 1 VFER

k< FHENT 5 —
(eV) (Ax2=2.7)
KT w71 obim Y ORER 0.56 (0.55,0.57)
KT v 7H0C b IEET BRI 0.39 (0.36,0.42)
MHHZEnb, BE'=FEc— FEt 2B L
2
U=Kx T (3.2)

exp(iigggf)4—exp(k T)

L, URK L E 0227220 %, EELARS TEIRLR2VOIF 1.12-E'(=Et-Ev) 2fCALTH
RURICRDZ NS, ZRBEEVWI ZETHD, ZORE K38 ICT7 4 v T 47 Lz, fERITE 3.6080 T
%5
— 7RIV ROI-EERMIEBEHE BV—FHEZRLTWS, BEHERICEIVUE 0.55keV FiTIZ hT >

7EH%W5$M%1AMQMhNLZMO%mVLMM&%@V%%@B%&UT%D\% H—IZ L AuX Fe 23A]
%ﬁﬁ%wo#ﬁ\0%@VH£@F§y7@&@O®3&@/oumv)%m4wmwﬁ%f6ﬂ FOfRLE
OEIRME OB TIRA LT Fe BEHOENWIC CBID R TN EEYD ZOREERTNLETHOLOE
NEI,

&LH@M®(nghf®u RIFEAZR B 7-012 0°C @ dark image Z1ERk L7= (K 3.10), A A —i%,

WEOENKEL RDHEEMER LTS, ZOBMIIT 40°C fHEND Rxthd, Hx o EPRERAIKELI Y E
AF77Aﬂg%mTémf CXHIGTHZEND, FBE TR v 7ENRZVONRKRTIZR VLRSS, L
ML, ZOAA=VETFNETIE NI vy 7EBRR RO, Yo LV OEEINRK 22O & 220, £ 2T,
0°C DA A—DIZH LT K310 X 5 K s A AL FICHE Li-7 0y FEER LT, B & FOEo@En
T A0, BEFETHLEDOMEMNMEL 2> T 5 151-450 280 L > TER L7z, K 3.7 o 0°C
DEARTFINERGBT HL L DNDB, Trb 7y 7T DRVWE L, 120587 2LEMEL TS, Z
NERDEHLDIZEDET R v 7EBNEML, 20 E 7 BIEOBEINC D/RRl > TS Z Engnd, BLE
Ty 7R MU AREMEE LT, v ar v —%2&B L CF v 7 1 KEY & BRI AIRA L7Z w6
HEREZBNRD, CCD@EE&@@%ﬁ%%T%%%

X370kt A K7 WCRD &, EOREERTH 2000ch fHEIZT A4 RO ER V2R NS, K 3.10% R
HE, AL A] 1@ﬁwﬁﬁfﬁb;®%k/ZW§#%ULﬁUKﬁﬁtf“éc;h%®mi%t7v~
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400 600 800 1000

200

3.10: MPP £— K 0°C DA A—¥
REOWREEZ TRy NEZEANEICRZS

Y(151—450pixel) projection

19971203/CCD/19971204091127_BLOW_active.qdp
T ‘ \ ‘ \ T

0 200 400

>< xrayhard 6-—Jan—1998 01:39

3.11: KEFEIZERERE L7 2y b
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# 3.7 PFe O~V F v Lo R L HF A

temperature | Mn Ka  Error(Ax?=2.7) | Mn KB  Error(Ax?=2.7) gain
°C (channel) (channel) (channel) (channel) (eV/ADU) | (e~ /ADU)
—120 464.9 (464.5, 465.4) 511.9 (510.1, 513.1) 12.68 3.47
100 ATTT (477.3, 478.0) 526.3  (525.4, 527.3) 12.34 3.38
-80 472.7 (472.3, 473.1) 519.9 (518.5, 523.5) 12.47 3.42
—60 464.0 (463.6, 464.4) 511.9 (511.2, 512.9) 12.70 3.48
—40 452.1 (451.6, 452.7) 496.7 (495.9, 197.4) 13.05 3.58

ATRTHRALEZAIZRAILTF ¥ RV TENAZ END, Ay MEZRALTHDL EEbRA, Fy bEZ B LT,
CCD s AR SI2 Xk, WICEED LM RBERDIMIVAATNIEZ VDO LD, ZODEMBMX v
V7 OMEHLAL RS> THRAHLOT-RICRERBEMAH L TND, F LA AT—LDA A=Y ETHEIZEVEK
LLTALBNAZ B4 AEEMIEND, HERE ETEREZ R L —T 8 b A KB HEHRBEIC L0 Ak &
. 2 ASCA ([Z#H#ish7- CCD, SIS THLZOEZEARMEIZENTWS, EA N TLEEILRBE, /X
VNBUTIRENR TR L LD TARHETRA LN, REBLZOIIEY -7 T v o A NVEFHICEL 2D X HICRh a5 2
LThDH, InE, BEETTDICONT/NLAANL FOBEWEZBANEERy hEZRATEARLS 257212, R
NF EE—7 NEL 2O T AW EHERIL T\ 5,

3.2.2 N13 6-5A0N-2 D& H #h 35T

B IZH 55178 CCD N13 6-5A0N-2(% 3.2 M) # W THRHZIEOREZITR 72, ZOF v T HEIO S
O LFEER, ERERT v 7L shTnd,

N13 6-5A0N-2 O A >, BHEME

Fe Y4 T T/ A >, BREREIFDE, BHBEOREL LT ORE TITR -7,

I E R ~120°C, ~100°C, -80°C, —60°C, —40°C
g7 —49 20 7 L—2A (-120°C, —40°C), 21 7 L'— A (-80°C), 28 7 L-— A4 (-100°C, —60°C)
& HRER 150.0sec

e LEER 20.6sec ( 60usec/pixel)
A LAE M4 EFCTY T

T — 2 OfFHTIIT B ARORM X #ifEE ASTRO-E (c## &5 X #t CCD, XIS O ETiThbivd A N M
Win—Fr&xxzIab—hLY 7 b=, xisdl(XIS Delay Look) # 2, 2OV 7 b7 D7 LAY XA
WZOWTIEfHEk A SR L TR LY, xisdl DT A —FDfEs LT, Dark level threshold, Light Leak Thresh-
old 1% effective fEIKDFE S XD 50 IZF%E. Split Threshold 1% effective fEIKDIES XD 30 ITHE LT,

TAVDRE. V=T VT«

BTL—AnbPa L LgELIWTRE LAY X MY T ARER LT (K.3.12), BB, ZOER 7S
L% summed hist EFES, 0 Fr PRV OE—7 0B XA XU RO AS TWRWEZ L THRO 2508 —7 )0
ZNZi Mn Ka, Mn K3 OA X2 b, BWEIZELTEL EHONTHNDEOR X A X PBARAHZEZ L TH
%,

CDARY NOE—0 %7 4T 47 X0RD, FA U EFM LI (£.3.7), —100°C 5 —40°C (Z0F T,
6% OFA L OEBND D, L, RO MOSFET ORERFEAZFR L TWDAREESL H 525, BIZRBIZHEIE
117 o72 —120°C OFT —Z ZF 7 A UBNE AT TWAEEEEXAbES L. CCD DT AT AOREEM
ERBELTWAO0E L,
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© W997WQBO/CCD/M\NUSW20degMPP/summed hwst errin.qdp

o . 3
. i ]
o L =
. i ]
T 2 E
c = E
- = ]
= r ]
< or 8
O O Y,
N O E Y =
(9] — ", |
E L %%' ]
> - i, 4
S S Wi A .
=) b Mo i | ]
C MM Im ]
38 WM WWW | ’ ]
- L | | ‘Mm WMI HH\ L LI
0 200 400 600 800
Channel xrayhard 1—Jan—1998 22:00
3.12: Ea L~ LEBINWTR LADLELE R N 7T 4 (-120°0)
# 3.8: FEHI A, $HE D @ 55Fe o rflME
HEIE A fHik D fHIE A — fHIK D
temp | GC(Error(Ax?=2.7)) | sigma | 4 photon | GC(Error(Ax?=2.7)) | sigma
channel channel count channel channel | count channel
-100°C | 477.2 (476.7, 477.6) 5.53 483.7 478.1  (477.7, 478.5) 5.74 530.9 -0.9
-40°C | 452.0 (451.5, 452.6) 6.08 378.4 452.2 (451.6, 451.8) 6.43 305.8 -0.2

Efi#niAIEE (Charge Transfer Inefficiency)

effective fEIEZ H ORI 4 ©I12%E| L T summed hist Z/ER L. D Mn Ka £ X2 FOH.LF ¥ %
/1/75:@51/‘ ERIEEIENREZBE LT, L —F 0 EMENES TN BAAL RS MIX LT, #AHELACED
PEEIR A L FEAH L OB b O EIR D (2% LT —100°C & —40°C @ 2 SO 217720, 38 I2oETh
b, Ik, BiERt 250 [\, #HEERE 250 BIOREONY) CTL 23k E 5,
CTLIZLYEHHADET, LObEE A, i D O —2 F ¥ o X ADTT—3ER->TW5, 2%0, CTI
X O TITRET S ENTERWVIEZEEY, ZhXv, CTIOLREZRD S L, fithnk & #iissksnmE T CTI
ThsHrELT, CTI< 1076/ —fmk L7225,

et ES

X#AR MET 20U EOE 7 BV ER > THRIBESNDER DD Z Linb, A2 MIHOENT K> T
HRERR->TL D, 22T, 2BV OMEFETHRIHDREHET 5, 7—21F 80°C THAELIZHDEZHW
éO
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# 3.9 £21 7L —ATEIFT% grade BOITHK

JL— Ryt | grade0 gradel grade2 grade3 grade4 gradeb grade6 grade7
(cts) (cts) (cts) (cts) (cts) (cts) (cts) (cts)
photon # (0-800ch) | 1901 253 592 109 82 162 1274 15501
TA4T AT Mn Ko 1413 167 421 99 104 128 804 11147
Mn Ko escape 43 — — — — —
Mn K@ 204 103 67 — — 104 ok
aRt 1660 270 488 99 104 128 908 11147

# 3.10: Ji#t 1,2 KV RD-z=ZEE

FEt1 FEt 2

grade0 | grade0~6 | gradeO~T7
count 1901 4373 19874 25285
Z2ZEE | 1.3um 3.1um 18um 26,um

FEt1:
1. MIEE LTHWD 55Fe OEZRD 5,
2. 71 —F0,1,2,3,4,5 6 D7 L— FEkbH10,

3. FORERNSL, CCD OEZBREALKRD %,

Ji et 2:
1. IR E LTHWS 55Fe oKD %,
2. EF—HOMZINX—T T v 7 AERD B,

3. o7 T v A%k BFe DX AFXF—THEIY, BFe OH VL FL—FaRD D, (B, 22Tk
Mn Ko OHBRKIZEBRD, )

4. FoRERENS, CCD 0EZEE YR 5,

M 313 12K 7L — ROAXY ML, £39 12K 7 L — RED 0-800ch OFIZEENE D Ty MirEER LT,
BEIIARI MAET 49T 47 THZ LIk TR Ko, KEESBRHL TWS, 55Fe ORIFEIREIL 6keV
FEETIHIFIE 100 % OBHBEE L OPBERBRHEE AV THIE Lz, Z08E, CCD £2EIc¥%-% 21 71 —24
(170.6sec) ® Mn OHIEHEHRIT = 42633 cts EHH SN, ZOFFEITETOA X2~ Mn Ka &0 9o T
TITR>TVBEN, KBEABBRALTL B2 LICXAREMEZ, ~20% O KB ln?% Ka lCiirEZx TLEHF
WCEBAETEZS, L, ZHTEWVEW 2% TAREIOHERICIIFEIC 2 5220,

INNBZEZBEERD D, 1l O TAE T LA R b grade 0 RV L XA XU MELTRDLZ L
MNT&E D grade 0~6 OZEZBEIX <3pum THHOIIX L, Fét2 TRO-EZRBEIBLZZD10ETHD, Th
FEMEERLTOWADEA I, FHEtl Th-oTh grade 7T ETRLTRD & FHE 2 OEISEMNL Z &b, K
BHRREIZA R FEE AL L — R 712V TLE I DI E WS Z LICEHNENDL THA I,

