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Development of MCP mutianode for Plasma Observation in Magnetosheres
By

Miho Sarro™*, Yoshifumi Sarmo™, Toshinori Mugar®, Kazushi Asamura®

Abstract : The goal of this research is to develop a new detector system for in-situ measurements
of hot plasmas with a high time resolution to study electron dynamics in the magnetosphere. The
new system consists of microchannel plates (MCP) and a position sensitive multi-anode detector,
based on ASIC(Application specific integrated circuit) techniques. The combination of the multi-
anode and the ASIC techniques is expected to make the fastest position signal processing with
small size, light weight and low power consumption, compared to other position detection
techniques that have ever been used.The key technology is to accommodate the ASIC with the
rear side of the anode (ceramic) plate, in which a multiple discrete anode pattern is printed on the
front side. Capacitive coupling between the anode pattern on the front side anode and the signal
pickup pattern on the rear side is used instead of discrete capacitors, which are usually required to
insulate a high voltage applied to the anode. The anode plate is made of Alumina with thickness of 1
mm, and the capacitance for each anode is about 3 pF, which is smaller by two orders of magnitude
than those of discrete condensers conventionally used. This anode condenser of low capacitance
had been considered to be critical to whether the ASIC is applicable to the electron detector.
However, our experimental result showed that the attenuation of signals due to the low capacitance
was about 50 % at most, and hence our new concept is useful.

Next, effects of electrostatic coupling between the discrete anodes have been measured. This is
important, since our new detector consists of many adjacent anodes with small gaps to increase the
detection areas. Qur experimental results show about the coupling effect of about 10% from the
adjacent anodes for the anode condenser used, whereas the coupling effect without using the
anode condenser is negligible. This is also understood in terms of the effect of low capacitance of
the anode plate Although the effect of 10% coupling can be effectively avoided with a suitable
discrimination level in the signal processing circuit, it is highly preferable to increase the
capacitance of the anode plate in future developments. Finally we present the performance of the
test model of ASIC on board MCP multianode, though the ASIC has been developed for an
application with SSD by Lawrence national Berkley Laboratory. The ASIC chip includes

preamplifiers followed by its discriminator and counter and the size 1s12mm X 12mm. Based on
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the experiment with the use of ion beam as incident on the MCP of the test model, we conclude
that our new multi-anode detector system is applicable (though further studies are still necessary)

to future missions for high-time resolution measurements of hot plasmas in the magnetosphere.
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1. Introduction BESIBE D 75 X &l

1.1. BB >A~EHE
KN THY LT AMCP2LF7 /- Nk, BRE T3 X CELH 4732 24BHT % 3M5 80N
FEBWMICHAREIT > T,

L1, Ui
FHZEML, FAZVEBT TR ENB TS X THREIATH S, HIERO b ) OBREMEM L Fs T
B, KEPOBIIERD T I Z2HEMAXE A LTS, MEIZEEEBERS D, ZABEBRIHL-TIH
EOFHELT 7 X O, MREAER TS, TORIEENLLOTEL, BRlZh3 773374k
WA -1 5,

ZTOMRFTEHRY AF 7Y 2 VEBRTEHIE D ME, NMEI AT I THEOPEZEL TS, BED
DEEEACKDBEENNERRII S I AVALIINF ~ 252 3FH T I AvOEELTEETHS. LirL
IDI 7 FHRIHMEKESRICIE B ISR EABEIINEL 5L 5200 T3, 2821, 72 b
— HEHIER FZE 100 kmDEEEE D 5 HIEREEReD 200 ReBE 2 T, ZOWIBEE, LV TRBRANELT 3.
Z D& EHERD 5 RABF AN 20 ~ 30 Re TRV EHE A A VIROBBEAHREEI N THD, BRIV IR v a2y
RO TR T 5 [Nagai, 1998 ). WK a3x 27y 3 VIEERICKEIT A7 9 X~ 44 F 32 20BPIZEEL
FRPNEBABEELLN TS,

