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Bz

XMRZF, %  BERCHWS W TEEHNFE L T2 EDHHFEH (“The Hot Uni-
verse’ ) BB R R BT NS FRLE LT, RXFOHTHLEELMEZEEL T35,

2005 R ICHT B LT FRED X MR E Astro-EITIICIE. A0V —A—%— (XRS) . SSD
LY vFU—varvihavrvi— (HXD) IKMA. BHRHEFRTHEHBINE XBHECCDARXS
(XIS) WHE‘EFETHD, XHMCCDAATIEMOME. TRXRIVF B, B LU
MOBEONT VY ADEW XHBBREHRTH Y., 1993FIITH ETFBh = ASCA I XK
XHEHELUTRUDTHEBEINTUR, ZLOXBRXEBEICBHESIATEZE, TOHT
H XIS iE 130 eV@5.9 keV L WO REKED T R IV X —4EEE2 LD CCD ThHh 5.

XHCCDDEDS —2DRHEL LT, XMREAWENTRTHEZLLIBZTONS., Z
ZTCHRAFIARBERE, BERZE, BLOEMRKI N7 24t HE T, BROBRUE R BIE
LEEZRD/NSWERE X #H CCD (HPK CCD) ®*#f£REBEHELTWE, BIRIE CCD Ak
EEDHAHBUYATLICHTONEDN, BAEE TIC XH CCD DFHHH USRS X5 L
WBHENLTES T, XISEDEHYREBICIEE>TWadI - E,

ZFIZTCHRAFTE BB LT, HERVEEEFOHRAH LY AT LTHS XISHY 70
JEAMUMEE (XIS AE) & HPK CCD %2##%:3 5 Z & T HPK CCD H & @ A % 47
Rolk, EROKR. BAFEHAZL LU TRBEEIED 135 eV@5.9 keV & WD T X )V
F—oREB LU 6.4 electron EWOHAHB L) A XEEKRLE., X CCDDODITRIVF —
DEBERETIERL LTHTONBEDON, CCDWED FET X% DB EREN S DF
HHL ) A4 X, CCD WEHOARKMIC & 2HBERP BMIEMEIES L, HERICRET S spu-
rious chargetnt““é‘&éo ZHhBHICDOWTHE LI HPK CCD & XIS ZFMICHE L. HAH
HU)AZXUANATL2TOETXISLHEEDOHBEREDZ Ao E, 2. F4ld HPK
CCDDHF A M XIS D /6 LmnwZ ek RERBRWICHS THERZLE, HPK CCD Dt
HLU)AXE, ZO5 A VORI DPFRRTEALLTWEHEENIDH Y. IS5 REZERNILHE
TH5,

RICEBADN I AREZRFRANEEHFICANE CCDHRAM UV AT LHERTHS. Witk
HETZEDICIECCDOE Y BNIF/NSL BTN E ST, BRBNER S, ZOHE.
FAHURERARL RUNAS VT TR EDHBENINHTETLEDOED., i LEELHE
FTERENDHE., 22 TH4AIFE. XISAEDABE TCH-EEEGZAH UICER*EWE
VAT LEZVZNIVALEAFATHBL2IIUDE, EBICEMELEZOY ZJERE L 7 4
WET7YTEHWT., CCD D 100kHz 3t H LIS, XA MERHETEE, =X
VX — 3 RBEIX 292 eVQ 5.9 keV. ZAH U ) £ X1E 24 electron & FEEHICE S LX)
TR2WD, SHOBERIP/HTES,
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X MRIFEE X Birtigs

1.1  #k &k X A28 & F DEES

X OB IIZHICE S TBY., ZRAEFNICEFEFRI® S, - 7T, HEDEWIC
Ko THRHEBREBIRIINENDHS, ZOH T, BEAOBRBHBICOWTHBEICERER
EXMREXETCHEASINEERER2FT LHTEL,

S E

HHHEEIAADNENREFH L ERH&EHTH L. PHAR (Ar 90% + CHy 10%)
REEBRBICHA, FEIHEL, AHXBICIIRABYRETESHEEFEHAAEIEL T
BHET 2, BIUICESHWAZEFOABI IR LI -ICHATEED, XBOZRLF—%
HMBZEHHERSE, BENMEETRELLPTVWED, RESRLEDHEELHHICAEL
TE2PHNRRBEIBIMTH S, BIETIMERBIERSEZF ¥ > R I)V or YIVF U A ¥k
BIFFBELHE SN TS, RO X BRIXEE Uhuru 2IZ U, Ginga ¥ ROSAT/PSPC
THEHXNATWE,

S HAIEE

AG XICEVESHNE - REFELZHENIEZSRVWEEDOES THAFRICBH
B, BAEHRTHRELABEEABEFHEMAE CRET S, TAED GSPC 2. ASCA
ICHEF S TV = Gas Imaging Spectrometer(GIS) 2 EHZNICH =5,

N4 rBaFvRILTL—b

Fr R NVEONBTHEMBMELSBERELOT, HSABEPBICYEo EAH XHICE-
TEUZNBEFEAETHMBETHET S, TRANVF—SHBIIEBEICTEZZLICRD N,
ZORODYICFYRIVDORES 10pum — 20um 2EDUEFVWERSBENFLNE, &
. BFNF YRV EERT 2HEI B nsec LEWZ 0D, BESHBELIEEICH L,
ROSAT/HRI ® Chandra/HRC & Wo E&EBIMEI vV a VICHRHEAZ ATV S,

YUFL—vIavhHUsy —

XA Nal R EDY Y F V—ZHEFENTHEIRREIC LY - BESEEEFIE
ERBICRABICRESELIHHAEMETLIZ LT XMEME TS, MHAERICEHS
NEXMIABTEEAEREZBELTCEFICESRL, HIET 5., BESMEEIZEE nsec &
REFEV. AZARHB[IYVEENGVEDHBYIREZEZLO T, B XL 4 IS
ZRHEEE T2 AHREED, HRICETRANUVXF—-IvyaryTELIRAZTHLTY



%, Astro-E HNICE#HZN2 HXDDS>B GSO. BGO®BYYFlU—-—varyAvry&—0
—HET, WHICHE keVOE XHERHTEZZLAENTH S,

Solid State Detector (SSD)

pnEEFERICHENAS T RAENTLZLTERI YV 7OVRWEZEEBEL. A
XA ERT 2EFELEDLZLTXMERE T2, EFWH2EZDICHERIRIVF —
NAHABRHEBE VR —HNIVWEDICEZLDEFMMEDN, BVWIRXNVF—-SHEEES,
BEENMTEIEDEVWEZENER SN, REFRIEW., =, BESFEBEIIHLTY
%5, ASTRO-ETNICE#HINZ HXD DD 5 PINEKRHBNZNICHE B,

Charge Coupled Device (CCD)

FIFEDFEMERBREERE LSIEWIC > TMNIEL, YVaYyFyv T EICEHMAXRTHR
BRERAZ2DERELEDTH D, NI OEDICEZRENREL YT XHEOKRBRIRNDD
BLIR2DP, BVWI ARV —DBEER->EFFHEBIUBEVWEEOREZ2ELZLAH
K5, ASCADSISHAXMRXHE LTS THELTESINE, BHEWR Astro-E 11 24
® Chandra® XMM & Wo ERFHREICHEH I NS XMRXZOEIBRHEEH Lo TW
5, HFHICOWTIHE 2BETRNS,

npY—=*r=%

XWOTRENF—2RFORELEAL L THRET S, Z0OK, RFIBERICETHH
ENTVWLRHEND S, @E (c AF XHTRIVF—)IE phonon CEFILEINTEY,
phonon EXDEDICHELRTRX)VF—1d SSD DB FHNERICHERT RIVF— K YFEIC
—HihEw, ZORE, FECRWIRA VX -—SHELEL. EELRTOREELDORE
BHBWEHEHSBEILE Y., £ CCDELEDH/NRTEMEL Z L BHETHRRV
. ZESWELHEYH/HTE RV, Astro-E [MICHBS 05 XRS 135 B FHIC 844k
EHWTHY, MATHDTOHELEHADY —A—-R L LTEHEATWS,

TESEvYsovnohol)—F,—%

ABY - XA — X OEREFBDICELEFROBILE - HoEBB 2FH U EZEES (Tran-
sition Edge Sensor: TES) EFIVWA Z L TEBIKIRNF —MBEDH T ERBBETH 5.
BEERMICIE 1 eVQ5.9 keV DT RNVF —FRBERHELZLHNHRS., BED L Z ARG
X7 AV A NISTF—LD4eVas59keVehad 20 (2L, B—H#T7TH5) .

EIZ!K’G‘%Eﬁ%’%fJ‘\‘iE/uT*;B Y. 507 BIVEFT 500 eVQ5.9 keV & WD S EREN L =
nctwa Y,

Superconductive Tunnel Junction(STJ)

WOV Ol % BIRER T A, AFH XIS TERINEY - N—XHDOE %I
b, HEEINBE 7 —=N—=XNOBIAFH XBOZRIVF—ICHALTWEED, 5HNH
b, V-N—x2ERKTI2DICHELRIRXNVF—FXFHEBITNIVWOTHRMICIT 1
eVAl keVEED T RANF —SRENIMNMIFINTVWEYN, BHEZEIEHREBETHY 201
EDTRXNVF—REEFESICIEWES TN,



1.1.1 FhFnokLzsomaer i

BETH T ERALRBREBROEEE2ER 11T LHTHEL, ZOXRERTCEHHM2EY,
CCDIREDBEHIH#HRIBAENHAEOEVWRHEETH S, . BHEDLZ 3 XHORN
PHETZH2HREH/ICCDETTH 5,

HRSME | TX VXS | MESHER | REDE | RENE
R IE O A A O X
GBI R EE O @) @) O X
A7 aF YRV T V- | @) A © @) X
VyFU—varvhuvA— @) A X @) X
SSD O @) X O X
CCD A @) © A @)
AU —A—Z& A © A A X
TES#AOY —A—4& A © A A X
STJ A © A A X

F 1.1 BR &7 XARAR B4 D R

1.2 XBEXXFERTESE

XRXLZRRKDOBRASHND EHICKEKEEZEIDOTrY b, ATHENLETH S,
o THIEITRNZ & 5 B flil 4 DRHERDOHEBUIMCBRD & S BN EREIND,

e NTHERYIHEEIZIGEIBENHBABEOSNZEDEEHITLHRELIBET S
ZEARKRYTHB, BETHLLICLEHNINETH S,

o ~EBIFfbEFTULED LHEHEINERHBRERA YT FUAEITRD ZENEAWICH
RV, BT, AVFFUYRBITRDIZLARUVICHERMNTE X, HELILEHFTY
BMZOBRWEIRVATFLDRNLETH S,

e ZNDEDRVE—RNIYNO—NVINBVATFLTCRT—FRBLARXILMEL RS,
WELEORETREBTEXE2TF—XEEIESATWEEYD, FRELEBEDODEWTF— & %
L5, RICBEY 7 NATOBIBALETH S,

CCD &
o {EEZMKEICE CHWAT ZHEN 2,

o BRRHEBEHIBAZZLAENR. IR HITV A APV YFU—-VarAhAuY AR
AP AR Wllnn: - 0L Y AW

o T AMBLHBRICW U TELIANNL. BIARX., RKEDH 2 100 C =S AE
DYV EHA. BHEMZERL IG5 F0RERLECH LT, BBICHLTES,

o MHIRTDLD RMOMHEGEMATEZI LT, IWHDBHEANY P T W,

VWS ERFIEFEDED, RI2EFATESMDEDICHETEH XBRIXFOEIHHdEL
Wo TELULIZARW, HICFH®D CCD MRBICERS NS DI,
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1. BWIRNVF—FREELHBTEOOEREALL ) £ XDV AT LBH

2 RAMEBL EVEWNESBEER B EIAEBNEZ L CCDHAELDOEDHD
BRRAELUY AT LD

THd,
wmEA Eq| HEE R T T R)VF —HEk
Uhuru 7AUA 1970-1973 P 2 -6 keV
Ariel-5 AF1) R 1974-1975 P 3 -6 keV
HEAO-1 TAUA 1977-1979 P, SC 10 keV — 10 MeV
Einstein TAUVA 1978-1981 P, M 0.1 — 2.4 keV
Hakucho H A 1983-1984 P 1-9keV
Tenma H A 1983-1984 FP, SC 3 — 14 keV
EXOSAT ESA 1983-1986 P, 1 - 20 keV
Ginga HA 1987-1991 P 1.5 - 20 keV
ROSAT KA 1990-1998 P, M 0.2 -2 keV
ASCA H A 1993- FP, CCD 0.5 — 10 keV
RXTE 7AUA 1995- P, SC 2 — 250 keV
BeppoSAX A X 1U7  1996- SC 1.0 — 200 keV
Chandra 7AUVA  1999- CCD, M 0.1 - 10 keV
Newton ESA 1999- CCD 0.1 —15 keV
Astro-EII  HA 20057- CCD, C, SC, SS 0.5 - 700 keV

TP HBIREE

FP: Bt R E
SC: Y YFl—varvihorvi—
M:¥A4788F ¥R )NVT -k

SS: P EMIR K45

C:AnY—XA—4&
P IRToOBEBEERGDETVWS

1.2 TER XBRXEE L BEmR 4

ZOEOBRRREBE X, BAFERSI N7 2. KRAFEHFETEHZDO/NZ W CCD
DEFBICHYMATHWS, AT, 3. EMF M7 248 X # CCD D M 88 31
2RV, FORICEERAHE LY ATFLERADF HE2RREFETH S,
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X # CCD

2.1 X # CCD mEA&H)IEE

CCDRBEIETERNRNEEDIK, ZLOFEEREBIEGLEREBREFE D, FEMKIT
SiOs —Poly Si —p&Si - PTHSiD&D> MOSEAA—-ROEDL pnEEE2LDED
NHd, 2L OHELE CCDIE MOSHELR2 L > TWB A, Newton ® EPIC-pn & FEIEN
5CCDEpnEEELS, ZOEITHE, MOSHER LS CCONESTOEBMBEN S A
RNy MREETRIEICE> THHT S,

2.1.1 E2tvILATOEERLE

B 2.1 MOSE A 44— K CCD OHiEH*RT. BEMTH LR L LERDMICHE
ROBALY (S0, 2 E) EHATH 5.

MOSEI X A A — RIS U TCEBBICEBEXEHMT 2 L EERADFY ) P REMMAITE
THHL., BIRENIMEREING, FEEL . pEFEROBEIEEBE. nBFEAEKOD
BEXABERET. HZERNICXBAIAFT T ABHRE2EZL, ETELEAON
TEEHKT S5, ERSNDZBTFOEBEIAH XMOZRXRIVF-IZHALTEY, £2TDE
FEEREA*EDTHERADZL TCAF XBOZIRNVF—2MBZLAHNRE, BT
ZRFEEANOBEICL > TCEBNIEITRE TS,

2.1.2 EREAR

CCODATRAELEBMII. EANICEKBZBEZENLVEBICHTZ IOV IBREDRAIVY
RRETBHZLT. NV Y V—FARTEMEERET S, ZOHEFRICIE. BT Ok
BMARERAND 5,

o HFHH K
N—=F¥)roy 7 FReHnd, BEEMIF 220FKIC—ET7 B NVIC—DUIEF
ELRW, BMEBO—HICAMHINR-—TEInhTHBY., ERTICBNAE2EZZ L
TEMXE7BIVAICHERT S, ZOHFEOFEIT. EBMIEODEEN/NIWEDHIC
BRIV — XHOBN DR hdZl, FEBBARFIITRABZZLTHS,
UL, BE7 0y VEOBEZN—EICHBRINATLE D, BMEEN—FHAICE
bhd, REDHEEEH B,

o 2HHAK
BRI 230BIC— Y ENLHEY 20OV TBY., ZHAEFLOERICEMEHFR L
HEAMINA R —-T L TH5, BENMCCDDITARNTOHEE > TWSEHEIZ RV
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F— XMRICHT2REIEL LD, 70y /HOBEEZEZEHHICEADL NS FHEN
H5, BEILAEHTH 5.
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2.3: 2 AR DR
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e 3HAK
BRIZOE 24EDIC—EZBILHEY 3IDOVWTWSE, Aflily K— T 13T hblwv,
NAHDOERZ 3 ODDMEEF2EBICAHIMTZZL CTEMEERITRD, FEELH
BIiTRADHFEIND D NE. BEBESOHBIUA LD FEOHTEIE > DH LW,

2.2 EEHREAR

BIEIDE D R AETEME2RET O5G, EROBMELENOBERICIROEI D> RS
ERFEND D,

e Interline Transfer 7=

e (Imageing Region) D 9 < BEIC T E R MK (Parallel Shift Region) A%~
HNTW3 (25881 . BMEAHDIT Al RETEBRSINTEY., AXHELRWE
DKAR->TWE, 17V—LOBHMPRTERI CICHBMOBERREFKICESH, 20
#— %15 DR EERE B (Serial Shift Region) IC#izk L THI IS N 5,

COFROBADODFEIMELETICHIASRWZ L THE., SEBELHRELI TR
HSZLELHHKBE, LML, A7 BNV CEEAEZ 2IVARA—MHICEEL, L
PEBBEHAC 7 ENUVRLRTERINTVWEED, BHZREENINSI LI RoTLED,
EDHICXBHLLUTI AlEREZ XMAODZHRITITLEDED, ZOHFEIRETE
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e Frame Transfer (FT) A&

D Imaging Region

rame Stored Region

Serial Shift Region

i 004750

2.6: Frame Transfer /5 AR X

Frame Transfer AR ® CCD &, ZJt#H#E (Imageing Region) &, B E M T—
RENCEM L TH S FBEB (Frame Stored Region) B 7235 (K 2688 . %Ak
R ERERIABCH Y., EREEPERSI L TVWEZ L, EV LI A INE
IO T MPPNSWZ L UANRIHAETH D, BRI SICERBEBICHRE S0,
IKEERERE IS (Serial Shift Region) CTHERKH AN 5., FREHANOEERZTFHE W
BT RAZED, VYA —BARETHS., FEHIHHERELR T ITEE % b
T35 Z MR, RAEREEV. LML, DBHWICEHEEBERBNZ S ko TLEDE
b, 264 THWAT 2BAEEIEDR (CTHICEE ) A ANRELR>TLEDH
BHEND S,

e Full Frame Transfer (FFT) # X
6K (Imaging Region) T—ERHEENE L A&, —51 0 DIEEFICKFEEEHI (Se-
rial Shift Region) 2B L CTHAMLUHICEEL TW AR THD (K 2.781H) . F

ARELHICXBAIAFLEVWEI Yy X —2HWEZLEH 5, BEHIIBHTE
RWEDHIERBO—HUNMNEDICEBLTERVWORRETH S,

9



v |:| Imaging Region

Serial Shift Region

2.7: Full Frame Transfet /5 2 K X

2.3 CCD#HEAHLO

28 2H 7 0y 7 AR CCD 0% AHLAOKEAR TH S, PIH. P2H(=SG) A
ZITLEHDDNEMTH L, BEINTEEZEFEIREIC Output Gate (OG) ¥ TP ->T<
%5, OGWRHEMEBHWICEIYFYITRSIN, IVFTUYHICEHESINTEEEFAEE
BIZLTHBRECEZHRASNG., ZOBERLEHUNBFET TERICEZHRATHIL
LTWa, 187 2)VEBOEME reset pulse A% Reset Gate (RG) 1o > TR 3 & Reset Drain
(RD) IK#¥TH N %, Output Drain (OD) < JFET ICX % Drain BENMM 2 &, F5
B A Output Signal (OS) 2SO — NEREZBELTHASINS,