10Fe @ KB event ® L& Z 2 Hh 2 800ch £CTEELADED
L Ao RERIE 15um OT VI KA NE 2ENSECTEY, ZOBBLEEL N
288D o Ax~<7 ML LY HH LT
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# 3.11: Mn Ka OF LT v > FL
grade 0 1 2 3 4 5 6 7
(ch)  (ch)  (ch) (ch) (ch) (ch) (ch) (ch)
Mn Ka HFLF v L | 473.0  472.7 4727 472.8 472.6 473.3 457.2 414.2

B Z 4 b= 240 CCD 2 ¥ BADH A XN E Nz, A XY MIBEEOE 7 v EZn 0T <Ak
L, Ll BRKOFEENTR> THHEBRICEIUE, XBBAST-HO 1 REWEDILNHKE S &P 2um
L HH (personal communication) LTE Y, BB/ A X 12 pym 2 HHARD & 2D 80% 7Y grade 7 12V o T
LE 9 FEFHEMIIE LD, HOTERT + b= 24 TIT b 72 EBRIC XX, PHEIR TG L2 ETEN R~
W ER S TEIMER, RERIFACY & LIEBENMHES R EWID, Grade 7T RINER—D L OB TE T
W2, 1 O0OFRA Y ME, grade 0 2D & L2t <2 b Mn Ka line OHLF ¥ 2V ER 311K S
TWA X D12 476¢ch i E—27 L LTWE DIzt L, grade 7 @ 414 ch & KIBIZENWZ ETHD, AT F v
I3 spiky RENSZE S5 THEME LY ZIFLTWAZ L1225, 60ch (Z2ED 12% 124720, ZANMOREIC X
LOMIEHOBETH S,

33 /—<ILE—FK vs MPP £—FK

BHEDRIITEXAETEVWERRENWZD, BZRERESES /) —< /L E— RTHETELZENREE LY, &2
T, MPP £—F& /) —</LE— ROEWILDHMEER 2D WNIHAH L ) A4 XOZEBORERFEZ RN T 4+ =
7 2RO ERT » 7 N18 4-5A0N-43.2% FWTHIE L7~
3.3.1 BEER. ZAHEL/ 14 4EFH

7 SR T ORE T 75 72,

HIEIRE —120°C, —100°C, —80°C, —60°C, —40°C
BfgT —% 20 7L —A
& HRER 150.0sec

e LR 20.6sec ( 60usec/pixel)
gt LiE B4 EY T Y T
74~ (MPP) 12.68eV/ch, 3.47e¢~ /ch

MPP E— FIZBLTiE, 5000 PFe 24 THZ LICL>THA Y OBIEERITR -T2,

1I7L—LDA A=

) —=<)LE— K, MPP &— R —120°C 7 L— b DA A—VNK 3.14TH 5, /—~/, MPP @7 L —L4
B L TRLONDIBHEICHET D AWV EITFERA RN FTH DL, BIBEIEOBESWHERAA BN, 2
FBREOMBETTTHE L%, VOC f#HkOE2? MPP £— FT HOC I2HATEWDIE, MPP ToO#tiE%IC
EIRTVTAF ¥ —V DD THD, MPP E— K OF —ZZxt LT, KFERBEF A LI A N T L%
ERR L7= (K 3.15), BIZ & ofansiE-x 0 L RATWS, HEITUTO®EY Th 5.,

KEAMR 3254 EOEALA)LOEM

MERITD L 9 L 32 T4 VEICEND, BEROBER (K 3.15) 245 LHBCE—NRALNLR, Zhb
N 32 FAEORRCKHE L, E<ANE 8T 140, 16 74 v EBIZHLEY—IRR NG, ZOFKIECCD
RIA TERIBEFONRE —RERKIZH S, BEFTHNTWDA I U ZIZEE y SRS 5 72 ONSEE 725
FRFNLHEENH Y, KiET 58y b 2N S4 U BICENEL 2%, BEIFLC X D ITERELS 2D 2 &
Nh, BV AN LB AREIE XA R M EFHIT BRI EIIIR S v, BB A M 2 BRI E
DE 32 74 v EEZE LW TIHME 21T 2 - 72,
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¥ 3.14: /) —</LEF— K& MPP E— KD -120°C D7 L —AhA A —
vspace-bmm 23/ —=< v, HHS MPP E— K, 2Z2ALH, /J—</LE—FK O7 L—AXFHBENDRNLED
W& 5

FEEAM 10 line HEETHDEDE HIAH
BICHEZLIT/2 D N13 F o FIFEEFTBOE LIALTR SNZ, ZOENBMLNDOETF vy 7R TOE
0LV OBEBRBE TS O EHERI L TWS, ZOMERS B EROFEMIZIZAN THRNES,

EEHFAOENLR
BN RIBEARNEHHE N TIHEREN R LN ERE L TWADNE LA WARHERAIOE A2 TRV, L
L, Y ENDIX 0.3 ch BETIZEAEREIZIE RS20,

RED B> THERSEMT 2 LA A —VIZHEROFENS R 2MMD 5, —40°C OA A=Y RTHRLWY (K
3.16), MPP E&— RTiE, F.LED 7 L—AEICAT TN KR E S 2553 & 5 (B8 3.2.181). MPP X
DEIZEBHLVOR ) —<LE— R Thb, 4 A—JREITEAR L HEOSOERENERICES TV, F77.
AKEFENIBE L THLE VIO IR I T v hMELS R AHENH Y . Z4ux MPP E— &K TH 5,

TSR, FH
W B OO LT LU T O FIETIT 72 - 72 [10],

LR

1. HOC fEDFIIEA NA T AL L, K7 L—LTHAAL T AMEERD B,
2. KT VL—LDBEDT L —LDNA T AEFI W27 L—LEED,

3. "A T AEF N7 L—LbEkEbE T, EH T L—L%ED,

4. SFH7 L— 2D effective fEl L VOC FER DK 7 AL DFEBEE KD 5,
ZOWf, 32pixel BOBOWHITE LADER (33182 B BOH),

L3 aiEr Jr el 11pixel H72v6 V% & o7z

31



100 200 300 400 500
BANY MINUS120deg_BIASEXT_AVERAGE fits
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¥ 3.16: /—~</LF— K& MPPE—RKD —40°C O L —LhAf A—

EMA ) —<E— K, A3 MPP £— R,

£ 3.12: BEERRE

J == MPP
temp effective VOC effective VOC
°C | (e /sec/pixel) | (e~ /pixel) | (e” /sec/pixel) | (e~ /pixel)
-120 0.023 -0.019 0.012 6.985
-100 0.069 0.727 0.012 6.506
-80 0.045 6.823 0.014 5.864
—60 3.605 56.992 0.018 5.202
—40 27.784 448.444 0.070 4.490

5. (effective O FHIE)—(VOC OFHIE) % CCD ORISR THl > THEETIEZ Kb 5.
E72. (VOO OFHE)-(HOC OFHfE) %3k COD flsskic i oz ko 5,

AL A X

1. AT AEB|NWFEE T L= bR T L — L %8| &,

BAHIL /A X3k 5=l HOC o, /3y

ITT T RELEERD D7D effective fHIKO E A 7T LEH1ED,

2. BT L —LFIZ, FRNEFNOE AN T LOFPa L~ ) A4 X5RD B,

3. FCRDTEZETL—2EBOPa L~V ) L XOEHEETY . /A4 XL L=,

FOFIEZGEN, J—~L & MPP ORfERE, st L/ A AOREHMELZH Lz, BRIE. X 3.17, 3.18,
3.19,32008Y Th 5, KT/ —~</e MPP £— FEFRFHZHE THY . / —<1LD5 A i3 MPP &R U LARGE
LTFay hLThAB,

J =< NVE— RORFERMITIBEN LB 212V ARITHERK L TWDHolcx L, MPP £— KX 40°CItED F
TIHE—E T, WEREZHST MPP E— FOEBMAE I<ELTVS,
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Dark Current(electron/sec/pixel)

VOC—HOC(electron /pixel)
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ReadOutNoise(electron)

ReadOutNoise(electron)
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# 3.13: AHL /A X
J —=<)L MPP

temp | effective | HOC | effective | HOC
°C () | ()] () | ()
-120 7.66 7.43 7.05 6.38
-100 8.26 7.60 6.97 6.34
-80 11.89 9.09 7.20 6.64
—-60 23.24 10.20 9.43 9.01
-40 72.99 9.40 8.69 7.90

#3.14: P2 F o TDFA

Mn Ko Gain
(channel) | (eV/ch) | (e~ /ch)
MPP 627.7 9.39 2.57
J ==V 491.9 12.0 3.29

VOC DiRERMEEX R E, /—<E— NI KEREELFLCL D ICAEAEA T E2 L TWDHN, Zhidiiat L
BRI 20sec D effective fEIE HICWARNICKEBIR AR 72720 TH A H, MPP E— FTREZEIAZ2VOE, it
R BV CEMEL 2 R IED b IEKERRIE~BIT T 2 BICAE T D MPP £— RIZADOAT Y T AF v —TT
b5 EEDLIL, FLIUIAHFER [7] TRARLN TV D, RED ER DT TETEN TR MR H 503 2Bk
WANIERORMNR D D,

Gt L A R HIZ MPP £— RO G MMEVMEZ R L TWSHA, J—=</L, MPP & HICR U X 9 RiEEREE
HZRLTWS, —60°C FHET/ A XBAOEY—I BRLNDR, ZHUETF v 7 OFAH LEHSIZH S MOSFET OFf
HThsLBbhd,

FHEE Frent DREL Y
FDFH T L —2ZhiToEVEA TN, 1 7—20 YD EHLT 1~2 40 b, FEHBRA N2 b8
HEND, BERITEIE T L TS 2 ENS IR0 ZFM L, FEBRA N2 M1 24720 KK
10pixel, Z D% %78 100ch FEOEEZF->T\5H L RAfEL 5L, 1.8 x107% ™ /sec/pixel £, MPP E— F,
—120°C IZB W T HEFERD 1% BETH D,

3.3.2 BRHEMEDLLER
/=< IIE—FD gain

J)—<NVE—F & MPP £—FK T/ — b MIHTONLEBENERLT-07 14 U bE) AREERSH D, LivL
AN DS N18 4-5A0N-4 FoFIZ NI TADT® ) —<VE—R T 5Fe s b TCHRICELTLE-T-, %
IT, AU HE—RF T ThHDH P2 4-5A1P-4 ZH\WT, /—<LE— R, MPP E—F OF A v OEWE KT
%, BAHLAOMEOEBBEEXRCTHL 15, NI8 LEMEMIZIZFR UEBERT L Ebh s,

HERE -100°C
&7 —% MPP £—F, /—</E—F ZRZHICHONT, Dark, Fe 2 3 7L — 2 T o0&
321, F3.14% 75, MPPE—FR k0% /) —</LE—F OFN 25%1E L XA o nlaind 2@mch 5, =
Nx, ROBER,. i/ A A0 7@ 5L, J—<1E—F OFN MPP £—F LT _XTORET
FICHBRNE L, 5L ) A ANEL R 5EmICH 5,
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Normal mode Fe55

<~ .

o r E! ©F E!
2 o v o
c 9L N c 9L E
c © E c OE E
v —
o o
N [ N Y
2 o7 ' 2 5 )
S ok ’\ E 5 oF " E
o — ! E| o - \«
(8] | (8]

—200

0

400
Channel

2 19971226,/CCD/Normal_Fe55/summed_hist_urawaza_errin.qdp
O . T : I : . . I : 3

800

yhord 14-Jon—1998 0022

MPP mode Fe55
2 19971226,/CCD/MPP_Fe55/summed_hist_urawaza_errin.qdp
Ok . T : : : : . : : 3

800
Channel 4 13-

K 3.21: /—</EF—F, MPP E— KD Fe b A 75 A

E2 ) —=rE—FK TF2 MPP £— K, MPP E— ROEa LXALLITOA XY MIFHBR event (25 - T dark

frame @ RAEY %58~ 7= pixel ([ZxRd %,

# 3.15: VL — Rolgth & o o B

JL— R4yl | grade0 gradel grade2 grade3 grade4 gradeb grade6 grade7 | gradeO~6 | gradeO~7
(cts) (cts) (cts) (cts) (cts) (cts) (cts) (cts) (cts) (cts)

MPP &— K 58 10 18 5 4 7 26 494 128 622

J—=)VE— R 29 0 5 6 156 21 113 145 330 475

Fe DRIEHE

LEORENPS, XA R FOK T L— PO AR Lz, £3.15 ITHREELDTH S,

split threshold T\ F*h b 30 TRE L7z, XA MERZRL D 2 grade 0~6 02N 7T / —~/LE—FK
OFMREVD grade 7 £ TRT EWHIZ MPP £— RO REL 25, grade 0~6 OB E & F o724 X2 M
ZEZ BRI TN SN END, /=< E— F FEZBENREI VLW THREY OFRRBGE LN, —FF grade
TDIRBST2A Xy MIFHEIR TR END ESbhTn5, BREEMFMICEDDZFEOTE DL, FIHEIEN
HTIEMIZ MPP E— R OFBBENEWIRERME O, £/, grade 0 b MPP E— F OlFRKEWH, flHlx
DARY MEEBICRTHD L ) —<VE— R OFPBTEICHONZA XY SREN ERbMY . Zhid grade 4
DARY EPRBZNZETHLETIT OIS, ERIEREN / —~</LE— K OFPBENZHLEEZX LD, ZHMR5EIO
BIERERN LT v TORMEEICMER S 200 EAHATH S,

34 E¥E
3.4.1 /—%<ILE—F, VOC fBEEOES

EEEERFOEEIIZENFOEBLELFCICLTHLZ b, /—</F— N VOC OIRERFEIIEEREEFIC
BORFERICE Db LI END, £ 2T, VOC Ofi L effective il 53R 7= fEfR kMR 20.6sec [H ORE
B L 2L L7 (3 3.16).

