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¥£1E LHC & ATLASEEROHEE

1.1 IRIVLX—onOrvs« 7HH

BB DR b K E R O—DIAFHERR A ET 6 h 5, BVERGRIIRVHE R & SB554H
HYERZF0A T 2HER T, 20 0B 1S < BRI ERRINRMGEEN R S, 01 100GeV
FTCOLRIVE =T = TBWT, TIE6 LOKEE CHEBERIC—HETL I enbhro7, L
DU SRR DFE L b b v FARY VT, REICRRIN TN, EUERH O
FEHSERTIE R, By VAR VIHRNFOEELRDHT L7200 DT, bLEKETHDT
HNE, TOHEEITHAMNICITeVUTTH L L ENTN5, & SISGENFMEEESR 7 & AT
MEMA DY D-DITY . TeV FHEDFRR T OBRIE., R TWHZEDO IR RTH 5.
KRN IR FAZ BT 7eiE (CERN) IR TE S T B KBS 1B e hingss (LHC) 1, =
D TeV fHB ORI A[RE R BN DIERSF T, TRV F—T8 0T 4 7D DER LR IRTFRIC
RHELDOTH D,

1.2 LHC

LHC 1B B8R A % O 72 BB OE 2RSS T, 14TeV OFH/ ORI T 2 IV X — % E K
THHLOTHD (X1.1, 1.2), ZONEBRDOELRNRNTRA—F2FE1.1I1TRT,

INTR—H
EORT RNV — (BT 7TeV+T7TeV
TR ({ECBE FEE IR ) 1033 em 2571
EERE (b EERy) 103%em 2571
N F L 40.08MHz
VAN & i1 24.95 nsec
c R VEER 26.66km

#1.1: LHC OER/INFG A —X

LHCIZIE 4 DOV FEHZEENH Y, 2 Zhic ATLAS(A Troidal Lhe ApparatuS) (X1.3).
CMS(The Compact Muon Solenoid) ([ 1.4) . ALICE(A Large Ion Collider Experiment) (]
1.5), LHC-B (X 1.6) MRZEENDL, ZhoDH b, ZDHITIE ATLAS REEFICOW Tk
NT L, ATLASHHIERIT e v ZFARY VHER, AR FHREZ EREE LT Tofc
b BHEER o7z CPIHRES. WMy 77 4 — 7 OFFEME. HLWF—TRY » ORR,
24—V TN ORI OBR, SHIEELHFHLOYHORR LI/ IhTn5,

10
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1.3: ATLAS
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CMS
A Compact Solenoidal Detector for LHC

Towlwelght :
Ovenalidi :

Overalllength  : 21.60m
Magneticileld : 4Tesk CMS-PARA-001-11/07197

1.4: CMS
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1.3 ATLAS EZEBRoPHE

Z ZTIXATLAS ERROE VO R ERT —<TH L b v 7 AR+ & BNFERF O HEICE L T
WEEZBNRD,

1.3.1 by I AKF

t v 7 2R OBER T BT RFME OB 5 Bk 2 BRI 5 72O R[R T, FHERIERIC BV TR
by ZAGE LTAA S -G 2EHEZREL TBY., EaPEoxhI—ov v ZF 2R 1 OF
T LI EMNEPN TS, IBNTEERO Y b R b 2T TN TH5H MSSM(Minimal
Supersymmetric Standard Model) Tl&, 27y 22D v VXA 2HEIEPLIETE 261,
2o0fEL v 72 (HE) & 30 Ee v 72 (b, H,A) 258rh 5,

BEERRE v S RAKF

X 1.7 12 LHC 12 BT 2 1EHER GG Higes K/ OB L A MEE oG Z, K1.826 1.1212E
REREREOT 74 < vHERY, R v V7 2AOERITFEICENT 5+ — 7 2N T 57 )0 —
FUBAICE D E D, X 1.13 (B Higgs ¥/ OB & & Higgs KD HEE — Noyilitbo
BfRZ., K114 206 116 ICEREE— RO 7 7 4 U VHERT,

e H— vy, (100Gev < mpy < 150GeV )
COREE— NIIHMEE—RT. Nv 2752 Rk (@ = vy),(99 = vy) REPBH Y,
Ny 275 REDPROE—-7 2ETLRLENDH L., TOLOERKATY —RA—F =T
FTRNZZFNF = L AEDOFIREDRD 5N D,

o H—bb. (myg < 2mwy)
C DEEE— NI my < 2my OFERTHOULLD 90% % 5025 D CEHERE— RTHD, L
INL 7 —F VR & B SR BEE (g9 — H — bb) 13, QCD2jet BB DNy 7 7
SYURDOHBHENE N H—MNTER, ZOHEE— ROBSIIERMRICL 7 N o HES
TEWZERIFUHRT2EOCEANENTH 5.,

o H— ZZ* — 4. (130Gev < my < 2my )
AD2D VTNV ORI N —2WETHZ LITLD, EWREESIELNS LHIfFEN S,
IXNDOVT NV DRBERES m ICE L RDEVNIFGEEFL, Ny o - ISV REE
TN TES,

o H— 77 — 4., 2myz < mpy < 800GeV)
C OfEEIT LHC O b BB L THEKTH L, ThTho L7 kN U ORBEEICSKAf)
IR TEL720, FEEOEVE—-RTHSH, 72721 Higgs i FOEENKELRDBITD
NTC, HEEIABICKE LD /2D, Higegs K+ OEEND TV KE b AL
b5,

e H— WW = llvv. (500GeV < mg < 700GeV)
Higgs kDN 600GeV LA LOFEIK TIE, H — 41 KV 6 /5L — MavEn, vl
K9 BIRETT MT % )V — Emss W 24775 2 1k b,

"NV FHZRIC K Y B S IR T OB AREB) R (BT e — SERICIEE R ) OFINE 010505 =a—h
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BXMEE v I AKF

ENFMERESR O C, i b B BN ERERR (Minimal Supersymmetric Standard Model)
Tl 220 Higgs “HIHAMMEL S, ZOFEE 5 D0 Higgs fii ¥ (h, H, HX, A) 2YEHET 5,
MSSM CTHHEHY 7 AR T — RICBEL TRHIT 5.

e H/IA— 71T
HEUE Higgs K+ D%HA1E. H —» 77 T— RiI L — "MK HIBISHE S 72028, MSSM Tl
mOL— MM E NG, ERE N T RFOm ANV T b VICHET 5 F v o x v, —
FEINROVICHET 2 F v o3V D 2FHDOE — RO TE 3,

o H/A — up
BICHART, S (myfmp)? BHEODS, KSR SHEAMTRA D Z M6, 77 E—F
TOWE L # > RE» TSN 5,

e H — hh
HAEEE — Ri%. hh — bbbb DSKILINEDS, ZDE— RTCIERIERO BV N U H—AYTR 2720
72®. hh = yybb F % Y XNV TEHIS NG Z IS NSE, A XU b - U= MRV,
2 DDEIR 5 Higgs DS & W D BIK TIEF I BRGNS,

o A— Zh
2 DO Higgs MR L 726 & LT, BEREWY, Zh — bbb 72 & Z DR TAHEL S 2oL
TR TRUT =278 TEWERTH 5,

1.3.2 BXERF

LHC Tl&, WMVMHEEHEZ TR 4=V A — ) ORPIKREICER S NS L, BAFR
MR ORBEPHFRF S T 5, R-parity SRR & BRFMER FI3A W TEK S ., B
SRR F o b T — R WVEE %2 H5D LSP (Lightest Supersymmetric Particle) 1289
%, LSP offlie L Cld, miBE=a— NS - BZA 605, ZORFIIHRH ST, A X
¥ N OFRFTIC B THKBE S AT 3 VX — EPiss L L(HhE Z 21225 DT, WREBOZH D
Vxy M2 BIT, 20 EPsS 2L L TR 1T0 ), EREE—Ne L UL

e Multi-jets + B8 £— N

(G — dg+x0 — jets + ETss), (g — qx8 — jets + ETss) Jp &
e AGEED2VSNVE—R

2§ — 2(q@x;) — 2(qgqW*RY) — 2(jets + IF + Ess) i &
e 3L/ E—R

XXy = Wi+ UXY — 31+ Epissip &

oo,

bk X oice vy 7 2R+ BRI O RESEFRICIE. VT N 2 S0@EBEN S EEET
b, BTY I a—F NIKFRNNHENB S THLD T, mORETHRICEHA2Z N
U7 E, RIBEETE SIS WK, KRELEESE 2R > TERSNWGE, Mgt E T3S EEEN 0 T

BNEDICRASL, T2 THREBTCIRAZRFOIINFE =T MVOFIOHRY M, R IVE— L L TES
L. BH#s e A W F ORI ZAIRISHE 5. WIS T 2V ¥ —1%-Z DR RS
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TX5, HRAEC L CE 202134203 2a—F 005, 1% REOKE CHE, EE)E 2
Y 5 Z AR 6ENTW S, F L EEE pr 26 > 7B 10~20GeV O & U 7 — ¥
ENRD 6 5,
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L T S T - T R T
T o(pp—H+X) [pb]
4% Vs = 14 TeV ¢
. M, = 175 GeV
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i
10 v b v v b v b by v by v b by b by
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F2E=E ATLASHHEE

ATLAS#lES: (M 2.1) 1%, LHC OEW I 2 v F4iiBnTh, Ef. Y. NRar, 7k
T Ia—A v, V=y b HEBEANTXVE — EPSs R EOEBEHRIBLZ LN TES &
DICRRFTENTHBY, LHC TR 284 2WHMBIR 2 WHEICHIO A2 Z B TE L L HIFFE T
W5, ATLAS#HES0 K & SIFE 22m,. K& 44m, RERE 7000 b > TEIC, NERREMRHT S,
A RA—=F I a2a—F URBRHEENSKS, 22Tl RMESROREIC OV TS 5,

2.1 #E

ATLAS #8251, LHC EBRICH WS NENH OG- oH omHgs ¢, ZokE SIFE
%22m. B 44m. BEET000 Y EEARYBDOT, UFIGRT LI REREPLTCHLZTHLDOT
»H5b,

e BT —XA—F—ICLE2ERBEOEFL 74 N OWENRETHL, NRarhno
U= RA—=F =KD EhERY =y b IR AT 2V F — (EFss) OWEVRIETSH 5.