24 X#BCCDHZALELAR

AEiE COB/BICE->THTL 5 CCD OHAERIE., B 2.9DFRICR S, 1pixel 77D H
FHFIVEY MNIVA, 7JAB=F 4 VT URN)NV, BEOYTFIVURVTHEEINE, VEY
MNWVAREBREVEY NTEZ3EBEOBENZOEIEIHAINEDIDT, £HLLUTOERKE
BV, ROT7A—FA4 2T UVR)VEeVTFIVURNLIE., SGICHADB37avI7ZHRRATWS
ERZFTEL. XBOAFLTETWARAWKO 7O —-FT 4 YT URNLVEYTFIVUANLD
EZNCCONDBRARETOAUVR)LNEERTEDOTHS, LLZOEYZBNIC X HARLICK
LZBEBHMNEEFoTVWELTELE, BRNBEILL S TEEINTEEEFICEY Y TF VUL
FEYEIRY (M298M) . 70—F A VT URNVEDENRELIREZZLTHREIN
%,

ZORICCCDOMDDOHAFHEMEREEZ L TWSED, ADCICANTEHICKE 4 REE
27707 EBICE > TITROBEND S, BIEDL Z A, UTDED k42 ARANHW
5HhTwWad,

2.4.1 EEAR

BIEFALIE, K2100 &SI CCDMLDOHAEFE ZDICPTERICAHDET 2 &
ERFICE > TEEDE, EBEARN->EFDES (raw signal) E@b'ﬁ_‘tfnﬁ (delayed sig-
na) MBEIK 2o TT7O—FA YT VURNLYTFNUVRLVLEDEELDFRADZ

10



RGCL———+::
oD
P2H P1H SG oG
e

CCD

o102
peoT [eusalxg

2.8: CCD HiAHH L AR

reset

float | evel

vol t age |

time

si gnal
signal |evel

1 pixel

2.9: CCD 25 D H 11

11



LTHb,

del ayed
si gnal

raw
si gnal __P | P |

X 2.10: BIE TR OB RX

sanpl i ng

ZOFROBREIZI7FO/EBIEMTHEE,. HEIEFITHE2ETHD. EE.
ASCADSISTIRHZOEBESFREZHELEZIOEHFALTWE, LAL, 7OV 7DRA
SVUINBEBDOESIICE > THREZIATLED ED, BARBITEITRVWEVWEL EEERIC
MR,

2.4.2 ZEMBEYUTYUITAR

ZOFRFTIA—FA YT URNLEYTFIVURNLVEZFDEE ADCTH YTV VS L,
FOENETVRITITROIEDTHSE., LU, EETC—HIH>OH YTV V7 F )4 X
K53, TRALNF—SMENBEL Lo TLEDHBHELNH S, 22 Ta(> 1)EHY YT Y
T%4772D (F211881) ZLTIAXE@OEILEVWDIONRZLEMEY VT VT HR
THb, H211TK, 4EBHBEY YT ) VT IlroTW5,

L

[ ] 1T

sanpl i ng

sanpl i ng

X 211: 22TV T RO

ZOAROERE. BHARAEBCHETEZZ2ZL. YT VT OAEX EEOHE HE
BTCRRFIYRINWVETCHTFRABZLTHSE, LIL, AHDO I AXIIHLTIF I A X%D
WEIEBETLEDED, TXNVF—DRENDITVYEL 2SRWIEBENHSE, £, 1E
JENVIC2nEY YTV YT TRASBERE ADCHALETHYEHNDOEEENSZ 2B Z
EMNSEERBHICEIHFTVEI R,

12



2.4.3 EHAR

BoARNed, 7707 EHEBH2T70—- MU RV E Y TF NV URVEBEZELERICE
DFER%2 ADCICAATEZHFATH B, ERICIK, —20aryFrHiizag— X )i F
FTHEOSU, RICVITFIWVURNVERBIETHELTAILTEZDERLSTVWS, HAaK%:
X 2121 U =,

i

[::]-+ i nt egr al
[::]- i nt egral
.lggml

X 2.12: 2 HAOE &K

ZOHEOEFIETEVWIRNNF —SBRENEDZLZAILHE, BoBEHIVEWE
D) A XFEHEEIRTLUEY, HAKBEL RS 2Z2HMDTHS, £=, HELETIFL
WEFTARTOUBEEITRDO =D, BVWERENMETH 5. EEE. Astro-EICHEH L TW
EXISIKCEZOBESFANRHSIATWS (2.7.28i. H3ESZE) . LHL. B HFRKC
PEEDY. BOABLIYVRVWERD 1/f ) A XKDV TERKB->TLED L WOBHELRE
IhTWnWd, 3B, BORMERYEBEBIC - CICTE2HELH S,

2.5 ARV MREE

BARARCHAHBSNEHAZHEAELEEZ BLVOBICH>THiNSE Z LT, EH%
BHEKTLIZEDRHERE, EOXBDODAA =T ELAXRT NVEBZEDICIK. EEOHN
SNEHEENIDS XMARY N ETERERTHEDNDH B, ARV MR BEIhBET I
BROFNETHRES NS,

1. CCDMSOHABEEMEICIE. EoF¥o RN 7O0—F4 7R E (XEDOA
FHLTWRW) YTVFNVUVRLVDOEDHTDETEY HRDoTWSE, ZOXF 78 Y b
2ZUBIK . il frame GRE LU ERBOBEAL) SHhDOE#H % E¥{ L. darkim-
age BMERHL L., Zh&ZLUEIL,

2. HELTWIHIRFMGELETHRMS HIE, HEDS HRICH - ZEICBIN RSN
AOOARAEROENEL, A7y NEARBICEDS., ZOBIFERIEZFLEDE
¥4t U = darkimage TRALTERWED, frameBICL oA 7Y MEE dark-
image 2B T 52 LT, RENEDOWEEITRD,

3. event threshold lower/upper % B L.
event threshold lower < PH < event threshold upper
ERBEDREVBIVEZEVOHT,

13



4. BB 3 x3ETZBILVERAN, HLOEZ7 VDO PHABRERZ Lo TWE KO RE S ®
NWDHhEARY T B,

LHAL. ZONHOHICIEFEHEBOIOBRNY 2 VST Y RDARY M EENS, (F
2132, ) £/, XBARXRYNOHTHEEZ BIVOBRMETHRNSINEL R MDE
FENIEVBNVUECER > TLESESRICEAVICHA MV LEETEELEDLE., E
LWEBHMER*HETOILERD S, BIEDLZA, ZO2H52ZRBLEFELLTRDED
ARy NHEENBRINTWS,

X 2.13: FHBEANY bE XBAXY b
HMCHBRDICESTEAL XY NI EHBEA RN NT.
AVICHBZZLDAYNY NaA XY NN PFellkd XHBAXRYRNTH S,

2.5.1 grade ¥E%

ARV N UTHIBREINEEVBLVOEABE3IXx3EZBLVERYE L, ZOHEDHAEHR
RTCARY I EDI D EHETBHEETH S, BUICBFENELB L T RWHHE
T 5 =9I split threshold E WO BMEZEIT 2., Zhid, HLOEZ BV LV ARX)UNA XY
NOBNABRBRDONE =T URVDRELZERDOIMERETIETHS, LSV EILDD
% split threshold K Y REWE V7 BIVONEZ -k Y, H214D&DICHET 5. grade
0-6DENICHHETRESRWEN > EZARY M grade TE T 2. FHRICLEA XY
MEB 213D EDIC3Xx3ET BNV K YRELENED T, grade 7TDA N A XA N
YhTHEWMEBHEIEL, BRETS, £ grade 1. 5D&D 2RDICHNARAARDH DA N
YMNIBFEDENYMNHEBICEWE T RERTHY., FEHHMAXRY M, EEEFNAV
T7V9TDARY NOWBENGVWDOT, ZHhERET S,

14



EHIC, grade 0 20 3. 4 6DANRYNTH, grade AT 3 x 3EY BILDIA
16 £ 7 ®)VIC split threshold 28X 27 ¥ IVAH 2B D, grade 6 DVUA L AN - =
ARV RNDIBADEY CIVOBEEENBEOEZVE LI VEVWEDEKRL, ZDED AN
YhE, PRYEHBEREDARY N THLIHABEIEVVMIDTHSE, ZDXDICLTRH
INEARY MNE, REMICAYDOEEEEXRELEOEEZZETAXRY N LULTHERKSHL
%,

grade ¥IEED KA BB METH Y, BELTEWEBTHLE2ZLTHD, €DK,
split threshold & WO ABMICHDZEIC L > TA XY MOEEERZEDL->TLED WD
RERDHD, . ZBZEDEW CCDREZ IV AL XD/NE W CCD TRIEDN - = X
ARV NBEHTERWEEICHZ, IRIRELI R>TLE D,

2.5.2 T4 YTAUTE

fitting ¥51&. event threshold #BAX =ZA XY NOFBE 5 x 5EZ IV OEEEE 2 Rt
HIVTPITTLVTAYT U, AV TP VERBPTHZL TCRDBHERXRDZ FETH
DI, AV F7UDERYE L TBE, FHBREONY I FST Y RLARY NOF
MXHMARYNEYRELEDNS, FIZEXISOGGEIE o >2E7ZLOEDNEZVWDIC
L, XMARYNMNI o <1 EZBIVICINES, ZOEWVWICE>T XHMARY NEHHBT

BERTH 5.

Z DFEE grade FIEED split threshold D & D R AR RMEERE LR THRW,
¥, BZEMNMEVWCCD. E7ENVH A XD/NIWCCDICHANIETHD, I BHIC
2RAATV T VDENY & xy FATEINGA—-RIKTBZLICEYVREICER>EA
Ny MbfiHETE, FAHlEb B RS, ULHL. BIEDL ZAFHEICIEFEICERA M
510, HETOEHAICEE->sTwARW, SBROMENPFREINEZ ANV MNIEETH S,

2.6 CCDODOIXRILX —NREELEENEBILI B/ 4« R

2.6.1 CCD OIxILX—HFHREE

CCODDTRINF—fEeld. BEWMICEIAN TERKINSGETFENOETFHOYHLET
*FE 3,

AE(FWHM) \/8log 2 x w x \/—+N2 [eV] (2.1)

E=AHFHXHZRIVF— [eV]
F=77)777 %~
w=SiEHBEHETRILFX— (3.65 [eV])
N=7)4X Jelectron]

B EAMERTRNF - 0w THEPEERAFIH LI RINF - FO XHENASL
EHG. P LEOBY -  EANMESNDG., ZOHXBOTRUF— 3RO & S Rl
KoEENG,

1. BFNLEBANY Ry TE2BR S,
2. KT #%#& T 0 BIRE),
3. BF c EAXMNEZEALRWEZ R VX —BF DI,
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[Definition]

m
X
)
3
o
)

Grade O
= perfect single

Grade 1
=single
+ detouched corners

Grade 2
= vertical single-sided split
+ detouched corners

Grade 3
= left single-sided split
+ detouched corners

Grade 4
=right single-sided split
+ detouched corners

Grade5
= single-sided split
with touched corners

Grade 6
= L-shape or square-shape
+ detouched corners

38 OF) i O O L

3

. The center pixel.

. A pixel whose PH level islarger than the split threshold and
which isincluded when summing up the PHSs.

A pixel whose PH level islarger than the split threshold and
which is not included when summing up the PHSs.

2.14: grade ¥IEEIC L B4 XY MDD HH



ZOD2H 1 EFIKZRANF Ao BEINESE., EHINEET - EAXNOKITEICIERKIC
Py, @0ER 025, —FH, ZNASOBENRT Y UBFICH D &b XEKY
H5EER o2 = fttnéo EZBRIHEZOHE LB ZAALNTEY, ZOHEENT7 7
)77 R—FThsd, SIOBEEF = 012THs2 e A Tcicashcdy 14, 4
BRIZOEEZRHATS. 21)RN&Y, BEKLR CCD DT R )VF—3#EEIL 5.9 keV(Mn
Ka) DAH X HRICH U TH 120 eV TH 2 Z N0 5,

LA L. ZEEICIECCDOHEAICRIMBAR ) A AR ERBEEINTVWS, TDJ A4 XA CCD
AKENSREZEDRDOHMABEBEDEDRDN., TEBRAVFHETCZZ2LDRDONEDINE
MY, BAOEDEFMTZ2Z2LIET58O CCODHRICEELRBEL2E5EX S, ZZTEHZD
) A XPJICO>VWTE EHTHL,

2.6.2 FmHLEL/ 14X (read out noise)
HAHL ) AXF CCOMSRBEEHRAMTRICNDSL ) A XTHD, KA LTEEI

1. CCD DBHRRE FET L ZhIiCHoAA3 CCD DHREREICERTS ) A4 X
2. KREHEEHOREBER (BERICOWTI 2.6.382 1K)
3. AEBEBED ) £ X

AHTF5NE, 1. 2IK2O2VWTIEH CCDEEDHLD T, ZOEHSDBRBIFTEMA N7 X4t
DHETHZ, BADPHEHETLIOEX 3T, FVEWYATLEELZZ LT, TRIVXF -4
BE EIFaZ MRS,

2.6.3 HBEEA (dark current)

BEREIZ. XBAAFLTWRITEFENS AT THRANZBEROZLTHS, SiD

NYRFEFrYy TiEH 1.1eVT. ZhE2BAEBFMEFEMEEICHIINATLIBZ LI
25, RICBENMEWENY XYy T2BA2BFMEA, BEREIZ < AoTLE D,
BN AR LERTEINY RFyy THICZ R NVF A IEELRZVWDN, ZBRICE NS Y
TEWONBEANNY RE¥Yyy THICEEL., MiEFH NSy THABERF L WD
JEICHEE NG, vV 7ORERpIE, AEFEERFOXFYUVTEE 0 E2BFY VT
(B pBIEBERRS EANDBFY )V 7ICHEE, ) PSSy TKHEEINE XA L
A=), EBHWT

n;

p= 27,

raEs 2 g2, 1. n, EZATAKRDEDICET B0 T,

1
otV Ny
oy . NI Y T ORI E
Uy @ BTOBRES DEY
N, : NSy TOEBEE

Eg
= VAQN“KP<_2kgT>

E, : N R¥¥y TITRIVF—

Tn =

17



N, : BEKICBT2EMREBEE
N, : fliEBFHICB T2 ENRBEE
T : MExHEE

kp : RV VEHR

BEEEWR I, 1

1 FE
I, = ap = iqatmNt\/Nch exp <— QkBgT) (2.2)
g : ¥¥VU7EMN

(22) ERTHEPNZEY. NSy T e LEBBRIZEERFEAKEV, o THER
WA D EDIHEHREE+HFTToLERD B,

2.6.4 EEEEXIFME (Charge Transfer Inefficiency: CTI)

CCDATHRELEBRMINTY Y V—FRNTEEIND Z L FBRICRANE, U LIEKE
X 100% fTebh 2 L3RS T, BHO—HAROATLEDI ZLRHSD. ZOHEE B
% JER# (Charge Transfer Insfficiency: CTI) &S, ZDHERMNKE WL X#EA CCD
DEZWKAFHUENCE>TRDOIRXNVF=DEDL>THRATLED. ER. 7AVADA
TH# 2 Chandra ICEEH 7= CCD T»H 2 ACIS F#T b LT D radiation damage I & -
TCTIMEBICRES RoTLEWN, RERMELRoTWS, NHEEEITRERKOD
CTIIZ (25) D& DICES N, CCD i DEER factor 2> TW5,

(REBHR) = (28U x(1-(1-CcTDV)
~ N xCTIx (2&fi#) (2.3)

LTOEMEREICEWT, BHEROIHERFIFHLCT, NED-EETFDDBL SN EANRD
Nl 9§58, nHEBEEROBMOMEBIL. RonE=EROMEB 6N, EHWT

rn
N —-6N = N(l—m>

N
~ N —ndéN (2.4)
LRI, £oT. CTIWR
ON, ON
= o~ — [H D ¥R E :
crr = o O (—mom) (25)

b, CTIORES:2RODZDEICCODANNTY THAICEIDEEFEBMOMBETH 5,
EEDbHhTW3,

CTIICERELT. BEI A XLWOELDOREAT S, CTIKL-> THYBINWEEWE
DHEHBICESQZEAKRRTHE, NS TV BHEHE T IHRIRD Y Y OMHIHKD
LEZONDG, nHEAEBRORS LY N, I —HOEEICBIT RS EDEY SN & H
WT

6N,” = 2m8N’ (2.6)

ERINDG, BHIRE 28D TVWBEDIE, BEFEFPRDEBHEDORDS T LaiDEM
DELTWSEEBREOERSED 2BENDHLEZHTH S,
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2.6.5 INAILTFTvT

NANTy T, XBIEHEEMPOPHBELEFICALCEZ BIVICZHE EASFHLUTU X
DBETHL, ZORERSNLEBMEIX X# 2photon 7 TH Y., LI ZDA XY b
M—=DD XBNFRODZODDHFRERSELDRDOMRDS T B Z ERHEREW, KIS
XBEBEATCCOMDEIHEBWARY UMK T 52D THNIERTEIT VR, EEIC
EWAWAREDOWERS>THAINZEZD, TRUVF—DRELBEAIBTBZREICRYE
. o THRDOBICENANTY T URWEEDHA Y Y NV —NTOHEBNEETH 5,

2.6.6 BHEBELES

CCDOEZENREAN L —HEEESsTWEDbITFTCEARY, EZEIVOFICIEEIC
BMEBHBUREITZEDOP., FIKIELALYBMERELAVWEDEERET S, BiFXEIC
ZFOETZ RN THBW) REBTHY THE] LPENE., FEERZFIBICZOE T 2N
W] RBAROT TEG] LIS, EBELICLA XHMOBRBIIHRI®EICEHERY
BERFETED., ZOEORETEUVNIHREZETHEELRY., WSO EREW CCD D%
HTHs, EEOBITOBICEBELETZV—L2EHILLE T0 URLVEH] EEON
Z dark image EE-o TENEEZLBIESLTALMT T2, EENX—-VICREZINDS
DB, BRSO RVWERY HE YREICE RS W,

2.6.7 Spurious Charge

Spurious Charge 3 BB L L ELNIBR T, RESBETHHZES CCDICHED
BDOT, Janesick > DNICE S TUAF O ES RBBARSINT VWS, COD HRERBICH
5, EAO—#o3BIERATICH-- TRy TIh TV, FEEMAEREIN S RIC
70y VEENED-> T CCDWIERERBICARZL, NSV TINTWEEAIKESH
5 (H21528) . ZOK, EA’HRERE*EZTZLAHRZFET+HRIRIVT—
EROFTCMEIND ., EARAZO SIRF*E#L, EEEWUNDEF2ELZ L
I3, Z4A spurious charge E FENZEFTH B, HASNZBHBIIESEMIC spu-
rious charge "ELEDLENEZHDICR->TLEW, ELWEBEMEA SIS R T
LED,

| s T

| |

S SO
A—a s
e‘:/\ Hol e
e®/\€e

Spuri ous Charge

2.15: Spurious charge FED X H = X L

spurious chargeld. 5X 270V 7 DBEEZNPRETHNEREVWEZFEEALDKL 5 hNE
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ENREL 22D, KUYBIHET S, > T, spurious charge PHOBEN B IE. CCD
WKEZA2709 7 DBEEZTHREZEFNSWANEE LW, £, 709 7DD ENY
EO—NZRTANVE—RETRESES, 70y 7 2ABEMNIHT T low level 25 high
level KT 22 EDTRTHERING Z L RWES TV L2,

2.7 2RI CCD & &nHtH

2.7.1 SIS

HRARODABEHD XHMRXEE TH3hHh) IKEHEILE, XBRXEHELTEODTOD
BHEELHFCCDTH Y. FICHE XHHEK (2 - 10 keV) TOALA XA —TY YT EAXRY MVR O
E—DBEIAMNSBZOBEREEE T, MIT D Lincoln Labo MR LAEZZD CCD X 0.4
~10keV CRE2FED, TRXIVFX—4MEI 150eVQ5.9keV EWD R EFRED, HRAY A
X 27pm. EIFRBUT 420x4228 (B HEHEL) O=MA RO EfMEE % H = Frame Trans-
fer FRERHALTWS, BHEETEIRACEONR4AHMRZZETHEBEAILTBY, X
LICHCEDE 2y MEATHZ L THREHEREDIT WS, £, HAHLUARNICITE
EHFREHWTBY., #AHL J A XIiE 6 electron TH - =,

2.7.2 XIS

Lincoln Labo 2B L =# E#H#HH XM CCD T, SIS2SHICHBELELDTHSE (X
2.16) « ZDAE. €7 2IUH A XiE 24um. BERBILBRAEIEA 1,024 x 1,024 O =4
F AR & H\WE Frame Transfer 5T, EHRERY A XDMIZ SIS A UCARRICR>TWS, ®
BRYALHDE 4EY NAWSZ LT, BHHEEH T TS, FIC output FET & Z0
KD MN5 CCDDBERERT T2 THAVEHIT. BOARDHFEAH LY AT LIC
XV 3electron EWIFHEAH L) A XEERLTWS, AR LAOREH42HY. HFHAH
LEEEZRITLEICR>TWVWS, HZEED T0um L IHEFICKE V. Astro-E ITICH
#HEINBM., ChandralcE8#HEHSINTWSE CCDTH 5,

2.7.3 HPK CCD

EMA M7 24, KERZE, RRRPZ, BIUOBREREPLAMAREEED TV D XH#
RXEERBELZER L LEEED X CCDTH5, NERFET D) A X 2B HABHZ L
T, E) A X CCD 2HELTWS, H 2173 WEO MOSFET J A X0 EMEBHKEEE 10
kHz 2% 10 MHz $ 70y hLESDTH B LT, EEBBETIZ 1/f ) 4 XHEHNT W
BN, BADHNS 100 kHZ R TIR ) A XEHRDA M)A XREL RSB,

HPK CCD OHAH L DT A 2 254V /electron TH B Z & ZHWT CCD REN S D
JAXEFHBELTCHED, H217&Y. 100kHz CONEME ) £ X1k 190V /V/Hz TH 5 D

orpr = 19x 107 x V10° [V]
= 6.0x107% [V] = 2.4[electron] (2.7)
b,
I CCDAHBISED ) A XE2RBE o THED, K 2.181& CCD 04T JFET £ &8 =

SMEEcH5 18, FETAHOER R, BaAVE 7R R g, 8HVWTR, = g, L &E
2. . HOWSHTWS JFET Wi T 0SS % E e, & 100kHz #8 T’ 1nV/v/Hz
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HH = b
= hl —— Sglit readout
Jmu regisiors

“ 11 H = ¢

1 =
— H Ampliflier Node
= i

Image Section Framestore Section

Front llluminated CCD

BIATY m&wﬁﬂ

Output Nodes

ATO)SIUTET

2.16: XISCCD Fv 7
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% e
a2e
.
[

]

& 2.17: MOSFET O WK ) 4 X
BEIARWEH T, A — Vi log A — VIR > TW5, %M 10kHz, A A 10MHz
WEENE S ) 4 X T BALE V/VHze Y log A =V TH 5, FTHA 1 puV/vVHz k
B 1mV /v/Hz.