#3160 5L, (VOC OBFEOAERE ) L0 b (ERFORERE) OGBHE L72fizxPich > Th s o
MEEIL R ) O EOREFERICBVNTHE (B3FHDO T L), FHEREPIEIRFERBIMES N TODAREERD D,
ZOHRELEET L LB FERIC, Barry E. Burke & Stephanie A. Gajar [14] 23Nz U 72 F i YENT 0O W B % #1
2By I Nb5, ZHuE. /) —</E— RTERBPICTEMOICEREY KRR EICE > TITK 2 & TEEE S &
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# 3.16: /—=E—F, VOO & & R TR 5 BB & o ik

VOC EF# | 20.6sec DRFERE | VOC ETF# T t/7 1-exp(-2.7t/7)
°C (e™ /pixel) | (e /20.6sec/pixel) | KEHE R E T (sec)
-120 -0.019 0.469 —4.04%x1072 | 1.64%x108 | 2.18x10~10 5.87x10~10
-100 0.727 1.413 0.515 6.54x10° | 5.47x10~8 1.48x107
-80 6.823 9.227 0.739 8.00x10% | 4.47x10~6 1.21x105
-60 56.992 74.268 0.767 2.20x10% | 1.63x10~% 4.40x10~*
—40 448.444 572.358 0.784 1.10x10' | 3.25x103 8.74x10~2
DARKCURRENT
(]
Eﬁ 9 = , 3
S
: ok . 1 3
1250 ‘ wéo ‘ 2(‘10 ‘ 2‘20 ‘ 240 E
Temperature(degree) sepherd 20-Jn- 1908 1418

X 3.22: / —=</LE— RORERFFED SRHmodel 7 4 > b
HZzE LT 10% @ err Z ANV TH 5,

J. by TN HABETFEHESS TR LIk THERBHATIOXETH) LI b0 ThS, SEOHE
JE TR 35.76 msec AR TITbiL, TO-OIZEMEN 12V 225 0V (ZE(bT 5, £ Z TR R T
HEOWRE L KEEREAZ R BTHAICTH SN AMERMEERICOEZ, 4FHO2T A 7 BEEEGYA LA —
Vo t)T BERER T A DA — 5T HREEERR O R, KEO 2T APREEBRFEEATLIHEGZTR LTS,
INEIFEBDOTT AEHEL T, % LITHIRHEE%ED LowLevel 12 & » THERAMES A TWAEICRS, L
L., EBEICFERTOBERL 0V IIPRn o0, TREX 0 IZ2H 2L EZ2WERIC T2, SEIOZ 2y 7 Tk
HREITEMICBNTE OV ETLA TR TELY, SiOy ORETIEL - EEWEEICR-TWE EEDbNIEND
FERIREBBIIEREINT, REOKRT vy Ve T LTIV ELEERETHNY, NIy TETLEOF
TEAMERNMEZ TR NEAOD LTETENLTWE ERDZENTED,

3.4.2 MPP &/ —<TNIZBEITHEERDEERGE

J === Rix -80°C fHEICBWTHBERS+oRONZ b, K 3172 3.2 TV 4vT 427 L
oo TORERNRK 3.22TH D, /=< NVE— FFIFAVBRETH LN, RERD LZWAFICHHAER K 8% DE
WEIRIR LT D7D, T v THEMOFIICIZEL T IR, / —</LF— FiZ SRH model & 720>
oo AUDBIRESBAS TETNDEON, BrOERNVETHD,

MPP &—F LRI L HIC VOC OFBEMAEEREALE LT 20 7Vb—2R LEDLEEE X N T LEBERLE
(K 3.23), MPP &— FLiEW, B XA M7 T AICRAHMELIEMEIR O, —80°C & —40°C Db R NJT L%
g5 L, —80°C IZRELKIENR ST LE-S TS 1ADU U720 Dh 7 MIIHEHTLE - TWAR, IRE
DERSTHREOHBIEL LN EIICR 2D, iy /) —<ArE— RNTRLNIBEERIT, A7 HOER b
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Normal mode VOC based histgram
19971217 /CCD/MINUS40deg_VOCEXT.qdp
T — T

1000

20frame total counts/channel
10 100
T

P S B P |
1000 2000 3000 4000

o

20frame total counts/channel

channel sraphard 16-Jon1998 12:44

10°

10*

100

10

1000

19971217 /CCD/MINUSBOdeq_VOCEXT.qdp
A s

Normal mode VOC based histgram

- |

50 100

channel 1008 1245

3.23: effective fHIkO B A N 7T 4
2 —40°C, £ —80°C . i, #EEhD R 7 — 3 E TED Z L ITHER.

T o TETIIRWERENOERDO b7 v FICLLBERPER VS TR TV LD L EbD,
) —=LE— R TA A—P—HEISHEEEN R 2. MPP I3 EOHEEY 2L TWARREZHL 7012, {#7]
WHEIR AU D L o TREEBIR OIRERGFME 272, N ERIEUTO 3 5 Th 5,

1. T A U O E O AR\ FEIER
2. T R B O O O FE

3. HEE T 168 FI| B DED M O A - 7= fEik

BEEBATY HLZRRS X 3.24 ThD, EORETHRLELIICEMLLTHT, BT K2 EFEITIR SR

vy,

AR DOREIZ, N18 OF v 71Tt o TEMRT 4 b= AR EDEBENBEIE TIZ RN - 7272012, BT L -
TIHEMELEDO I 2y 7 RSN REEMOKEREZ<HB>TLE-TZFERELLND, /—</LE—FT
TR ZEIENIAMM VBN N LR D LW D 7T AOMENRH S Z &35, high level DEEEZEKS LTZOF v

CRBEREEEZRT ZLBEETHAS D,

3.5 F&O

VAT AD ) A RFHEEATIR O 2 EITED.

o CUCD ~DEEHUT 1usec, 2.5usec @ spiky 72/ A4 ANRD - Tz,

o VAT LA XL <1.2ADU Tho7z,

o MMAENTDREDKRAFH LD ZLITLY, BN ER T I ENTET,

MPP &— N T CCD OMREFM AT Z &I2Xk 0,

o [ERFEIT » 7 N18 4-5A0N-4 (X, EHER THWONZTF v 7 S5467 IZHRT M7 v TR KIEIZHEAD LT

Ay

o N7 v TYHEMITIERD 0.55eV & 0.40eV &R CIREFHELZ R LTz,

EER TIRA LIZREMERE X DD,

FT o TNIAA=VREDITIEN > TR,

o 55Fe OFFZ Y TfER, CTI < 1070/ —f5k L) EIRESKRE -7,
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DARKCURRENT BOX REGION

10*

1000
© > =5

T T
© > 85
el

10

© x5

Dark Current(electron/pixel)
100

! ! ! !
160 180 200 220 240
Temperature(degree) reyhard 17—Jan—1988 Q005

3.24: effective fEIH D 3 FEIK OB EITRAE,
AL BRI L (T A 3 D I DAV M BEUSR) (0 9 BRI 2 sk R OB 0D i\ VB . D A A BB (TRIE S T 168 5
H OIEOFE MDA - - 5k).

o MRHZNEARE LR, Ay MEHIET 3um, 77 > 7 ZREET 26pm L WO EZRBENKRE -T2, F
oo ARV MR LIERERIZEAER T L— R T Ligo Tz,

J—</E—FK & MPP &— F THERFE 217725 2 & T,

e MPP E— RN [ZIIAHFERTRBINTVAAT VT AF ¥ =T L5 b DL BN SREREEZ R LT,

o ) —FILE— RDOA A —VITIIFREAIRIEEAR RS R SN2, MO 578 LIRIRERFEICERGR TH - 72,

o /) —7/E— RiT-120°C ~ —40 °C ORIRE R T b R ERMER H 2 0D, MPP Tffitd SRH model
TIREKTFEEZRT Z LI TERNPST,

40



Vodas 4 =

=

gt LAXDEE

CHNETHBE4AEY 7Y U TEERHWTEZR, SAHL A ABRL VRO 72D, LA H LA L
DHNREL R BHAH UFEMULZH S0 LR, 2085 28805 MPP £— R TLLTO 289 0 FEER
L CTHT,

4.1 NE#HEY>TIVT

FHHL A ARFERTT X A ThiUE, o7V o ZVEEE m G ICHEREEHmAH L A X mY2 ok
LENPHIFEND, AE, AFETO MHE ARSI, 28, 8EMMEI LTI LT EITRo T, Al
L/ AR, =FAF—=DFEEOENE T LT,

4.1.1 BHAHL/ 1 XDIKFEFHE

S F T, lpixel & 60 psec THAHLTWEENLLRILRITNEY 7Y U JICL2EVWER LT, 205
A, BIRERIZEYIAT CCD i L7 vy 7 o2 —2 % § B IS EDITE, N —r V=R —F—
MNHEDOEMEI Ty IV EESETO 250 1.25u sec [T HXLERSH D, OB, Vv UL E 10usec BAREIC
AT 72T (3118, VY MM ANERD /A AR EHREOLE, »> 7V 7D Y H—% Susec
(200keps) BE 2T BLERD 5,

ZOFRET 8EMBADA A—VE R EZA, BGT 28I LICRHAIZREERR H bz (K 4.1), Mmrd b
LZALERNEZADKEZ ~5ADU Tho7-, 4HME., 2HEMEEY 7V 7320 &0 REKIZR LT,
Fo, YTV U TEEES YR AT TR - LI ZAMBIRR LN T, ZOZ D, R VT
Yy L— MANTIR® B8 (3.1 BR) Bl 7V v /12 ko> T ADC ORIRER B H -3 b 5 L #Ell LT
W5, 22T, AHLEEZ ORI L TRHIEEZITR>72, ZOHEIXEEMEATY 7Y 7 LT HifER
IETTZRY, FLIEUTO®mY Th 5.