112, 7oA ERC S 2BESEE

W RREIE, 1 DO S HMEIBEVEIZE T 3EFTH D, 3H0T (HENY b)) & 2RO STHOEEIZHIT
2ZENTES. 0ERPLHRESZT, ury FROATHRIZE - T, BEEO TS X<k, BllahTET
W5, 20T 7 BN B M EED —BEX 1. IR Lz, HEORE, Bz CREBORVNEZAT
BT 7 XIZIBIZEEL T 30T, MBI ET AL EEFAD 2RTHHTE XD T, B E A
BEThD. 3RTHMTIE, FESHEEIL 77 £DISEET /21255 12045 2000 4D Cluster £ TIZ 28l -
Tw3,

BAETOBHNRICKD, TOXELREYREBEIREELS. & 21E, IMF (REMRE) twEE
DIREERE > ELAEE, ZOIMFEHO Xy — A2 10minfBETH 3. ZRAIZHLT, ¥ 72 b —40EE
REGBDPERDYDETIMDAT - L ThHb. ZOLEBAINETIX~id, BMRBEOMBEE > Bt
B L T30, MED (BRFE) Titdans.

BREADRZOHTE - & EWREHSFREIERE N2 L0012, BRV I3 7Y 3 VEEEAET O R
5, BMOBRBYLHBOTEMSR AR T AR TIAIDLA F I 2 THS, HEI 6B L7 20Re~ 30 Re
DREMIRTIEA 4 v OEER LB S50, BEZ OMGIERIE 10sMITFTTH 5 [Bakeretal 1996] 2o &
EEEIL 10 sORBICEEEM 0124 2B (=44 v OBHERBEOZEM) 48U~ b3bhEDTHS,
e AT I 22T 3103 10s X DSOS RENVETH B L TPHENS, SHIIBFTRIOERER
m%ﬁV@%h@vggfb%@T%%wﬁﬁﬁﬁhﬁ%tﬁﬁ%%%@é%K%<,1Mmﬁﬁfmtn£%5
. ZRE, TRETOSRBEL,S 2L Lo EALELE TS,
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BAbNTWS, TORTHEHEBHOTEIHKE S 7 X2TOI IRy 3 VIBRIZBT3BETOX1 537
ADRENL, COHEFEE EN A V3o b EED,
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amﬁﬂobéoé@#%&ﬁmﬂﬁf%é ZOFRBETRHMETCEANTFOIINLE-ZZOBBBOEBLE
DIERETHE. BEBEOXr v THEIRILE - SHEELRENRE S,

BMUEBIZIRNFEICIT Y T3, BREBLE L TRET22DIZR I NTAETENEIETILENH .
CHIZEEYRENREZ MBI AN -NTIZRED S 5 MCP (mlcro channnel plate) A& << fFEH XN 3. MCP
TEMHBEL-BTEEZTZL00, 7/-FTh5b. 77 AVBHIECOURNER, Z0&3500 Y
PE-FTE222LE, BRBEOHEL T 7 XVAMETHILAMBICLTWAIEELNTH 5 2 L 250#H
L7zwy,

1.2.2. HESHERORERR
TIXVEEERL, TIXYOIINK - EFEFRMEMET S, 0oL E, BRTEH VY FCIR

C=e-f-g-dt (1.1)

[

EREIN, TITe B, (I 23X —75 v - X (differential energy flux), g BE (geometrical-
factor), ot HAWETHS. MHIE c 120.6FBETH 5.

FIZEE & ClRE SN B A, WERBSKIED 4 4 T 10" (Lobe) ~ 107 (Plasma sheet) particles - ¢V/ (em”
sesreeV), KBBRTIZE 5IZ3HLILEE N, —F, gl T2 L ¥ — 5Ty, @Hg (B) =10 ~1077
(em® + sr - eV/eV) [Mukai et al 1994 Johnstone et al 19971 T& 5. Z B2 & BAEROE BHLPERE
DIFPBEVTREZ NS, AT b L — CH, BREBOESLEENZ LRO 20K 12508 H 50