Gate Leakage current/, & 1.5pAvHz T % 28], ¥ 7=, Gm = 110puS 72> TWVW5B, ex-
ternal load & 20kQ & 9% &, external load TDJ) A XAV Y b [, &
e 1x107°
Ip = — = ———— = 0.2 pA/VH 2.

e R AT A (28)

TH5,
LfAD ST ERDEED, FTEVATLFE HE2RD S,
R m R
Rs-}'RL 1+ngL

WICH AT e Z2RDD, EEL, HBRBERATOEBLE) A X, BRI AX2Z0 TN
ena‘ -[na tg—é“

R,
(e = (e H)Y+el,+ (12, + 1) (5> (2.10)
Ry,
BRIC. Sl A ST eim 13,
out
mn\2 GL
(en) - H
R.,+R
= 2t () e, (12, 4 IR (2.11)



FET Amp
I----I I-/-RN---------
. I |UEna
' 1 1
i | deal
1 § ' ! anp
, RS 0 R l
! = O LN
1 ~ L I na

1 1
I En . .
' 1 1
I vs 1 1

2.18: JFET % & 7= Fi & H U AR %A X

g, ZZTHIBEBISD ) LA ANTLRICERTEZLLED. T2,

(ein

n

)2~ e+ IR

3 1
= e2 (142
e"<+2ngL

1x107° n 3 1
£/ 105 2110 x 10-6 x 20 x 103
= 3.6 X 10_7 [V] = 0.14[616Ct1‘0n](5 O'JFET)

(2.12)

(2.13)

IR (27) IKHARTHAAEL, CCDABD ) 4 XEKENHAETH D Z L /LT

Wa, (2.13) L &b TEE

LiRd,

r.0.M.

true

Orom. = \/O-%ET +05rpr
= 2.4[electron]

HPK CCD DERRICIE. RELZTTRDO2EENH 5.

e 1/2 inch CCD
1/2 inch x 1/2 inch DKEZDNY I —VICA>TWBEDZDE S KIFIEN 5.
BIIVI T —RICAoTWBEH, SIS XISD LD IMRBIMERNTHEHATZZ L
FHRZRW, 2HAXOEEZHWE Full Frame Transfer AR EZHALTH Y, E

Sum. 12ym =R ENH L, BHREBBEL EDREZEEICE > T, stan-

7)Y A4 XX
dard. deep 1.

e CCD-CREST

XISE#HfEL, HRBZET XISICEWAEER DL SESNE CCD TH 5.

deep 2. deep 3. deep 4 F THEINLTWS,

SHESNZED CCDHAHL J A X glrue 11X,

(2.14)

(X 2.19. )

E7 )Y A XE 24pm. BEEIEEAY 1,024%x1,024 €7 VT, 2GR D Frame Trans-
fer FRERALTVWS, HAHBLORF2HEAT, E6ohoHLI e, FEWAH
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MHEZFIOBRVZLIHETHL. PROBEBHEEZEHRL., FEERIAASH
% (butterble) ME%E L TW 5,

2.19: HPK CCD CCD-CREST Fv 7
CCD A (ZDHL B> TWBESR) DM > TEMMNBERER., AUNSHEERTDH
Y. flex cable (BH¥HDFEWVWEST) ICk o THEIRICODADNS,
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B 3E

XIS &4l LEIREEA 0 /e HPK CCD O MHRERFH

3.1 EBH

B E TIC HPK CCD BB 4 R HEEcHBIEMA RS ShTws B, UL, Biff CCD
FAMUEBITE FHERBETHY, BELTS XIS LORBAEYICTEBBICEE S
TWwhw, FZTHL4IF. XISHICHRBREIWAEHED L ZAREOHREBEFE >FHAH LHE
B, XIS Analog Electronics (XIS AE) # W T HPK CCD 23ffig o Z &icLk, EE
L. AEUEROBBBIBARIFEELAVES, B EERAD AREMI3) (K3.1) %46

HLTW3,

3.1: XIS-AE EMJ3

I=An=n

XIS#HAHBLHEHBEEZHWEZED —=2DA VY NI, BREHBOHFEAHB LY AT LEHWS
Z¢T. HPK CCD DBEHEHRARICEIZHELZLTHB. FEZDEERIEX. ASTRO-
ETNICEHEZIND CCDARHPK CCDIC -GG MR TWS, BHE ASTRO-E
IT A XIS i Lincoln Labo. THEEHRTHEN, FIHETFETCICHCEDD DN EIETE 2
WHBBH B E > T Wb, ZORICIE, SHOER*2MEH L LT HPK CCD & XIS it & H

LEE 2 HAGEOLETERTIZLICRBESD,
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3.2 XIS ¢tZ#nFHEA AL LEIRICDODNT

rRo CCD Flex cable ' op AE

. o
RG—lﬁ
T

CCD

100 kQ

30 kQ

3.2: XISH5 AE % TORE#K

XIS-AE i 2.728iCE B A= X DIC, BRERABICES FXNE2HHALTWS, CCDM»HD
BT 320 &S ICAE JFET @0 — N#&H 100 kQ CEEICE# SN, BUFETTE
WICEHENE, ZODFETDOYV—RARFZDEEHr—TJ NV 2BLTAENEZEL, 22TH
HTH— REH (30 kQ) THEBZ LD ICko TS,

AEABIER 33D EDICR>TWVWS, ZZTR2TOHHBFOREICBAODVWTWVWED
X, XISE CCDDAEHmMOHEBICHEABLEITRS>ED, H—OHEN AL DET
AMBFEL, 33205 BE2xnlLE, ZOREICOWT, HEICHHAL THEL,

AEWICA->TEEEBRIQBO NS Y YR X CERICEMRMENG., Q2BOIAL Y RIC
MOZBERITAHO QBHELLIZ QTBICHENS., AMIZI S —HEEHWEZEHEIER
BOBELTVWEPEROBEIZHHEIECE R, QBOIAVY RICHENSEHR % Q6B
IKRTD QIBICIRITARET 2AA v FTHD, EBLHLICHAZNEHHLTWB DI,
INTt 2 INT-CTHd, ZOZDDAHZEfE + MICHE LTI, -NICESTEILEERD
5 TTLEHT. CCDZ7 Oy 7 LEARBICESHTWS, INTT S X INT™ I high T
HoEHRIEBBICHESMIREARY., INTT M lowlevel K2 & Q7B onick b, Q8B.
QIBARAVYRIS—DEELTWT Q8BICIBERNMENLRWED., Q7B £ TP - TH
EBEMIILT CIBARMNAD, FICINT M low level iC22 & Q6BA onicd, Z0D
Q2B 2B DEMIE Q8B ICHEN. -12VEBERALETOLNS., LHEKIC. QSB & QIB I
IT-HEDOBICR>TWVWEED QIBIKBALETOERNMENE ZLICRS, 25N
Q7B close SNTWEEHEBERERT ZEAHRTRHOYICCIB2 D QIBICHITTE
MERTZ LIRS,

INTT 25X 70— M UARNLVOREIC, INT 2EGE5X Y7 F IV UXR)VOBICHE S &
NF., ETRARNEBHORNIFERWICBHTCOEIEZERKT S, ZRICHEBLERD Y
Oy 724 I27ICDWTI. Appendix A #ZRE v, 2V FVH CIBAERICE
MO EITRD, BOINEEBMITI U2BOREICE > TEREICEHREING, BHINE
BME—E7NVEBICVEYNTIZONCTHS, RSTRESKRTLEBXEE TTLE
FTHY., BOKTOH%. FETO QIOBICk->TC CIBOEBRIFVEY hEhd, BTO
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3.3: XIS AE H# X
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FRIT D THIESN, ADCANEAASINEEDICR>TWS, D TOHEIER Gy I

3.24 kO
Gp = T — 2 (3.1)

LlhoTWab,

EMIEREEIDEDOEKETH S, UIBEREREZANT7 YT TCE L. ABHDOERE
EZEBRECEWIZEDOTH S, UIBD + AAFEIC25VICARD EDICHRESI LT
B, -AFMUR25VALTNEGEICERNIEN. FETE M5V URAEBELT Q2B D
AV RBENEICSVERDEDICRS>TWS, CLMPIRXDETHTZAE RST & H—
THY., BHravsoHEVEY M TEEY. RIHELSZ7A—-MURLE—RBICTZ2RE %
FoTwa,

F #1¥ House keeping i< B THY. ANBEERE->-TWEHZTH 5. House
keeping £ 1d, HE ETELEEPEER L EEH T IHHOZLTHSE, ZOMDICIE TS5
kQ T GNDILEBTWB,

3.3 FKEAREBELRT

3.3.1 {EFRZRAYIDORE

2728, BIUV 273 THEBRANEZEDICXISE 3MH /Oy 7 THREFEESDICH L., HPK
CCDWR 270y VBB TH 5. £/, XIS Frame Transfer F R THE L TWEDIC
U, HPK CCD & (Frame Transfer X Y 88 Tld % 2 A') Full Frame Transfer & T
BREHEEL. FTHARERA LMo =R, B 0 E E© &% K Ok & EREEK
DMEMENFEMS N T WS =, BAEHREEREL2ES> /70y 7 TR ELZZ LN
HRRN-EEDTHE, SHLICXISOHBER T TICREFGBEEINREINTVEED
AEOHFT DCEEDOHICEHAGLNAITEZ WD DEH S, - T. XISE HPK k7 oy
78IV DCEREFIEVEHEBLZD N —XMRTdZLiETEhW,

ML 707 2BEEETIR. REDTRTINERSRVWOARXISAEMASLOE 7 Oy
P ORETH S, XISAE D Driver BETHELNBZ 70w 7 DRBEIRO LD ICR->TWVWS,

1. MEmEIZ O ¥
W ERED CCDDABEWEIW ISnF THd, ZOEO R RERFYNIARICZ7OY
VBREEVVYTEEEZZLRLGEAZEHICE. push-pull EEENKRETH 5., it
Rk 7 0w 7RI 340 & DIl khoTWd, ¥F. DACTRELEENISZ7OY
VOBRERELVXaLV—R TS, ZOorE, DACREDOHELMENZWED., DAC—+
EDAC—— WD ZODEEXREL, ZDOBZHE2TIETCADEERES. 2O
UCTHELNEBER push-pull HEICED N, 7FOT ALY FICkoTRAAS Y F Y
TINTCCDANEEET B, Mimk” 0w 71X, Frame Stored fHIRH#t#RE x 3.
Imaging Area SHBAMEZE x SHEESHL TV,

2. X /oy Y
BEEERFD X v N & Y A1E 90pF L/NEWED. push-pull HEIEIAETH 5. K-
T. DACH»BHVUFalb— 2B LEBRER? Q7 AAYvF 75230, Z0FF
CCDNefABNS, 0B, Reset Gate HOZ7 Oy 7 E DACHAHABEI L TWARW
EH, 7Oy ZDlowk OVUATIKTEZ L EHEREW, Zokd>ARZOy7iE, ¥
V7NV VYU RZHAMEEE x 3L Reset Gate i x 1 GFt4HEHAR I A TWS,
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V+

= Regul at or L | pnal og
DAC switch
DAC- +
DAC- - Regur at or 7
Push- pul | |10 CCD
circuit
X 3.4: WHtERE 7 0w 7 VERCEE S X
Requl at or =
DAC+ 9 L Anal to CCD
DAC alog
swi tch
DAC- +
DAC- - Regur at or 7

3.5 Bk 7 0y 7 MBS X
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3. L'¥alV—A&fZE DCEBFE
CCDICMFADCEBREEF., VX¥al—A2BLEIDODTHS., Reset Drain DEFE
X, PO DCEBIRTHS Drain A - DIHIVFal—ERNANLLNTWVWS,

4. V¥alV—4&EL DCEE
CCODRAVYVICEEZMT 5 Z LIC& o T dark current 288 T & ¥ Scupper L ED
NEZBEHRREICHVWLNTWS, BR3BHLFTEEEZRDTWVWDE EH, BRI
NoLBEENMMD->TLED. H-oT, SHIEFEHL M- .

ZOEOYRZLEEZERBL, ERBICAWA 7OV V7 IZERIIDEDEEREEIT - =,

XIST clockt* HPK CCD*

P1-OR 1 P1H
P2-OR 1 P2H
P3-OR 1 SG
RG 1 RG
P1-TIA 2 oG
P1-FS 2 P1V
P2-FS 2 P2v
P3-FS 2 TG
DR-A 3 OD
DR-B 3 RD
GND - GND
OUT-A - OS

. Pl P2 P3IRZEMr7O0v 7 0EROEES. ORIBEXSBE.
TA ZEHEEOMEmEBIE, FSIIEHEERDOMIEEEBE.
DRIZ RV A VEBE.

bR elRARE Dy 7 OfEHE.

* Pl. P2R=fH70v 7 0BBOES. HWEHEEGEEE., V IHEEEE.
SG ITEEARKEMR. TG IHtEERKER.

# 3.1: XIS AE»5 HPK CCDN\®DO 7 v 7 HEE

3.3.2 HPK buffer Z0HE

2 THRANE=LSIC. XISOHEWE CCD ED FET & AE AICA-> THIH T 30 kQ T
B anD, LML, HPK CCD 0%&. BH buffer #R (= 30TOC48. K 3.638. )
TT5kQEH0kQTHHBINTVWEED, BROZFIZHEHICHENATLEW, AEIK
FZELRW, 2ZTHAIF flex cable ED FET % openiC L. AEIWKEBEERT S £
36 ARE BREERLTNVWS,

3.3.3 EEgrovonNg—vbg rA—=Y

TAaBEGEHWE CCD. CCD-CREST D&Y EIE 1024x1024 E 7 BV H B M. XIS
AERHRAHUA4AEFRTHT THRABTZH. 256 x 1024 E7 BV UMFHED Z & AHK
RV, ZZTHRLAE. CCODO—#HETET—RLLTEYRAAR, BRYRBEHRATLHZLT
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rRo CCD |Flex| 30TOC48 AE op

. . |

RG%#

CCD

3.6: CCD H buffer 4k

XIS AEICHIRT 5. 3. 7TV D & Active fHIR (256 x 10087 BNV )ICHED, SHIC
BRD) A XFEMMDI=H. Active HEUNMC L RBHAMBO 2T —R L LT YRATEL,
3.7T HOC(Horizontal Over Clock) ik & Sh TW B H5 . HEE & 24 HRFICAT
O ZETHBARHEMEBERD ) A X 2FERVWT - EBMELND, X = VOC(Vertical
Over Clock) fHER X MtEE 2 16 HIRFICITMDO Z LT, BAFD ) A XeqE T — &
NELND, FEHETDoTVWE ) A XeFLHdL, KOLDIIKRD, ) 4 XDEHICD
WTi 2618 2SI =W,

o Active I : FcHAHUL ) A X + BEER + CTI + Mtk ) 4 X + BEEE ) £ X
e VOCHHE : HAHMUL ) A X + Mtk ) 4 X + #lk ) 4 X
e HOC#HEL : ZAHL ) A X + x4 X

KXFEO 7Oy I NE - OERKIE., ABICEFHLTHS5. CCDICAAINE 7OV T %
AYARAA—-TTHEXRNELZA, M38DEDIlkho=, HEEIX PIH & P2H. SG 23
MHICTZZL T, BRHELEZITRD, LEZ7ENVEXTSEZTLICRGICEYYEY MNE
—HFT TR, £k, WEEI - VBEETIEBIC—HITADMNE, MEED P1V
Y P2V. TG 2FEMMICLCEMNEE®ITR>TWS, 22T, MEE/7O0v 735 E
NYDRESTWEDRRTENSE, ZHhiT,. MEHEDE CCDDBFENKELRABED.
CCD#DEDOHROA—NATANE—DEORBREEREIEDTHE, Z0RFTEVICELS
T. spurious charge AEK = n 25 (2.6.78iBH) L FPHIh 3,

3.3.4 FKEREE

EREFEOEBIN 3INDEDICRsTWSE, £F, HAHBLEBROHMEIZ SUN WS T
7o TW3b, SUNETCTOr/sSIvry3nkErayv I NE—y e HhBERGEAHLE
BANTHESH, HPK CCD buffer HIE %8B L T CCDIzABNB, CCDICIIXBFHHEEIC
Y MnKaline 23 PFehbD XABHIHATWS, CCD ML DEFIXED buffer
HEMS AEICA-TL %, XISAE XHESHRN (24.38i5H) THELE 24TV, ADC
#@BLTCSUNETfitsBERICEEH NS,

ZFOMOEEREIX, R320EDIIR>TWS, CCDDLAFICODWTOSFBIIE 2.7 38
IS, B0V 7 DEBIEE NIRRT H 5,
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voc
regi on

©
—

Active region

1024

| magi ng Area

Transfer Area HOC region

1024

read OuUt <

1024

3.7. CCD kD Active fis & Bl %22 35 4 08 (HOC). MR 22 35 B8 (VOC)
(%) : CCD ETORBBEHOBRN, (F) : ZBEOF— 2 LO&EROILA,

inlinl

o oot [ :
7 I FV T O I e W Y

cha 180V

ey
3.8 H#kr oy 7 0Bk
2 EEE Oy 7 OBtk. EABIEIC RG. P1H. P2H. SG. #&#Eid 1div. & 10usec