) E R ~-80°C
ST —% 20 7 L— AT
& HRER 40.0sec

T LR 41.2sec ( 120usec/pixel)( 24 E TO 2 %)

FiAH LE M 24,8 EY T Y T

BINEOMIETHAM L A Rk (F 41, W 4.2), ZOHA. AT TROEETX 5047 L —
LATOEEREIELSENHDHO T, LT 20frame 5yDFT — X OHTORKE, R/MEEZH LT —DHZ &
L7z, MERDE, NICHBEY 7D U TENREL 2 51E EmaH L A XX AEEICH D, L LAEEY 7
VU ZIC R ASERNDAE VB 2 LA 4 EOBEWICHO TS 10% T, 272 = 30% I3RS D0,
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I 00000000900 0909090909090 ]

X 4.1: S BRI X — 7 7 L — ABERFICB 7 iE g
B B 72,

Sampling Rate
o /xray—db/ccd/data0/19980104/CCD/READOUT.qdp
T T ‘ T T T T ‘ T T T T ‘

T

L circle: active ]

L cross: HOC |
~
= | i
S ¢
5 - ®
@ I 0 |
2 X
o | i
R
O | -
=z
-~
= | i
O
T 0k -
O
(O] L i
4

o \ \ \
2times 4times 8times

xrayhard 23—Jan—1998 22:23

X 4.2: 7N T REIEOENNT XL DR L A XDOEAL

ferD7L—bDFa LNV LEDOTT—XFEAERY, ZZ2TOT—T 2071 —b BB LET—Z D%
K, f/MEEOETNS,

42



4l FHHL I AX

active HOC
(e7) (e7)
2\ VU | 10.82 4+0.24 | 10.11  +0.26
ABEY TV | 986 +0.14 | 9.04 +0.20
SEH VU | 937 +0.15 | 847 +0.16

S 8times_darkevent/8times_darkevent_summed_spec_errin.qdp_0
O : ‘ T ‘ T ‘ T ‘ :
o
o 9 .
[ STor 1
- L 4
O L 4
< - 4
O
I [ b
2 2
c - @
2 L
O o]
O 9 r | >
: : ]
&
— H ! ! ! ‘ ‘ N
440 460 480 500 3
Channel xrayhard 23—Jan—1998 22:53

4.3: S BRI THUE L7- 3¥Fe 222 kL

4.1.2 IRILF—HfEEE

FRAY > 7)) o SN R LR —SREEIC B 2 B R ke 2 Y T T, WIESMHIZILITO®WY Th 5.

) E R -80°C
ST —% ~120 7 L — 2
& HRER 40.0sec

e LR 41.2sec ( 120usec/pixel)
FiAH LE M 24,8 EY T Y T

TR R—SIRREDFIMIC X, N7 BAA R FTHD grade 0 OF —F Az, Fe DAY hL %k
Reb, BT R —7 R ThURZIAF ST —AROES B H D DR800 5 (K 4.3), ZDT —/VER
ORIV T, BIRER 6] ZRTHR L. YV IAT I T DR TT AT 4 v T T 50, T— RS PES
VIANVTLEDLRWE DA RDDZVNER S D, T T, SENIRMICHEHYRERK T 4 v T4 7 LTHTAD
FBaikd, ZOHMENS lo OFPAZ S S-S LTEDTHE Y 4 v T 4 7 LTHY AOEHERZEL KD
2o FERIT £4.2, M4412H5.
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FWHM(eV)

170

160

150

140

# 4.2: BIEAHEY 7Y o 7D 50 L X — iRk
FWHM(eV)

2&Y 7V | 160.08 (151.60, 170.03)
4B TV T | 148.65  (142.08, 156.08)
SEY 7V | 15580 (146.46, 167.02)

Sampling Rate
/xray—db/ccd/data0,/19980105/CCD/RESOLUTION.qdp
[ T T ‘ T T T T ‘ T T T T ‘ T

2times 4times 8times

xrayhard 23—Jan—1998 23:18

A4 BFEHEBIY L 7V 7D 55Fe = R X — 55 iRk
TT—1X Ax2 = 2.7 OFEFHTHLTH S,
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X 4.4 %RBLNBXH12, MBS 7Y o ZTOMBEITR LN N7,
42 /J—Ytvybkoovy

CCD oz uy 7Tty NaEPTRIolza, BEHIMSICITERER S v 2L 3T T Z
L, BREEE 7 gy 20 1 A D EICRAICBEN ER> T ERNTFRENS, Z0%E., 7u— L~
LY TNLNAD2E AD B AT AMNENRL D0 RERH D, 2T, 1518 Vky ML b0V
A& 6dpixel BIZV By NEEFTHAEO 2@V R L TRz,

TORERNK45TH D, THRIIK L THIEEE Y a0 v 7 DB ZNCEEENZ{LL, 7a— L~y 7
LB LT W5, 20 ETHRLZICEEMBIZ TR > TWoTWAR, 576pixel B2V ty hanitbray %
RT3 LT CICBEENEMLTLEST, —80deg DX —7 7L —ALTHHNHHE3.13% A TH Ipixel
WA ETHITEOE W 5e” TH Y, 576pixel 5EMHBH > TH ~3000e” BREIZ LR LARWVIEIT TFHEL T
5, BROENSEZEZTHEZNAL—2 9% L X CCD ICRENRH LD s LAV,

4.3 F&O
28, 48, 8HEY LTV L ZICBELT
o VTN U TEHEMN ENDEICHEAH L S A X 5% 0D 9% OBEN R BT,
o YFe Y T NABARAKEIRRBR TEX o1,
J—=U%®y hrway 7 ENTTh

o THIL- X9 RBEERICEEL AN EN- TV X REHITR LN -7,
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Tek Run: 25.0kS/s[ Sample
T

==

Tek Run: 2.50MS/[5 Tsample

(o9

Ch4 5.00V
1.00V 2.00ms

;-Tek Run: lo.okSls' TSample
i 1 4 ¥

M2 00ms Chd %

R

] vkt

et oo bt

—M20.00s Chd v

T3V

t

Chd 5.00V

M T005s Chd

X 4.5: Vv hENT R840 Diff-Amp %O

B 64pixel FIZ Y v R EDT TR, FEA lline V- y Na T2, EH6bA0 1line 53D A4 v

0 Aa—7 O, ARIEKRITR > TVD,
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A-h-5:f:

=

ZREANXXBAESRATLIZES CCD DORERE

5.1 #|H X EREEEHE

ZHETIE Fe &V THREFFM AT R > TE M, #ix RERO X #UTKT 5 CCD OREERL729H10, 4
MEE TS EE e X MES AT L2 BB Lz, Z0Y 2T AT X BIAELEE S Ok X itz 2 Z2—4 v b
ICUTTZO®NE X MREBY T L0 T, BE Al 25 Pb £T0 Ka, 8 20 L Lo, 8,7 & RD 2 LN TX 5,

AT NI 5. LCH D L DT, Bt X BBEAEMOF v o — (BT 2k X MBEAEF =2 3—) & CCD #lliE
HWOF ¥ o N—=(UTH e TNF 2N =) 0208070 WEZALANZATHORBATVWD, X BFEAKE (B
K51 F2WXBMEET = N—ICWMOT b TEY, 22 X072 1 REFEIE, § AT —Y EORy 7 ZITH
DT ORI 2WRE =5y MCHTZ-> TEE X BERET D, § AT —V RICE8EHOR y 7 A2 B ERTE,
#@HIE Al CL, Ti, Fe, Ni, Zn, Se, Sn ® % —4 v M@ TS, Al Ti, Fe, Ni, Zn, Sn (2B L Cldtiz. Cl i
Blbe=r0y— &2l TH D, Se TBRO LD LRI TV WD, b= 1D +ED LI Se Kix
EFHOBLAITEE L T o, K, 308 XROTZFALF—TR53ICH 5,

FEAE LT 2 Et X3S /R A %@ LT CCD BIERTF ¥ >/ N—WNEIZ 27z CCD IZS S UIE T 72
bivsd, XBAT MVOFHBIC TS BB HER (Solid State photon Detector, LT SSD) #H %, CCD 1% X
AT =V EZOoTBY, ALY VIR IIHEIC 82 L THRFICH S SSD TRIEZ1T/2 5. SSD IE 2 %k X %
EF 2 N2 DNTHIF2REN X BERLZENTE, CCD TTF—#EERO XBRE=F—L LTHWS,

SSD OEFAFERIT, K520 5510725 T5, SSD KW HEEET ) 7 7 Tlligsh, NIMEY 2 —/L
DY AETT T TER (LT, K533 ROFE), VME £Ya2—/ L0 ADC TF VX VA S, #HE#E
CHYAENS, ADC 1327V 77V AT U T AR —V RBFRETH Y 12bit O3 fiFeEE R, Yo T k—
/v RiX Gate Generator 7206 07— M5 (AL 100usec |5 E) OAT72d, Single Channel Analyzer(SCA)
NHHEINDEEICEDLE T ADEMEIND, F727 v F¥ A LB O, Single Channel Analyzer /5L 2 %
Alr—F—THz, X BREXRET D,

5.1.1 SSD /A )L 7 v FEE

SSD b DfEEITIE, 2 2RV LENRL EDA Ry I LDEERRFICOLHBENRHY ., ZhE A LT v
Lo, HIEMIZ L SOEELBRTENLRIC X BAROFECIZZOMRELZB/NFMLTLES, Z2Z2TTUH A
S —FRNT SSD AHDEFEZIaL— ML, TUyF LMY —RNH LIfEEDOH ¥ MK (Trigger count)
LV AT ADE LTz h v v b (Scaler count) & OBRMN G SA VT o T OHERERIE LTz,

7 v & Lo —i3 Berkeley Nucleonics Corporation(BNC) #E88> Model DB-2 % vy, K 5.29 KHIOEH 4y
D BB RIEIC 3 DD BRIEE B % #t % T Scaler count &%, Trigger count (X, T > & AP —0BRlkH &
% 100ns ® TTL "V AZ A7 =7 —TE=F—F TR LT T,

RIEZLL T ORMETIT -T2,
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% 5.1 X BRIEARLEE DL

EL E]
BAEA X A2 K5039S (Kevex #15Y)
F BB — AR
A X 72mme x 170mm
Wi 3.4kg
FIAnEE 5~50kV
v — L E R max 1.0mA
LRE—=7 b | 2T 2T (W)
AR ~Y YT L (Be), EA0.13mm
Flux Stability | 0.2%
E— A A X 25° ~20°
XLy 2~50keV

& 5.2 EERR AR O AR & OERE

itk E]
FEAiAL SLP-04160-P-S(EG&G ORTEC #4d)
Active Diameter 4.0mm
Active Depth 3.49mm
Detector-Window Distance | 7Tmm
Absorbing Layers Be 8um, Au ~200A
Counting rate 1000cts/s
Energy resolution at 5.9keV | ~160eV ~200eV(’96)

* 5.3 BHOTE O K@il & Ko, § 0= 1L ¥ —

K-edge Kaline K§g line

(keV) (keV) (keV)
Al 1.560 1.486
Si 1.840 1.739
Cl 2.819 2.621 2.815
Ti | 4.964 4.508 4.931
Mn | 6.536 5.894 6.489
Fe 7.110 6.398 7.057
Ni | 8.330 7.471 8.263
Cu 8.979 8.040 8.904
Zn 9.660 8.630 9.570
Se | 12.652 11.207 12.494
Sn | 19.190  25.191 28.467

TR [15] 2B 1R
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CCD calibration System at
KYOTO UNIVERSITY

1.4H)
5T TOR T =0 RoOTATING
FLUX 2ND TARGET | 3T2CE
CALIBRA- I VALVE
TION
' CCD

rd
i
\“,,ﬁ KEvEX

= B H-RAY GENERATO
SECONDARY X-RAY S5D ror
REar TIME MONITOR

{FLUORECENCE X-Rav)

5.1: St X BRRIE > AT A OIS
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SSD High Voltage

Ortec 679
7 Pre-
: Amy
g Randam Pulse
. generator
, Shaping BNC Model DB-2
beenes Amp Shaping time
power Ortec 10 1 sec
supply 571A
Single
Channel
Analyzer
Ortec 550A
level level
adapter adapter
Lecroy Lecroy
688AL 688AL
Delay Delay Dual
4.75 11 sec Amp Gate Gate
Ortec Generator |100 . sec Fan in Fan out
4274 Lecroy 222 Lecroy 429A
VME VME Visual
ADC Scaler Scaler
1113A Lecroy
Signal  Gate Conversion Scaler

Generater Start
5.2: SSD MHDIEBFOT =2 BETa v 7 XA T 7T A

MAD7Tay 7 pnehZhEtdEzn L NIM Y2 —1 &7 % (ADC ©4 VME), 71y 27 PORITFREY 2 —
NOLFR, FOREIIRMA TH D,
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Tek Run: 2.50MSK§ Sample
L

et

~———> dead time

) ‘- = -
discri

: ; R R T R A I T
Thi 5.00v% Ch2 500mvV M 20.0ps Ch2 . 510mV 2§ Dec 1998
1.00 VA 17:50:08

5.3: NANT v TRIERE ORI
2iF v =— 7 & deray BT BN OT — 255 (T vy 7 XA 7 77 L% Signal #). 1 BT Ak—n
FaEnd 7 — ME% (A Gate #). 3 7% ADC ([ZE#HAIERT 5 2 4 X 7155 (IA Conversion Start ##).