¢ Sa—F VAR B RA—F —|CLBEEMRED I 2 —7  OEHEHENETH S,

o RPMRIIC &5 high-pT V7 k VEBEOWE L ETL T4 b O & 5E8RA N2 M
HERLASHIRETH 5,

« KEBTEF4 T4y 2! SERBFMMEN—T 5.

e BHETRS>TLKBSEF HF. Ia—FA2, Y=y MREZSAANT v T T5Z L7040
YD,

o KEDNy 775y R DIt 2 52,

[ 2.11C ATLAS Q& MEER ORLE 2R Y. BARIZNERH 2R 2 BOBEL Y L ) 4 REGA.
Flehna ) — X —F —DHE &P 8 MXFNCELE S W oIR8 2 oA FUVBA» S5, N
EIRPMR AT, 2T OREEZ 2 < AR E Tm F4X 1.15m YV U J A RGO ONERICRRE S, &
7R VRS, ARNYy TEBHEE. ROA MO —F 2 — TRHENS 25, NERIMEH 25D
AMINCIIANA R Al —X =& BREABY —XA—FBREIN. EF K Vv "o
IXNE—DWEERITRD. b ZNUREADEY LhZEa 4 VofllEI o —F Vs
MWEREIND,

15 1% pseudo-rapidity & MHEHN. @ ZE—Ldifle OMEL T 5 L n=—In(tan(d)/2) TEFE SN 5,

17
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2.2 WO%

ATLAS B 2R DBEARITHRY U ) A REéf (Central Solenoid(CS)). T ¥ vy JEB k1
A ¥ WA (end-cap toroids(ECT)), /N VIVER k 1A ¥ VLA (barrel toroid(BT)) 5740, v
ThYBIERAZEE> T 5, CSIZREMRIISRDO D DG 2 E5, ECT RUBT 133 = —
AU O R OB 2D, BATRIZ2A TR S 26m EE 20m 12785,

BRI ORESE CS A3 2T, BT A%3.9T (¥—24H), ECT234.1T (¥—27f#) &7b. BfiD
K% BT 288 h 2 R TR 2R F ORI > TS L 72f#ElE BT T2 25 6Tm  (:0~1.3)
ECT T4 256 8Tm(n:1.6~2.7) £7%5 (2.3). E7= b4 FIVEGT ¢ G O Tida<
R bR (2.4,

2.3  ERARIFR I 8%

ERRRHIZRITH Y U £ ROWNER, 2T OBEGHICERE S, Mo fRHE ORI & 0 A5
ERRIET S, K25, K26, K27 ICHARREMR SR EZRT. YU arsAA 7oA Ny TR
(SCT) & 7 )V AR AR (Pixel) 1384 R C. Mo REE. SAFROMHAR T, b RUGH
DL ITHREENS, 2o RSSO OREIT. WEEOHIRICEVEBICES TS, =
o OASEMREEOIMAICIE, R b1 —F 2 — TRRHIEE (TRT) 2RE SN 5, 2 UITREMR
HEHY oERE, BLUOIARYNSLSHERELZLDT, 1 20D o ARZ L H
KBELDTHDH, NERHIETTIEZ N6 ORISR 2250 Taa i OWE 217729,

24 AQY—X—45—

WU —RX—F— (N2.8) 1TTET 1 T 1 — |n| DILVEPAT, BOMESREE. ST RLE—
DIRRE TR F DT RXNX—2WETZ2HDT, EBHRARY —XA—F—& NRkarhay—R—
F =675, NN AEICT Shzya—F 4 A VRIEE T VI - ha Y X—%
(2.9 2FET 5. IMUO NV VERIIEY > F L — &&%@ﬁAﬁ®54””AFDV i
JUA—% (K2.10) Z2FliET 5., T2 RE¥ry T 74 7 — REICIE. BE7 VT %2
fenRay - gal X—F2RET 5,

2.5 Sa—A UKL

Ra—A URHESEN 211, K. 212, K213 1TRT, I 2—4 URHEBIGREEP 2 N oA F )L
BAasHicHWeN, haAd YNVBEDIES ¢ FINOBGIC LY I a—F B8 hZTihgyshn s
PEJPETLZLICLY, ZOEBHELZRDLLDOTHL. I a—F4 RIESHTEICKENEH O
MDT (Monitored Drift Tube). CSC(Cathode Strip Chamber) & kU 77 —}[5EH D RPC(Resistive
Plate Chamber), % U* TGC(Thin Gap Chamber) 2> 55,
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2.2: BGf1RD 3 A JUER

2.4: TV KX vy TEORGROREE (XY

2.3: BUIRIGIREE (n Vi) SEifT) (Z=10.5m:ECT D)

ECT 756 BT £ COME (¢ S ICBAL
7y hL7zb oD,
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ATLAS Calorimetry (Geant)

Hadronic Tile
Calorimeters

EM Accordion
Calorimeters

Hadronic LAr End Cap
Calorimeters

Forward LAr
Calorimeters

X 2.8: Y —RX—F—fEE

Towersin Sampling 3
DpxAn = 0.0245:0,05

n=0
ey
£ S 0.098>
43X 7
&7l | o
By
U\I\‘Ig'gszm

:1"‘\'“
—~
My
A
n

147, Y ;A.»
N
> =002
oo, \ i ?
Mng}‘-ﬁemm o
0031 Strip towersin Sampling 1

X 29 7a—54 4 URIERH T — X —
5 — OfE

210 ZANVEINRO ) — X —
¥ — D&



258 X a2—A URHEE

23

- Cathode strip
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Monitored drift tube
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X 2.11: I = —7 ks

,//ﬂ Resistive plate chambers
10

Resistive plate chambers
MDT chambers i

_ Barrel toroid
L coils

End-cap
toroid\

X 2.12: I = —F4 RO XY WA

MDT chambers 12m

[ [N [ \

Barrel toroid coil

| \ \ - ®
V] [ ] l |
Thin gap L 6
chambers ‘ D D D
L\ [ [ [ [ |
,,,,,,,,,,, ) 4
End-cap
toroid
*\—\—\; ,
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26 bMPUH—ET—HINE

7 b ZAEERTIX40MHz DNV FHEIC L 5> T ICHZz BBEDORIGNTEZ 5 & EhTnd, b
VH—=ROT—=FIWNES AT LTI, ZHOF ¥ U RIDERLEMEIBEPOEDOT -2 %Y 21T,
Z DNy I 75 REFHELRMS, HOEMRTHERRA NV M ERERL, 5L Turid
NI 60, 1AXRY B2 25RT 5 DICKELRT — 2 RKEIT. Y 1Mbyte & REED 61
THEY, FHEEERECRUSEEE D S OFIR, S5k S N d 7 — & OF L 100Hz FEEICR S5 1 T
W5,

TRACKING

MUON

Event builder

Datarecording
CALO

EVENT FILTER

Rate 10° —
(Hz)

10° 10°
Processing time (sec)

2.14: NV H—AH RN

2.6.1 bMUH—DOHE
T RSAEBO N H—, F—=FIUES AT LT 2.14 1R T EDICLVLL (VX)L 1), LVL2
(LR 2), EF ([ RV RNT4NVE—) O3 EBENSLRS,

e LVLI(L X)L 1)
VL1 Ty —X—2 =Rk, MNYH—HIa—FrF =2~ (TGC,RPC) 6 Dff
HWEHEO, MUFHEEITR D, LVL1 TiX40MHz TASH S BEZICHL T, LIA(V
N1 T 7T W) B2 TSNS T5kHz(100kHz) FREEOfF 5%, LVL2 I THINT %,
F72 2D IVL1L MY — OQIRICE T ZEERIE. 2.5(24+0.5(F i) )usec T, LVL1 h YU H—
W ZAT78 D ZEBE. T OB DOEFSHERETA SNy 77 — 2L T 5,
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o LVL2 (L)L 2)
LVL2 T3y —X =% — Ia—74 UBRHEERISA. ERHEED & D5 @ ER
ICESW TR E TR D A, 7 — FEk, AUEEIROGA 6. A2 ER %2 2 (Rol
: Region of Interest) 2°6 DfE 5 DA &ffio T, MUF—HELEIT S, Rol iZLVLI THE
F. IAbr Y=y b Ia—F &5 T, High-pT & HE S W2 RROFELET 5 Bk
TH5H, £/ LVL2 TCOHEICET HHER]IE 10~100[msec] THZETH Y., kYU H — D
X 1kHz FTREICE SN 5B,

e EF (f{ RV N7 4V F—)
LVL2 C. LVL2accept DHIEZZIF7A551F. ANV MENVTY -2 TEFIC%EH6NS, EF
EARRIESH & OSERIRAEERZ I N U H—HE R D, AT HRERIEIH 1[sec]
T, NUA—HHEIZI00Hz FBETH D, 214X M2k T 5 DI ELRREIL
1Mbyte 72 ® T4 100MByte 2B OIEHRZ 5k T 5 Z LIl 5,

2.6.2 T—YRNEATLA

BHEPSDESIE. FTLIA (LRV1 72T N) EE5IRDLET. BF ¥ o RIS A
TIAVRAEY — (L)WY Ty —) IGFFEN S, LRIV 1 ORI D 2.5us DfF. 25nsec
FICR S T BESEHET LD, BF v U RVITKLTL100 A R "yrD Ny T 7 — DSBS
5, LIAHI@EZZIIAERTIE. TF <A ¥ — (derandomizer) 213 6N, il dhb
T, TZIRFFE NS, T AP - oAl EN/AF 51, JIEK ROD(Read Out Driver)
IELND, 2. Zo, EEEHREILIC. TOEENEONVFIIET S0 21D BCID (N
VFID) &, EOLIAIET A2 & ) L1ID (L)L 1ID) 6 ihsd, RODIEBCID, L1ID
B A, HRoOBAMLHE»D T, {55 % ROB(Read Out Buffer) I23%£5,

LVL2 CIEROB ICIF X 6N EHRD I B, Rol DT —F & ffio T %1775, LVL2 T7 2
YT NOHEERZIEFFIA R PENVT =R, EHICEF CL 778 T M 2RI AN
Y ME TR EIEERE NS,

2.6.3 MIHESOHIE

ATLAS 25 ClIMHgR oflE, LR5F D 72912 DCS(Detecter Control System) & PRI 5 >
AT LEHVS, DCSITEICER. 77 Nofif, ERE=4—. 7RV TV RZLZ kR
=7 ANOBBBEORGE. HARDER. FlOEHR LB D,

2derandomizer 1Z, SV FLTRIZARY M 2—EDOMBTHRAMEL EIICTILDOTH S,
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2.7 ULRIW1IPMIVAH=IRTLA

ZCTIEFEME®RR T 5 TGC Y H—Y AT LDJET S LVLL U H—ICBL G5, K
2151 LVLL b U A ofh &R Y, LVLL b UF—iFAn ) —X—F— MY FT—HIa—
FURHEEP S OfFEEbLIC, AU —RX—=F = U= Ia—F Y MU H-TZhThuH
#4772\, CTP(Central Trigger Processor) I & V. LVL1 QA& ~ U 7 — DB T0 DA,
Rol O1E#H % LVL2I1ZiE 5,

; ; PALon
Calorimster Trigger
e Trigger
B get || EM
o= Tau &
a==r== =
h
Central Trigger
Processor
Regions of
Tirnineg, Tigger and Inberast
copkrol distribution
F
Fromnt-2nd Lewel-2 Trigger