5CH B

FEEAEE 0T, BHEEHEENAERT S, PEHEEZ 2 S1HIT6N 5,

I, BOESABENE LD (EEL) RIEEHOHTE
2. BWREE (gfactor) T3 ILF—FIFEROBHR

AMESBEIETEZ A1, FIEORNBOBRICL S, BEAMEENORMETSH 5. B0 (Vb
L= 1) i, 1 GEEICHT2QEREE ZOREROB THEINS., IhAERETI L0 BT 7 — ¢
T%é.fﬁfVﬁM%Ti,L@7/“FiMGW%@ﬁﬁégﬁEﬁ‘ﬁiébﬁﬁK%Q%?ﬁ@%ﬁﬁ
THLD, MEKREESTS. 7/ - FONBERMFEEIZLD, EFUMHBEIRETS. JThiTo 1 ESLE
OFFRIIE, 10 ~1 s [{F8A, Johnstone et al, 19971, #& v b L — FTI0 HETH 5. KHETRD LT 5
VILFT /= FEVWIVZFATE, The 10D T 22 L REEETH S,

75 X BHE I DR e EO M ERE O SRR, by Ty PRIOBEA . 360° ORBFFISH LT, RE
DIRCKIBET 57, MEXUET 20" BEDS %ﬁ%&ﬁ*%@f‘a@%

BRI BTN E R B L T ARETH D, MERICIEZOBENHE, HWEEH, BRO&4+H
RS20EPH 5.

1.3. YIFTF/ - FOSHEOTEEM
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N7, ASICE#HAIMCPYILF 7T/ —FL 03¢ n4(2EZ S,

131, BEIxIF-FENTHRAISEAORA

ASICEEAIMCPY L 57 / — FE KT 3 L ¥ - HEN FREGARAT 3R HIE, DTOX 2280603,
1. FRENEESAEENOR L
2. KUEZEEOHIE
3. BHEENML

EBENEIALF T/ - FONBERBOFEISER T 5. FLRREIZBRNS. BEE, HEEH LTI,
VLFT = FREFTEEL, MOFRBEICLZED0T /- FLD &NEHL, (RIEBE Lz TREICTS. 202
DIFASICERD AND Z DM@ TH Y, MELERFIEINAZT TS FoaiRIcE s,

77 X B0 S RES ST B IIEREREE TS -, LirL, BFAT-AONRIZE, 165075
AvBHBOREES LF5 70T, Bohv, koT, BHEEOBREABRTILPLETH 5. ASICHETHA
MCPvAF7 /= FCREBLHEENOALZLT, B8, WEENICENLTHD, BMKEBAICR LML 2R
HIZEDS 3%,

132, HETEBHA

ASICHEHBUMCP~ L F7 / — ¥ i, [FESEIC R & BRI RIS L 579 X v BEN T E B WML 55 (ft
FABH) . BICEBES T ALK - AL MAADESZET, BT T 9 s AH LT, BOFAF 3y
LV UTOBRIASTIRIZ R B,

1.4, TERX DB

R T, ASICE#SEIMCPY L F7 7/ — FOERLEBIEL, SELZEBEENOMRBIC OB TEZ Lok,

2ETIE, TOEEAHHT S0, MCPOUE, ZICMCPOMNIES Th A NIBHEORMEZENS, i
DEEOT / — FlZDo0nTE, [fEANE bl 20%, ZOEFMEETS, w57/ — FOMNERTFHE
EASICHERIMCPY L F7 /) — FOBREER L0, 3E, ASICERWAWT / — FEERBEOBRERT.
FERIZERIE L 7-ASICHESEAMCP L7 7 / — FRRERZ 4 B TRY. 202 20EBTHOZERRIZ, G504
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2. MCPEIEELT/—NK

ZIZTHE, BDIZT 7 XA~HERTSH 5MCP (mico channel plate) OM'E, I L FT7 ) — N TEET I
ERMEAHBIIRY. 20.LT, ASICE#EHIMCPYILF7 /7 — FAEH L, 7OBMELBEREZGEESRLAL, 2
NOEREEANREEIIONTELD B,

2.1, MCP (micro channel plate)

211 EIE

BE CEEEREE

MEOHEAKAEK 2. 1ITRT X512, MCPOF v > 30, AJHAlE AN 700 VEEEOHIINELE % 1) 5.
F o Y ANMCAR LN TFEMCPOF v FLBER & /-7 2 2 RET AR E RS, ZHiEF v ¥ F A TMCP
OEIMERIZEDIEAZ G S, ZOMES N 2KETH, £72F vV FLEEA 272X 2 RBT2RETS.
INEHBODETILT, BEFREEHELNCEELAEXE5. 1 BOMCPONERHMEEICRET S22, b
kZ10°CThs. Zhz 28, 3BLERGZILTI0%, 1070HEEHE2.