B hb—h 50, 100, 200, 400, 800, 1600, 3200 cts/s
RISE TIME 0.1usec

FALL TIME 50usec

Signal O — 27 &EE ~2.9V(Zn LIFZERL)

SCAT 422 ~375mV

T v REA L3R CEEEOHEIE - THL010 Ty LT % LT,

Triggercount — Scalercount = Triggercount X Ty (5.1)

Tri y Scalercount (5.2)
riggercount = .
99 1 —T,; x Scalercount

% Z T, Scaler count & Trigger count ® 277 7, 5N EROR/NTRIEICED 7 4 v T 4V IHERNK
54THd, 77 7% R5EWMEBOHBEIIMD TRWENGND, T v REA LOHEIT 42usec, ZHUEE 53128\ T
T—=2EENIH LN TG SCA 74 A7 )V OEELLFIC TR LS E TOREIE, DFEV A a2 a—7nbHllE
NHTw REAL—H LTS, ZOFENDL, ~3600cts/s OBEE TIEIA TR AI—TTT v NZA LERET
T, FEBERT X BOKTEHERD bNDEFER ST,

52 HEXBEREREMOD X IR
CCD IZIE 2 RE —47 v MZE 7o TA U2 80BERRIE D T, SESERBRICE > THRA L7 X B AG

T5, MIEFTEAEITHEANNPEE LW=D, SSD # AW TZDRARAZEE. Bk L300t X BRoMERMA1T
ot, BELENRP-T-SY. B2 Thomson BELRLIZ DWW TIZZ D E 5 % 5 L 7=,
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4.2169E-05, WV;

Cd R
100 1000

scaler count (cts/s)

P1=

54: A —S5DH T MEEEBIZT X L —RNH LT 28
FE#lX Scaler count, #t#hiE Trigger count.

#z 5.4 ZUTATUOEH X PO RLF—
line energy(keV)
L « 8.396
B1 | 9.671(50)
52 | 9.960(20)
o 11.284(10)
M 1.774
SCERVE [15] 220 () X TR & Ot iR E

5.2.1 XERAEZEEMNLD 1 XX #

FP2REZ—Fw FCEDE IR XN YT TWVENBLT-DIC, 1 IR XD ARY kL% SSD THRIE L7z,
KRN LD 258 T B 72012 X fpRsEEEE L SSD 29 7 F = o —OludO R — MIBEE L, Fv " —%
BZZIWTHIE L7z, 1R X BUFFEFICHRENKE LS ZOEE T SSD BEHEIC A/ AT v 72 LTLED
Z &N B, SSD RIEICE S 1mm, B 0.5mme @ Ni @2V A —2 2B i TRIE 21778 - 72,

X 5.5ZFINEE 10kV & 20kV OfEREZH#HE7-, HilioxrX¥—2KR L TRV EXX RO —7F ¥ 321
Lok, 10kV DALT MARIZRBENDTA NZEZ L T AT D M BEERSIZETFORHBIERE ICL Db
DTH D, ExFAF—M 4kV HE TR AT PARELIAA TSR, Tt X A EEO Be BIZLDH
INAETH D, 20kV [CHINEBEZ LiFBH L, 2272700 LR X RSN R 2T 5, TkeV fHED/NE
BRIANTRY A—FO=y ZABRIFEHRH L TRZ TVWELDOTH 5,

5.2.2 2REA—Hv bRy Y XDERK

H—=IFy iRy T AL, Yo T NF 2o RN=L U TNEA L= —SSD OWEFIZTEEE G NI T I K
5y DD IR O m X BAEHRET 5 B TRYES Lz, Ry 7 A FEROEN S AH L7z 1Kk X BT TROICE
MINTZ 2 WA =47y MY 08 X BEBNT 58, 22 —7 v MIfOmEICRE S NUBRHEERND T 57207
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# 5.5: KEMEOWNT A &

AR R K

torr cm?® s~% cm™?
AF UL A <2.5%1077
4R <4.0x107°
T <1.0x107*
LABHW <2.0x107*

AT VHRIZ > T D, TOEXBMT 2R L —2NE0 ALY UEELER M 2 DOBMHIFT L > TR b7 <R
HXOMEXRE LI, Ry 7 20 FRWICHED 2 OB IZIFZNZEN ) A—Z W LT 4 VX =PI TS
nd, 5tk XN 2WE2—5 > M- 2REIET 5 LHEL LRE, o7 %Il 28 % TIRE LR

LIt B, F—F v bRy 7 238 % 2 XBREF 2 ANA—HICTORBENDZ LD, Fr o N—HNOEZE
f“Z%&@%Erxtcu\ioﬁ%ﬂﬁﬁxitm&b‘/\ TV R EZOMBEITERATE, RENRERBOMT A B4R 551260
T TCRHT 5,

5.2.3 RBERN2RXE

BlE LT, 2RE—5 v MT Al & Ti ZHVWERERE, R5.61277, WThOBRIED X #RAEEEOFINEE
% 20kV IZRELTH 5,

Al DA MV ER D E 1.6keV fHEIC Al K MR RSN B3, TOHEMZHEL DT A L ksr & @Him sy 2
HLONDLND, O BLERHMRSIE X BBEEBPOO 1R X BB 2K E—7 > b EThAY UBELSRZRS T v
TAT O X LRI TS, Y OT A TR TEAEBRIN S NS T, Fe Ko, KB ZERR X TW5D,

—Ji. Ti DAY hER LS Ti Ka(4.5keV), KB(4.9keV) 2ido X V@SS, Ti ., Si OB %
Bz TnsZEn6 Ti Ko DA —7F =273 2.8keV fLICR5NS, 5~10keV 5% Tix Ti Ka, K@k

DONRANT v TR THD, TREVEODZFAX—TELEL MR TNDIOIE N LY VHELRS TH D, Al &
Db RERIBEWVIZ N LY UEELRSDIEFIZHLS o TWNWEZ L THDH, T, 2kZ—4 v b ETOWRIWE
Tl & BCELIrRIRE 2 bl 5 &L b A Y UEELIR L SOE R CEFERICHHIT S Z L BIRTES Z OERFEE R T O
L. WA IE 25 BT A ENLRFEENREL 2D E 7 ORRTEARINRBEKRTE7-0TH 5,
Al(Z=13) * Ti(Z=22) L OEHIRIZHT D b LY VEELOHKIL 8.2 (=1.69Y) L7251, F72. Al @ k&Y UL
B AMET L — I THE D T D ORI R AR F L F—[ CEMT 5720 Th 5, Al OWIURE O 75 7
. ®5.TCHE S,

5.2.4 EWFE X EHEEMNE

Zn OEN X BRI T RN X —DEmONEN S BEFICS 20 2 MO TEOENERE R T D72 D ARERR Sy EFFE LR
TV, FZTZn ZHEEMOME S E L,

Tt X BROBANRDEE

Z—47y NOMEIZIZ=T 240 Zn ikE AV, RN 2R Z—% v b Zn THIE 99.99% OREIEZIT/R>7, =
FaftlZiI Zn OFIZEEN DI RMBOT — 2 B2 Z E D, GoodFellow O RIFREDOME DT — & 2 B E &k
L LTERHBIZOED, HBORESMLITILLTO@EY TH A,

A. A REZEHE L TLREVHRE
K58, 7—# A DAy bVERD L Zn O Ko, KB ORSRZNZH 8.63keV, 9.5TkeV IZRZ TS,
6.9keV f1iTiZ Zn Ka O=2A 7 =7 BRFEET 20, ZORMIZE OT A R RA %5, K Lvmzxn

Lo ooBt, Al OROEFERICH LT b A Y CERS Y Ti 0Z2ho 844 L0 b REVDIE Al ©F 1 VBRI O RklE © 60% 128
WILENTLES>TVHHENTH D
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w1 {em*/gm)

SN e
1000 10000
E (eV)

10 100 1000 10000
E (eV)

5.7 WRITAR O = 3L X — (AP DB
Sk [19] & 0 Hekr, A Al OWIRR, T4 Cu OWRIMRRIZ S -5,

# 5.6: Zn 2IRE—5 v MTEEN L A DB

WIEE (%) Ag Bi Ca Cd Cu Fe Mg Pb Si Sn SRR

A
99.99+ 15 (1 2 5 10 5 (1 10 3 5  ZN000315(Foil)
99.999 (1 — — (1 (1 {1 {1 1 (1 — ZN007915(Rod)

F— %1% GoodFellow #-H D ¥,
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# 5.7 MLEERYINEBRILE O E
Xzl —% 20.0kV
X iR SSD TK{A 200cts/s 1272 % K 9 7%«

& H R 1000sec
B—Hy "Ry 7 A AT LA

F— I bERR OB R O, Ka, 3 O NANT v TN RETH L ERBbRLEZN, 1R —Fy 6D
FAY CHER GO H D, ZND DS ERE LR RS ORSEOBETH S,
BEOIIZZNLDT7A O X —%RHE L CnELERE LT, BRIIZOBOERER L GDETES5.241C
FLOTHD, BRBUTOERICILE L-REITRLTC, HrOREEFERSSITHLOTELETERLTHK
LV, £524% R 5L Zn O Ko D=2 —7 %3S T Cr(line ID: ¢), Fe(d), Ni(f) ® Ko 7 A » 23MFE7E
T5, INBIFAT UV AOERDITHTZY . SSD BNF v U AA—IBED AT > L A TEAFHH Sz X #E
RTWAAEEMENE, £ 2T SSD B 4mme D) A —FE@EE, Fv R "—RNERRNE DI LT,

B. SSD#i@EICa ) A =2 ZRYMITF v oN—BEHhoDEE X BREH
F—2 AZSSDRiE 2V A—F2 %2 F7-0n data B TH D, A DALY hZIFT 27 —7O®AlZ Cr,Fe
DIAURIF-ZVEROLNTZDN, B IZIXRoIZRV, Fe Ka O —7ETHE L THEoLLFICRED LT
5, ZNLY, Cr,Fe 74 ORPFTF v o N—IBED D DSy & BTN\ Z LR oTz,

C. EBI2Zn DT 4 NLE—FTRIZIY fH1+5
DataB (&= % /L X —lZiX line a, b 238> T35, a. 1T Na Ka,Cu KB x5 3 %28, Na T/ AF O
Bizii/e<, CuLa i 2%®4—%y FHREAL TSR, Cu Ko I L TIRIEERON EIEDbR AV, b.
WZE > TE YR T HRONER,

WHEH O X BOBIUREIIR 570X 512 E73 LW O ERGEHERD, & HICRIREIIIEROBIZ )15 Z &)
5. EMUARELOMEERBETICEBOTRONTET XX —H0 X BE Rl RET 2ENTX S, 22T,
2=y MRy 7 ATWBIZ In D7 4 VE—EWRTRERN, data C THD, linea, b BNFERITHRL 25T
WHONRDND, line a 2 F—7y B HTWAAEREMEN KL EL, BZ 5L FE Tl 72RFIC KN D
17 L7z Na TH 2D EEbD,

D.2Rk2—5v bk Zn O#MEELTS
mKaDY 7 MUlT—LHDT7 A4 UPHE2TITFES TS, 24T Cu Ka CRIEENTZN Zn Ka 725 CCD
OINEBEZ RAED 2BICHBEIC 2 A ATREMESEV, £5.6 2R 5L Cu I 2k¥—7 v hFIZEZLEFEN T
LHZEnD, MEE 99.9998 % £ TLEIFTIA VRYBID NSO, TO/ENT—42 D TH5DH, KTiE
PPVIZ VBT A VR ITHER TE R o7z,