X 2.15: LVL1 h U 7 —F o

271 Z2a—FAVMN)H-VRAFTLA

Ra—A Y MUH—IFH216 IR & DI, ATLAS ISR 2E S KO ICRiESh 5 38
OFLERHER,H20, baAf FUBEGICEY, Ja—F VORBBRE DB T 20EMETL 2
LickY, EEREZNET S, MO o2 —F > 0EE L. RERE L2 RENCH - THRY
LB K D kE S, EWENBOSERELS. =XV F—HRICHRET 5. Biighd= > K
X ¥v 7823 TGC(Thin Gap Chamber). /N L JLEA% RPC(Resistive Plate Chamber) 2> 5725,

2.7.2 CTP(Central Trigger Processor)

CTPiZAm Y —RXA—&— NUF—HI a—F HHEE»S0fFHED 212, LVLL MY H—
HEEZITROBWHTHL, JIa—AREBPSEIa AV OFEH., HaV—R—F =25
EF A bhr V=y MR vy Y VT ZRNF - DERERT. TNTHITRE S BB
D pr OEMEICIEC TR Y F—HEEITR D,

2.7.3 TTC(Timing,Trigger and control distribution)

TTCIEEAIRY —A—F— Ia—FVRHEBSO NIV H—HT L2 ba=2 xiZm, HIEHBE
BEEET LIS TH S, FHEAEEICIT40MHz @ LHC 7 ay 7, VL1 N H—HEE LA
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TGC 3

/ low p,
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T high
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2.16: LVL1 R 2 —F T AT A

% LVL1Accept. NV FHZEEFESZDHAY » M& Uty § 5 BCR(Bunch CounterReset)., A N>
NEFOHT Y N&2 Yy b9 5 ECR(Event Counter Reset) 72 &35 %,



B3FE TGCIZa—FAYMNUH—-IVAFTLA

CZTCIARBLOFEHETHD, TGCIa—F Y NI H—YRAFLDT L7 ha=r 2%&H.Lhe L
T. TGCR MY H—HHHERRTNL,

3.1 TGCOLATDb

NUT—HI 2a—FUBHESRE. NUILERE T2 K3 vy TP I NED, ZoH)box
Y RE vy TEICRE SN S 00 K3.1, X327 TGC TH5LH., TGCIE1=2=y b 130
M1l2m BEORKE SOEBROF = v N—T, ZhZzMERICEKEL T, =2 NEyy TH%
B, TGC ¥ A7 Ald M1,M2(middle),M3(pivot) & U EI(Endcap Inner),FI(Forward Inner) @
FE» SR END, Z=+(13~15m) OHEICRIET 5 M2,M3 12 Z 1 Zh 2 & (doublet) DF =
Y= 6, M1 L 38 (triplet) DF = N—=2 SRR S NEF 78IS, 72 Z=4Tm OFEEICIT 2
JED EIFI F =28~ ([ v F—F =2 N=) BREINL, TGCIE1 < |n] < 2.7 O ZE A
N=L, ZDI5 |n| < 1.IDIHEKZTY FXx vy 7, |n| > 1.9 DffEkE 74+ 7 - NS, $/2
El = o N—d ba A FVEGA L EB ISR ET SAEICRE S W2 20, TORDITTT =~
N—DFEINT. ¢ HAD 10%% hNA—T5DHL 45,

TGC 1E MWPC # D 2 Rt DAE T &mLmTﬁ&%myﬂ—f\v%?—@m@KiDRﬁ
MOMEEBRI L. AN Yy 7 (strip) IC KV ¢ HRIOMNEEZHRT S (F= o N—OREEICH
TiE, 32HI TR R3), doublet »HIETAY =L AN v IS, TNEFN2ES 0)1'—7778
BRIZL, triplet 2H1ETA V=3B L AN vy T 2R DEFTLHAMNT, TGCIEZZHLT
XY(Rop) HlD 2 RTCOMEEHREFTHE L. ThZhOE»SOfFRED LIC, Ia—F Y0
B EB)E pr ZHET D, TGC Y AT LIIIRBR >z a4 V¥ F 2 24 (middle B
pivot Tld 3-out-of-4 (4JED S b J@EMMEEE/ZT, ). triplet ZBD strip #RICEH L Tl 1-out-of-2,
wire 8 Tld 2-out-of-3) BHY., ZhickYW Ny 7 75 RiC ié7z4ﬁf—ﬁ@ﬂjﬂ’5ﬁﬁgb
F = N — DIERRENFI S (F = N — OREE SRR O I CRIIFRS T 25, ) |
*ﬁtﬂ&ﬁ?&@{fw%[ﬁﬁé Iheoadf sy 20T R FRL ¢ FRTMNITRbhb, i
7= N U H—1ZiE high-pr & low-pr O 2FEHH V. ThhZh 3 REOBMENS 5, A2 BEIT
high-pr 2% 20GeV T low-pr 286GeV TH 5D, 722D MY H—HEIIR FIA. ¢ FRIOHEHRE
HhEUTbh b2,

"o — A sE R RA L THE - L0 F AT, LHC b x Ve ENS Rz, KESHEY 0B McH 500 2
i, ¥72 Z ENCICEE 2P, XY SERT LHC b Y XNV OFREMN TS DN XEITH D,

HEDO NI H—IKHTEIIa b~y g VOFRTIE EI/FIF =0 N —%2fHL 2L TH, +497% 8 F—5h=
WEOND LI TNER, BT RXNVF—RFICLE Ny I 75 RO bigash Ty, ZHIFEI/FIF=
UN—BES ZETHEDEEBEZAONTNS, TOZ LICEIKICHILT 5720, EI/FI F = N—3HETHY, Fiz
EI/FT F = >N =26 OfEHRIE, %k T 5 Sector Logic T 50, RIS, ZOREZEETSH I &
HHeL o> TN 5,

28



3.1 TGCHOL A7 b

Longitudinal view of MDT and TGC, Inner and Middle Station

R \ \ TM2TM3 T
12000 - 5 SLmm ]
. M1 ||l ]
| I N
10000 // —
8000 — /// [ —
- // TRl | O q
El/FI e im i
6000 |— g ol —
f =192
4000 + B :g _
L /////// 0 [,/77:2'40
L o - ] |l - i
2000 .- ////////// ] __._n=2.70
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6000 8000 10000 12000 14000 16000 7
3.1: TGC DLV A 77 (RZ i)
il T T T T I T T T
M2
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13
/| 1 I 1 1 1 I 1 1 1 1 l 1 1 1 1 I 1 1 1 I 1 3
10 -5 0 5 10

3.2: TGC oL A7~ (XY i)
B MIL,M2M3EI/FI F = > N—=D 1AV 7V "Nk, ThZhFHRLELL D,
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3.2 TGC OfhE L5

Copper Strip

ASD(wire read out)
R‘\\\\\\/////’w

3.3: TGC OHi&E

ASD(strip read out)

X 3.3 IZ TGC(Thin Gap Chamber) @ 1 J& (singlet) 4> O#&E %, & 3.1 12 TGC O ERN T
A—=F %, £3.2ICTCC DHRAEZLF % 3NV E TN ZRT., TGC X MWPC(Multi Wire
Propotional Chamber) D—FfE T, ZDFHHHRAIZT /) — KU A Y —& 7Y — NEDMREA 1.4mm
N L THAH, TGCIHK I3 ITRT LI, MmBEBELPTNEY ) —RUASY—%, J5
Y RO TEAZHEEL Tnb, ZORERREICIE COy & n-pentane DIRHH AMNH /- SN TEHY,
H AR Z BRI ANEE T 5 & ZORKICH B HAGFRAF ftshd, ZZTERSh:
BFE 7/ - RUAY - Y — NAOBOBLKIMRIB>TT7 ) — RuAL ¥ —Zmn»rd, 7
A X —OLFETCIEBEBENAEL, BHISBICZORIOH AN FE2 A4 L. 2IREFZHEK
LEBFEHEZEIL, chaMEE e L (AL IS, 22 TS HICESIROGS, Z0EBT
LA T DFFEAIC L D EIMESFE L. IS BICH AT DA A MbE 5 &Rz LKE
ISz 508, ZhEFFSAIC. TGC TlX COy ITIRE 67z n-pentane I & V. FAMRZ IR L
MEERI VI LTWSE (ZZUFHHR). £hY— NEQEEERoh — R Bkl
TBY, ZoMIlo A N v AFHER SN -EBR 2 AR THEEICR > T b,



3.38 N A DR 31

TGC TIE7 /= RIAXY =D 6DFEFTRANDMEZGFHAZL. AN v TIh6 ¢ KD
MiEEFRAHET, 74X =126 K06 2046% 1270 —F& LT (IEILT10.8mm »*5 36mm)
AT, FLANY v AFITCGC H72V 32 KH Y. =2 ¥ vy FHHKTIE 4mrad. 747 —
RAEIR Cld Smrad ICAHY T 518 (15.1~53.4mm) DA MY v T CEFEHALT, ThZhos
HIZLIE. F= 2 N—DMIANIELY 1 57z ASD(Amplifier Shaper Discriminator) 12 & - T{T
bihvd, ASDICBIL Tk 3.4.2 HiTidR5,

FX3AITTGC DI A LYy ¥ — (WBBKAFPF = o N—ICARFH L T oEFZETETo
BRIDIESDE) 2T, 2T 3GV D r 20z —LT A NDOFERT, F = N—I1ZHT
LE—LDAFAELEEZ THELIEFERTDHL, PSR TENDLLIICFA LYy —1TIF
I¥ 25nsec IZINFE > Ty 5, 25nsec IS LHC 7y 7 oI THY, ZoZ 3 ERTL52 43I
TR T 2 EHELRFIHTH 5,

% 3.1: TGC DERNTA—X

INT A — 5 fili, FESH
Gas gap 2.8mm
Anode wire pitch 1.8mm
Wire diameter 50pum
Wire potential 3100V
Gas mixture COy/n — CsHyy (55%/45%)
Gas amplification factor 106
Anode read out pitch 10.8~36.0mm
Time resolution(0[deg] incidence) 99% efficiency for 25ns gate
Read out strip angle 4mrad(Endcap),8mrad(Forward)
£1000 |- £ 600 - g or
o} o) S8 600 |
= = i T
T 600 | = ‘3‘88 400 -
400 | 300 -
200 |- 200 L
200 100 100
0 O | 1 1 1 |l 1 Jem. 0 | 1 A 1 -h 1 1
120 140 160 120 140 160 120 140 160
Arrival time (ns) Arrival time (ns) Arrival time (ns)

3.4: TGCDEA LYy & —

Z A (deg) T = VN —TH L TF 2T RIFOASTBM) 2. KTFOAH ORI fAETH
%, B—LT7 A MRICIE TGC ORTHIC, KT O@ERZ 2§ 2 A2 RE L T b, Moz
DRI S DIEFT L. TGC 26 DEFDRFEMM DFEEZ, TDC THRAZMETH S, ZDHAD 99% %
HOLERMNEEZ ¥ A LTy ¥ — LS,
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3.3 MUHA-NEDHE