TH5H, A MtErs0y 7 OBk, EABIEIC PIV. P2V, TG. RG. #E#E#{D 1div. i&
20pusec TH %,
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SUN |
W5

A vacuum o Fess
:X-ray
AH| \ 4
| clock > HPK =
ADc| |generator buf f er CCD
I el CI I CUI | |
1 \ 4 —
| nt egr al
Anp [€=circuit

—=p-: C| 0Cck ref rageat or
-—p: Si gnal

3.9: SEBREE E B X

CCD NES 5-2 (CCD CREST Deepl)
FRa X i %Fe
Mn Ka 5.894 keV
Mn KJ3 6.498 keV
R € 1 B —100°C
WYREEE (V) PV, P2V, TG | +7.1/-8.0
P1H, P2H, SG | +6.0/—8.0

RG 48.0/40.0

RD +13.6

oG +3.5

OD +21.6
LR 26.5 sec
Hix 14 R R 5.5 sec
BB 7 V—LH 200 &

#*= 3.2 EREE
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3.4 FERKER

3.4.1 T —7%550I8 & ERAT

T4 d XIS L ARk, gradedEEHWTAXRY NV 24T R- =, SBENKEME (8B
FE ORI LT RETIBIE) OO grade 8D ARY MUE, K 3100 &SIk,
55Fe B O X # (Mn Ka = 5.804 keV. Mn KB = 6.498 keV) 58T X TV 2 D45 d
5, ¥, —IR XMEWRILL T SiEE XMAFREL 8 CODAMC XHENET S SiT R
=T 4RV N (4.155 keV) PR TV 3,

counts

counts

counts

counts

counts

counts

counts

0 50 100 150 200 250 300
channel

X 3.10: HPK CCDIC & 2 BFe MDD X FEAXRY MU
EEL. BEIERBILLERDODEDTH S,

LML, grade 0 & grade 2. 3. 4DHOLOE—-7FTFTHhTEY. grade 0 TEEZ XV
F—MICRKRER taill KD VHRK TS (K 3.11B8) . ZOREZEH & MHRICOWTIE 3. 74
TEZxBZeel, ZOHTWE grade VDT —Z DA EHF, tall RITICH DI =D T -
JEULTAIY 7Y (GRBREIZODETNVEETVATY 7V EES) 2BHT S Z & TR
i1k o =,

3.4.2 BEXOKEML

CCD OE#EgE AIClE. CCDICMT 270y /7 BEUODCEENAARZLIBERIZZ LT
2618 TRNE, ZZTCTHRBEREE2LABZL T, TXNX—SBENLEDEDICEHLT
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Mn Ka
(5.9 keV)

1000
I

Mn KB
(6.4 keV)

counts

100
T

230 240 250 260 270 280 290
channel

10

3.11: grade 0 O Mn Ka 54 Y DRXA K74 v b
WL T — &, BEBE T VATV 7 VICEBRANT 4y M TH B,
BETANF-MICRER taill FHERTWDDOR T 5.,

ENEFN, RPEVWIXNLVF—FE*HIREEELFAXRSIBEEIZ. £320EHS
1. BEEEBE. 2 #WEABE. 3.0utput Gate BE. DEFICEE L. ENENDEET
DTFA Y, TRIVF—oEE. BIOHEAHL) A XEHFHNE, Z0MOEEIX FET DR
VA VBETHDED, TRIVF—SRBICEHFTVBERLRY, o TSHEDERTI.
ZEITBHZeWELahok, ¥/, EERBILOERICHWS T XV — B, grade 0
DTF—RETEHVWTWS,

1. HEREEE D R#EL

FTBRAICHNEORIEGERBETHS. VOV I/ BEODBEEZNAKRETESL 70y
7 RERIC X Y% < D spurious charge AR D=9, TRIUVF—SHENELI RS
ZENFHEING, FIC/ OV IV BREOBEENNSTED L, SEIEEND L
Tnbhd. FLUBPELTLEW, TALVF-—DHBELYUYREL L., 2Z2TH4AIF
MPREBED OBEEED low level ¥ EF TWELRXSBRBEEEZERL . low level
EEPLLEDOR. AICBEEZTUEAEHEN SHEXEHENEFTE2EE T SEHIC
I, MEZBELVIBELBEOAVNEVWLERDH LIS THE, BELXBERZ
AERORERIN 3.12TH 5., BEBEENRETEZ LR VT —SRBLHRA4H
L)AXENEL RoTWBEDONGH D, £, BREBEENNZITETCETA N
B o TWEDNGNE., ZORKICHEAHL ) A XBFREI Ro>TVWEDIRK. FA
YIMEL o EEDICEHUT ) A AVRNVTE electron ME T HEESHMICEL o T
LESEEDHEBEALND, EROKR. MEXBEEORKBEMEIX +6/-3V T, Z O
DI RIVF — R 14372 eV (FWHM) TH o /=, LA CIIARER % E T LB EHEIC

RSB X ZRICAN TV 2V,
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FELEZEEEREITRD,

Gain (ch/eV)
0.043 0.044 0.045
e
€]
€]
!

80
I
DN
|

delta E (eV)
160
\
e
I
DN
e
e
e
!

140
T

r.o.n. (e)
12 14
! !

10
|

¢

! ‘ ! ‘ ! ‘ ! ‘
-8 —6 —4 —2 0
Horizontal clock low level (V)

3.12: BUIBZMIE low level EZAEBADTA Y. THV¥—DRE. RAHLJ A X
%At
772U, high level & +6 VICEEL T» %,

2. Mt#R L BE DB E{b

RICHEmEBEL TRV —DRBOBEREANE, BEEORNEHAEL ) A X
COBBREIBHEEBEEDEELALUTHSE, EEL, BAEEMNS YV FZIVLVI AR
KEBMABETES LD, ZALE 70 7 D High level 22t ¥ 5 TR 21T
ok, ZORRNL3.13TH 5. PRYBEENIREITECHNSITECELHRAIN
L)AX, TRIVF-HBERICEAATZORDHISE, ZOERIYMEEBEEDOR
WAL +4.7/-8V T, ZOBEO T X)VF — I 14175 eV (EWHM) THo k., Z
Do, MEABEIREEICEHELETIERE2ITRD,

3. Output Gate BE D &E1L

BH#%IC Output Gate BEDOHBEIL 24T R-o7=, ZDBEEX Reset Gate BE L AE L
BAtRL T3, Output Gate BEMD Reset Gate BEICXH L T/NSTES & +71IC re-
set THZEMHHKT, A YDBNNEL RoTLED., —F# Output Gate BEM Re-
set Gate BEICX UTRE T ETE Reset Gate KHTERT VU v )VDEN/NE
RY, TAYBRRRIYNSLS koTLES> TN, ERICHRELUERERER 3.141C
mUE. Output Gate BEAETETCHE/IETTEST A YNNI Y, TRXVF—
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Gain (ch/eV)
0.0436 0.0438
©
©
©

delta E (eV)
140 150 160
SR —
.
.
!

o } 1 1 1 1
— ©;¢ ]
L 00
c ) i
o)
. 00 — ‘t ¢ |
0 | | | | |
™2 3 4 5 6 7 8

Vertical clock level high (V)

3.13: MEREBEIL high level 2B EHEDT A Y, TRIVX -2, FHAHLI A X
24t
E=EU. lowlevelld —8 VICEHELTH 5,
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DERE. HAHL ) A XHRICEL RoTWBONRS M 5. Output Gate BIE O & #{HE
X41VTHok, ZHid Reset Gate BE®D high VRV & low LRV DE kD &
MTHorz. RBETOTRIVX—MEEE 14075 eV, BAHL ) £ XL 8.0 elec-
tron Tdh » 7=,

0.0435
e
e
e
|

Gain (ch/eV)

0.0425
R
|

delta E (eV)
140 150 160
\
!

ro.n. (e)

8.5
T

o
N
|

w0 ° ]

N N S S R B B,
2 2.5 3 3.5 4 4.5 S 5.5 6
Output Gate Voltage (V)

7.5

B 3.14: Output Gate BER2ZEAEHZBEDT A Y, TRIVTX —4FE. AL ) A X%
1t

3.5 CCD &t

3.5.1 grade SMIKIC

CCD #HftinBVEMY & LT, 5% grade BD B EFHNE, & grade I L =
ARV N ZDHIR33DEDICR-TWVWS, grade3 & grade4 1T &5 B £ split event
THEN, ZOFILTIZEFLL, ZOZeMBARY MEEDD b T Z
EMWGNB, £, grade 2& grade 3. 4DARXY MDOEEFHEHBELEZSE. grade 24
RNY NDFEBRZ W,

grade 24 XY RRZVWHE L LTEBEASNDZDON, FY¥RIVA My TeHENS CCD
DHNEBHEETHSD. CCDOEY BIVEOBHBEHIL, BHEICHETRAFMICEL TIEMHIC
FUYRTFIUIURYNVERMEIEDLZ L CHERZESTHAZZLAHRS, LML, EEICHE
ERFEICIIZOFEIEHTERY., 22T, EZ 2LV O—HICKHMY & EHHIC K-
TITBH5ZLTCAIHREEZES, M3 15E XISOFYRIVA MYy THETHSHN. HPK
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grade 0 1 2 3 4 5 6 7

BAT Y N 23477 417 10,637 3,539 3,059 1,921 68,962 14,615
grade 2Bt (%) 184 03 84 28 31 15 540 115

XIS grade M kE (%) | 414 0.35 1682 644 6.51 0.47 20.86 7.12

#: 3.3: split threshold % 40, ,,, WWi#E L EZ%E D grade 571K L
3HEFHEDEZHD XIS D Mn Ka 4 XY MK F 5 grade FUkETH B, =EL,
split threshold I& HPK CCD. XIS & %I 40,,, TdH 5.

CCDUYRAUHEELTWS., ZOFY¥RIVAMY TDED. BHMIC split T2 Z &Lt
A split $H LY BHLL Y. grade 24 XY B HAWICZ 2B LEZEALNS,
N SISTURLNEBRKRTH S,

X 3.15: XISOF ¥ R IVA v THEE

WIS, XIS D grade FIKLE L KB LU TR & 5. grade0 & 2. 3. 4 DHZHRIT HPK CCD
EXISTEIEALTHEDICH L, grade 6. 7 & ENUAND TR ED D M55 H
5, Zhid, XISICHANTHPK CCDDZEZENE W=, HEFEKTEN->-TLE-E
ARYEINEVWZLERLTWVS,

3.5.2 4“4 UFH
3.16lF. HPK CCD & XISOAXRYZ NIV EHELEEDTH S, XISO MnKa 54

YOE—=71F 1712ch iCH B DICX L. HPK CCDOHBEEHE U T R IVF—D XIS L
T 258ch ICE—= 7AWk 5, Zhid, 2D CCDDHF A VM

Gupx 258

= —° =015 3.2
Gxrs 1712 (3.2)

THEZLERRKT 5,

ZOEVREZNLRZOTHEIM. £F. CCDHAOEDT 4 ViE, XIS 204V /electron 12!
TH20Ix L. HPK CCD O#&tid HPK BE#AFEEMIC LD L. 254V /electron TH 5,
SFY, AL XBWAAHLTACHOEFAHRTE, HAR

2.5 pV/elevtron
20 'V /electron

= 0.3 (3.3)
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1000

3 HPK CCD 5

100

counts

10

1

XIS ]

counts
100 1000
T
I

10

W i (Y Y ‘ Tl

0 500 1000 1500 2000
channel (ch)

3.16: HPK CCD & XIS @ grade 0 £ XY hDANY k)LD HEK
LB HPK CCD. FBA XIS TH 5,

o TLESD,
FAYVDEWORIDREZLRFERIFZFAHLODEFY NV A ADEWELEDLDNS, HPK
CCDDHT A YNNI WZEF IR NVF—BERALICRKERHEZIEIOATWS, CCD
WO DHALABKEIC ) £ ARRo =B, ) £ X% electron BE LU ERRICEHHIC ) £ IHK
ELRATCLESDEDTH D, BIBBTREAHLYATLD ) £ ZERIABHREINERE
REEN, SBREIDBICHEAHBUYATLRREBINTE IRV —SRENW EL D> E
BE. ZOFALVDOBWIRERME L RBESD,

3.5.3 ARTBMFFME

AG XDOZRNVF - HAF ¥ Y RIVOMEEETENS 2D, FA4 T Mn Ka(5.894 keV).
Mn Kf3(6.489 keV). & & U Si escape(4.155 keV) DE2KD S A Y OHULF % ¥ 2 )V & H W
o 27U Mn Ka BSOS A VIZo0WTiE, ATV Y MR DRLIBHPEL RWED X T
WA YT VT fitting $§5Z 3BT, YUY T IVHIY T VT fitting LTW5B, Afitting D
FEREE 3.1TO &SI R- =,

IRNVF— F&F ¥R ch DK

ch = 435103 B ey +0.2%5, [ch] (3.4)

LY, BHREE 04N UNDOBETHREBENDH D Z B3> 7=, Si escape DT A VB
POMEEN SEZ RV F—ISHNTYS (0.4%) B ZHEEIC Mn KS escape D tail
B4 W fitting & 5l o o ZHER.  Siescape DT RI)VF —T fitting VTN E L BALND,

XIS X +£0.2 % DEETHMEEIMMEENTWE U, 5T, HPK CCD X#EHEICH W
TXISCABEOHEEFOZENTN S,
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250
T
I

channel (ch)

200
T
I

L L L L L L L L L L L L | L L L L L L L L L L L
4 4.5 5 5.5 6 6.5 7
energy (keV)

317 XMOZRIVF—F v RrIILOEG

3.5.4 HmAHEL/ 4 XOFHH

AL ) A XFEBEPEBEEEHRD ET TR TVWRVWESTOE -V DJEAY THRT
ZENHRD. Bo T, HOCHEBOBEUERE o 2FHAML ) A X LTEliTHZ &I L
=

(HHHEL ) AX) = (HOCHEOE — 7 OEH#ERFZ)
X(l*?*\'f‘/*)lzi%?‘:‘)@::*}lﬂF'—) felectron] (3.5)
365 eV electron .

REBETOHRAHL ) A X 0,,, &
o? = 8.0?% [electron] (3.6)

T.0.M.

THo. ZHIEXISD 3 electron L HEART, #HEYEWEL WA S, Yo HRERHH
LLTEADNEZDON., HPK CCDDHF A UHR/NSWETH B, AEEED ) 4 XL LT
AETCOHABETCEAURZZIDI)IAZXDRD>TWELLTH, CCD TD electron #E
BICESICKRZRIRANNF —D ) AZXBD>TVWBEDICRATLED., 22 CHAIEH
BEEEFHTZZL T, SiAH LI A XR2EBRIZZIEH AE, ZOZ LI T,
3.6Hi TS,

3.5.5 EEEMOF M

FHAHUI)IA X, BEI) A X REMLHEERETERYH LU TCEMIZEHIC. VOC H
B’E Active fHIERD O E— V7 DHLDF Y VRNV EHARS, ZOZHOOHEBIEFEZELEIED
DORELRDZETRODT, FOEREERE UTCHEMT 5.
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(RF EH)
(VOCHHIEROE — 7 DHLF v 2 R )V) — (ActivefHEOE — 7 DHLF v 2 R )V)
(BB LR )
~) - ) . S —
X(I%JVJXJD;ZEGJV@IX}WF ) [electron /sec/pixel] (3.7)
263 THRNEZEDIC, HERIBELRVWHBEFE DI T THE., 22 THELAFHHA
HOF— A EHWTHEBEROBEICH TAEEE 2L, ZORREEN 3 18ICRT, ¥
ST7ERTEANZEY, —60°CHEAETTHICHEERDINS S RoTWVWEDORGNS, —T70°C,
—80°C CHBMMARELIRSTWVWEEDICRAZDIE, ZOTFT— & &L - LR ICER
L TITEE2LTVWEEDEFE ) A ANFE->TLEW, BERETE2DET 2 Z L AR
Mo THD, —100°C TOREER L.

(BEEHE) (r—_10000) < 0.01 [electron/sec/pixel] (3.8)

THolze SHIDKE CTIX, FHKMIE 5.55ec THBEDT, ZTOWHHFDOHEERICELS /)
/f;(\o-dark Li

Oaark < V0.01x5.5°2
= 0.055 [electron] (3.9)

LB,
2638 THRNE NSy THAICEZMERERITELTHED. (22)IK 0 & N, SO 1HE
BRAL. 74954 YT %ok, EEL. E, 3RRII&Y 2],

(4.73 x 10=4)T?
T + 636

E,(T) = 1.17- (3.10)

E32, ¥, vy FEEH LY

1 3
im“mz = ShksT (3.11)
MoEINE, ZZTm, IBETOEHEETHY. HEEKTOHBEND 033m. 2253 Z
yamshTcns 8, 2. N BXU N, REB5E Fermi gizHciew 21,

/2

2 mnkpT]’
Ne = lhz] (3.12)

2rmy kT 3/2
N, = 2[;] (3.13)

m,: IEFLOBEHEE = 0.5m,
LB, ZRBEY,

oNy = 1247003 x 107° [em™] (3.14)

o=,
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dark current (e/sec/pixel)
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3.18: WEEIRDOWEEICH T 2R AE M
ER T H R & OWREE (AXBR)
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SEB#HR 2Icks e, HPKCCD WO b3y 78I 12umx12umCCD T 0.27 1 /pixel
vy, BHEEHR U OBO 12um x 12um ® CCD T 2.6 /pixel 2 S HH THEL T W
%, SEHWE CCD RS EBRUBICHESNELDTHEED. ZOEERHETS L.