E.Cu @74 )LE2—ZTFTRICRYFITS
—J%. Cu ® K Wil Zn @ Ko & K OfICHY (X 5.758), = v JICBW TRIEEIT 10 58 < &
MBI Eph, WHRELD Cu D7 A NVE—% Fi7 4 VF—ORKICETIX, Zn KF ZRRITRINTE 5
(data E), 7 4 VF—%DF2WEEICHAT 1/100 BREETEL THWHE008b0n5,

ARY FVHR® Zn & X 5 (data F)

2 WE =5y NOMELE BT, THMNZ Zn 74V E =% ANDZ &L TRMT A V% KIBIZHEET-OT, #EtE Lk
FCEl 2 DRy & RAED > 7, 728, BEOREIX COD Y CTHRHIMBE 52 L0 5 6.2mmg DY A—4 % 1
AN AN T X BRELS T2, 20d, XHBEEBEORRKBETHLE—2EHR 1.0mA THELZLDD,
SSD ETo X ML ~T0cts/s IZ¥EDH T4, AE, 14,400sec(4 FEE) BIET 5 Z & T 107cts OA N h &40
72o REDFRMIL K580 F | JIE LAY MAEE 592, llx OGO T 4 v T 4 2 TRERITRT? IH D,
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F 5.8: flEEHEINFEER{E B DR E
data ID 23K Target Bz A—% Ti7 4% — SSDHiE=Y) A —%

A 7Zn(99.99%) 2L 2L 2L
B 7n(99.99%) 2L 2L HY
C 7n(99.99%) 7L In(JE% ) HY
D 7n(99.9998% ) 7L 7L HY
B 7n(99.99%) 7L Cu(JEH ) HY
F 7n(99.9998%) 6.2mmg¢ Zn oY)

KOS VIEBRCTEDIARERT A VNI AR LNFELRY, N, Fe,Cr,Ni i¥ Zn Ko 12 LT 0.3% LA FDi#
FECE TR L7c, R0 MR OZERR S BMENPLVIFETH D, A7 M a2 RD L 3 HEROERR S DAL
T%,

1. Zn Ka B D 5keV HEE THONS T — LRSSy
2. 112N T lkeV L ETHOD 7T v Ml
3. 10~20keV £ TIENL 7T v b + EES

—7J5. SSD ZE B ARMEERICHEAD XM AR Lz &, ROLIBRBENT VA —7CT—V v 7 &1k
DT L Sh T3 [15),

BREBABTOREELEFNEICE 2 H 0 BHIERITHA S 2 R8T T RIS« O R ER A FFE LTz
Ball. RGN TERSNIZET « BRI v 72 R I LEFICHFELRVESBEL L O, KoL
X—MA~T =V T HEDRER LD,

EUESEREMEORBERDEIICEEBD SSD 1L PN#EAICH AL T RAE2MZS Z L2 Lo TR OBEMHE
WAEEVHLEZ THREK LD, TORBICAA R EOEMMD(EL, TOMEICLI - TnBEIZp R
DOREF ¥ INAPEEEND L THELL LD, Fr o xAnERENS L, BHBRETONEERNE
L, ZOBEBRETERELEZEHRNO I BEFERIIELOWTRNITEMEFER O F v FVICRET S, Fv 3
N BICE LT ERITEBICND > TREIT 2208 TR 7 v 7E8N5 Z ENEL, ZOREIC X > TEROINE
WCHENEL S, E—7 DB R LF—ICT—1 & LTEEST L0, FIET RV —HIRIcANy 7 7T
Y RELTHET LD NS,

BRHEBASFBRAETOAS X RORROBIZERI2E0D AF XA KBRS S L EHOET - EANAERS
NHN, INLOEMIBEER YT A< REEZFE L, ZOF»SEBED “warm electron” 2SUEEE R D
L Z T PITIEHL TRR - T, BRI AR EmIL < THRAET S 7 &2 OEYE B EHES AR EmE T
DOEHECHERTREWVWGES, ZNOOBEBFHO I LO—FIZIAREBMICEL TEFICHFS LR ARV, =270
BN FXF— T =V ROy 7 7570 REBHET 5, AR XBOZRAXF—NEL b L BWORBAET
2B O FEEEN B OILN L Y B BB R TREL 2D, BTN AREBRICBIET 2RI
<y, T—=nrbhalisd

1.,2. ORSIZEOBBTELE Ka MOEEA X2 b THHARERH S, —FH. 3. OFDITK afit. KG
DINANT v T THDHEBbIS, E-TIND 3MAIET T Zn OEEHERAER S L TWD RN H D,
ZOEEHEIDDH AL PFe #FEE SSD ICH T TUSEEZBE L7, °Feld Mn Ka, B KD DOHTHHNE, GELlA
R PNTRIFNVEZO XS &I R 20T Th 5,

PRNANT o TRRSTRFEEIC L > TERT DD, Zn DAY FL— kR ERU T0cts/s (22 A%, RL
14,400sec WIFE L=, 727 L. TRETHELTE Y U FAF = 03—l SSD IFETEICZ Y A—Z ANELY 1)
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# 5.10: FEEHIINXR%E D A7 KL (dataF) O FE X BRELSY

line | Center  Center R Gauss  Gauss line
ID | Channel Energy line Width  Norm count
(ADU)  (keV) (ADU) (count) (count)
c 769.2 5.39 CrKo 17.9 18.8 843.5
(1.01E-3)*
d 904.1 6.46 FeKa 19.1 44.2 2116.1
(2.55E-3)*
e 958.5 6.89 ZnKa 17.7 60.4 2679.8
escape (3.23E-3)*
f ~ 1020 7.38 NiKa ~ 40
j 1180.9 8.66 ZnKao 11.0 30096.1 829837.0
(1.0)*
k 1300.8 9.61 ZnKg 114 5470.5 156322.8
(0.1833)*

Gaussian OFEDE. Gausscount = /27 x GaussWidth x GaussNorm
() NOBEIE Zn Ko D7 v % 1.0 & L7zReD g,

BNTEY, %Fe 24U THZLERTERVI LD 2R X BIETF =L N—ICBY ) 517 SSD THRIEATT 72 -
2o TORRERNBE5.10TH B2, ZIn Ka DBEA LR L LI RT =AM BFEETH I EnD, 1. OFDITERARIL
EORRELVS>TINWTHA), 2. OFHERD L PFe OFRPITEY EAAEMZRLTND, 3 OEDIT A
NT oS EeEZTHENRNTHA D,

BEERDS Zn Ko, KB BETHHEND, ZNLOMSER LADLELZASSD 02T vy gD 98.4% T
bolz, WEICIZINETOMER ST+ THD L Bbh b,

£3& Target OHEEM

In OFEREMOZ =57 MIH L TOHEIS L7, # =7y MYERW L X BIBHOBREDOREARN 227 M
LTOm®mY Th o,

2RA—GTy FOMEERZRKESHITS 2 K X BUIWIUHERL O X %5 &K 2R < RIEKHET %, Thomson #iEL
BT R X —RIFERRNEND, 2 —4 v NEEL § 513 a5 BELR S 2 o s R L 2
b5, FIT, 2WE—4 v NONFEREZRE WU T ~1 IZFRE LT,

2RE—HFY FERULTED T AL E—%2EBEL HIOE TRRZEIICT AN EZ—ZELTHRE, Kz L¥— XD
HREZFESTENTES, LL, BETEZLMC T4 NE—nE0EN X BEEBRSELZ L1225, 20
DT 4 NE—DNFRERT Ko BT ~0.5 IZERE LTz,

X BHERBOEEREEZ 2R —5 Y FORIUGIRLF—D 2EIZT D T4V F—%2KA—7 v b ERUTLHE
WCRRET D ERIUHIC L > TEZ R L F—HOBRBA X BREBSTHERTE S, RINSHO 2 L0 = 31X —
O X B0 Ko BHROWIURE L 12IE T2 2050, ZRLUEO XBARROE IICHET S, I
A 10keV DA, X MBEAMEEOHNMEEZ 20kV ITRETHZ L1245

2L =7y P ORERIREREZ fF#k B IZR L7z, HOMEOEWARY bid, K227, XM 5.1212H %,

254 L OBBRIETHT ¥ 28— RICIRY £ B SSD DR E W Z LB ETOThRH D, L LZD7EE 50eV UINICILE - T
BY A PIOMERI IR BB 0,
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primary
X-rays

collimetor

CCD

seconddry
targets

fluorescent
X-rays

filter

5.11: Z—75 v MR v 7 A LRI ONLE BIFR

5.2.5 Thomson RELEHTDRIFY

EEO X9 A% A4# U T Thomson #E X A FRICHT I LITEHE LY, ZhADOMESIE2 R X BoOT—1L
RN L 7Ty MNRDIZIRA L TUSEBEEO RFEY #3850 b 705, B Lot XA bid, 1R X BRoO%s
M X B2 L X BRo—3 2 BN AN RADERDH Y, 2D THKET 5% T Thomson HELEK 4y A2 HEHI
TELHENRAETH D, SE. FZ Se DALY FLZBWT, 2V 7 ATV La, Bro OFE XM, EONTE TRV
X —MOEFRINROENT, ZZ T, 1IRXBOARY MZ2RE —5 » b TOWRIL, 7 4 NV F—TOWIL (K
5.11%5M) Mz 52 212XV SSD TRIEENSTHAH Thomson BELD AT MAEET ML, HE Lk
BAET 5., ETANZYE TH D LR INIE, oEt X BT L THRBEOET MEEITR VW ES (L3~
R RO VGEE T LIRIE) 2563 5,

Thomson BEDARY kL

5218 CHEAE L7 1 IR XA bV BRI A DT WL 00 7 ABEE MR 78TV TT 4
FL7e 72 L. AT MVESA L OIEDH T SSD DL AR ZFIEEIV R TWARWED, Y BRETTZ 14y
F AT DOREMEERTMMET A LT TERY, LHL, EFALETF—ZOTNEIZIE 20% N THRT A2EN T
720 SSD OfHBHRIT, B R F—MlZ 20keV £ F TIZIE 100%. K= 3L F —{ O HERRTHE TORMIE X
MIEAEEEE O Be BIC X DWIUTEEARTEDIZNITNZIWVENLZOT7 4 v T 4 W ITRERE TR XBROART ML E
Do 2A =5y NP TOBEN 1EIT, #—5 v hOKXKFHESNHDECEFRET D L 1/ p(p: BERIURE) O
REERD S [4], Se Z+HENZ E0b, ZOWELZR DT T 4 V2 —BROWIRE 23T ST, w8t X IR
CoTHIEENS 1 %k X © Thomson BELKS DAY "L EEH LT,

Thomson FELIZIZ =R F—(KFMIZ ARV FEICKT T 2REMEN B 5, X I EEBITFRLEN X o3
NE—TREDIFENDET VIO RENT R TUIRLRVNE LR, [9]1CXb e, BHAETHNTWD
XOMRFE A IR T e = R VX — TR IEE 40% 2, mT R X—0 60% LAT TIImIeE 10% YT LHEH L, oF
D ZOFBTARY MIVOMMREIT—HLTWNDLEWVWS ZENTED, Se ERAZ bt Thomson #ELKS D
FRARY MVEM 5 121C#HE 5, 4¥E Thomson o O#kE(LE LT W La Z W2, W Lo OET/VE
PHEANRY MLE DR 2o THEE &2 Lz, W LG 137 <HEZ Se Ko escape 3 W 4 TIIRWNZ &b,
W LBy #AWTHILLIZE Z A, 15keV fHAOMEFRN S B FHHR L2720, MIZZ oA EAL TWD,
ZORE, W LalZ 40% BET AOBESNENE WO FERICR D, 7 4 NV E —DEZETIFICHETIR<BED L ZA
HEFAATH S, T2 T, 40% BEOTINET VICARENICHY 92 L{REL T, tho ¥ —4 > h® Thomson
Ry DEGEME Lz, CBR Ti X714 20 LEFRIN R TVDEOTHRRLTE 2N, tho ¥ —4 v MIRZ
epolotz®, EREEZRO TS, K5.135.14 REOFERTH S, Se LSME., Thomson 5% SSD O 7 —v
R D 10% LATF CEMEC RN e W 2 E 3o 72, LovL CCD OF —VERSIEEMNE D L Bbnb7=H, +4
HEE L CIHMET 2 0ERH D,