TGC MU H =Y AT LT, 13808 1~2m $H 5 F = = 2Hiffl] (A ¥4 K, CH¥A K) 37T 3600
MEEVY, 6296m2 O KA ZE > T 50, NI F LD A 7 % | (octant), b U H—+
2 % — (trigger sector), ¥ 7 2 ¥ — (sub-sector) 72 £ DN E|DHAIAH 5, 3.5 1 pivot (B—
LEZREP SR OBNE) OA I F 2V NeRT, AV H U NISHICZY RE vy 7 (g < 1.9)
L7497—F (p| >1.9) OfESICHT SN, 2Ty RE vy TETIE ¢ FHHANC 6 208 L 72 fHR
. T4T7— RT3 DEL kL, ZhZh N H—&r & -8, $72K3.6 ITRT
& 91C triplet,middle LiZ . pivot LOZENHIST 508 »3H 5, UL 1 DD RY
W= s =21 UThbih, £ MUV -7 FZ—id, =¥ RFry FE Ty HIA
3THE, ¢ HNCARE L2 bDE, 747 — RETIEn HANC 16 0E, ¢ Fiz 458 L7cb
DE., TNTNY T I F LS, T I FZ—1E8TIA YT )N—T& 8 ANy TITHIG
L. Zh6IE MY B OR/NEAICZR Y, $£72 1 DD Rol(Region of interest) {ZXfIi L Tu»
b, EREBOF = o N=05DfEF1E 16ch 41 ASD 2 /4L Cai A S5 2%, 2@ 16ch 139
Ty F— 2236 L T 50 Tk, 344 8Tl X5 PS-Board LT, 77 % —
DENTEH L THRbh b,

=16 x4 =64

201 E
M= Sub-sactor < 12000 =10
% x
4 & % 4 }

Tt o | § 114

.. i 10000
126

8000
=146
153
37 =172
Sub-sector =183
= 37X 4 =148 =192
4000 n=203
=216
=240
2000 =270

L L L |
o 16 9 12000 12500 13000 13500 14000 14500 15000
7 Slisetar KHAO51V01 Z (mm)
m z 4

[ 3.5: TGC A7 % > kD45 ¥ 3.6: TGC @7 A Y5O 5H]

% 3.2: TGCHALE L F ¥ VRV

M1 M2 M3 I total(2side)
Wire 37152 35804 34512 2856 220448
Strip 13824 16896 16896 3072 101376
total 50976 52800 51408 5728 ‘ 321824

SAY A RIZLHC b2 NE ENS R E KEEHEAY oFAICH M. C YA Rikz o,
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magnetic
field

Y, | nteraction Point

3.7: pr DHE DT

UK — DN D pr OHEIZ 3.7 I1RT & D IS, pivot B & E— LEZL S 2 5 S E R
RAS ENETTh T

ZRUERL L U C, middle RO triplet F = >N — T ORI FoR iz &
LEWETDHZ e TiTbivd, F72 low-pr ICBL Tld 3.4.4 HiTikX % Slave Board ASIC
¢, High-pr 1B L Tl 3.4.5 Hi Tk X% High-pT ASIC LT T b, Slave Board
ASIC Tl¥ middle & O pivot 2> 6 OfEH % b £ 12, High-pT ASIC kTl triplet & pivot 7> 5 D
Bz b LI, RAM, ¢ FHTNTNhDI 2—F v OABDE, 6R,6¢ 22HMT 52 LI1CkY
pr ZWET 5, PS-Board,high-pT Board | T % 5217 7245513 Sector logic ICiEH, 22
TIERHIA. ¢ FADEHRBE LD SN, 2 VT 20, pr BEZ & DHIEIYTRDNS,

Ra—FUide

A FOVRESITHEARMNICIE ¢ DB OB TH B2, EEIE R HOKS bEET 5729,
HrENC b T ons, 2079 ¢ HHRIDEN 6¢ bikd B RENH 5,
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34 MUA—RAILIMOZIRA

3.4.1 =

X 3.8ICTGCOLVLI L7 k=7 2Di{ih %y, TGCHH5DFHFIEE T, ASD(Amplifier
Shaper Discriminator) iZ & - CTHilE, #JE S h. RE D PS-Board L Patch Panel ASIC T% A
VTP, LHC 7 ay 7 e oRNE 6, F=2 o N—FREEZF L7 ORI ZEiE L Slave
Board ASIC ICA%. doublet H Slave Board ASIC Tl&, 4 J&»* 6725 middle,pivot F = >/ /N —
MOEDEFEY LT, A T Y ANEMMTIRPN, £ low-pr DHIEMTRDNDL, —.
triplet i Slave Board ASIC Tl& 3 &M 56725 triplet F = U N—5DfFF%2 b i, aAf v
T v R Z 1778 D, F 7z Slave Board ASIC 121X LVL1 H@EMNH 5 £ TOR. E5EHREITA S
Ny Ty —=HY, LIA(VXV1 7277 N) OHEND VIRE. LIA 27550351 &
N5, Slave Board ASIC OIREX® high-pT ASIC Tl triplet 2*6 OfF5 & HH¥ T pr HEA
17724, IKIT Sector Logic IZ£ 615, Sector Logic TIE R G, ¢ HIDIEHREEHE T, pr
DHEMTb D,

3.4.2 ASD

ASD(Amplifier Shaper Discriminator)board 137 = » N—{lilAICER VT 6 b b DT 1F v
TTCAF % IV OMNIEELT2 D ASD Fv T 4D SRR E NS, ASDIZF =2 =56 D55
ATHINE, BB &7, ZhE Patch Panel ASIC 1335, % 7z 2 OB OBEFERE A PS-Board
oS b, £72 ASD & PS-Board IR DORENENE L D20, ZOMDT 5 KX
IWISEL et 2B B L T, 6 ETFEM 28X % LVDS(Low Voltage Differential Signaling)
25 %%5, 72 ASD IFERRDIRIE. ZWD-DIcT A MESZH TR LEL., o5
{5 ®D MU H—1% Patch Panel ASIC LV ZEYH SN 5,
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wire
. —ASD
pivot
doublet
——ASD
. —IASD
inner
doublet
—ASD,
—ASD,
triplet
—ASD,
—ASD
strip
. —{ASD)
pivot
doublet
——ASD
. —{ASD
inner
doublet
——ASD
—ASD
triplet
—ASD
—ASD,
El wire
—ASD
—ASD
El strip
—sD
—ASD,
Fl wire
—ASD,
—ASD,
FI strip
—AsD

3.8: TGC NUH—Z L7 hra=r Z2DFEh

1

1

)
]

32!

32!

32

=)

>

Patch Panel
BID
BID

P BID
BID

Patch Panel Wire Doublet Slave Board
3/4_Coin. Matrix
BID,OR
BID, OR WireHigh-pT Board
i L
BID,OR U\: H
H-Pt Selector
BID,OR
Wire Triplet Slave Board it L
213 Caincidence UL "
BID,OR
H-Pt Selector
1 BID,OR
BID,OR
Patch Panel Strip Doublet Slave Board
3/4 Coin. Matrix
BID, OR \
BID, OR F Strip High-pT Board
YT_ L
BID,OR “: H
H-Pt Selector
BID,OR
o L
—~—
BID,OR
HPt Selector
BID,OR
Patch Panel El Slave Boards
BID
—o
BID
Ly
M
o |
BID
%
BID L/

+l!+—1
==

CTP
A
— | Sector Logic
R- ¢ Coin. _
Hits Selector g
O
=}
=
KTR001V02

[X|ClX Patch Panel & Slave Board 235l| 2 1C®H 523, TNl 1 DDR— K ,PS-board TEIHINB Z &I

7’3:‘9 7‘30
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_ PS-Pack

Service

=
.

Board

3.9: ps-pack DECE

3.4.3 PS-Pack

PS-board \HMEFD ¥ A I > VT % 4775 D Patch Panel ASIC &. 2 A ¥ F v A 24774
9 Slave Board ASIC #f&iE T 5K — KT, H3.9IITRT LIITF = N— &R T triplet O
. &0 doublet OMEICERIE S ND, 427 % > MEIZ 3D (1/24 TGC Wheel®iZ 1 D) fRiE &
. triplet ] Tl 1 2@ PS-pack I, 52 {f® Patch Panel ASIC & 23 {fl @ Slave Board ASIC
EH S N, F 7z doublet il 1 DD PS-pack IZ 76 {fl @ Patch Panel ASIC & 36 {E @ Slave
Board ASIC ¥&# s b, T 6D ASIC 1& PS-board LICRRIE & 5 & 61T PS-pack IZ1d. Zh
S5Oy va=r A0l %1772 D 728 D Service board RIE I N5, H»6 b HOMNE LI
PS-pack LT L7 ba=2 213 TGC OMIEICRIE SN L -0, BOMEHERE T ICE» N5
Zeilked, TokD, Ihoox Ly ha=y 2, RO S8 %2, a7 A b
THZLAROOEN, £l TNIIKT 2 TRPBEITR S, HUERRoEICE L T3 3.4.9 &t
N5,

5TGC Wheel 1Z 1 BOMAEICKHB INZF =2 NN—DZ L THS,
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ServicePatchPanel

TestPuIse
h g:*' BCID
EEE .

Test

Apea | IKGE
V"""" e BCID

Power Supply

i
|.

10 to next board

3.10: PS-board OH#ERK

3.4.4 PS-board

e PS-board

PS-board® DK % X 3.10 127", PS-board OFEREIT K L TEFLHE L HIEHRH 5. 5
FUIHTIIE T, ASD DS DEFERT. 7T BWORETOY A I v e Tk
W, LHCZ vy 7 L DN bhbd, KICF = U N—5REEE L 7= OR RELME &8
WL, 2o F 20, (double F = A= L T pr HIE BT D.) D%, £5
1% high-pT R — RiZli}E SN b, £72PS-Board ICIXLVL1I Ny 7 7 — i 65T,

L1A 2% VIR, BHEFAMSh, 2% -2 A v F (PS-Board 75 D55 &2 KR THE
FICAEHT LR — R) Ik 6 s, R TIE Service board(Service Patch Panel)
26D CAN 7 h a2V oflfEfE5 %, LMB(Local Monitor Board) 2332tF, il 4 & ASIC
O 21772 2 72 @ JTAG 7 b )V ORIENE 52 T8, £7- 2 © JTAG OHflfEE S
JRC(JTAG Routing Control)ASIC IZ& Y, PS-board DN D% ASIC IZH RS hb, /&
ASD x5 e LT, 7 AV AZ I THEE. BUEEREORE. BIROME OBIEN D 5.

e Patch Panel ASIC
Patch Panel ASIC ETCIEEIL, 0¥ A IV I NV T (E5Z LHC 71y 2
IS 2.) 21775, ASD 5@ LVDS 551X LVDS L'y — " —ic & U TTLAE I
ZHEh, Y TF ) BOKED Y A I 2 U %X, BCID(Banch crossing ID) [HIE&IC &
YW LHC 27 vy 7 e S, HihEdhad, £ ASDICATT R VR EIET LT