1.24 x 107°
_ N 10~ [em? 1
oy 027/(12 x 1077 8 x 107 [cm?] (3.15)

o=,

—MIC NSy TORMEHRERIIHENS Yy TITH LT 1079 m=2 A FfkLENS Y
TINEX VT RIEFEIHEAR10m 2 KRT AR 10 Pm 2 BEL 23 15
o THHOERIZ., NSy TEHE, FEITSAAFT VIR TVWBHEBENGEWZ L
ERRT S,

XIS OB EFIE —90°C T 0.43 electron /sec/pixel TH o= Z L B> TWa Bl HPK
CCDIMEBEBRTEXISEYVIBEWHERBER > TWBLHERTDZZEIEHKE, EEL. Z
DREAD—DICHEE LB L OBTFEOEVWASDH 5. B spurious charge IC D W T
SMICHND Z @RI TWaRD - Lo, BEEHROFMICIE spurious charge M ERE &
NTWEDTHE, #oT. XISOSETHMBELBERDOETE /NS hoELEBX
b3, £, HPKCCD 0ZZEEE 10pmBEL Ron B, XIS 0 70um ICHATIE
EMCEW, ZOEH, BMERBHERICA WHITTHE, WTFhilE &k, BHEOKERI
XISOZN e HARTHL@HARL, TRANLVF—SREBICERRBAAEZRIFIETE RV, Ko
T. HCURNVDNSREERER-EEEFEZBEVWHNICELTEZLNAEREZ LN, 5
BROMADER LRSS,

3.5.6 CTI

=p I ead out

X 3.19: CTI &% » 7= & D FHEL 53 vF

BREHREDOE, BMOWMY ZIEULAHDE L, HtAHLOMNSEWEZAEZDANY NEES
DBMERN, ZOWRNIVANAS PWMELS R Z RTINS, Ko THELIE. Ac-
tive fHIR % M 3. 19D KRIC4A EIL., ZHhEFNDEITO XHICEXE2A XY MDE—7 DH
DF v Y RIVDEMEFNL Z LT CTI DM 2472 > 7=, BEFG D CTI (vertical CTI)
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KOWTEHHEE 1 38&0 28 4. KEFMD CTI (horizontal CTI) - D W TIXHHER 1
L2BLV3L4EHBTEZZILT, BE—MHHEYD CTIZRDDZZLEMNHRD.,

1 1 [(peakchannel(3) — peakchannel(1))
CT-[vertical = SFnaA
2504 (peakchannel(3))
(peakchannel(4) — peakchannel(2)) .
| 1
* (peakchannel(4)) [pixel™] (3.16)
(EZEU. 5043 8Bz EBOE, )
1 1 [(peakchannel(2) — peakchannel(1))
CTIhorizontal = S3an
2126 (peakchannel(2))
(peakchannel(4) — peakchannel(3)) .1
1 1
* (peakchannel(4)) [pixel ] (317)

(EEU. 1263 EmEEBOZE, )
ZORER, HEFHED CTIRUTOESICRE o =,

CT-[ve'rtical = 8.1x 10_7 [pixel_l] (318)
OTIhorizontal = 13x 10_6 [pixel_l] (319)

BB, BEWD fitting OWEATE T+ /NI o220, WKL TV, ERICIHEER
3 (102445044 16) M Dft#RE & (126 + 772) MIOHEERE 21T R > TS, H-T. H5
ARV MRFTAHIND EFTICRIEHEFE Nopp &

Nerr = [8.1x 1077 x (1024 4 504 + 16) + 1.3 x 107° x (126 + 772)|
(IF¥Y R NVHEYDITRIF—)
X

3.65 eV
= 3.9 [electron] (3.20)

LY. #1600 HHEREZETFDOD BHMEUIEDNRVZ L BRSNS,
INNDEE) A XERDTBL. (26)R &Y. oorr = 2ZNor THBH DT,

ocrr = \/2><3.9
= 2.8 [electron] (3.21)

o=,
XISO CTIWZHIEEZELATE-EN, EICIT 10 BEEFLEDhTWS, )-T. HPK
CCDECTIKELTH XISt HEDHEEXFEODERSTEWESD,

3.5.7 Spurious charge O

spurious charge & #fi 3% = ®»ICid VOC #H#Ek & HOCHE D& 2470 >, ZD DD
fE Ik D 22 1T IR RE H D spurious charge IC&k B 0 E—V DEMA RS NB X TTH 5B,

(Spurious charge)
= [(VOCHROE — 7 OHDF v 2 )V) — (HOCHEKOE — 7 DHLF v~ K )V))
(1F ¥R NVHEYDTRIVF—)
X [electron] (3.22)
3.65 [eV]

45



SHEOHPRE T, spurious charge i< & B J 4 X 0 gpuriouns &
Ospurious = 0.4 [electron] (3.23)

ERBEEHNE,

XISICD2W T, spurious charge D RV 34T Rbh T, UL, OB
2B XIS @ spurious charge 8T 5 Z L AR TH 5, HUHORBERO RHE Y 1E VOC
I & Active I T2 <. HOC B L Active B ZHBEL TWELSTH B Bl XIS
D -90°C T DHFEHRE 0.43 electron/sec/pixel TdH o =, S EIDFAN M SEEEH & spurious charge
ERLEDESD L 0.42 electron/sec/pixel A F &Y. XIS & H% D spurious charge i< #
ABNTVWBE LB TELIA RN,

3.5.8 IXRLX—NDMREELER /A TRICDNT

) A X M} B [electron] /4 X [electron]
AL ) A X - 8.0

s R < 0.055 < 0.2
CTI 3.9 2.8
spurious charge 0.4 0.6

# 34 WELEI)AXRDE L

S TCRODEBAR)IARXFER, B3AEFLHE, 25D ) A XHh5H, BEEHL CCD
MHEDSVWIRIVFEF —HDRENBALTEHIORBEY 24740, TEZRBICANTO RN
I AXE Guntnown € LT (2.1) & (3.6)s (3.9~ (3.20). LT (3.23) 25,

0.12 x 5900
140 [ev] = 2.35x3.65 X \/3X65 Ug.o.n + O-gark + U%TI + O—Epum'ous + O—annown
— Ounknown = 0.5 [electron] (3.24)
= 17 [eV] (3.25)

Zh&Y, BLARIKREBLD ) A XFETTIKFATHY, TRXRIUVF—oFEBEEEMALIETH
2P0V RELRFEAIFAHRLIAXTHEZ RS, LHL, iaHL ) A XiE
Frv URNVBICHEHETSZ L 13 chiCETELI R-oTHY., ADCORBRICEMVWTWS,
ZFRICEWS THRAHBL ) A XN XISICHERTRZWHEO—2IF. HiFLXdREEY
HPK CCDDH A U MWEWZ L TH DB, o THEAIF. XISERUETOHF A v iaFER
5k, BEREKL*EATLZZLICULE,

3.6 EIE[EEROEA

XIS AEDRICH AT 2 HIEERIZ, XISLIEFERUITA Y EERT SE2HIC 65D
RICTLZLIRWELE, RRORBFNIR 3.2008ICR> TWE, Z OB IEE B O G
Fgt BRICEND,
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3.6.1 HiIE[EROKE

EIFHM. CCD DAMT FET i open il »>THY 30kQ TF/ IV Y RICE L THEMN
5, . CCDOHBACF 12 VEEDA 7Y RBADWTWEED, ZhE ACHY
TV T THETHEND L., TORR. HEREICAZHICACHDRES L 30 kQ. DC
MPORZLEE0KkQDTIANE—2MHITTEL, 0l yFOIVTYHERWESSR., AV T
VYT OEERIE 3 msec £ 2Y, CCD D DIES (10 psec) EFHEEY LT DC S X5
RIELEINBEZ LIl B, RICADSIO EWI AR Y TEHWT ACHKT DHEIEL 7
By ME4TRD, ADSIORICE 2 DAXRTP Y ITHRMATHWE LD REDTHY. ACHK
REFATEYRNE—=DDICTITRD ZLAHHKSE., ZDAT7EY M AEIA D DEFET
IRNVF—DRBICHETZHDOTIERY, BERIXISOHALELCICARS XD 64%I1C
FEDCYAALAEALCICARD ED 12 VICERETLE,

i>H
‘ﬂ Vout
1

Vin

\
60k Q

[
16k Q

ADS830AN

AN

24KQ 12k Q

2kQ

B 3.20: HPK CCD-XIS AE #&if F 3 i o] #%
ACOBERI 6FICRY. DCRI2VOEBEIC RS,

ZOHBEEBLEERO CCOMLOEFEREIZ. B3210&25I1ICk-7E,. DCIKE +10
VDOZA7EY MADE, ACEREEICRSTWEDONGHS. ACIKEREEBEY DENETH
5D L, DCREROFEAELEOTANENTVWS, ZORRKEFRNS=HIC, K 3.200
ACAY TV Y T oEFOME (K 3.20CVWD & 60 kQZ2D&EF) 2ZEAXTDC VARILD
ZiLERENE, ZORRENH3.2TH 5. BHAREL 2N ERBZEFE DC VRN THR
D505, ZOFRKE LT, AD830® input current AZX5ND. AT YT DAN
FHARICTERAOERTH 2N, EEBICED 2 —E0EHME (ADI30 DHEE 370 kD)
THY., AHBENENS, ZOBENACAY TV Y TOEHE2HENS Z & T ADS30 D
+ AFIM virtual GND Tl <2Y, GND L OENEIESINZZLTAT7EY /NS
o TWBEEIDND, EEE. ADS30 OE#KE 2310 X ZHA W & input current
E 5 uA TH Y, B 60 kQ OBEOHF VDO X

Vhe = 6x (z.oou—&s [1A] x 60 [kQ])
102 [V] (3.26)
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Tak ®un: 10.0M3/5  Sampla

DC offset (V)
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“raoy Do
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LTS S SRTRE R P . b4 SR :T_\: e
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i
=2 Min [ SN

22281

3.21: HEIEHEEE AR D CCD & 5HE
(&) : ACHA1. (H) : DCHA.

WE00HE ~ERT 7 TS 0RY

1 10 100
Resistance (kQ)

1000

322 ACAY 7V V7 DEIDfE L B DC VLRIV DB
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&% 5%, input current DFEH XWX T4/MSL. 10 VOFT7EY hTH XIS AE F &4
RELED, BARZORBTCHERBZEZHNWLZ 2RO,

3.6.2 HIEEIREALOAE

SELZHERR2EATIAEL. EREANDO CCDHEAERICHRELE. BHFOF —
TIVTCIAXERDBNCHEIERXITRODLENDLE-DTH5, BWIERBKEALD AR B
WIEB 323D &SI 7=. 7B, split threshold FFHAH L J A4 XD 2.50 M5 5.00 X
T2 050 BICHITL. RVIANLVX—SBRBOBEN = 40 THITLTWVWS., ZO5HED
grade2, 3. 4R@RPRYE—-TDOHLFX RN TNTVWEIORSGAHS, £/, K 323%
RnEo»28Y, tail Ko PFE-oTWE, H-oT. ZOHEIK3240FKD & DI,
grade 0DBHEALVE—=Y, ¥ TE—-VDZDDHT Y7 VT fitting T 5 Z & THITL
=

counts

counts

counts

counts

counts

counts

counts

channel

3.23: WIEHRDRR T UV — REDAXYZ N

T, BEROTF—AICEHLTEIRNT —LF 2 RINVOEBEEEBEEFNE, 20
BARR 3.25TH 5,
fitting KK WRESETRANVF = E [keV] EF % ¥ R chympea [ch] DBIERIE

Champea = 2611710 £ 491739 [ch] (3.27)

ok, ZOBEITRXNF—LF YU RIVOBRBRIZ05% OBECHEEE2ME-TBY.,
BWEHEOBBEEHRACEEZ LIRS, $E, (34) & B2 ALHEEEDOTF A Y G
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ERIE best fit model & T,

XF—MlIC tall RS> TWBDRGHh 5,

channel (ch)

H“

@
€
E
°
3
o ‘
— HMMHMMI L L
1400 1450 1500 1550

W

”"H

1

1800

1600

1400

1200

1000

nnnnnnn

W'

|‘u

WW

w

3.24: MnKa. KB DANZ M
(72)
() Bz xR V¥ —
(7 —7) THIELESA,

nnnnnnn

VTNV AHTIY T YT T4y NLUESBSE., BT X
tail ZE D —o DAV T Y

4.5

5 5.5 6
Energy (keVO

6.5

X 3.25: WIEEIKEABOIRIVLT —LF ¥ RIIVOBEE G
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ix
G = 6.007513 (3.28)
EROTWBZLEWN DI B, ZHhFHRFHFBYDETH 5,

3.6.3 &m&HELL /A XOHFHE
BIEE K > EALEBOT R VT - L HEAHL ) £ X3,
AE (FWHM) = 13573 [eV] (3.29)
Orom. = 6.4 [electron] (3.30)

THok, EEL. BEIRELOBBLBEOEIFIHELTHS., ZNERPBAZT
MEEE LTEREEVWEDTH Y, HPK CCD A XIS K#EBHMAEHOZ L ERLTH
o
SHIFEOHEIEEEE ANRVWERE OB, HIBEENRDO ) £ XFMEiT2D2 L
MRS, BIEEEE Y EHRD ) A XE 00 FRO A XE 01, 35, HEEHRS
ABIQHBHL ) 4 XIEF % > 3 VIS LT 1.31[ch]. A% 6.13[ch] TH - = DT,

1317 = 0% per + Troper (3.31)
6.13%2 = (60upper)® + Tlower2 (3.32)
EVDSEBRANDS, HIBEABEARDEZNETND ) 4 XX
60upper = 6 x 1.01 [ch] = 6.06 [ch] = 6.3 [electron] (3.33)
Olower = 0.70 [ch] = 0.73 [electron] (3.34)

LB, ZDZEHD, SDLIZBRED ) 4 XIFHIEEE &Y R (CCD M) K REE
BoTWBLEADNG, FHRO A XR07[ch| RETHZH, ZOFREL LTFRIN
ZONEITCRAS IchBEOROKRTHS. ZOMIYIERBEANKL TREINED >
TWAWEDHIEEB LY FHRTOF—T L3S EbLEBERYICH-TWS ) £ XEED
N, ZANRFEAHL) A XEBALIBTVELEDIS, BULKIKTHRD ) A Xk2THL
FTZeAWRELTEE, HUEZBETRIVF -

FE
AE = 4/8log2 x w X \/? + 02 0 + Odark F 0811 F 02 irions
= 132 [eV] (3.35)

ey, XISIKKVEWEHEEEHELZZ LICRS,

LML, ZNTHEEHRAHBL ) AXRTXISOEDIYAERICKEW, £, CCDAR
) A XDOFHEME (2.14) SV IPRBYREW, ZOREALLTUFOLOIREDONEZZDS
ns,

o WIRHE LY LIRTHr —T VORI ) A X, XISOBIY -V REEF-TwWELZ

AESEDERTIERAT. ZOEDIKI)AXFEYBRVPTVWREBICR>TWS,

e CCD & HPK buffer #MRKTH > J 4 X, XIS camera TEHLNTY — IV REHTW
=M. HPK CCD &2 ® buffer BiRIFOEHLOEFEHEHALTWVWS, HoT. 22
THIAXEH/BVRT,

o WIBHEMZDENDTHY ) A X, BMEHBRIFHOEOTHY., Y—ILRILHF Y X
nNTVwhw, HoT, ZZTI)IAXE2B->TWBHEBEBEDRZV,

IhAOEFZELTZENSHBOFHELEALD,
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3.7 YITE—IUMRACDODNWTHEE

FEEIRAREEDIC, HPK CCDTHELNEZAXRY MVICIE, B X UXF—fIICY T
E—7hAhRonhE, Y TE—=TEDH

1. CCD » 5 D H D & TEBR D ERICD WD

2. grade {&IC & & fi##T L DORIE THTE TV 5 BRI
DEELTHEDNEHNLED. £T grade BRSO & U T, fitting TRIC & 2 AT &
1Tol=. TOMRMEN 3.26CH 5. K 3.26TIEANY DHLA 1500 F v > X IVICHKS &

0.3

- Mn Ka

0.25
T

o (pixel)

L
1600
channel (ch)

PRI B
1650

TR BT
1700

| . L
1750 1800

L - |
1400 1450

- - |
1500

1550

3.26: grade 0 LHIE S NEZA XY MIHT 5 fitting kI £ Mn Kan KZDANZT k
Y
BEEI channel, #EEIEA XY MDENY 2RT,

IREIRXNVF—HFIRESARN, #oT, ¥ TE— T ED I grade EOMITIC kY, &K
RIFEZANVF—-TRR2VESPMEIRNVF—ICRATWE L VWOBHRNTE 5,

[U grade BT LTWEXISTE, ¥ TE—-VRPRIRATWE, XISOHE, ¥
T —21% Tsplit threshold EEARWHABELAHEA XY M) THHE LW FHI RS
nhTws B, HPK CCD 0%B&ERAUHHENHRS A, E8T 5,

B 3.271%. HEHEE B A ICHE LET — ZICH L TR A 72 split threshold ICXf$ % X
AVE—D Y TE—VDODHLFYURNLEATY N, BLXUOAALYE—-TTDIT R
F—DBEOHEMRERLTCWS, EELU. event threshold d—E & LTH5B, T ALV
E—JICEHLTTHEN, AL 2E—7DHLTF ¥ ¥ RV split threshold I B tR% < 1EI1F
—RETH5, ZTNICHLTAHAY Y M split threshold ~ 40,,, FE L THEMLUKIT 5.
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Zad. split threshold A/hSWEARIE grade O XA Y E—T7DARXY NTEHY D)
A XBBEER->TLEY, grade 1. 20 3 4RELLLTHRBESNTLEDEDTH S
EBEALND, ZTORR, TRXANVX—-0BBELENATZ, EBE K32TTEH. A A2 E—
7 DAY ML split threshold = 40,,, £ THAKT. TRXVF—-SHEBHIHZFEL TV
<.

YTE—=T DAY Y MED split threshold WEMT 2 L HICHEX TS, ZHiE. grade
0B EZ o 7= 4 R bW split event A split threshold Z#E A TWaRWEZ I grade 0 & 3
BENRTLEW, ZORRENVANA FOBEVWARY MRBEZEEIDICRATVWELLTH
BLEALNDG, ZOZMBEHI—DOFHINZOEF., Y TE—-FTDODHLF YR IVDT
NTHB. split threshold MAREL NIT R 21T E split event & LTRBE N TEHETOH N
ZBMEEIRDED, YTE-TOHLF ¥ YR NVRBBANS R TWIRTTH S,
3.27T & split threshold P RELK RBICLEDR > THTE - OHLF ¥ X IVIF/NS
BoTWoTHBY., ZOZLeHHTE—7 DRIEMD split threshold IC&BEDTHBZ &
EPEMTTWS,

o [ main peak channel
0
o O + + + + + + E
< —
5 o
~— <+ C 7
e
e S e  E  H E e e B R
» f - main peak count 4 b
Sl Il 1 t ]
° - i
x oL N i
e S e  E  H E e e B R
O [ sub peak channel
~ L u
[8) o r +
S f y
L ]
o [ sub peak counts J( J( J( 1
—~ 3F { E
2 M E + 3
C |
L o E
Sk 3
TR ¥ —tt—————t—————t—————f—————f———
0 [ energy IFGSO‘UUOH E
< ot
s IF + E
~ o F WL WL J(
M E
TR L A

[

2.5 3 3.5 4 4.5
split threshold (o

rvo,r‘\v)

3.27: split threshold & main peak. sub peak. & & TRV F —53fFEE DR

XIS DEEAAL Y E=Z B TE=TDHLF ¥ 2 RIVDFTHD split threshold D#Y 1/2
THo= Bl ZDBEIE. split threshold 2B X 2\ split event BHEATE—DTHo 1=
LEZBLHFPEANDL, LML, HPK CCD DHBERTLFEN LY EMRYREWN, Z
DFEHALLTEALNLDAN HPK CCDDEZEDHEETH D, HZREIVE WL, grade
2 3V ARV MNETTRL, grade 6 R ENLALEN o 24 XY MAHR® L,
split threshold & # X 722 - 7= split event pixel N =D EZ T ClI R <BEHHEH RN & &
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5. EBE 35181k Y. HPK CCD W grade 6 ICE TIAA 224 XY MBAREZ WV, £D
R, Y TE—V AL VYE—VDHLFY Y RIVDENRRELIRBZDERD, YTXE—¥
DOHDNF ¥ ¥RV PH,,, &,

PH,, = 1565715 —8.6%1%0, .. [ch] (3.36)
= 1565715 — 1.47075(split threshold channel) [ch] (3.37)

o=, U splitthreshold 2 0ICLEHE, VP TE—7DHLEA AV E— 7 OHD
E—=HITB. ZDZF. YTE—7 A split threshold ERE L EZEZDHICHTLIHHEHKRT
HEZLDOWHICRD, £, YTE-7DOTNIEFEY 1.4 split threshold &8k x
split event AFELTWEEBXANIFHHATEZLZETH S, ZNE XISOHBELEYHTW
BSRIWRKRERIETH 5,

grade 0 £ N N T split threshold &8 X 72\ split event WEH 14 FRBELTWVWD & W
DZ &k, grade 04 XY MEERIEH 1+ 14 =24 ET7BIVEN>TVWEZ L ZEIK
T35, 2Z2THD —Egrade IKLEERWEEZD, R33&Y, grade 0 DA XY MEI1E
7EIVIC, grade 2. 3. 4DARXY NI 2ETEBIVIC, ELUT grade 6DA XY hMid4¥E
JENVICE-STWD LT D, §5L, EHDA XY NDIEDY pean &

23477 x 1+ (10637 + 3539 + 3959) x 2 + 68962 x 4
Pmean = 23477 + 10637 4+ 3539 + 3959 4 68962

= 3.0 [pixel]3.38)

LY, 24LVWOIRIFEDHEEEVDDIC RS, EBRICHE grade 0 A XY NIEZ LD
DT CTHINENTWE LD, BiFE L YD UNSREIRREDESS. ZOZLH, ¥
7Y — 7 ® split threshold EIFEZZFEL T2,