32 s —4y N OB IRAE LA 2 L b, (b e = VO ((CoHaCl)y ) 205 THIOWIREL % kb CFEAl L 7=
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5.12: Se ® A~ k-t Thomson BELOET /L
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counts/keV

counts/keV
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Al Al=Thomson

counts/keV
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Energy(keV) Energy(keV)

Ti Ti—Thomson

counts/keV
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Energy(keV)
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5.13: Al /5 Fe @x/\"é/g) rvE bV UHEET L

E2e Al CL Ti, Fe TEMPEST —%, ABET N, Fe OET VT EREZRL TV,
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5.14: Ni, Zn O A7 hv b b AY UHELET LV
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25 Ni, Zn TEMPEET -5, ENET N, NijZn & HETF VT ERELZRLTVS,
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F51l: F—0 T L —LFT—HD ) A XL~YL
data | HOC active
(ADU) (ADU)
5Fe | 1.59 1.74
Al 1.59 1.75
Ti 1.54 1.72
7n 2.05 1.94
ENENOT — X EBSE LIZEZD ) A ALV EPNTH 5,

5.3 CCD IZ&% Al Ti, Zn OEX X ROAIE

WO X Es AR T CCD 12 X HE YU TTH, CCD ofEEIT 3 ZD%ETHW - N13-6-5A0N-2, %5Fe &
#ot X R Al Ti, Zn @ 3FEEOLEL AV, EBROBREIFLLTO®EY

HE IR -90°C AT

BfgT —% 20 frame

B— T —25h AR T =% 3frame B
7 HH R 150.0sec

Fet LI 20.6sec ( 60usec/pixel)
e LIk M4 EFTY T
HHHLE—F MAO/ —<E— N
HEEE Zn  20kV  0.5mA
Ti 10kV  0.015mA
Al 8kV  0.02mA

ZOEBROT-DIHLZ OMIREBEISE 2720, 74 IURTEE Y EIZ->TW5E, £72, VAT 20H#E L,
FNVT o TEFANDTFICIR o TND, F—7 7L —2DT =X CCD MfioTnad X A7 -V BEISE, XR0ob
EHRWEFICBW T =4 2B&E Lz, hn b, HOC fEE S active SHIRO AR M EIEY ZhEH TV T v
T7 4y F(R53) LTEDsigma®r /A X& LTz,

J A RE 1.45ADU ~ 9 e~ ThY (i), TV T TWIMIT ThotoZ %2 B2 5 LHmAH L 7 A4 X EVME
LW ZRV, Zn OF —Z N ) A AMRKREL 2o T APRRRIZAATH 5,

53.1 H—2AL2 bOFHE

— A — I L MR E eV OEERHLZO TR LA EFBEMIZELSXT5L0 ., XHEEYTTn
RNA A=V EBIWETRBWEARDH S, LnL, =27 LU MELSEER R ZICS WBAIE 2004 A=V 0
EZHELEDIETHED ) A XPREN, PRS- TT—EANBELI D E8EZLNS, SEOEE Ti OF — 2 Btk
DE—=2 7 L—hk Al OF —ZBEROF —2 7 L—LD7EE & - T active region D7V ZNA FOREL E & B 5%
L2478 ADUTh -7, ZHElAD 7 L—20 ) A AOABFEMONL— N LIZERETHY /) A AR 2727201 T
FEALEEZ BAOEEIEIR A TR, LT ARy 7 7T ROELFEEFMERGEDIMNIITR > TR,
5.3.2 A2, IRILF—5HFEE

TA 2 VX FREII LA T ORRIZ L TRIE L7z,

1. X#EYTHT — 2% L single event 721748 5,

2. Pu Lt HOC fEIE TR O I-EEZ DOm0 9,
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energy vs chan
/tmp_mnt/common/xray24 /xray—db /ccd/data2,/19970717/CCD/qdp/energy_vs_gain
T T T T

300 400
T
I

chan(ADU)

1.646

, co=

42.79

o I I I I
0 2 4 6 8

energy(keV)

u=

xrayhard 26-Jul~1897 13:01

5.15: energy-PH E8f%
OB w XM, AIXPFedF—%, il =3/ ¥— fitfii: ©—27 O ¥ — ERZERTT 4 v bLELO,

3. Ko line #4777 T7 4 v b LTsigma b EMEEZRD, £ Z—DENLTA 2RO D, HL F—
7 & % WIEHBAUT £ B offset 23OV TW L 3FZELSI<. AIRETHIUE KB line bF 2.

4. =7 OT7 v 7T —RrI LW, NI 7T ROF|EEL L,

5. split threshold (ZHEFHAFFT IR Y Kk 5 721K < 375, event threshold iFske 5 X A <2 M LV +4KiFn
IXREEIZ 72 B 720,

6. event (X 5 < XY <504 OFEIK 7 250000 &7 B AT,

54

R X R 3L X — i ©— 27 O channel & & 57277 73K 5.15THh 5, ZNEEMTT v hT5 L
chan = 42.79 x energy(keV) + 1.646074 (5.3)
Thol,

IRILX—DFREE

Zn Ko, Mu Ko, Ti Ka, Al Ka O45 6% 13, 4 EIOMN Tk HOC fikx P a L~1 Lt LTk Y 2~3ADU
23 HOC 75 offset & L THIET DD TZ D4y % split threshold &2 EF4 52 L1272 5, DF Y split =5 ADU
LW IOEA, 5 - offset = 2~3 ADU 2FEEAZ split threshold &9 Z 22725, fEHRIIFE 512080, Al Ti,
Mn, Zn D> > I A Xy R OHO X A7 VBRI 5161277, Fano factor % 0.12 & L7ZE0ORT Y 48D
LS D ) A4 Xb electron HAL TRICFE LT, TR AF—SEIIZNRDOEEZ LTS, Fe PR T v v
VI AREFELBINTZ ) A AR BRVOITRIEHRBE 72D TH A D D,

5.1712 CCD DA77tV (Zn 0.5mA), K 51812 CCD @ grade Bl A7 bV (Zn 0.5mA) #7775,

5.3.3 AR MEH
CCD 2 L= A > FUILLT O 3 FIEO HiETRE LT,
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# 5.12: CCD O3 )X — 5 fiRhE

energy(keV) | /3f#RE (FWHM in eV) | confidence region(90%) | noise(ADU) | split(ADU)
1.487(Al) 127 122-133 13.0 4
4.157(Ti) 155 149-161 13.7 4
5.896(hﬁn) 158 151-165 11.2 3
9.570(Zn) 194 187-202 13.9 5
/ /xray24/xra /ccd/ / 17/cCD/qdp/ 199 /tm / on/xray24/’ 5}”9‘5/0”‘Y012/3:’9:5 /
- s
M\ M
: i
o : |
| |
\) 1” | | |
kil | m
e | Lol
rd 24Jul-1097 17:58 chan(ABL) Jyhard 26-Jul-1887 13:20
/ /; Y24/XV0de?;?LEd;g‘y / ‘17/00/ / /tm ”(/COWWO"'/XVG /' /ccd/ :25/:; /
| r\
\‘| \H
}‘ % |
! A
m |
| MmmM“ Ll | i i

X 5.16: I NVET®NAA RS FDART F LV

ccccccc

£k Zn 20kV 0.5mA. £ & 3®¥Fe, £ Ti 10kV 0.015mA. AT Al 8kV 0.02mA
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count/chan

=)

Zn 20kV 0.5mA , raw spectrum

100 1000 104 10°
T T

10

©_ /tmp_mnt/common/xray24/xray—db/ccd/data2/19970717/CCD/qdp/ 199707172157CC
T T T T

"
!

WWMW

.
800
chan(ADU)

1200

sroyhard 30-Ju1-1997 11:28

5.17: Zn 0.5mA @ CCD A2 ~X7 kL

#5.13: i Li=A XV MK

data single | grade7 L4t | grade O~7 | 75 v 7 A®— R CHIE
Fe55 normal 5328 18040 28826 52700
7Zn 20kV 0.5mA 15870 76171 199230 212471
Ti 10kV 0.015mA | 28489 130601 212536 269373
Al 8kV 0.02mA 22194 48986 51947 48757
M U7z A X2 M, split = 6. event th = 30 DA, 20frame HE LEDLEETH 5,

L. YV I NET NN FOBERZD, (graded D)

2. grade7 U EH 2 5.

3. BTO grade x5 (DEV R —ILE—T &2 LTVDH D),

split threshold 1Z 6ADU, event threshold I 30ADU TH~7=, /A X 2ADU EETH S0 5, split thresh-
old # 6ADU (2 L UET v I N % v v A TiE7en L& 2 5 %13 1-(1-0.00135)%=1.0% F2E TH 5, S EIOMFHT
TERNY I 7 ROELBIE U I =7 OT v 77— FbiTRo TWRVA, T— 2T offset(BOEE) #MZ 5 Z
LTH = LV DELBIEEITR-T2, B TH DO THD split 21T 205 REOBENH DL Z LD, —F
D4 OFET, 7797 AE—REINRNv I 7570 REFWTCCD ORI L= X —% XB—RbH-)Doxx
NR—TE 75, 2T20 7 L—2h =3400 BOBAITHE LT,

#513 #R5L. grade 0~7 ZR LAY MEZRZEAE, 17 L—2%720 KIKD 55Fe TT 5,
1400 count, Ti {2V 72> TiX 10,000 count (2 LTV 5, BIGLMNICA—/R—=H 72 hThHARY DA X2 R233A L
ToFLTWABERTREND, PFe OHRT T v AF— RpLBE LI-H Ty MK L TOESREOMEIZ/Z2 > T
BO, fhoA N2 MIUFIERRE, Al 120 72> TiX grade 0~7 OF R BT 2 MENREL o TWDE, 7T v 7 AD
EWVRRKEWEEDLREN, EfE Z AR M 5R,

SKa Mo X fite Lic, KB 13 10~20% < BT RAF—H 10~20% HIL TH 2B L < BAib o Th 4% <HLORETH b,
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10

DEsim grodeO split8 dark344 Zn 0.5mA

/common/xray58,/xray—db/ccd/datal,/19970717 /DEsim/summed_spec_sp8_dark344_
T T T T

0 200 400 600

chan

DEsim grade2 split8 dark344 Zn 0.5mA

800

srayhard 1-Aug-1997 15:44.

0 200 400 600

chan

DEsim grade4 split8 dark344 Zn 0.5mA
/common/xray58,/xray—db/ccd/data0/19970717 /DEsim /summed_spec_sp8_d
T T T

/common/xray58,/xray—db/ccd/datal,/19970717 /DEsim/summed_spec_sp8_dark344_
T T T T

800

wrayhard 1-Aug-1987 15:45

ork344_
T

0 200 400 600

chan

DEsim gradeb split8 dark344 Zn 0.5mA

800

wrayhard 1-Aug-1997 15:46

/common /xray58,/xray—db/ccd/data0,/19970717/DEsim/summed_spec_sp8_dark344_
MM
(0] 200 400 600 800
chan

sroyhard 1-Aug-1087 15:45
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cts/chan

cts/chan

cts/chan

cts/chan
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10

DEsim gradel split8 dark344 Zn 0.5mA

o

/common,/xray58,/xray—db/ccd/data0/199707 17 /DEsim /summed_spec_sp8_dark344_
T T T T

200 400 600 800

sroghard 1-Aug-1997 15145

DEsim grade3 split8 dark344 Zn 0.5mA

o

/common,/xray58,/xray—db/ccd/data0/199707 17 /DEsim /summed_spec_sp8_dark344_
T T T T

/common,/xray58,/xray—db/ccd/data0/199707 17 /DEsim /summed_spec_sp8_dark344_
T T T T

200 400 600 800
chan

sroghard 1-Aug-1997 15154

DEsim grade5 split8 dark344 Zn 0.5mA

][ |

/common,/xray58/xray—db /ccd,/data0/19970717/DEsim /summed_spec_sp8_dark344_
T T T T

200 400 600 800
chan
sroyhard 1-Aug1997 15146

DEsim grade7 split8 dark344 Zn 0.5mA

IS

200 400 600 800
chan
Aroghard 1 ~Aug—1997 15:47

X 5.18: Zn 20kV 0.5mA. split=8ADU & L7-#& @ grade Bl A7 ~ v
kA E AEF EDIRIC grade0,1,2 & 725 ATV 5,