5PS-board 1Z Patch Panel Board & Slave Board THI4 QIR CRBEIND TEL ST b DM, 121870
Th5,

"CAN(Controller Area Network) 1 /VFRAZ —DY Y TIVNAAY ZAT L TC, 7 KLV ADWEEA L, #EME
WHFEOT TRy -V 2EMEL. REMUBZOHMIIFE2A TRy -V 2RI EWEIDEROH TN AVTH
5,

SJTAG ICBIL TS 4 T TR &R R 5,
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Z RNV ARBROEE ST SE, ZOTF ARSIV ZAOEIE., ¥4IV FIFRET, bR
EEY JTAG 711 h 2)uic K Y ANERA & HlfEIm]BE T & 5., Patch Panel ASIC IZBHL Tl 6
ETHEMEZ RN,

e Slave Board ASIC

Slave Board ASIC i Patch Panel 226 D5 %2 %IF. A >35> 2403, (doublet F = >
N=26DFFICEL TUdlow-pr HIE) 2177295, 2 6 ORI triplet,doublet,wire,strip, EIFI
&2 DIIEANAEEC 72 5 A8, Slave Board ASIC CTldzh b % 1FED ASIC TEIIL., i
Tk OBREZYIFA TV, £ LVLI ANy 77— & LTHE 128bit D A EY Z{iA.
LVLlaccept IJo CTCZ N e A TR 2f#k Lz, 727 —TWEBRER L7 A IV
TOINERIET H7280, 1/2 7 1y 7 B OBIENHE 2 F#5#K L 7z, % 7z Slave Board ASIC
FoREATNRTA—=2Y JTAG 72 b a il k> THIEITE S L H1T L7, Slave Board
ASICITBIL T 7T E TR 2 b N5,

3.4.5 High-pT Board

High-pT board |- Tl Slave Board ASIC #47L TX -5 T< %, doublet & triplet 2*6 DfF 5
#3), High-pT O¥E 247725, Slave Board ASIC 6 DfEFIFT 2 — RIEN TS DT,
High-pT ASIC L Cix¥EdFzhisya—RNL, NUH—< MU v 7 RTL>TOR, (0¢) ZRD,
High-pT O b v N D > 7550 247720, S ya— NLEHT 5. K3.111TR
9 & 912, High-pT Board 13427 ¥ > b gl i&iE S, FRIIMEFICEHRSIHh, ¥/ ¥ —n
Ty liIliEbhb, F—TNVBIEIC LI AIVTOThERMIET A7, 1/2 70y 7B OE
EMRREZ L TD, 2208 F X =5 JTAG 7a b a) k> THIEE 5, High-pT
ASIC ICBAL TIX 7 ETHEMZ AR5,

3.4.6 Secter Logic

Sector Logic Tld, ZNETRAM. ¢ HAAITHNIAINTEFSFEZ, 22 THOTRAL
pT DYEX4T72 9. Sector Logic IZFEIT R I A > T A, Truck pre-selector, Truck-selector
MO I NS (K3.12), High-pT 26 DEFIXET T 22— R &N, ssc(sub-sector cluster(R 57
M 2D, ¢ HIANT 4 DD sub-sector DIEFE V) 412 6 B (high-pT,low-pT TZHZh 3 B
D pTHEITRb I, 1trigger secter 43 (Endcap D& 19ssc,Forward D58 8ssc) DFIEDS. 6
B D% pr IHIET 5 6 DD Track pre-selector 123E 615, 6 2D Track pre-selector TlidZH
Tpr ORERNAIC 2 DD OFR I N, 5112 N T v 7 BREBD Track selector 123% 615, Track
selector Tl Z O 1trigger secter DH NS pr DK EWR 2 D% EA T, 6 BMED pr HE & AETHHR
% MUCTPIIC%%., (|X3.13) %7 secter logic 1 FPGA % fifi > TEI &, High-pT Board 7>
57 —7NRICLT80m iz, =17 k=2 % (USALS) ICFRiE I N5,

3.4.7 MUCTPI(Muon Trigger Interface to CTP)

MUCTPI iZ Sector Logic 7> 5 @ trigger sector D&% & 212, £ 72 RPC OfF#HR L Hb T,
Ra2a—F Y NI H—ORRNRHEZITROWHTH L, ZOFEFIECTPIZESNS,
9Slave Board ASIC »*& High-pT ASIC ~NIINLE R & MEBEBEMFRINES N5 AY, High-pT ASIC Tl 72D

Slave Board ASIC 652 HRENH D, £z ASIC DA O VEITITRARDH B0, ZhbnTF—4%
T a— KLU bit Hz2wo LTimEshb,
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MUCTPI
~90m G-LINK
Sector Logic (U \Ifi?gE-)PT
Jﬂ~ 15m LVDS
ROD/ROB SSwW ],7
LDM PS Pack PS Pack
SSWB(50cm»300cm) (50cmx475cm)
USA15 PS Pack
EI/FI H
M3
UL M2
M1
KHA002V01 U XA 15

X 3.11: TGC b UH—3¥ A5 LDFLE

SubSector Cluster (SSC) Track Pre-Selector (Pt=1) Track Selector
1(hit) #1 10 Pzl
(g 9 =L ) -
# (@2 -
h t1 .
; f:a:e pis [ ) “_}ffelea) 1 (hity —"
#19 43" 3 —lees | A2 3
G2 i — 0 (select)
> rl
pres [0 s s —lo ]
3 5 |5 - )
Pt I:
3
Pe5 E: #31 o A - -
#i9 (select] }?62 - -
" Piz6 _/; (apt 5 2nd.
" I——-- i TP
#19 #;19 3 8
i (i
12
(select)
[y
(P=1)
3.12: Sector Logic D7 1 7
Trigger Sector (End Cap) Truck Pre-Selector  Truck Selector
SubSector Cluster(SSC) 1 candidate/SSC 1
______ . #9 1
Iy #18
1
! #Hl | 3
SubSector ' ' 2
To MUCTPI
3
4
5
# — 1
6
RI19990705-2
> - . i
3.13: Sector Logic DA D723
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3.4.8 AAIVIHE

LHC O\ FEZe5 %13 40MHz, AT 25nsec TH Y. TG EDRFRICHIE TS & 7.5m
2% %, £72 ATLAS BB OEENATm E KEWZ e 2EZX DL L. HDHNVFHEEITL D AR
SNTRIF RS2 @8 T 5 LV bENCIRON Y FEENRE 52 2i1ck b, 20k D REBN
FAI VT TR DNV FHEEOH, ZRHERR OME FLBRD T NA ZNF3E{ N 0 F1#28 % 1EHE
WSROI 24T 5 B H 5, £ EERBICILTRBIEOERNH V., 55U
RITIRD TNA RI TS 2Z B L (RS NLLENH 5,

TGC MY H—=Y AT LR, S2a—F YD TOF, TGCOF¥ A LYy F— (TGCMWI a—F
VERTTIOHESERNT 2 ETCORMOIES X)), BOESEREERENH Y, 51
BAEEDRAEIC 725 LHC 7y 72 3T NA ADEZFRCEET 5 L TOBOIEE > E L ERT S
RERHDL, CNEDFA I 7E30 HLALEDF v VRV 60 5BEEBROETF v ¥ RIVBICE
HDTHDL, TGC NI H =V AT AL, ZNSDF A IV T OFBEITR D Iz DITHELRD

ERIBIEMS 2 L T D, S TIHZ0X A I U ZFBICEHL TGN,

(A) (B) ©
o o 11 ]
(A) (B ©
(i) muon passage @TGC ." || " || "

signal timing distribution
(iii)  @ASD output

B signal timing distribution
(iv)  @PachPane ASICinput (AN BN (O [ N[
(@)
(Zr) . LHCCLK | | | | | .
v Patch_Panel (input : : : : : :
T @Petch Pael (oput) . 1. R o I R e e S e E
8 LHCCLK : : : , , ,
5| Vi)  @Paich Panel(after DLL) | 1
&
| (Vi) Patch Panel ASICoutput . __
% (viii) Slave Board ASICinput______________ ' I. A I. ® 4 ©
< \ ' | ' '
Bl 0 @Swes (L L L
§ (x) @SlaveBoadASIC | | JS S N )t :_L_
o ! ! ! ! ! !
g Slave Board ASIC
O| () efterphaseadiust (A) | B) {(©

3.14: ASD /5 Slave Board ASIC £ COEFDHA IV TF v —h
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Patch Panel ASIC TD4 A I %k

Patch Panel ASIC &, RIAEBZMNE DN FHEIENSRIZY DIRODPEIET D840 T Ed
WETH A IV VHEENRERES TH 5, {5573 Patch Panel ASICIZR2 £ CITIFLATD & S
THREESRENEZOND,

o 3 2—74>® TOF(Time Of Flight)
e TGCOI ALYy H— (TGCHI a—F VRTINS EFEMT ETORBDIZSDE)
e ASD, Patch Panel ASIC [& D FECHEIE

ZON, Ja2a—7F 2D TOF &EHEIEL, Tt TREZROME & BiESE T A
RY MEDZ A I VT OTNITERHRLD, TGCOZ A LYy ¥ —1ETCC DRt 2 AT
YRRz L D12 20nsec BEDH V., ZHEI 2 —F VD AGNE (ZDOAELITT A PRIO & DE
DMEVIEIRT, EDF ¥ U RIUMEVIFIRTIIRY), AFICKS TRERL LD, ZORR
DIESDEFIA RV MRICER D, & o TNV FOFHINEZ D 20nsec DA% P & 5 2y — b
TITR O BERH Y, Z D7-% Patch Panel ASIC 1L, VT F B ORETRBEXFHTE 5
DLL(Delay Lock Loop) Mg 2ME# S T 5,

X 3.14 D (iv)~(vil) ICZ D ¥ A IV IFBORF 2T, D (i)~(iv) 13IME 5 BERFE O & A
VT ONHERT (EBOWIETIIRWY), (iv) D&k D20 Hi% b > T Patch Panel ASICIZ A
TLBEFE. (VVOEIRIAIVITDI Oy I TAYFHNEITRD & %2175 7y
I DOLENY) Ty VIHMEFORIHEFATHROD T, IELIANAVFFI SR, 72 TREEN
BrfioT, (v) 020y 2 25500 MEME (vi) DA IV ZETTETI LT, IELAANY
F#HM %4772 5, Patch Panel ASIC O (vil) o & Dz vy ZICEPL 2E5 T, Zhik
Slave Board ASIC &6 5,