3.8 S®ORHE

SETRTEEEDIC, HPK CCD 3HEEWR. CTL spurious charge I 2 W Tk XIS
CABEOHBER > TVWEZLAGho2, BINWEFREIHAELL ) A X0 TH
5, AHUI)IAZXDEYIERAHEETHEHICIE 363 THETEMELICKHLUTKRD
IO RMRINETH 5.

o XIS I #BEMRE DAL camera ICIE > TWEEDFFICWEIARR house keeping
MWHD) A XEMABEZEMNHRTWE. BIE HPK CCD XRICHEBERER L ESE
BICANTWRWIRIETH 2 DT HPK CCD A camera & 81ET 2,

e HIEDHS>TLESTWVWB IChEBED ) A XDFRAEHEBEETSE, FIC7—RAY
WKOWTHEFzy 72470, XISETZZ2EFHEHURBICRBEEDOICTS, -
B THEERE AT RIS LEMOY — 7NV EHFHLTWER, Znix—mHic )
AZXNDYRTVWEWVWHONTBY, AETEILENRD S,

o FHLAHMEBEKOKE24TRD, HIZAFXHAFEXDC URLVEBEMS ORKSE T
EDOTVWBEN, ZhEYVF—EA A - RNRITE2REHEEINVAIWVWEHBESD,
FEEBZOLOVEEIFHOELDRFESTBY, ) A XMEEHEVIT o TV
W, ZOWHEHEICANS, ZBEBICTSE, TEBHALY XS CCD ST
FTERETEBRICEHIEIHW ) A X RBERMIEEZLNTEIETTH S,
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o SIHHEMH L= CCD(CREST Deep 1) 3222 @D /E W CCD ORISR DOE L L
THEINEEDTHE, ZOCCDTHEoHbHEL RS> TWEDR, 3528 Tik
RNEEDIETA VNN EWETH S, CREST Deep 1 DF A YHARBIY T HD
Bt ETXISO 1/6 LAvWZ L ZBEICRNE, Zhi3RR, XIS E# A 2% CCD

REDEDICIEBMARITNET RS RVWETHY, EMF M7 2t ERLRTNHIX
BRORWETH B,

%)



B4E

FAEEMEZSECCD AL LY R T LDOSE

4.1 BREOBH

EIETERREEDIC., XISFEAHAH UEIBEIIHAIR 2 V> TV 5 EEH DKM
HAFHUEETHD, LHL, SBRIFIEMSTETTCEIRLI, MNWETEILDO CCD 25HAH
TEDOEEFAHB LI RERFHL 2B, N2WVWEZE)LO CCD2AWSHB L LT,
WRDEDIREND B,

e CCDDOBREBLLTOAY Y hD—DIC, RAWENTETHEZLABT OIS,
dAEH DICkse. €V IV A X 8um ® CCD & HVHIE 30 keV LA L0 X #
DIRIEEJET D ZLNHRS.,

e Chandra D&% ¥ C. HEEBH CCDDMNEDBBELERELTWEDITCCDOE Y
BNV A XTRRLIIT—DOREBKEHITHo>7=. ULHL. ChandrallHHIHh T3S
CCDOEZVENVH A XFIS—DHBEALAETHY. SBDIZ —FERBICXHIE
FTE2EDICISIBITNSIREZ BNV A XD CCDBRLETH D,

T, SBRIEIREVNHBEOHENEIAZZLRNTFHINEED, N7V TEHEIEHIC
PEEHRAHBLUREISNELRS, LML, XISAE BZFICEEFHAHLEZRICANESGS.
MODEDICHBEBIRZENZLIDEZ N GHh>TWD,

1. XISAECTWRK 7oy Z7HERIC7F OV A4y F Uo7 E2HwWTWE, LML, 7505
ZAAYFUTIERERTEEI2WED, 70Y VIEREORTIZEARAWNICEE T S0
EAH 35,

2. spurious charge ## X5 =HDTRE LT, XISTIH CCDDF YNV AYAZEDD
DEFHLUCHREZD /7Oy JREERESE TS, ZORKR, /Oy r/onky
DREEBIE CCDICEoTH-E-TLEW, AT HZLAMRKRW, £, 70OV
JOREYVOREBUALOEETKAH UAHRR 228ELH L, SHIC, Fe N
VAYVRICEBRFYVIFNLD ERNYNRICRDED, LD ENY DES TIEPIEY spu-
rious charge AP TV, FEFYVaRAVYMEENIIHEDI ) A XEBABND,
ZZTC, B ERYNATERL, ERHTY-YeLEZOY Y 2ERKTE2HE
NH 5,

3. XISHAH LHBEOBSEBEANDAL vF Y VI EZGHEBEEBEZHNTWDEN, Zh
BEEFHAH UICEAMNETH S,

4. XIS AE I XIS MFICHfL L TWEo, k425 A2 D CCD A% % HPK CCD O
PREFMAICIEIAMNETH 5,
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BEGKAHBUOFERELTXISOIDSICHEABELAORXEST (XISOSET4 & : X
2168H) LWOBMBRFERDHEN, ZHICHRERNDHZ D, SBRIEERAB LICES
EBWE AEBERAARTRICR S,

ZZTHAZ, AR UEENBEL XISHEAHBLHER L AEED TR IVY - ME X
ODRAREFEAHUEEE 7 ) PNV ARARME HARRTEZZLICLE, BADRKEE
3. 1024x1024 7 BB 1R THRAKET, 2FVY 1 MHzHABLTH B, EEL, &
HDOERIIE-RORRTH B0, HEIX 100 kHzHAHBELELTWS, £, CCD %
BETHYBMYVFEWOHEEL WEIZED CCD-CREST TidZe <. HMBE L WY HFW A EHE
HIf B 72 1/2 inch CCD 2R L TW 5,

4.2 FAHE CCD At LEIRBRFREFTOME

HRECCDHAHBUMBOMERXH 4.11CRT., EARARRIFIXIXISAE LR LUT. CCD
DISFIRICFET 2 EB=., #ihE2ZATr70v 7 24EK. B %472->T ADC 2L
TWSTAETZLWO RERICh>TWSE, BEAZ7OVv 7 EHROTFTIVEANLI RV —X—
(SONY Tektronix TLA700) T L. ZhiIC7F O/ BEENMTZZLICLE. 70Y Y
F4fEETcehdE0E 1070y ZEKR L, EEHO buffer ERHS CCDICEET 3,
buffer EHRM S ODH AR EZEEAT I NE -7 TICEING, HiaHLUAFRICIEK. T
WK XISTEBDHBEDFN (24385 2 WHALE, 74 NVE—DO5OHPITA VE—
EUABHEHEEBLT ADCICAY, WSICE-> T fits BRARNLAFH XN B, EEOEKIT
420 &k DICRMELECHIESINE,

14l Cl OCk generat or —
Di gi tal — x 10
gener at or

| anal og
cl ock

di gital
cl ock

digital
cl ock T1, T2, T3

- si gnal
i npedance I nt egr al g
converter filter

— ac |

SUN
W5

fits file

4.1: HRE CCD Fi A H U [E 82

BEFICOWT, UTFICHHT 3,
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8000080000

|

CP-3103

. / /
gy ,;‘-.fn' Ay ?’} w ., [ ;/;//w x

4.2: EBRORRE CCD FiaHi L H#
LB BIENY 77 E. Z2HH 1/2 inch B, £ 2#HA CCD-CRESTHT®» 5. HB :
TANWERT VT BIENY T 7HOADIENSATSIN. HEMSH ADCANEHASINH
5, TB: 70y 7ERS. —HOERTL 7Oy 7 2EHT 5. A EOREERTYOY
7 @ high level & low level. 7Oy 7 2 bR EREHLT 5.
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4.2.1 0y o YERER

ray I NE—=YOERITBROBEEBFICIRTOLENHZH, SHIEITI XN
VIR V—EADHEZX5ZLICTE, BADPEETZOR /70y INE—-VICERERZEE,
BEDOZ7ODy Z7ICHLTRRELELHHTHD., B 41T clock generator ICH =5,

rayvy7iE, RELDJDUITITKRD3IDICHEING, 7097 DLHIT 238PE 3.1%
SHRINEV,

1. reset clock
RGICAWS 70w 7 THbd. RGOEEWES pFTHY., 1E7BIVHEAHELODHE
WD 10fBA EOBESITHRETZI2HEND S,

2. horizontal clock
BEHEICHWA 70y %7, PIH. P2H. SGO3 /70w 7 »AHETH5, PIH. P2H
DAEFIOpF. SGERSpFTH2, /70y 7 DEBBEEDHES THRETEZHE
KdH 5,

3. vertical clock
WEEICHWS 70y 7., P1V. P2V. TGD3 70y 7 ARLETHS5. P1V. P2V
DAEEF 18 nF. TGX Y0 pF THB. 7O v 7 DEABED 1/500 25 D&E = THREH)
TEZH50ENH B,

SEHEFZASOI/OY Y 22 TH—-BEOHEK CEHH L2221 L., RICRREGEH 7Y
O 74070y 7EKEERE OG. RG. OD® 3DCHE., &3 10HEE*HEL &,

43370y 7 ERSOEREIATCH S, ZOEBKTHRZDIF 170y THY. Zh
REBAANLZ LT OCD 2BEHSEE, JOvyYzskL—ZAn5070vy 71 00. 0L
100 11D4>0fE% L5, o TANE 2bit+ ZHZFHD GND @ 4line lic 3 (K 4.3T
. 1A. 1B. 2A. 2BAZHhZFHhfEHBE GNDILHED) . ZhbiFEF. 72 b7
SICAS, ZhiZ,. BXWIC70v Iz xV—ARE CCDAREYBZ LTI A4 XDEAN
EBiQEWTHD., HWET7 4 b AT S HCPL-2630 I& 2channel % A ICABETE. 100ns
EWHEWE EAY R 124,

WICAE 51 74138(3 to 8 Demultiplexer) ICAT XN 5, T4138 DA (A, B. C) & H
HOBBIR 410 LR 2. BADHVWEOWE A, BEFTHY. ¥IiC CE L(GND)
IKE LI TWSE, ZOWHRE, 2EBTCAHINWTEZEHERIZOMEICEL>T Y0 - Y3
FNERRBYSITIONEZLICkD. YO - Y3RZENZN Bus Buffer T35 5 74125 TNy
T7)UTEIN., 4Tl - +T4 L WO BB RS, 741251, RD —T1 — —-T4 & DA
AIVTEEDEDZEDD delay DREERELTWS., —H. YO - Y3 ZMHNIC 74366
YW Bus Inverter CE AN EINB., 74366 AKX EHETHY ., KELEEER. +T1 -
+T4 L FFERAHD —T1 - —T4 25, !

WIS, ZHhbHD TTLRES .2 2EHICHEMEKL., 7FO0/7EE:2MT5. EEOEBEIX VRI1
~ VR4 THET 5. 1kQ x 1IuF = Imsec DO —NZAT 4 )VE —%3@E- =4 LM6144 (&
HOP7YIHAMA-EDD 20) sy Tr )Y T ans, WOXAL A — REEZAAL v
FOREERELTWS, BIXWE +T1 = High (« —T1 = Low) DRI & A 4 — NICHE
WAL, VRI THELEZBENIMTL 5, #IC +T1 = Low (< —T1 = High) DX
R4 — RICHEBRIBNAT, HAE GNDICEML., T2 T4KELTEEETH S,
ZODEDIKTI - T4FNENTHBHLEBEEZ2RELEDLDESLZL T, 2&BDO/Oy 7IC
IOV EBEENT B ZLRHERKS. FiE OP 7>~ 7 LM717127 T buffering & 1 = B

122D T1 - T4 3BRICHTL 2 TTLRESD T1 - T4 L Z2LBIOEDTHS,
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INPUT OouUTPUT
YO Y1 Y2 Y3 Y4 Y5 Y6 Y7

mu il = B o= B = ]
muin = B ol el = =l a5 B ol apl Hlvv
asjasii=sias i ol ol ol o 1§

mTEDED D e
anjusiianiias ool oulas
a=jianijaniianiias e lasjas
asjasijasiias]laiiasjasas
m=janijanlouiasjiasjasjas
m=ianllouianfjanjlas jasjlas
m=ll opianfianfjanjlas asjas
qpija=jaiasjlasianiias s

= 4.1: 74138 Truth table
H i High %. L& Low 2% 7.

. MAX435ICA%. Z#ld Wideband Transconductance Amplifier(WTA) & /X %
DT, “OOANIN+ BLTIN- OBER V, 2 BRICEHT 5 25, MAX435 A
IS XIS AETHWHNATWE 3080 LA CEDTH BN, 3080 1 Hb AR T3 W\ BRE) A E
TH5, 2ORHBWNIT, H44EHOFEZTE2HWT

Vout +
MAX435
SUPPLY CURRENT
80 vs. RSET
YA
Vout - 6 'g:_;g,m AN
= 4
3 .
s ~
&
g 0
INb——— | out + % R
@ 40 /’*
Vi K -80 /
in T\ﬁ n /
80
1 2 5 10
IN —— | out - RseT (k)

4.4: MAX435 %5 ff (=1 #%
72 MAX435 & D% EE, 2 : R, & supply current @ Bif%,

KZ;
Vour = ——Vi 4.1
= (+1)
=7=UL. K= WTA Current Gain Ratio =4
43Tk
Z, = 1009 (4.2)
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1 1.67 x 10°
Z, = |- - a (4.3)
iw(500p + 100p) w
TH5BDT,
1.67 x 10° 1
ou = 4 - TAN Vin
V. t X w X 100V
6.67 x 107
= 22Ty (4.4)

w

B, ZZT, 7OV IMNADINEHREOBERKL:2Z25. MAX435 ICABDINB Y
Ov7DyH ENY %

Vin(t) = { VO (£ 0) (4.5)
L¥B. (45) 0575 A%EH L () .

Li(w) = /OOO V0e wtdt

- _ﬂ[e—wt] = C:" (4.6)

(4.6) 2 MAX435 BT 5B, (44) DESIC A LVWSBEMES T, Lo(w) KRB LT3,

Lo(w) = = x 4in
= Lhn (4.7)

Lo(w) 8575 AEEHIC XY V,, () KB LE T 13,
Vour(t) = AVt (4.8)

(4.8) W, MBHEEANTHEREBEIERMICRES 2L 2BKT 3. R, & ZERICELS
BEROBEWLT 2R ERET. R & Ly, OBRE. B A4ERDES A>TV,
BROBEFAM T2 TR TOBELENEILL., 70y 7 Wi 2 BEREHH
TEHLZENHRE, ZDHIIE. spurious charge 287 O 7 22 BEHZ L TEBT S
N zpic@AxnE, XISAETE CCDDAEZOLDEAWTI/ Oy 7 2REDLET
WBHREDRER G CET, FEERZ2O0-NRATLNEA—THEEHIC/OY I DVD
EAVIERR YL moTLEoTWE, MAX435 B HVWERA O F B BERE LT
%, UMb EAYEEHRNICRSDT, XISAEOMEAE DL/ V7 TETWVS,
BHICIMIITLERAWENY 77 7Y TE2BLT. S51Q0DHHAL YE—X YA TrOY
yWRHAEN, CCDALED S,

4.2.2 HIE7FOD%8

K45 CCODHEAOMPSOH PN E2ERNTRITPHEZ A QD UEHOEBKTH 5, 1/21nch
CCD M5B DI JFET BMFiF b hTWwianw=8, AEEEIC X > T external load
EFET 227 TCHBLKRBERDD, o TZDEHICDWVWTIE, 1/2 inch CCD B & CCD-
CRESTH & 2 BEMERK L=, SHO#F Tl external load I& 47kQ & WO EMHE b= 7
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+20 V

2SK932

Vout

X 4.5 BiE 7 4 0 7 E6E X

AHBOBH T RIVFXF —FHAH UM external load fEE2HE L=, HMID JFETICEHELED
. EREMHT O 25K 55, JFET OV —2ICY 2 F— X 44— KHHT B A
TWB DX, 2SK932 O EREN +15V TH 3=, JFET OHE*E T EHTH 5,
JFET DA 43kQICE > THUBREICE#H SN, VEF—J NV EEL TEZENMIHT,
TAIWVETPVTANEANEINS,

4.2.3 TA4LTTFTUTER

X 4.6lk. EEANATOTAHLHTZ A NVAEETH S,
TLIWRT VT T RDZ Lid,
1. B5 DHiE
2. reset pulse DBRZE
3. BB DR
4. ADCNDAHN
THd, ZNSHETRDEDICE. CCDE2EHMT 7O 7 BT H reset pulse FRE X A
ST REERETDE TTLEENILETHS. ZHhHETIVERNI RV — R TLR2TIERK
TH5Z2LICLE. 709 7DEAIVIRHATOEDICHRSTWVWS,
WIS, EBEOERBICOWTHIET S, J4INVE 7Y TEHICAS>TEERGSEE T AWD
DNANZATLNVE—=ICko>TACIHEZNE, ZORER r 1T

n = Cl XR1 = 0.2 [SeC] (49)

CCOMSDEEF 100 kKHzBETHEDT. ZhHE+HBVWETHY. £HICITLIHE
*ExRW,
RO BEIKEGHEEICR>TWS, ZhAN—BREOEIEL Y. ZOMEE G &
Ry
Gg = — =10 4.10
B= (4.10)
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B 4.6: 74 )R Y > 7 HEE R
LOP7 Y7 DEERAREFIENTH S,
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si gnal

71 (reset pulse elimnnation,
(condensor reset)

T2 (+ integral)

T3 (- integral)

T4 (ADC)

Qut put

X 4.7 TTLEENAZ — V&K
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Lo TW3b, B, RyFEVIYMNIR-THBY, ZZTCKRERTFAVOEEL TR TH
5, K498 &04.10iF. EEDO CCDMSDREBETANRT Y TOEEETHEHNELD
THd. £20 TP OMEX. HA4GCHBEEINHATWS, BEOHNIE 490 TP1TH Y.
RELTWAKRFARTEND,

RIC C EHB T reset pulse DEREE4TR D . reset pulse 3 EAEABTH L2 EHDARLETHY Z
DI SD ) £ ANA-TL BHBEERDHZZL L., ZOBRTHEIERE 2T EHHIC, K&
72 reset pulse DHAN I VY TT2Z e TCRERFDICIVELELRETZIL2H#IT2ED
TH5, CCOMPSDEFIBIHTCHKELTLES>TWSEED, IC4 THUREIES,
RELUTWSEKEFAE 4928 H (TP2) THM5, ZOIDKHOTHOIREEBEYELED
WKEHHARD L, RHOBETEI T NETYTHTEDISW) £ ABRREZWNDTND R
Moz, FEHEIEL LT LMTI7TI2HAWABIEYL CS517 2 AWEHEIEY 2 HE S HE
LTWrE., CS517 RIBIEL M HReWED., ZOEIREFHE21TR>TWwa. R9
~R11 D5 THAICD S DCHEOE2HREI T2 Z L AHK. UL BEIT S & DIC offset A4
FHN 5. T1iClE CCD D reset pulse LA LEEENA-TL S, §5&. reset D
EJESIE UL Z8EL T GNDICHEA. reset pulse DERENHIR D, X 4.90 3B H (TP3)
R 5L, reset pulse DD PEATVWBEDNGTN S,

DESTIE DCHAZ DIRE HIT R D Z L AHRKE LS k>TWS, VR3I T —0.6-40.6
VOBENFHTE, IC52BLTHAICDS, Zhid. RO EETOEIDEHIC. T2
T3MN HighiCksd &>, DOCHRAE2BELIHENHEINDTH D, EBE K490 TP4T
X, BE2EN GND YA FRICRDLRVWEDOTHBTEINTWEZDORDH 5,