54 F&&H
#OE X MARIE S DI EOBR TARLER XHRPRA LT 200 8ETE 7, BAZERITZUTO®Y THS,
L 2 =7y M XD X RFAELEE D b OEEOED b LY CHELR Sy
2. E— AT A VIRFOFRBETDO AT L A4y (Cr, Fe, Ni) O F A v flidy

3. 2RZ =47y NHIZEENDI RN S DT A %oy

W~

CBAERORLS ML RVMERE R AVX—T A VRS
ThHY, KL LTEUTO@Y,
o U A —HDFE (2. DRI DIREIZHL)
o 2RH—4w FOWELE LIF D (3. DBREICHE)
¢ 2L =47y R HIRHEOMIZ T 4 VX —%FE (3. 72 L 4. ORRE)
o X MRAMEEORIMEEZ, RINT v VLY @O XF—NTHT (1. OHIK)

%7 Thomson #WELK S % RAEH V., Se #RRFIET — VS OFMICEEIZRIELZE HITIZRNZ E RS T-,
WOt X FRIEE THERIC CCD TF— 2 2BBL-EZ A

o HUL X MRRAEE A>T, CCD TF — ¥ PR TE L2 L AN,

o TRNLX—DREL FNRY DMEAH LTV, LrL, %Fe & ZnLS o8R0 X RAEE A HF 7255 L
T, S ARV PRERZ ST, VAT LORLZEM.D, X X BRRAEEEN ) A AOFREIZ/R>TWBHD
MIHARDVERD 5,

o SEIOBEITRENHRIBE 722 L H 5, KENE 1frame 1,000cts/s LTFIZ L THIET RETHA 9,
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8% A

xisd] DLk

xisdl(XIS Delay Look) i3 HADOKE X 2 ASTRO-E IC##i S5 X CCD, XIS O ETiThbid A~
U MENIAV—F U ETZI2L— b NLEY T U7 ThDH, ZOVT My =T I mR, Bk, FHEFO XIS BRT—
ANBERRETOL DT, EARNIZIE XIS OFTIZAV DN AR > TV AR, o7 3 —~ v hd CCD 12
HAWAZ eNTELLIIT, —HEELIMZ b TWA, xisdl FTITRDOANL—F VIFEILLTD 2 2Th 5,

FTOLRILDRE

CCD T3 1 v 7 BRIl R & D E S ERMORVREBICHEYE T 28w LYLEE 7 BB TR > TV D,
MEDOTI 2 b—F—TIX, BIIZT V— LT —Z ZH RN LIE T2 Z LIk - TElx OB 7 B L OfEME
PRETDH, ZNE dark frame LS, ZTOEE, XA XU FOASTZT L—AT—F% €a L-YULORE
WSS, bLIE, HEYUTTVWARANT L—AF =2 2 AWV EE THLFEHRA N2 hORBAZEY R
BE. MEPORETEOE I RBABPEEDASTVRNWEZ AL THDLZ EZ2FML TSR T b
VW, FOFMEICHV S DA Dark Level Threshold Téh %, TOT7 /A TY XLE 2 DDT L— LT —E N
BAHGERTNO L IR FO7 L—2%k5 &, ZOfEH Dark Level Threshold ##ix TW7= 6 £\ HDT —
B ENDAR "RHoT-7 L—LE ¥ L TEr L-"ULOEIZ XAV 22V, Threshold Z##k z 227 v
1, WEEBETBRORVWE Y B LT L TEOEHE L B,

LHL., 2N TEP e LV R ERICETHMET 2 Z 208 TERY, Fy 7R TP o LUV RERTE1nEH T
b5, HETITAEIZL > T CCD I AIEUENBEAT HRREENER SN TE Y, ZOEH) b MEAVTEMN &
MEEN TV B2, EBRETO CCD iV THEFHIEA > TZ 202, SEOER CTHBEL 2> 7= 0%
BHPOEBEBEDORY 7 N ThHDH, MBFREINIEGDOE ZARALER, BIEEHT TN ) BIZBEL~ARELL
TWLEAADH Y, BAICL->TIE 30 0T 10 ADU LE6<SELH D, TDH, PFe 2BE LT —X
X LT H AN (F 7 4 /L b TlE 64x64 pixel) DE 7w AEEFH L, fiOF—2 Llk#T 5L T2
DIEEFTMET 5. ZOBHE L EEEROAST-EI BAERFH LT LEI LHBESEEHLTLED 20 b,
Threshold &%} TZDMENTIT T A1T72 9, Z#% Light Leak Threshold &9,

AR M oL XA EZLBWEHOE 7 EAEDS X A X Mo THTEERT 2D, ZOERDD
Threshold iz 723546 X A X 2B ENZ B2, ZDfE% Event Threshold £ 595, 125D
X ARy M E o TAERESNTEEERNFIZ 1 2O 7 B VICENNITERZ NS T TRLDER, EE
X BARSELEZEANC L > T2 ~ 4 OFEBICIER>TLEY, TI T, IS OMHEBITIED - 72BR S INEE
T 57D LS ED Split Threshold TH %, Event Threshold ##ix T X A4 X M3 a7z
LB ENTSGE, TORBO 8 pixel OfE% BT Split Threshold %z TWA E Y v/ Z2¥E LoES T
Lo, INEZL—FRHELOWL, grade 0 ~ 7T ETHRMDT SN TS (KAL), lxD7L—RFDANT |
NVAERIZIZZ @ Split Threshold 28z 7287 ¥ ELZ R LabEEEZ AW 5, HEOCBRIZKWTIXZ DS
L—RDHI BN onE X ARV MERZLTENRENE R LEDETZ AT MVEERT 5,

LEB O HITEERR S 0, BT L7 — 2 BREEH SN D L9 Rdthic-Tng
2AYIFLLA-TETCLES
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Grade definition examples

S = Perfect Single
(Grade 0)

S+ = S + Detouched Corners
(Grade 1)

i

V = Vertical Single-Sided Split
+ Detouched Corners
(Grade 2)

L= Left Single-Sided Split
+ Detouched Corners
(Grade 3)

R= Right Single-Sided Split
+ Detouched Corners
(Grade 4)

P+= Single-Sided Split
with Touched Corners
(Grade 5)

L+Q = L Shape and Square Shape |
+ Detouched Corners "

(Grade 6)

A maximum level pixel larger than an event threshold

A pixel larger than a split threshold which is included for the pulse height computation

\_ A pixel larger than a split threshold which is not included for the pulse height computation

B Al 7 L— RGEK
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T8 B

Target Box DEE

Al @—mmmamr (30mm o
Zn 1.0mm (N iraco ZN -483512)

- wall TA10.5mm & (N iraco A 1-013463)
purity 99.9%
—t—— 2nd Target : A10.10mm J&, purity 99.999%
(N iraco A 1-013321)

. filter none

[

ollim ator : mm ¢
C>/?ﬁ Colli 18
Zn 1.0mm (N iraco ZN 483512)

P—/ —— wall ‘none
. 2nd Target : Polyvinylidenechloride

0.0125mm J& (G oodfellow CV 301150)
< filter ‘none

Collim ator :8.0mm ¢
Zn 1.0mm (N iraco ZN -483512)

wall :Ti0.25mm /& (N iraco TI1-453402)
purity 99.5%

2ndTarget : Ti0.125mm JE X50mm X50mm,

purity 99.99+% (G oodfellow TI000385)

2nd base : Ti 0.25mm J& (N iraco T I-453401)
purity 99.5%

filter : Ti 0.02mm J& (N iraco T1-453211)
purity 99.5%

B.1: Target Box ORELEX
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Fe @—cmmam $12.0mm &
Zn 1.0mm (N iraco ZN -483512)

wall : Fe 0.20mm J& (N iraco FE—223380)
purity 99.5%
2nd Target: Fe 0.10mm &,
purity 99.998% (N iraco FE-223321)
filter :Fe 0.05mm J&, purity 99.99+%
(G oodfelow FE000262)

Collim ator :8.0mm ¢
Zn 1.0mm (N iraco ZN —483512)
wall :Ni0.02mm & (N iraco N I-313381)
purity 99.7%
2nd Target Ni0.125mm B X50mm X50mm,
purity 99.999% G oodfellow N I000525)
2nd base Ni 1.0mm &,
purity 99.7% (N iraco N I-313511)
filter :Ni 0.040mm /& (N iraco NI1-313253)
purity 99.7%

Collim ator :8.0mm ¢
Zn 1.0mm (N iraco ZN -483512)
walll :Zn 0.25mm J& (N iraco ZN 483421)
purity 99.9998%
wall2 :Zn 1.25mm & (N iraco ZN -483521)
purity 99.9998%
2nd Target:Zn 1.25mm J&,
purity 99.9998% (N iraco ZN -483521)
2nd base : Zn 1.0mm &,
purity 99.99% (N iraco ZN -483511)
———— | ~~ filter 1 : Zn 0.05mm &, purity 99.99+%
G oodfellow ZN000235)
filter 2 : Zn0.025mm J& (N iraco ZN -483228)
purity 99.9+%

B.2: Target Box OFEEX (fii %)
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2nd Target

\ 'Collimeter :10.0mm ¢
Zn 1.0mm (N iraco ZN 483512)
‘wall :A10.50mm /& (N iraco A 1-013463)
purity 99.9%
filter 1A 10.20mm & (N iraco A 1-013386)
purity 99.6%

2nd Target: Se
purity 99.999% (N iraco SE-786100)
2nd base 1 :P-L- ¥

2nd base 2 :polypropylene 1.0mm /&
G oodfellow PP303100)

2nd base 3 :polypropylene 0.04mm J&
G oodfellow PP301340)

Se I C&E a7 demsmo>Lo>2E,. 38
BiEIcho TS,

Collim eter :12.0mm ¢
Zn 1.0mm (N iraco ZN -483512)
—wall :A10.50mm /E?N iraco A 1-013463)
purity 99.9%
2nd Target:Sn 0.20mm /&
purity 99.9% (N iraco SN —443381)
— filter A1 0.50mm J&, purity 99.9%
(N iraco A 1-013463)

B.3: Target Box OELEX (i)
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it

ZOEBRIIEEAZ DF OB AR LITIETE R0 DT, Z2IUE#HOBEERELEZWVWERWEY, £9°, 4H
@ X #t CCD ORFFEIIE SERMZED T TRIFREIC AR - 72 b DT, KK, IR 7 4+ b= A, HmEKFEEZFLIHE
DTV AR EICRS PR — FEN2bDTT, 3. ZhHDOHEORL LR TS /NI —#dR (K
ART) | OWTREEERE (RIRKYE) | IWARRKK (BT 4+ b=27 ) ICHESBILBE L P ET,

EPERBRMEAAORE, fix TOHELE IV LU TUMIBERICE BILH L LT ET, EARALIFE, BRI
BFIZEFEROETHLELRLOXEETH LW HE THMEECRY £ L, HIRBE I FITITERERICOWVWT
HZTHEHEE L, ER7 4 b= 24, BICEOMARKIZIE CCD OEBRENS NI 7 LVETILLOmAENICE X T
STEEVE LT, WRKOIEKRBFITIZ CCD F v 7% 7= TRHRIICELTZEE, RERSEHEEE L7, MAHBIEERIC
XY 7 RUZT OBNEERLMNINANAE X THS F Lz, FEEEE, SHEEFICEIMAESTHSEHEE E
L7, ERRICIZEROE, FI 7VERREZNVAVWARITTIEE E L, FEWRBHFIIZIA—=LTHNANAE
SHEEXFE L, siHKICIIEER2PEERGEAESE L, RARAKIIIHHDEICE L TH X THEHE E L, B
FHRIZIIFEMEZ MDD A ~— 2B L THEE Lz, WFRIZIZY 7 Ny =7 OEEZ#Z CTIHHEE Lz, #
ARIZIIBEWVEIE LAEWE L7z, AR, #IRICERYPIOERLD EFICE KRNI E 52 T<hE Lz, P6D
BT B R BDDOFE TR F LTz, RKOBEAEDH 2IZHNANARE CTRHEHIZ Y £ LT,

ERAYIZHONE Y ZE8VE L,

b i
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