2.1 MCPOBE & EFEERE

MCPHAIERE (FB)
LRFPASIZHLT, MCPHAHTITBEEREQIZIODOWTE LS, BAEVAEILOF v ¥ X NIZHIINT 3 &L AE
129 v V3 LVEFEROEBBEEA L 5,

E=V/L (2.1)

F v VARALEBENPS I ENBE2RETREF v IO EICENEEESH 4+ LEOF v v 3 ILBEAEEE
T 5. ZOEREEHEOBOEFEOEEESIZ

1_e
SZEE;n_t? (2.2)

B, EEHEZTORBTH D, MAMOUHHEEZERL TH5, tid, KEFEN 2 RETHREEOY]
Mg T v v AN EDRE A RO/ TH 5.
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t=2D
%eVh (2.3)
ST O 3L — it & TR T L PYESEHE TR & Ax OV % — Ve
V.=FES
V2 (2.4)
4Vl

22 Ta=L/DTHB. Wiza [1979] 1 k3L, 2XREBFHHBEE o 3ERETOTINLF Ve (Ve<200V)
IZEDBTOLSIZINETE 5,

5= AV, (2.5)

AZTERGIMTH 5. MCPATOEZEI n i3

L 4Vhe?
EET S, MCPHIEMEQR
Q — 50 % 57171
~ ST
- v >
— AV )«Woa“
N 204/ Vh

LEFTIENTES, JoIEASRTO 2 RBTHREFRETHS. Tk, MCPHERZIZHIMEEVE «
&> TEHEETTsND. Qe lzd T 2mAEIT o ~45BETELNDE. « ~45RETE, BMEQZ D
RAEN D, B a 1240 ~60Th 5. Lo THNIBMBZIET 20FAIMEBLETS 2. HINEE, &I
132 RETHAIENE L A, QRISKIICENT 5. —F5, Fv VY ILAOWERESSE< 2D, EREER
PP T BT L TQOBINIHIEA S 5. 272 ZHLAOBERE TR F v v A APNSBRA £ 5 & ZBERIR
T2RFETRMAHIA bR, BIRNRREE %, MHBREQIR, AR TFIHT 2 2 REFRMHRE oo 12 b
5. R (2.5) »6EALTE, MCPRASBEEE ZOZ XL F - IZRFTHRHRE 215D,

2.12. HESH

MCPO B BQIXERAIAILRET 5. BHBEOMINARES £k, BRllEh2WE (KS o B
B) KTy v AT A, TOFBOEAVEESSMOIEND (PR © full width at half maximum =
FWHM) & ¥ —2OmEEok (FWHM/E—2) Th 3PHR (pulse height ratio) T &5, PHRIL 2 BXMCP
T120%,. 33 TS0 %IEE L&, MCPHIMIBREABWEE (WIBHENSSWEE) PHRIZVNE<E 5.
MCPOM B E AT, BRI T 5%, ZOPHRORZ A MTEETILENH 5.

2.1.3. ESEORERE

75 T BSOS REF S T3S ey b= bR BEEOERES ETE L, TIT
IBMCPOH 7 v b b— N EIRERRE (0L 21/ 10D 0WTELS.
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R CHMA L 7=MCPAEBIZEZ 5. HRIZF 86 . TmmTH BN, TOENREIS TTmmBETHS, 1
BOEMRBHEZIBMAT—HS0BLZ 1 kVOBELEE»T 5. 28, AE3BICERTHERL, 1 A4
RFICH LTEBTR FIE) T10°~10"MAHI3 5. ZOBEBFIEIMCPHIMEREIZ L > T F v v 3 LB 4
NEBHE,OHEINE. ZOBROIBBETOEEIZLD F vV ZLEE» SR SN IEFIZLEOR%TE
BLEZLNS.
ZOLEMCPIZHNZER,» S, MCPOA Y Y b — b AL S, BUEBBIIRhIBRE, LMEICHEL S
BTRARDBZILNTED, ZITEHBEZEBHD I BEROEEE L L,

1 1kV 1

“ 100 3300 100
= 0.3uA (2.8)

= 2 x 10™electrons/sec
1oy iR, 10 THOBTE2MNT 3.
MCPE2EDHT Y NL—k  ~ 107 count/sec (2.9)
INDFEENIIMCPTRONDIRADHIT Y P — P&k 5, MCPADASRFOH YV bL— b3 E &,

EEZZOEIZEL T ELS TEHEDE TR 5.