Slave Board ASIC,High-pT ASIC TD&# A I VU

ZZTCoIAIVITRHBOEBD 10T, e EhE
RFebray 0Ty YNERLGEIC. LT D | l—l
THb, MI5IGRT LI, Mo Input oL T oLk L
TIO9vF2THLE Input DTy JICKLT, 7y oD
Ty VWL TWD e, DIVRIAIVTDET, H A W
NDEA IV INBRLEGEND S, BIAENO Input 2 outt | [_7
CLK2 CIvF¥ 5L, WHIOUT20&I %525 B ot [ ] |
DF % Y XNVRET, bFMcray 7238, CLK1 D4 I
AIVTTRBLE, HOZOUT2D L D17 >TLED, Z X 3.15: 1y 7 LERDOT v UM
NITHALT H72, CLKOFWY Ly PV TTvFaenitd HBR2G5H0IAIVTFr—h
RETHRERDSH, K 3.14 @ (vii)) DF¥ A I VT DEH
Ik LT, Slave Board ASIC ED 270y 728 (ix) DFAI VT THIEE. 7By 7DEDTy
TTCTy FBDPEPBIRIEEICL D, HO (x) OMNWNIMEFE2—Er7ay 7O TRy VT
Ty F LIRS, IRV PDT 9y FePIGEEOLDTHEL, FAIVIFHABOL H—D
OHMIE, T — TIVEIEIC L VAL B ESEERBEOAR—HIHALT 5720 TH 5, Slave Board
ASIC DA, pivot F = > /83— & middle F = > N— DOFiff0%E % ZE L T, BEMHREZ 1/2 2
Ty ZEAE LT, AEDIER 0~1.5 72y 7 & L7z, High-pT ASIC ®¥&1E pivot-middle [
£V bR, doublet-triplet 1D — T INVIBIEZZE L T, lE%Z 0~3.5 72y 7 & L7,
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3.4.9 WEIROIZE

TGC T V7 hr=2 2% &L ATLAS BRSSO R T ICRE S NS, 2 DDA
ORtER. BRI, HHFRERR T CORMOLE L BN RDENTHS, £/lZD
$L#E1 3 RHA (Radiation Hardness Assurance) working group 12 & 0 51 &h 151016 TgCc = L
7 ha=g ZANRE SN OMGHEITR I3 DLk D6 ND,

K 3.3: WEED R Y & LRI

SRL(10 yrs) SF1 | SF2 | SF3 RTC(10 yrs)
TID 2.27 x 10°[Gy] 3.5 5 4 1.59 x 10%[Gy]
NIEL | 2.58 x 10" [n(. 1 prev)/cm?] 5 1 4 5.16 X 10"[n 1 prev) /cm?]
SEE | 6.54 x 10°[h(sa0nevy/cm?] 5 1 1 3.27 x 10" [n > 90 rev) /cm?]

Z Z1Z SRL(Standard Radiation Level) (T RHAIC L5 I ab—Y g VORERTH L. Zefk
BSF1IESRLOY I a2 L— 3 Y D#EZET, SF2 1 LDRE(Low Dose Rate Effect) C v fit7e &
ERIENCO R VIR L 258508 RTH 5, SF3IET AL REGER oy NETEL 5. X5
A—=FDFENEZRL LD THS, F7= RTC(Radiation Tolerance Criteria) 13, SRL Df#iC Z
N DREFME T IAET, £T AL R, Zh b0 Z OIRFHIR L TLEL TEfEYT 5 2
EWRDEND, LAFICERBIHRROFZBICE L TR 5,

TID (Total Ionising Dose)

X g YIS DA T Ao ELTEL (GHiSh5ET. TGC ORE SN L5 T 10 4
[T 2.27[Gy(Si)] OFEFRIRENRIED 5T b, kL2 REIFBGHRRTE TICE & A
F A DB CHRIBICZ DRENEL L LI L T, CMOS O%&1E7 — Mcfibh bR &
VarvBRgtdbang Z e, FEEANRTRA-FPERL D D, ZDD4AIE Patch Panel
ASIC kAL 7 ZDREBRH D IC Zfi> Ty MORFRAREZ /TR 572, ZHICHL TIBET
T ZIRAND,

NIEL(Non Ionising Energy Loss)

NIEL i3 IMeV BEOHHEFIC L D 8k h o U a e 52, ToRMEE2HtsE5 Y
DTHDH, TGC DFRIE S NHGFTTIE 10 /T 2.58x10 M [n/em?] DIRFARED S TH D,
BT NA R ORINC L 5. PEEDNT A —F OB EWUET LRI L ShT
Wb, TGC L7 bua=7 ZATIIBEIC ASD ICBIL T, T oREHAEBRAMTRbh, LEL T
BET L ZEDHEPDENTND, ZNDERFEN TS S ASICICH LT, BT 5480
5.

SEE (Single Event Effect)

SEE 3 RERINEI I MRAAE T, HIEOHPFR AT L > THI SR Z S 28R T, SEU(Single
Event Upsets),SEL(single Event Latch-up),SEGR(Single Event Gate rupture),SEB(Single Event
Burnout) 23% 5. Z® 5% SEL,SEGR,SEB IF[H#AY 3 — F LEZRSBHRTH LA, TGC D
RSN HFETIFI NS 0iFl: SEEFRIFHEZ 52 ShTing 1516, TGC ok s h
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LD E AT NA ANDEETERTNE L DL, SEE @ 9 b SEU(Single Event Upset) T&
%, RN CIENHICRN S BIREIINS VDT, Rk F0@8mIc &k > TEL 5 BRE
Z OEREE OB & FREICR BRI AGEEEL R 32 2239 5 18], Ko xE ) HT
RETRBEL COBEERBRET 22 B Y, ZhE SEU LS, TGC O T o M+&
BLUSEU OMAMIIER 34D I ) ICk e o TEY 7, SEUDHIEZRDLZ LN TE 5,

& 3.4: TGCITBT B HMEFE L SEU O

R 2 VX — | pErE (kHz/em?) | Ba#E (em?/bit) | SEUSHEE (bit~lsec™!)
0.1 ~ 1keV 1 x 10! 2 x 10720 2 x 10716
1 ~ 10keV 5x 1071 2 x 10720 1x 1077
10 ~ 100keV 5x 1071 2 x 10720 1x 1077
0.1~ 1MeV 5x 1071 2 x 10720 1x 1077
1~ 10MeV 1x10°1 1x10713 1x10~1
10 ~ 100MeV 1x107! 2.0 x 10713 2 x 1071
0.1 ~ 1GeV 1x1071t 2.0 x 10713 2 x 10711
| TOTAL | | 5 101 |

Zhzebeil, TGCZLZ b= A THHWENS ASIC LG Z % SEU OHE® RIEL - T
F 5, Patch Panel ASIC, Slave Board ASIC, High-pT ASIC IZIZZNZN 1 F v TH 7=V 54bit,
843bit, 24bit D/NT A —FREMDO VI AFPEFHINTEY, 2hz b LIC SEUMELY RFEY
5

e Patch Panel ASIC
54(bit/chip) x 20000(chip) x 86400(sec/day) x 5 x 10~ (upset /bitsec)
=4.7(upset /day)

e Slave Board ASIC
843(bit/chip) x 5000(chip) x 86400(sec/day) x 5 x 10~ (upset /bitsec)
=18.2(upset/day)

e High-pT ASIC
24(bit/chip) x 1000(chip) x 86400(sec/day) x 5 x 10~ (upset /bitsec)
=0.1(upset/day)

b, EEBRPICK ASIC TSEUMKE 52 &, Z OB T L T AEFITREN R ST
T2, ZNLABEOLTOFTONBITHENR RS, ZD0%K ASIC DXT XA —FZREH D
VO ZZICIE, SR SRHENR AP EEHTAREOTRE L Tna, INICEL T 5 ECEEM%E

BB,






FA4FE ASICRR

ATLAS EBRICBIT 5, TGC R 2 —F Y MU N -V AT LDFEFRAH LIRF ¥ > 2 VL 30 )7
DB 5, 122 bE500# 2170 T L7 ba=r A3, BOBEHRERE T ICRESh S
DT, SEU 72 LI T 5 Z & DT & % ASIC(Application Specific Integrated Circuit)
THEFEINLONLEE L, Z 2 TIHKRED?S D, TGC DfE S ASIC D DRTIC ASIC
DG BFOFEICHL T3,

4.1 CMOS7otx

METAL1

METAL2

GATE /

Active

I
1
1

N-well

P-substréte
1

/
] g
1
/

‘P-substrate

X 4.1: CMOS DOWEX

4.1 12 CMOS(complementary metal oxide semiconductor) 71+ 2D Z/Rk9, CMOS
VAR, HOAR, TEBUE, RYU vy ay, REDNT VIR IR T AWEEZMENERTDL
55, bT U VRAFITIEINMOS & PMOS @ 2 f#HH . NMOS 13 p BIDOEAR | (p-substrate)
220 nBIOYEHEZ D Y. ZOMICYT — F EEEN LA Z LS ALERY VY a v oE
WEHlE L &I b, £72 PMOS 1 n BIOFEAR GBI N-well) 1 2 DD p RIOHLHE % D
Y., ZORNCY — NEFE L /&I 5, 727 — b ORIRIEZ 07 at ZofEEOM» &,
HLOIIMREEZRTHRICRY, SMd ASIC OFFHIHW S Tav 2ogE1%. 7 — MEfRiT
0.6 ~ 0.35um 1272 5,

45
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4.2 [EIFEDOFRIA

BHEIC ORGNIEICY 7 by =7 Z@BL UThbhd, V7 b Y =7 CHg 2RI 5 hke
L THBIISCTUAT O &S it otk 3% 5.

e HDL(hardware discription languege) = — K ([ 4.2(i))

TV NVAR ORI D SEE T verilog HDL ¢ VHDL @ 2 ffENF R TH 5. 41
DFKETTCIEE T verilog HDL % i T 5, verilog HDL 13 ¢ §3&% fortrun @ & 9 2R
EOEWEET., I N—F VT 5 module 23H V. B EZEFHRT 2 & 91T wire(V
AY) Rreg(VIRY) 2EHKT S, EAREOGMEEHE R, if 30X for 30T K 55471,
OB OFERNAEETH D, TV F VAR D KERSEZ D verilog HDL Cadid &, 7z
T OmEET AN 5720 A ORI Z5id L HDL ¥ 2 X V=2 X0 2 0o
B2 e CHERT 52 & TE D,

e vy MURAN (F—b U~ bidid) (X4.2(ii))
Xy MUANMI, WET 7/ aY—eCTARINSG TS TV RRITHRTLLOTH
5, 94T VICIRBORHEEPKL 7Y v Ty Throfe s, €Y a— L AN
EoLFINER SN TEY, xy MU ZA ML, FHTEIEY 2V ZN6 2SS T (Y
REORT S, /2%y YA HDL SR & [FRRIC, HDL ¥ =23 U—% —IC & D EfE& ik
T BHZLHIRS,

e Schematic(ImIE&]) (1] 4.2(iii))
Schematic IC & A FLdRITFIC T S FHEgEoOFERICHW SN S, Hiko CMOS % 3I25dd 4
5, Schematic IZ X VEddR S N/z[mEgIE, 7Falmgs oIV —%—dDSPICEIC LY, #Z
@@Eﬁ@éﬂ’ﬁ%ﬁﬁn 5 Z &M TE S, Schematic itdiiC LA 7RIS 2 I V- g
VICWEWRLOIN G VY IRATDNT A= FIFBREINDED, BEIARECERIET R & 0
BIIER SO TR,

o A7 YUK (4.2(iv))
KD IC 2T 2 8BAMES. b UV RFERKT 57— M RY Y ar, WELL
E2WTCORMETERL 72 b o, BKINICICIE, 7FHuay, FUZLLTEZ ok TR
BRIBZLicmb, VAT Y b e LICT SRS R SHIE R 2 8L =7
Mgy 23 L—3 g YOSEIEICR D,