EHMIEBROES 2T ROUBHTH S, ZZTHWHNTWVWS MAX43513 7 0 v 7 1B
WTHWEDLAUBEZ2BRECEMIZ/EAERET. BOOH B I T2, T3IKA-
TLBTILREBBICE->THEEINSG, HERIIEBEDHD FET ¥ close i TWB =, B
FEL2TGNDICHENATIToTLEW, MAX435 I fME AT hZAwv, LAL, T2MH
Low IC 2 XEFIE R22M1IC. T3 A Low IC 2nIEfEFFIX R23MICHEN., EhZHh MAX435
DEEFEFAEADAHNICAS, H5—FHFIE GNDIKAR-oTWEEH, H44TVWDH 250DV,
BHEAZFOEE, FEIFHELEEH. KB, [, KRV, ICHALEZBHRE KN, C19
ICEMENG, RU+VRSWE Z, £ 2o TWVWEDT, (41)&2EBX5L. ZOWHTH A Y
OB AERE OB DB, 49D TP 2H 5L, T2HW Low DB (X 4.7888) ICHY
MHBEDZETHRAICEBEN LAY, #FIC T3 Low DY A F AMICHE T T2 Z & THh4A
KEEATHA>TWE2DAGM2, TIAEY Highlicz-oEHROEBER. 70—-FT1 V7
VRIWEYTFIVURNLVDERERLTWS,

FHTIE, BOPAYT YD reset 247D, reset pulse CHBILE TTLEFICES T
ClOICEE - EEBMIEGNDALETOLNDE, TNEHBICDHLEACHEEICEL>TDCOD
FAEHEAIT RO ZLNTES, ZhiE. ADCANOAHOEOVURN LV EFHBMTEBLZILERT,
TP6 ERTHEHM5 &DIC, AR EH reset TN, HEEZADMLBEGPHBRE->TVWED
N5,

BEO GEHIE Gy = 1IN 770REEREZL. ADCANEHAEINS, ADC W £1V
M 4096ch ICE# I 5 =8, ﬁv ~ 1mV ORBEETHHTEZERERSE. ADCA
DAHFE50 QLo TWEED, HA48D IO RA VE—- X ABEMBENE VL ZLT
FIHELTW5,

ADCTCTF—4%2Y3 27V VI 3224 I0 7. PRYFTIEALY R V—42—D TTL
FHETHBLTWS (H4.758) . ERICE T4 XEVWRBIC4ES Y T Y T &7k,
ZOREEELDZZLTHELEDIT TS, T— XITHEMWIC SUN WS EICE L X h, fits
ERICEEZHEZIADNS,
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AN + 470

Vout

4.8 4 V=X A%

set float

I
T
9,
«Q
3
&
v

| -}
LI B A |

4.9: 7NV B =PV TEHDOETANKAL Y NEOW]K (FD 1)
EAMBIEIC TP, TP2. TP3. TP4. A RMKRA Y MOMEBICOWTIXERKSE, il
D 1div. i& 2usec. #EHEINE TP4 2ASME 1V, TP41E 2V,
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Lt 1)
LU B I |

ﬂym

/ o

Fintegral |

I T -

S

)

LB

mpl]

4.10: 74 NVE =7V THDETARNKAL Y NBOWEHK (FD2)
EMBEIC TP1. TP5. TP6. TP7. TARNKRA Y NOMBICOWTIZHBERSIE, i
D 1div. & 2usec. #EENE EMSIEIC 1V. 0.5V, 1V. 2V,
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4.3 70wy 7 ERRERRER

ETHRAR. 70y VERBICBWT, REY OFBRBHECTELSEBE, R YIMEDS
NTWBENEDNEFNE,

7av T EENEN —15VAD +1I5VETHATES EDICR--TWS, £, 70O
VEABBEBRAHILTWo 2825, B411ZBD & SIC 400kHz TZ7 0y 7 ¥ Y Ik
CH2ZeWghok. REYDEEHIT 0.1 usec=1MHz TH3, TYEZIVI RV —
2D 71iE 2 nsec = 500 MHz $ TRIELTWE =S, ZHEFERUOMETH 5.
% IC @ slew rate . LM6144 A% 25 V/pusec6l, MAX435 2% 850 V/usec2?. LM7171
A 4100 V/,u,sec[27] ERBEELS BT RWED, AL vF Y TITHED charge injection A%
WTETWHED RN, EERICIE reset pulse 3H 2 —~EAEDOBEANSHNIXIEFEIC
BET 229 (M2.88H) . 0.1lusec D E Y RRICHR S 2~V IMHz BE £ TOBKENL A
BTHAD, WIFhiIlE &, SHWOEWTH S 100kHz TOFAHBLUITELELFERAS. ¥
. H4A1ARDO LI 70y 7 DREVIE lusec ETREBEDZENHRE, (48) %
RTE0»2BYREYIERNTHY., O-NZAT74 )X —%@ELEZHOD XY spurious
charge BHA LN B Z L NRTE 3,

‘;;L";J"""""'€;g; P RO S D

4.11: MAX435 ThEbEE7 Oy 7R
72 MAX435 COREY E2R/NMNILEROZOY 7, L. B 1div. 2 0.1usec. ¢
i 1div. 2 200mV. H: MAX435 TORF Y ERRICLEROZOY 7, ==L,
X 1div. A% 0.2usec. #EHE I 1div. A 500m V.,

4.4 T4IL5—7 U TERRER

WICEBAWX, Z4NWE—TFP Y TORRRIT o=, 70y 7HERBOEREEDOETHN
59, ROZHODRBREITRoTWVWS,

4.4.1 T4 LI T UTEOHDOFE

FTBAMANEZGNDICE L L, RICIKBEET 2T AR CHRE ETRoE=, 20
ZLT, ADCREDETALINVEATYTREFMISDI)IAXERBELZ L RH#RSE, E=E
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L. ADCESPIC1EBY M YTV YT 2T RDEOBRELTHS. WIEHERIIN 4.120
DIl =,

counts

X/ndf 5865 [/ 12

[| Constant  0.1562E+06 + 51.69
5| Mean 1792, + 1.000

10 Sigma 1502 + 1,000

104

=
o
\\H"\

10 -

1840  -1820  -1800  -1780

channel (ch)

X 4.12: AS1%E GNDICEL ULERBROAXRY MU
EEL. —1792ch DA 7y v TW5B,

0 VARIVDERY gy, 1
Oclose = 1.5 [ch] (4.11)

ok, ZARTANVETVTEFOEDOMISLHTWE ) AXTHBELEEADZ EHNHER
én

4.4.2 0OV IERRE T4ILY T UTHRER LSO E -HE

FEaxnraov I RKSAN—FAEETOEEHELED. ZHhE2HWT CCDOH DY
RaV—EF—%2E2Z MRS, EBRICF 70w I7BEEOREENMS., CCDOHALHE
UNESRBE (70—F A YT VURNLNEYTFNLURNLVOEN 10 mVEE) 2HF{HiT5 2
ERUTHALVWED, 4130 EDR7Faz—R—2BALTZ7Oy 7BER/NESL
LTCCDAMABDEFEHELTWS, ZOEDICHEARFIN4.130ED> R 7F_aT—X—
RHEMEL, 7OV RSAN—LEDLETCCCDHEAYIaV—-&ELE, 7722 —&—
DHEEER Gy 1T

1 160 1.6k
Gate = §X10—kxﬁ
= 0.08 (4.12)
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TH5,

/\/\/\/ B 510 Vout

il ; o
o el L

1.6kQ
160Q

4.13: CCDHAYIaV—4RH7FZaTt—4—

VIalV—ARLOEEIEF. TYZNLY LRV —XTreset pulsee ZH—FT 4 V7 A
W, BEOYTFNVURLVEEY, 70y 7ERBTEEEZFHE L TEREDO CCDOH 1%
BHRLTWS, #ELEYIaV-ROHAERIE. H414LBDOEDICRoE, EREOD
CCOMLDHAEFRERLSBBEHERTWEORSD 5,

rﬁ

=

L1t
LI

L
—

| T I T |
LIS B B |

T

L I B R B I}

L-T/

414: ¥ a2V —RIC kB HAER
FB VI aV— 2SO NEE., FB: 74 VE -7V 72BLEBROHKE. Bl
1div. A 2 psec. #EEIIE 1div. X ZNZEH 100 mV (EB) . 1V (FB) TH5,

F

VIaV— AW OHBETANETZYTICADLEEO 74 IVEA 7Y THAE., M4.14F
BOES>IC ok, +HM., —FHAOHESE LERKRDS. ADCO®EW (£1 V)ICA- T
WBDODNGMN5, ADCICANSINEZDEEDAXRT MLELEE, M4.150& D1k
=,
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counts

10 s, e
104
103
102;
10 -
1
1140 1150 1160 1170 1180 1190 1200 1210
L channel (ch) )08

X 415 ZA4NVA—HRBEICYIaLV—AMDLDOHIEANEROAXRY MU
ELU. 11T chDA 7Y v oTW5B,
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fitting DFER. ZAXT MVDIEMN Y i,
Osim = 3.9 [ch] (4.13)

Yok, o LHRBLEDDAEIASTWBOE. 70 ZEREA DD ) 4 XA
DoEDEEEABND., YIaV—ANBD ) A X o%m i,
stm 2 2

Oclock — Osim — Oclose
— 36 [ch] (4.14)

Loz,
7TFZaT—A—%2BITROI/OAVIICD>TVWDE ) £ X guoer 1En

sim 2
Cutock = || 7%k = 12.7 [ch] (4.15)

s,
ZO&ORIAXERED/OV IR CCDICA-ESE. HAKRVBERXEXDLED
N5DFSCGTH%, CCODHAFSGICM 22709 7ATVRITITHTETWELEEX
B3 ZedBRIiCENE, BIAE (DO CCDRBRTMTIS) +6/-3VeEn>70v 78 10mV
DYTFNV-70—=FT4 YT URLVOEL UTHNEGE, SGMLD) L ADEE g5 1

3
@G=v%MXB%£—=0@kM (4.16)
LB, MO/ OV INSOBEEINEYNSVEZIBNBED. ooy E. BMIKIC
7ay IS HANFENRAL ) A XELBEZDBZENTED,

¥ 7=. simulator Z HWTH A >~ O#EEME L conversion factor DHE 4T 2> 7=. simu-
lator DEEITEHHICHE TE2ZLAHKEDT, 416DV, 5352 TITA4NVETY
TOMEEEFARLZ NI RS,

fitting DFER.  V;,, [mV] & Ve [mV] DEIFRIZ,

Vour = 49.0718Vi, — 97675 [mV] (4.17)

EVWOBERNR YLD Z EN o=, ADCIE -1V — +1 VT —2048 ch — 2048 ch
DfER LB, ZhhB, ADCTOF v xR ch k V,, DBEKRIE.

4096
h = —— Vi, — 2048 [ch
¢ 1000 [cb]
1000
ou = 2048) ——
= Vou (ch +20 8)4096
1000
-e(dp+ﬂm&1&% = 49.0715V;, — 97673]
—ch = 201750V, — 6046732 [ch] (4.18)

o,
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1000

(mv)
500

\

-500

—1000

50

4.16: 74 VAR 7V TEiDHEPESDBER.
Vir Vour X 47TDBY TH B,

CCD P2 11-5A1P-2 (1/2 inch CCD standard)
G X 5Fe
Mn Ka 5.894 keV
Mn K2 6.498 keV
R E 1 —100°C
BEB/IE (V) P1V, P2V, TG | +5.0/—8.0
P1H, P2H, SG | +6.0/—3.0

RC +8.0/+40.0
RD +12.0
oG +4.0
OD +20.0
LR 2.1 sec
Hin 1k I [ 5.9 sec
W7 V-0 400 &
= 4.2: EREBE
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100

counts (cnts)
10

L L L | L L L L | L L L L | L L
300 400 500 600 700
channel (ch)

X 4.17: 5Fe MBS DAXY MU

4.5 CCD &A1=k

BREICEAIZ., EREO CCD ZEHWTHRET o=, EROBEBREIX, £ 420H8Y T
55, REBERIEIETRELEREBEEERALE. SFeMbOAXRY MVIEK 4170
£ WCmokz, EEL. A RY MREIEEICIE grade &AL, split threshold &5 3T
RALEDLHEL 40,,, EHVWTWS, £, K417 grade 0 A XY hDBDELDTH
5, MnKaw KBDSAUNDEHTETEDLT, ~RLTIZRXRLVF—SBEIBENZ &N
RTend, TRx)VF—5HE. HAHLI A XFZNEN

AE = 419731 [eV] (4.19)
Oron. = 14.8 [ch] = 46.1 [electron] (4.20)

Cirotz, 74 NVWE7YTR2BIEO CCDBLUVHETZ A DTN D) £ X oep s

0ccp = ag.o.n - JZlose
= 14.7 [ch] (4.21)

lrolz, EBICWE. opep @7 OV VKT TIKDoTWE ) A XL CCD BIEZ720 D
WDOIAZRRLUELDIC RS> TWEN, VOV ZICK>TWS ) £ XM ggg (0.4[ch]) &
INEYFHNENEEZALNDEHD, CCDPWEZADIHEALT ) A X2H->TWD
ZENGADB,
14.7ch WS DiF, (4.18) &Y. BIE T + 0 UH D H W& T
14.7 = 201V
e Vrese = 0.07 [mV] (4.22)
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Y, 30 T02mMVEWVWIREZRI)IAZXNDSTWVWBEZ N Gho=, ZZTCCDR 7%
OUEHICANSBEEFANELZ S, 418D & D% 20usec RED ) £ AN#-TWE Z
EWGMoz, RESPREFERDE)IAXDRESLABETH Y. 20usec / £ AH2
JAXDFEAEEEDTWBRZ NN E, ZO)AXF 70w 7 %1 T CCDIC DC
BEEFMIERBTEES RV, -2, TYANLIzRxV—FL ADCOBE:2HY., 74
WE—=7VTED DCBIR2ZLLTEE-E. ’-oT. ZDJ) A XFBFESLRMS CCD &
FET2BLTD-> TWBRWANEETH 5,

ple e T e
T LML T 71 1 1 T 1

lllI-:lj‘

B 4.18: BB 7 4 WA EBHHICFE S TWDB 20 psec J A X
TRIIEREEHMMLEEDOTHS. EEL. BEID 1div. 1 20 pysec. HEHNIE LB 2
mV. FTBA» 1mV Tdhs.

ZOEDBRIAXBRVUVALA VIO Mo EGE. YV—RERNVAYOEDEREZE Vpg AN
STHWEZDFE ) A XY —AAANTYHITTCLED., YV —RBEX 15V THY. Vpg
X5 VenroT, 2SKI32 DHAEBENTH S 10, UL, RUAYEEIC 10 mV D)
AXDRD-E=YIalb—-varyirLlLThade, RVAVBRERKESEIAXTZOEETVY
KIFTTY—ABDTI0mVDIAZXMRDBEZEeNnho=, EE. NV VEBELH .
RENELZA, AHED ) £ A>T LE-TWS, 20 pusec LEDMHEIBHAED /Oy ¥
HERELIFEIHACTHY., 74 NVEAT7YTHTEELERY, TZTRAFIBLEL L
THA419D & DICR VA VBE20—-NA T4 NV E =BT ZLICLE, YIal—V3
YT, AVFUVORBFARZTNEIAREVELEEL, 01 uFT10 uVETHEDDZZ L
DM TWbB,

¥/, CCDIKEBEAZBRERICVLZD ) A XBRD->THBYELZE L RIETHAEBEIEVWE
. 3uFONZRIAYEBMYAMTE, EORR, 20 psec / 4 K&, EEFHTEE, Z0D
HEEREAVWTRAIIZBEVOCCCD 2HAWEERE 1T =,
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+20 V

22F

2SK932

X 4.19: KEBORIE 7 & O 756 H # X

4.5.1 HIE7 # 0 DBRBAREDOFE

MEZ7AO0DRHRELERKE. AXY MVER 4200 &5 Ro =, EEL. HEHRE
FRA2LFALIK RS> TWVWS, £, ARV MEFTELHIOERE ARICITRo TS,

B 4208 R5E. B41TICSBAR, Mn Ka & KB DBETESi TRV -7 RATH
V., TXANVF—FREBEIRI Lo TVWEIRTIAIND, TRLVF—FREBLHABL ) A X
FENEHh

AE = 292713 [eV] (4.23)
Orom. = 9.0 [ch] = 24.2 [electron] (4.24)
Eholz, ZOUMBHES~ECCDBLIUVHEZADTHD ) A X2 AEL S L,
occp = 0-7?.0.71 - O-glose
= 8.9 |[ch] (4.25)
(4.18) EHWTHED —E ) A XOKEZERHTHL L.
8.9 = 201V
o Vrose = 0.04 [mV] (4.26)

LY, FEZ7AO0DVHKBHERMLYRKZLBBLTVWDEOL DS,
HER--TWBE ) A XE2ER43ICF LHTBL,

4.5.2 20usec / 4 X D[EE & BREERDHER

2

2REABRIERBEROBEL, BETORABL ) 4 XFTMOADFEAL o TWB,
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100
T

counts (cnts)

10

1 e | | O SO
300 400 500 600 700
channel (ch)

4.20: KR UVEREZ7 A0 U EHWTHRELE SFeABDANYT MU

J A X [ch] 74X [electron]
TAIERT VT 1.5 4.7
7y 7 VERES 12.7 39.8
(%A 7 0 v 7 VERCES) 0.4 1.2
BIE 7 4 0D 8.9 28.2

£ 43 BEKE->-TWBd ) A X
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Fad 0usec ) A XOREREFANS =D, BIR, 70y 7ERBBLUEZ7+0 D
WOXZHETD ) A XEFNE, ZORRI/ Oy 7HO7 07 BRI T £2.5V 2/EHK L
TWBEHF T, 425VOHAICE ) A XBD > TWRWDICK LT —2.5V O AT 20usec
JAZXBD>TWBZEMNHHLE, 421X ZNEh £25V 2ER T B4 ThH 5 W,
FEHLTWS ICAREDEH, —THEHEINTWS IC(LM33TL) » 20usec / £ XD KK
THLHHEENEV. 22 TLM33TLAED ) A XEFRELZE, ZD) L XFLTFOD
EORBEEROZ RO o E,

o LM33TLADAABEICIE ) £ ZE D> T,

o LM33TLAAMTIE ) AXF Do TWEA, RI\IF ImVEETELHEYEHLWT
I,

o LM33TL HEAEMTD ) A XIE 10mVEET, EnL W2 sin RISk ->TWE,

e BADI/OYIAR—KRTHU &I ) A XAFEAELTWS, LML, "—KETD)
A ZDHEBPIT 2RV,

InnEEeHd e, HHR— KT LM33TL WHEIRT 52 & T 20usec J 4 ARFEL TW
LLEZZDONE-LHEARTH S,

4.3kQ v LM337LV y
+2. 5V T W -2.5V out ADJ in— Mn
+ Vin
3. 3UF
+ LM536
3. 3UF I ADJ —

4.21: 7« 425V AERAS. A« —2.5V FEBHES.

+2.5V D H A (LM336) FIC i 20psec / £ ED 5> TWARVED, ZhERATEDIC —2.5V
WEENEEV, ZZCRABYAFLAICUTO &S 2T R,

e LM337L % LM336Z-2.5 I EF L =,

o TN LIFHNIC OTA ARMAFICE o T 10-20MHz TRIZT D2HKA R Do 2=,
OTADZ74—KNv 720005 510QICEELE, £/, OTA2Y /7 v MTR#
TE5EDICLE,

e BIEHICHE >TWBaAYTF YYD —WABH IV T VY E-EEDH., 20k 0SaY
FUVICEELE,

e DRV RICEHREINTWABTFIXINEESHENE WICEML Wk DHEL =,

79



B DREE. pusec ) 4 XRBETH 2 L RIRE, CCD 2B YH T EEBETOR
e
BHUEROBERIIE 4220 E DAY, BABL ) A X T8 3

T.0.M.