H 1700 RS
MCPOIRERBIZEETH D, A2 AT - TEHETD L ZOS5 EADIZ150ps, L F0IX550ps& 3
AR b = o TR R] . S A, Fy v RLESLHS, 2RBFOIIAX -EEEOI LICL

4

—

5LEzZ2ENS, X (2.3) &b, EBELEEOBBIZ] ~ 10ps, HEEERBLZ 100BELZOT, HiHiS
NZZ0.1 ~1nsDIEAFEDEEZ TS,

22, ?HFTFTS—FN

223, UERHEE

RIR C o RREE

VAFT = PR EEAR SNy FEEAREEE L TWS, Z2hEaR 2. 2R L7z, MCPOH AN H W
MO 7 /- F @EfoSsg—2) BH0DF v —Y 77 (Charge sensitive amplifier=CSA) D74t - T
5., ITNTHEFESLERM»H Y, @07/ - FELTEHL. MEREIEL, Z08K 2 -/ OEE0HE
THIW§5. MEBRBSHEEL, Frryal (@07 /- FOR) TH0, ZOREEREE I —-DKE X
LEDOBEERETRES.

UL, MCPHIF v+ —-Vid, ERNEIARD (=F v -V 259 F) 2HoTnw3ZE8bhr-T0w5,
BRCBEE S WA 7/ — FIZAS VSIS T 32 EAS D, MCPHIF v~V 2 99 FOKREXIZT / — RO
xal, LWTERMERL G HREERET 5.

SBE I R

BN T 5 X BBORME, 1 RCOMBERIA 64 F v Y ALREFAZZETHS. JhIET
7 X~ DEH % 360° /64 F v ¥ A LOWETRETESZ L 2lT 5. BRI k50, —~BHOE
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BAeERET /- F2a0, ThThFlE, Rz Twd, JITE, FEUERET /- FOFEE
LRBe 5. B, BREIRRLHESSEREISERE L. B8, HEBNALEDY Y 280408
DIFEHBREFTESZ L L THERTH S,

Al ERBEE

resistive anode

WCP

electron

cloud _'_“““““““"““~\\il

ADC ADC

CSA

position
x= Ra/ (Ra+Rb)
= b/ (lb+la)

FA.1 resistive ancdeMUERHEEERAR, Bt &XxX7/—FK, EOUB x ODMCPHAF v+~ iE
BHRIEICE Vi, bIXSE3 A3, ZhEFv—T 727 (CSA) TEEILETESE, HE9H (ADC)

P

175,

resistive anode!l3MPUC L A ERHENC LD MERE 25245, KA LIZH 3 L5 BB T5 L Z A0
VA EEZ, TOMBANTF v -V 7 v 752 22<EEE2 LT3, MCPHITERIL, BH-B»roT7 7% T
ORI - EBRIZDE ENE, ZOFx -V TF Vv INFEEN-BRELRD D LMBOBERICKEZ .
B9, 1 XTERBIZKNELF -V 7Yy 722, 2RI T4>TH 5 [Lampton and Carlson, 1979 ]. 2o
TVITOSE&iE, GEAERREE, BB WEBNILSICERNTH S, RAE, BEMEESBRT RN LT
b, Fr—VT7 T THIEhB3BEAESSH (ADEHR) T340, EELEIIET3EEANEL 2L TS
5. 72, MCPh LD TRIDEBSUELVEODOFFLERATRET 20, "4 Ho Vb — PIIHIBTE
By, EHI, T/ FPOREZIBELY A ZDOREVIRIEHES 2813, ZOFEHELMBEICED.

o

RA.2 wedge and strip anodefi BB HEXE, wedge (UFY) &strip (MEVWEFF) DEHNE—~2H5
%%. BDA, B, C, DEZhEFNFv+—~TJ T 7 EADCICDEHF >T B [Martin et al, 1981 ].
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