REITIE, 26 DRIEERB % 5 72 ASIC RETOFIEZHHFITEN S

WS ORAF DBRMDRPNEEHOIET, BREITIZ OMEICHHT S, Liz7av ks TEESNT
W55 — b ORIE TS O%EE 0.6um 5 0.35um TH 5,
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- N N
nodul e seu_regi ster(CLK, TCK, TDI, TDO SEU, TRST, tap_state, nodul e dunvdf fr(CLK, D, QV, SEUF, XR, XS);
SEU_count _RESET, SEU_node, SEU TOTAL);
input CLK D, XR, XS;
input CLK, TCK, TDI, TRST; out put QV, SEUF;
input [3:0]tap_state, SEU node; wire Ql, @, @, VL1, VL2, VL3, SL1, SL2, SL3;
out put TDO_SEU,
i nput SEU_count _RESET, SEU TOTAL; dfbrbl regl ( .cp(CLK), .d(D), .q(Ql), .cdn(XR), .sdn(XS));
reg TDO_SEU; dfbrbl reg2 ( .cp(CLK), .d(D, .q(Q@), .cdn(XR), .sdn(XS));
reg SEU_count; dfbrbl reg3 ( .cp(CLK), .d(D), .q(@), .cdn(XR), .sdn(XS));
reg shift_reg;
reg condition; nd02d0 VOTEL1 ( .al(Ql), .a2(Q@), .zn(VL1
nd02d0 VOTEL2 ( .al(Q@), .a2(Q@), .zn(VL2
al ways @ negedge SEU count _RESET or posedge SEU TOTAL) nd02d0 VOTEL3 ( .al(®), .a2(Ql), .zn(WL3
i f (1 SEU_count _RESET) nd03d0 VOTELO ( .al(VL1), .a2(VL2), .a3(VL3), .zn(Qv) );
SEU_count <= 1’ b0;
el se SEU count <= 1'bl; nd12d0 SEUL1 ( .al(Q), .a2(Q@), .zn(SL1) );
nd12d0 SEUL2 ( .al(@), .a2(@), .zn(SL2) );
al ways @ posedge TCK) nd12d0 SEUL3 ( .al(@®), .a2(QL), .zn(SL3) );
i f (SEU_node[3] & (tap_state == Shift_DR)) nd03d0 SEULO ( .a1(SL1), .a2(SL2), .a3(SL3), .zn(SEUF) );
shift_reg <= TDI;
else if(SEU_npde[ 3] & (tap_state == Capture_DR)) endnodul e
shift_reg <= SEU count;
al ways @ negedge TCK)
i f (SEU_node[ 3])
TDO_SEU <= shift_reg;
\ endnodul e /
(iysamplefilein verilog HDL (if)sample file of netlist (gate level description)
4
35.6250/0.6u
P2
6.0u/0.6u vGs
P3<1:2>
E 'i 18.00/0.6u 7.125u/0.6u
N2 P6
v 14.3u/0.6u 14.3u/0.6u 7125006
P4 5 12500.6u
21:075““‘ 6u 21.375u0.6u E’ —|E' 7
1NPUT,.—|E> al—l 1
INPUT OUTPUT 7.1250/0.6u
P8
VG
ik -
7.20/0.6u 7’fr“/°’5“ 7.1250.6u
10.5u/0.6u L| 'J 10.5u/0.6u NS ! Po
No N1
N
(iii)sample of chematic diagram
R Vs -2 () Helack U [ TR Uists MEUZS Gk Hoder* 4
laok  Lezmin mdowe Creatd Lt anty Hisc Hedg

- howes . Later feick
- FOMI1. aT. M TWSE paink a7 Mig Fuer;

[i=iditafiaHeifaHaHal atlal - {4l jaJo Te e Hatfatla el |

8, Eag-up Ke L, acyls LOT it

(iv)sample of layout

X 4.2: [A1E&DFRIF



48 o5 4 ¥ ASIC BA¥

4.3 BARDHEN

Analog part Digital part

Splce
Sch 5 S muIaIer 3 "
ic ayou HDL
- HDL code

f’ Schematlc Layout Cogic A i
Compiler (gate level code)

LVS (?RC
(

(Layout vs Schematic) Design Rule Check)

Placement & Iguting

( Place & Route Tool )

Production v

(‘ o —¢

Semiconductor
vender

mask layout

X 4.3: ASIC B oimh

4o ASIC B8 VDEC CRITKZRFBLER S 27 LRGHBE v ¥ —) 2@ L UTkb
N7z, VDEC 3., VLSI OHHAHBE2XET L -00LEREN AL % — T, B HE2EW
L L7z IC OBIRTHIIE. BIRICHRERY —), F—F DT 52 L hHisks, 22Tl
ASIC DBAF§ OFN % FELUCHIAT 5.

ASIC DRI 4.3 1R L D1, 7FHa . 7YV F NI TEHEAREN BWEORGERZ TR0,
WRICHEBMRZ /T2 > TR A7 VA7 M 2IEY, ZHEPEERN D F—ITET LI RNT
Tebh b, ATICKEREICR L TEZ AR,

T H)VERBDOFET GREBYVIaL—Yay, HEBER)

TYVHINVEEE T, £ verilogHDL 22 & Cidid L. @Y I =2 V—Y 3y, wHAKREZITR
WA ZRRETL T, BEDICR2TANT L ETETFv T2 T RAFICEY ML, T AR
F—vE AN, ZOIC OBWEZRIET S LD Z & 21745, ASIC DBIREICH, Zh & [H
B Z & B E A ECREEBMNICITR D, REY I L—YaviE, FTYXINVEKICEAL CZhE
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T2 b0 T, BEMEZ 1L 01C2ME{LL. EEICKHRBIRMNE OIS RS, YaI -3
VETHICFMBEEFRL /23— Rofic, BEKICANT AT - Efdd L7z — R2HET
LRENH L, T A NT BEEIT verilogHDL 72 & O#ifM72 2 — K. k% v RUZXRT, AN
ING — ’ﬂ‘f%ﬂjﬁ@?};’i%%ﬁﬁ?&?é:é:?bi‘“ééﬂ LSS A I VT OMGENTE L, wmEY
Ralb—¥aryoRicid wHEREZITRI,

EAE L L, HREOE W HDL 2— R2 EBEOMRBRFICHIC S IEHROZ L THY, 1
VAN TR EDY =BT, $T74TF VI i%@OD MR, 77Uy S
T8y Tk EDERNEEN TS, FHREOR W HDL Stk 054, B Rzn 2
ab%bﬁéwf\HDLﬁi@&%#%ﬂﬁ?é@%éﬁxébﬂﬂ%éo

7raosmEgEst (L4 79 b, ERE. SPICEYZalb—Y3V)

7FaZEBEoORENE. VAT NTT 4 BRI T 4 ¥ 2o TITR D, 1/4’7r7 NS
NI UTOAFERERT B0 — X7 )0 (T 6. RRZFERT 50T, FlabicidROEE
RIZ3ET 50, MEORWIC 2RETT2Z ek s, 2o A4 7Y MK OBEEORKR
FEE. SPICE 2 o7 FuZlggy I ab—4 2ffis TTR I,

SPICE ¥ R 2 LV —¥ 3 13, M (Schematic) R VA 77 b DT =26, FEERD/NT X —
F. B BEREZZEL UTRITVIal—YarThs, FBRHNOT — 7 0BEE. ikl 235
FONRTRA=FDREf>TTIalb—Yar&iT2), —HUAT Y NOGEETHRTFDONT A —
FITMAFHRR ORI, 8. NS0 IR Y DREPICH 2H5EAE, FERY2ZEL /-
Vial—vaVWHRETH D,

BeiE Aok

FCERGRIT T Y VR ORET TEs 7z 2y RU R R, 7FHa 7okt Cadk Lz L A
TN EEEERNR T -DORBENSE S ATV EL LIT, ¥V E 2R LICKEL T
2R L TOSABETH 5., HARINTFEARAR L T —ITET IC DA 7 VA 7 D MIFLE R
TfES.

THA 2V ORGEE

RETOBIREME, SREHEFEICTB W T, DRC, LVS & W 2T A VOREEZITH D,
DRC(Design Rule Check) 1. VA 77 MIK L TTR D MIEOMGET, W&ET 7/ ay—I<
JGLTHEBESNETFYAL V=L 2§z L TP 2HRTLOTH L, FIThFT VAT DE
PR, ok ComuNElE. BEET AR T L ORRICET 2 V- H 5,

LVS(Layout vs Schematic) IZV A 77 b &FIEE (X/zidry RYRAR) 25 MIGL TS Z
CEMERT DMIETH S, LA 77 MOFREICK Y FEM TR 2R T6855. LA47U b
FIRFIHIGT AR ESR L., ZRODBEMTH L Z & 2 HERT LB D 5,



E5E JTAGZOoban

Z Z Cld Patch Panel ASIC, Slave Board ASIC, High-pT ASIC IZBW T, IC ofl#Ef 7 a k=2
NeLTHBELTHYSNS, JTAG 7a k)L TGRR B,

JTAG(Joint Test Action Group)(IERXAFF IEEE1149.1) 1%, BT /N\A ZAONHE Y v 7 R0,
SEBBRR DT A N 24T D T=DICHRENb O TH Y, THEOBFTNAA A0 XBHULIC LY.