SHe
BE 495 [ch] (4.27)
114 e (4.28)
A/nat 1336 /| 25
10 % v dwrs ossseor
L sgma 4254 + 01123

10 -

1y

1500 -1480 -1460 -1440 -1420 -1400

1D=104,N=768
B 4.22: 20usec /) £ XBRBER D ZEFED AN N,

Eolz, B4.22 . I A XBEMIYVTVWIA I A XN TWEZLERLTWS,
ZOEROEY N7 v TTRERD CCDTXIVF—FHEEHET S Z L NHRLRVWN,
AHL ) A XS TFRHEIND T XI)VF — 5T

0.12 x 5900
AE = 2.35 x 3.65 x \/;65 4 11.42

= 155 [eV] (4.29)
ks,
4.6 SEDOREH

BARHULBHETEED CCDHRAMUY AT LEHRG, BWEL, 100kHz TOFHEAH
VICET), XAy hERHETEZIENMHRE, LAL, EHETICEKRDOELS 2EL
DB EBRTILEND S,
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e JANATZYTEHOMBEKICIE, RETLEEFHIC A TWEEFIY. SHEOERTHE
EBRAHETHDZ N> EEHALZ V., PIAIREEEYTZI70IVET Y
TBHMERBMIBEZIANEATYT CEIX, ZLNWVETYTEHN) 4L XFLr-s =
B, SHICHBORWKER ICAHEHIZEN TCHILIKEEZLTWS, SHOD
EERT, F4NVET7VTEHILOHAIH4120&DIC, RV —-VTHBZ L
Naholk, foT, ZOHZE—2DOP 7V 7O KEEIFICEK TS (K468
) ., Z0EO2RZLE2ZRBICANT, BAFHE., 74NV EAT7 Y THORESE 2 HH
HbTH s,

e JANATYTE, B /Oy VERHMISD ) A AFFEZA DTN D ) A
RIHARTH RV EEWA, XIS AE(3 electron) ICHNE & X EXERERIETDH
5, ZNERETZEDICE. FIZARTANVEAT7 Y THOHBERBIER.:HITEZ N
EZABN5,

o B#E. VMES Y7 & ADCH5 B 4230k S5 1 psec ABD ) £ Ao T3
4, 20 ) 4 B PVEET Z e NEBICRETH L, £, ADCZOLOE ) 4 X
BLrhUBsed, BRI ADCHOEEHERAM LEKORHPLEICR S
E3>,

Tek Run: ZSOMSIs‘ _rSample

4.23: VME S v 7 & ADCA5®D lusec / 4 X

e XIS AE & HPK CCD DE#iERMS. CCD & CCD D#HHEKEY -V KT B Z
LX) A XEBICKRELBRAERETLEDLNS., BHE CCD LEH IO EHLORK
BTHWTWSESH., HPKCCD HAXASOBERRATRTH S, ALEKRTZOY
JEREE, 74 NVEA7 Y THBIOEHLTHEIED, ZhL0HBRELEZZS
DENRD B,
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o SHIIRHDERCTH o=z, CCD CREST Tid7A&< 1/2 inch CCD #H W,
SR A XNEY . XISAE L AEEOHRRNHR L EBEICRNE, SHWOEHHTH >
7= CCD CREST Z HWEH#EFKAH LRRATEZHE5 D,

o ZDHmAH U Y AT LB IFMROBELZBEHFICANTWS, BfEFHK4 R CCD
RE#EHIE. ADCHIBEEL TWARWZ LHALHEBICIETF A VA 78y NOHZE
WANZLBVRAENATWS, UL, MREEICEHEITIBEICITZO LD RAZ8H)
SRBERW, HoT. B EBRYBKRWVWE, LYY YT IVARRBICHKELTWL
DEND D,
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B5E

I EHESBDERH

AL TIX. EPE X# CCD D CCD-CREST #. #EHEHH X# CCDT» 5 XIS DiHH
HUMKE (XIS AE) #* HWTHML, XIS DH#EEiTho/=, HPK CCD & XIS & D
ESREBREIMOPTOZLETHY., HPK CCODOEWEBHLEINEZRESEHEICL -
BELRIDTHS., ZOREEUTICE LD S,

e HPK CCD %# XIS AE CE(FI S BB Z LIS L. BEEBREICBVWT IR IV — 4
B8 = 135 eV@5.9 keV. FAHL ) 4 X = 6.4 electron ZZEHK L=, ZTHhIFHE KR
CLTREERLGETH S,

e HPK CCD iZHFEHR. BREREIERI®E. spurious charge & BICHF R E R X # CCD
D—DOTH3 XISLABEDRAEFEOZ LMok,

e HPKCCD D4 4 > & XIS @ 1/6 ULaWZ eNghokz. ZTHhiFFEIC. HPK CCD
DFEAHLUODEGH T YN XY AN XIS DENICHANT 6FRENVWZ & HNRRA
THBLFHEINE, ZOME, HAHL ) A4 XD electron TEDBRICEZHHIC K =
o> TULESTWVWBZ RN gh- =,

IBICRDATYTLLT, BARIRERANEL2EHEBL, GEFABEUNAEBRFAHL Y
ATFLDOBRICEFLE, ZORERUTICTE LD S,

e 400kHz ¥ T/ 0y 7E&EL, /oy 7 FHLECCDHAYIaV—F—&HW
T 100kHz TOHAH UICHII U, ¥ 0w 713 spurious charge 2 ##1F 5 7=, B
B 0.1pusec ™D 1.0usec ¥ CORMPEATRET Z L HEEBICL .

o CCDEHWERERILITARW, 100kHz COHAHB LT SFe DD XEHET S 2
CILETILE, EEL, TRXIUF—#EEIE 202eVQ5.9 keV., A L J A X 24elec-
tron T - =,

SHOBFELLTCE, UTFTOEDRZERFBTONG,

e XISAE2HWE CCDFMY AT LICHES ) A XFEEEXILED, SHIEI A XD
TS AT LR T S,

SHEAWECCD SV SBICEZEDEL ko= CCDBHARBENTWEED, Z0
IKXFLTH XIS AE 2 HWEHREIT R D,

e CCDDHF A UM ENWZ LIF, TRANVF—LMHBIILNTEDELXRITTED. 5% D
MEICREZ2ADNS, SRIIERST N7 2%t dEREL. CCDDOHF A VM
EilH D 3,
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e HEDEHEHRAHE LY ATLREEFTFE ) A ZANEZL, EHURNICEESTED T,
BHZLOBLEND B,
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T8 A

o 0Oy 25— ORBIE & &I

XISO7 Oy 74 r7na—-RegEnsplcHErns 12, v rna—-Rgke<
3T Sram & Pram iAW b d. SramE 70y 7 ORMNEATHY., BEFLInER
FMEATOZOY 7 NE—2% 1/40960 sec ~ 24usec DREBHIRE XS5ICAR->TWaE,
Aok T = B \/NEFEIE 24usec/48 = 0.5usec TH 5B, Sram ZHBMAFHET Pram &
ERL L. BRI DY I NE—VICERIETED DI RS> TWS,

£F Sram MHHERICHHTSZ., 70y 7 FIRELZIFTCCDM (Driver) IKC5EX5d
DL BESEBEM (Video) ICEAZPDNH B, DriverlliCEZZ 70y 7L LT, P11V,
P2V i3tk 7 0y 7. PIH. P2HWRHEEZE /Ov 7%, TG. SGRENENDERKE
Dy ERT, /2. “VINT- & “VINT+ Z AENTOHSOBEERETZ2E-2HD
7m0y 7T, VideoflliC522% TTLEETHS (3.228) . “VIRACK & AE ADA XN
PYTIBREEEMAZNEDNERET S, BREET ) A XKL VB LD TERIC
ARV TEHESELIRUNARFIE X E-RNICTEZE2HDI/0v 7 TH5. VRST IEHE
FAVFIIOVEY NICHWSH B,

SEAWE Sram . hpk plvl v0.0(A.1). hpk p2vl v0.0(A.2). hpk seri v0.2(A.3) D
SREETHL, MOHT. TEMNTVWEDE lowlevel . - TEMN TV S D high level
&3, EEU. S?-OR (BEXEHZ OV V) EFEFTEIFEICR>TWS,

FFZND Sram DD BEIE D TH BN, ZThIIHERE %2 %EITT 5 Sram T, hpk_plvl_v0.0
& hpk p2vlv0.0 TPIVE P2VB LT TG D7 Oy 7 B#EAAHICR>TWS, —DD Sram
WKH A DOAHEZEERAE D> EDIF, MERXETEILX CCD O—F2EIC DL E=ZDBEDN
REL 7OV I W eE-oTLED (H38BH) . 24usec TRELEBEX THEL
BRWEDTHD, F, MEEBRIHAERARERVED. video RO 7 O v 7 IXEE
SETWARW,

hpk_seri v0.2 I3 HE#EE & —Bi472 D Sram TH 5. P1H & P2H F#AAMHIC. SG i P2H
EHAMMICTZ2Z L TEMZ Ipixel 7HEICEET S, ZO Video ¥EAM»L., T—& &L
THHT 3,

ZD3 DD Sram ZAHAFHETHEKL = Pram A crest_normal v2.1.pram(A.4) TH 5.,
4EEHLUE HPK CCD CREST iF. XISt HMRICFT HXRTHEAT S Z & LHHKSE M.
SEE FFT ARATERLE. Z20EDICIE % § Frame Stored fREk % 2855 4 L i hid 2
SV, ZDE=HIC hpk plvlv0.0 Z 5E. hpk_p2vlv0.0 & 5 [H & WD #EHKE 2 1040 [HH#
YiE$ . Frame Stored fHERA 1024 BB L D2 WVWDIC 16 BBRDICHEAH T DX VOC HIER %
EEDODE BNV LTHAMTEZDTHS. KD Flush out DEHE V7NV VIR RICE
Fok dakREERFTRATEIZILTETCEZZLTHS, RICHEE 1 B, HEEKE 1048 |
BT ZeTHoiHicatid. ERICIE 10247 BILVTH BN, LiFED VOC H
HEFAKEDD B 245 % HOCHE L LTHRTL Z LICRS., /=, XIS AE & 25651 x 10248
UABEDROED, CCDDHARLOASEN 1/4 2 HOZ LICRD, REICHEREZ%
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FHARLEADROZ OV I DRBEZDEFED,
A4BVICZ7 OV 7 2B XEZDICH D 5K Tﬁ% X

1
Tt = qoogp < (1040 % (5+5) +3 x 1032

F(1410224+1) x (5+5+4+ 7712+ 14255+ 15+ 1)}
= 26.5 sec (A.1)

THd, 7097 32secBICHEDLOBRELEED. @%%@Tﬁ% ¢
Tﬁ}% = 32.0—T$£i£=5.55ec (A.Z)

lhoTW3,
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FileName:

Desc:

time:

b0 P1H

b1 P2H

b2 SG

b3 “VINT-
b4 “VINT+
bb “VTRACK
b6 VRST

b7 (unused)
b8 0G

b9 S2-I1A
b10 S3-IA
bil P1V

b12 P2V

b13 TG

b14 SRG

b15 (unused)

Driver
Driver
Driver
Video
Video
Video
Video

Driver
Driver
Driver
Driver
Driver
Driver
Driver

hpk_plvl_v0.0

Clocks down the Image Array in one pixel period.
S1-0OR = P1H (-:Low .:High)

S2-0R = P2H (-:Low .:High)

S3-0R = SG

S1-IA = 0G

S1-FS = P1V

S2-FS = P2V

S3-FS = TG

000000000011111111112222222222333333333344444444
012345678901234567890123456789012345678901234567

A.1: #tERE A sram (hpk_plvlv0.0)

87



FileName:

Desc:

time:

b0 P1H

b1 P2H

b2 SG

b3 “VINT-
b4 “VINT+
bb “VTRACK
b6 VRST

b7 (unused)
b8 0G

b9 S2-I1A
b10 S3-IA
bil P1V

bl12 P2V

b13 TG

bl14 SRG

b15 (unused)

Driver
Driver
Driver
Video
Video
Video
Video

Driver
Driver
Driver
Driver
Driver
Driver
Driver

hpk_p2vl1_v0.0

Clocks down the Image Array in one pixel period.
S1-0OR = P1H (-:Low .:High)

S2-0R = P2H (-:Low .:High)

S3-0R = SG

S1-IA = 0G

S1-FS = P1V

S2-FS = P2V

S3-FS = TG

000000000011111111112222222222333333333344444444
012345678901234567890123456789012345678901234567

A.2: #tEE A sram (hpk_p2vl v0.0)
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FileName:

Desc:

time:

b0 P1H

b1 P2H

b2 SG

b3 “VINT-
b4 “VINT+
bb “VTRACK
b6 VRST

b7  (unused)
b8 0G

b9 S2-IA
b10 S3-IA
bil P1V

b12 P2V

b13 TG

bl4 SRG

b15 (unused)

Driver
Driver
Driver
Video
Video
Video
Video

Driver
Driver
Driver
Driver
Driver
Driver
Driver

hpk_seri_v0.2

Read one pixel in one pixel period.
S1-0R = P1H (-:Low .:High)

S2-0R = P2H (-:Low .:High)

S3-0R = SG

S1-IA = 0G

S1-FS = P1V

S2-FS = P2V

S3-FS = TG

000000000011111111112222222222333333333344444444
012345678901234567890123456789012345678901234567

A.3: #EEEA sram (hpk_seriv0.2)
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File:

Start:
DO

ENDDO

# Flush

Idle:

1040

crest_normal_v2.1.pram

# Clock out for VOC (16 line)

SEQE 5 hpk_pivl_v0.0
SEQE 5 hpk_p2vl_v0.0
OR 3 times
DO 3

SEQE 1032 hpk_seri_v0.2
ENDDO
# Clock out 1st Row
SEQE 5 hpk_pivl_v0.0
SEQE 5 hpk_p2vl_v0.0
SEQE 4 hpk_seri_v0.2
SEQE 772 hpk_seri_v0.2
SEQE 1 hpk_seri_v0.2
SEQE 255 hpk_seri_v0.2
SEQE 15 hpk_seri_v0.2
SEQE 1 hpk_seri_v0.2
# Clock out next 1022 rows
DO 1022
SEQE 5 hpk_pivl_v0.0
SEQE 5 hpk_p2vl_v0.0
SEQE 4 hpk_seri_v0.2
SEQE 772 hpk_seri_v0.2
SEQE 1 hpk_seri_v0.2
SEQE 255 hpk_seri_v0.2
SEQE 15 hpk_seri_v0.2
SEQE 1 hpk_seri_v0.2
ENDDO
# Clock out last row
SEQE 5 hpk_pivl_v0.0
SEQE 5 hpk_p2v1_v0.0
SEQE 4 hpk_seri_v0.2
SEQE 772 hpk_seri_v0.2
SEQE 1 hpk_seri_v0.2
SEQE 255 hpk_seri_v0.2
SEQE 15 hpk_seri_v0.2
SEQE 1 hpk_seri_v0.2

# Idle waiting for next

SEQE
JMP

1 hpk_seri_v0.2
Idle

IA
IA

IA

IA
IA
IA
IA
FS
AP
HO
LE

IA
IA
IA
IA
LS
AP
HO
LE

IA
IA
IA
IA
LS
AP
HO
FE

IA

# P1V Low , P2V High
# P1V High, P2V Low

Clock
Clock
Clock
Clock
Clock
Clock

H O B H R AR

Clock
Clock
Clock
Clock
Clock
Clock

H o B AR

Clock
Clock
Clock
Clock
Clock
Clock

H O H H R AR

P1V Low ,
P1V High,

out
out
out
out
out
out

P1V Low ,
P1V High,

out
out
out
out
out
out

P1V Low ,
P1V High,

out
out
out
out
out
out

P2V High

P2V Low

4 InactivePixels

772 Pixels (Inactive)
FrameStart
ActivePixels

Horiz. 0’clks

Line End

P2V High

P2V Low

4 InactivePixels

772 Pixels (Inactive)
FrameStart
ActivePixels

Horiz. 0’clks

Line End

P2V High

P2V Low

4 InactivePixels

772 Pixels (Inactive)
FrameStart
ActivePixels

Horiz. 0’clks

Frame End

start_sequence command (Integrate IA)

# Flush OR while waiting

A.4: CREST H pram (crest_normal v2.1.pram)
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ARXEERTZICHEY., 2054 0HEE, HHHhxBbYELE, ZZICEHOR
*PRLET,

BRI, SEHOERITI AR A, BRFB N7 X4k, HEKRZEE2HD L U = B S
MEDOTTHRICARSEZDDTT., £3. MEDOHLL o TWANUE —HZ GLHK
2) . BHREBR (KRAZ) . WARAEEBE (ERK M7 2t) ICRIELHEL L
TET., FEACKERFI N7 AHDOBEOMAKICIE. CCDOEBEMNS NS TIVETT
BICHALALUTTIY, REFEHFLTBYE T, S50, BEIBFCIEROBRI»SKDY
FCHREMIIEELTCTFEIVWE LE,

BABRIZ V7NNV AR OB AR VI K> Z4EETT, MEFHEHOIDFEICHER
ML DEHo TTF o EHEHHE., ARBRICH, ZZICEIEILFLLETE T,

BIBMOERTIE. REERZOEFEIAICHAREBHEFICAY LA, EARE BERICE
RSTNWYa—F LY VOEBEBRATCHEZELE, £, HEIDSEEL X TOMITE
BRICKEERLS DEH-o>TCTFIWVWELE, MHBHBRICHP IV ERTBHEEICRY EL
=, BHEEBFICIFAICODOTRARESAAETHE, =, BROWHKICED-> THZE
FLE, PEMFIAICEERIICEN2E->THZILE, 2. ERTEI - ERDOF
BECLTHZFLE, FILBEIANICR T T IVEYDSF v 7R Y., ZLOMMWEE
*LUTCHZELE,

T, BBERZOERBERICERESMHEBICRYVEILE, BETOEERENMMCLV I
R, RETO NS TIICHA LU THEE, REEFLTVWET,

MEBOHFAICELBMEFBIC RV E LE., BHERHIR. HIRE_BF. BEHEYF. EF
FBFICEIRERME LR L CEELRIERA*EHEELE, M ESAKEEROMIMRET T
R, BREABOFENET THRE L CHE, ASIKEHLTWET, ZhdhdE (RICeosT
FHDRW) RBoREFNFYSTVWTTFIW, FHARMEFIAIKIE. SNR EZE5RAARICD
WT, ZDZ52BHLYVELE, Wobh—E, BoRAFHTTFIWV, BOR I AIKE.
DRDODILCLUVWEHICEHSTERINS TVOXNAEMEL LU CHEHEZZTLUE, HEIAEIA
WO E g aUladASEREFLESTTFIVELE, ALTEYE WhAWE N
ZWl o TUESHICIEK. RELBM-ETT., B BEIAICE. T—ABETOHFE. &
XDEZFICOWTBULEDFICHRY TEICHX CEZI LA, SHEENMSAICIE. BT
DHERPBROBEET TR HEOBE L EL SABWTHEHEZELE, EEL. DD X
THEPARTERHAFENE T, MHEFSAIKIE CANGAROOIKDWT., BLWbBiEE W
EWEHMEBETESWELE, /. BEZHOEBICALPITFTCE2RERHELTFINVEL
o IARENSAIR. RBoRABODODFOBESETIWY EIF 2 2P EROYFR—-PF2LUTFX
WELE, M BELEFRAL CCDOERR2LTWEZLEHY, ELXADERICO=
HoTHZFLE, KBS BED 100 2 BFRBICBAZRAIVIC, WworisfFETELHVWE
L, HEH BEICEY Y ERORMNE L T hosyo B ELEZRBETEBVWELE,
TRABHFIAICREFTOERPT LS ETHFEELTEDOWELE, THERE LT SNR #
FEEL, shell LWEEDELSIICHEBERLTE SWELE, HABREF S AU, HFHEFS
AMlFa—b—TUA VDAL RZLEESTHEZFLE,
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BEICRYELEN, EDHP DEIAICIIXEMHE» SIEFICOLBWY R - MEHEZE L
o ZZICEHOBERIBETCHZET,
AYBIZESA, HDYDRESTINWELE,
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