ST —TeBHTEREL VS EERBIDFETIE. TN ZHERZ 00D T A
MZ, KRB &5 NBBEIC R > TE 2, JTAG TR UWET 52534 212, THT A NI
PHAAL Z E TINERILT S, TS ZOWEOEMEDORICIE, 207 2 MMM ZE#HT
LB, 27 A NHMEE, BEOMBIGEELEZ L2 bR, JTAG T4 4K (X
E5AK) OfEERuCkVFIESh, o7 A MNHEBRE. T A MHROTNA AR CHEINICHE
59 Bz LINHHETH B,

TGC LY b= ATlE, JTAGDA TY a VBETH L2 —Y —EHB LV I AF 2, 2
B D ASIC NE DR 4 72735 A —F DFRERITIR D, TGC MU H =Y A7 LT RTHT
fE@D ASIC Z vy, TGC 6 DEF DI 21T 5 72, JTAG D & 5 B3P0 THEL 7
O RGN THLH, &2 TIHERED JTAG 7 b 2)LITHA T, TGC V7 ha=r 2o
T T arVVRERE RS JTAG A EZHAT L, £-3F9 XA —2DFEHD JTAG D
VY AZITIE SEU KR & U T S NS ZHR BRI ICBI L THidR 5,

5.1 JTAG Z0O b a0t H

5.1.1 #HE

5.11C JTAG ORH&EOMEZ/RT, JTAGIZEICREO LY A F & T iilflid 5 tap_controler,

instruction decoder XU, £ DV VA ¥ D% Fi A H T % ZIR T S TDO selector 26785,
tap_controler I3 tap_state(4bit) Z&/ERD LY A ZITHHGT 5. tap_state 1C1E Update( LV ¥ A F I
fiza— K95, ), Shift(LY ZAF DIEEIRD VI ZAFICY T 8T 5, ), Capture(fliz L ¥ A Z1C
T RIAL) 72 D3 B, F 7 Instruction decoder 13 Instruction register DfHIC)H U T, &5 L
T AFZIHA (mode) ZEHGT 5. MLV VASFCE S IABMN. SAABMBIREDRD 5,
2£TD JTAG U Y A F T tap_state & Instruction DDA ESHRIIGC TEET S Z 21Tk
5,

5.1.2 JTAG DOFIEE
JTAG OHIERIIAT O LA R (AT a v 2802 L 5RK) BHd,

e TCK(Test Clock)
TCK I JTAG &2 T 5000y 7 THb, TGCTLVZ ha=2 ZACi¥ 10MHz

50
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JTAG (Joint Test Action Group)
IEEE 1149.1
Y EE »X
e Boundary Scan Chain /) T g S e
> v
g BSCr g b
L
| nput BSCr _ Output
Pins BSCHs Core Logic Pins
\F—HBSCH~ — .
-

! tParameterA R Parameter B > ™
User defined > B
Register A ‘_' ) D
p-| User defined » 8

> Regigter B [ - 8 TDO
——{T= =3
§ ] -’% ~ Register I . E

TDI -é é > Instructi:n Register f— .
_J | Instruction Decoder i {
TCK :B
TMS > TAP Controler Shift, Update, Capture DR

5.1: JTAG 7a b 2 )V offEE

FEED TCK %5, TCK O LMY Ty VCREIL Y AT DT —F5He YHOT Y y
771y 7 (Shift register) 237 — # ZHL VY A%, F 7= tap_controloer DIREAEBR T 5., T
DLy VTEHZEIHL I AZ DT —F1a— N VY A% (Update register) 2357 — ¥ 21— R
5,

e TMS(Test Mode Select)
Tap state DBBL 2O L, TCK D LR Ty U TicENd,

e TDI(Test Data Input)
BT —FVIRE, NI FY = 2% % YRVICRET HEIX TDI S5 AN T 5, £/
NEDOTF—HIETCK O_ERY Ty U THRAMAEND,

e TDO(Test Data Output)
BRETFT—H VI RE, NI UFY — A% % EIVISEHRET B#HIZ TDO 2 65 AT, TDO
DMEIZTCK D FY vV THED S,

¢ TRST(Test Reset)
tap_state # 1 7 12 v 7 (TCK) T Test logic reset IC9 54 7> a VOl TH 5, TGC
TV7 ha=s ZATELTO ASICICZhEHHT 5.,



52 ¥ 53 JTAG 7 k)b

5.1.3 NUVHY—R*¥+ T (BSC)

a SL1=mBSC & Shift DR
EN1=mBSC & (Shift DR + CaptureDR)
EN2 = mBSC & UpdateDR

Update reg i [modeEXTEST (output side)

D Q —

ENA ; modelNTEST (input side)
----------------------- ’ MBSC=mEXTEST

+ MINTEST
+ MSAMPLE/PRELOAD

NDI

NDO

TDI
SL1
EN1
TCK
EN2
SL2

5.2: boundary scan cell

NG HY—=2F % VT, T A NKHROMEED 10 OEBFICHY (1T 21T, ZhEzh
LT, ANl BSC 26 IC DNERIAEZE D NN F — 21— KL, ZoRZ2HEHMlo BSC T
FeRA L INTEST, £ ADllo Ny — > egmAB Lz, HlicfERoNNY -2 DT 5
EXTEST W[l TH 5L, FZh ooy — 2% BSC k-0, A LD T5679I1C
SAMPLE/PRELOAD @34 23% %, 521N F Y — 2% % V2V OB ERT,

BSC IZ AT & A TIZIER CHIEE TH 508, SL2ICALEENREL L, ASHfllo BSC Tk
SL2 /¥ mINTEST(INTEST & — ) 2%fe &, il BSC 1213 SL2 IZ mEXTEST(EXTEST
T— R) &N D, SEBFOBIERICIE, Mok Ly ¥ —SL1SL2 WZhZFh 0122y, @HE
YEH A5 51%, NDIA*5 NDO N & 08 T 1@ YV #k1 5. SAMPLE/PRELOAD & —
R EDORIZ, TDIDH DT AT —F% BSCICY 7 h&® 5 & XiTid, SL1, EN1 A% 11272
D, $8IRD BSC N D shift reg 23> 7 M LY AF =172, TCKICHEIIL CEWET 5, NDI OfE
% BSCICH VAL AT, EL1Z0ICENL# 11CLTCTCK ® k23 =y Y TH VAT, NDO
T —4F %0 —R¥5L &L, shiftregE TPFHTF—FZa— KL TEE, EN2SL2%#11CL T
TCKDOFY Ty Y Ttra—R7T5,

¥, Zho OEERERMICE D LI F A I VT T TRbN DML, I8k A TidR5, £
7= BSC I3EERH, NI X —F 2 RFEFT ML T, SEUMROSERMIRITFEHR L T
RN,

514 T—49LIR4

SETIEA VARSI I a b IRAE, a—PF—EHFRLIZAFZDRW E— K (GiAEEHHD
VYRAF) L RE-R (HALLFHLVYRAY) ICBL Tk,

A—HF—FHLIRE (RW E—F)

TGC T VL7 b=/ ZIBWVT, RW E— RDZ—F—ERLVIAFIL, FRALRNRTA—FZD
BEICHNOGNS, FMERHZH 53187, 2OV Y RAZITERT. HEHERETICBOLTORE
ENTNT A= %, ELRFTHHLENH L DT, XD Update reg 1213 EERELMIK %
WS, $LVVRAZOEE VY MEBICKS T, MIEkT A2 b R[EETH S, TN HICEE
LT3R d 5%,
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(@]
[a)
'_
| S -, SL1 = ShiftbR _
updatereg | | EN1 = (mRead + mWrite) ;J:;r S?;f |(r|1?e\(/1v)
D Q > NDO & (ShiftDR + CaptureDR)
EN, H
A EN2 = mWrite & UpdateDR
"""""""""""" SL1=Shift IR
_ | i
EN1 = (ShiftDR + CaptureDR) rZ;SthIFQW)
EN2 = UpdatelR

53 F—#LVYAY (RW E— Ra—H—L YRy, S VATFZL a2y LIRY)

IHIT, ZOVYARFIE, BEEAALZERL., MROIDICHAMEL L IFTAIZLE-RY
B L7z, MEEXD NDO 2 ANEICEL TWhEDIE, 20D ThHb,

F—ADHAHEE, VI MIBSCOBAELFEL LD BB CITRbhs, Elaf (F—FK)
1% Write mode £ Read mode 3% 0. NS II VI AFBFICA VARSI varyTsa—F—n6
2bit DofitiE 5,

AVAMSOYa VLIRS

AVANT I a Y UV ABIESit DVIAF T, ZOM[EIFA VA NI I aryTa—FTT
a—R&Eh, JTAG O VY RAZOLZERIC, dfr (E—F) 2G5 -0ICH NS, [
K 531RT LIS, RWE—ROZ—F—FHRLVIAY LELTH LA, BWEICHERaraiM
DVIAFLHERY, A VANT 7Y arTa—Frs0mPiaLIic, tapstate 2RI 5 72T
BT 5.

CDUVVAFITHSERAERE TN T 5, F 720 S 3E v fe CHIMMEIE 1111111112 L,
ZHRENANRZE— RIHIET 5.

A—-H—FHL PR (RE—F)

SL1=mRead & ShiftDR

NDI EN1=mRead & (ShiftDR + CaptureDR)

b4 F—H VYRS RE-R2—F—LIRY)

RE-RODI—-F—-EHBLVI AL T—FHRPALRFEHD VP AH T, SEUDT T v 7O
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B, B FORT A—-F2HABTOICHAENS, FBEIEX 5.4 13737 & D ICH RS
C. NDI»*5 CaptureDR @ & 12, TCK ®_EAY v ¥ C NDI OfEZE VAL,

5.1.5 /NA/NRALIRA

NANWRAV Y AT DT XA A (ASIC) @ TDI. TDO #EFNIHEL /- & Eic, £T A
AD, VIRFF == NTDHILHL, FANTF—F %2V T RNERLZDD 1bit DLVIAH
ThHs, 12D 7Yy F7ay TTHERIN, A% — IV BYPASS mode 2SA - T\ %, TCK
DENY Ty VTEHWET S,

5.1.6 Tap Controler

Select DR-Scan 1 Select IR-Scan 1
6:0110 e1110
0 0
Capture-DR Capture-IR
1 5:0101 1 d:1101
0 0
Shift-DR a Shift-IR a
4:0100 c:1100
h T ) h T )
Exitl-DR Exitl-IR
3.0011 (b:1011
0 0
Pause-DR a Pause-IR o
2:0010 a:1010
1 1
0 Exit2-DR 0 Exit2-IR
1:0001 9:1001
1 1
E Update-DR E Update-IR
(0:0000) (8:1000)
1 0 1 0

5.5: tap_state DEBX

Tap controler {& TMS. TCK %#5\J (47 a > C TRST b3 % )4bit @ tap state #1195
AT = bRV —=rTHDL, BRI TMS I U UT7bh, TCK O LMY Ty U TEWET 6. X5.5
IZ tap state DB Z/RT., (P DOEHEAT — MLDTFIZEW /1L Patch Panel ASIC,Slave
Board ASIC, Hi-pT ASIC TH@iZ v /= 4bit O tap state D, fHD 16 EFRE 2 ERRTH B,
Z Dl ASIC AN THEbDND Z LIZRND T, FNAL A TR > THELLZR,)

INEDAT— DB, HERDIILATD 72T, ZHLMD AT — MEZ D 72> DIRFEIC
BRI 500N L ZEA TR,

o Test logic reset
AT = b2y OR[KOINE, I 6FRBITEBR T H AT — h< ¥ Y OWThOREN
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585 TMS # 11 L‘(TCK%’:57B/7 FAELZ KRS, £2A4 TV a > d TRST (4
HHYUEY RN) THLZZICRED,

e Capture DR (Capture IR)
ZUIAZICBWTNDI OfER (RW E— ROa2—¥— LI 2 ¥ DAL NDO off) %
shift reg IZFt AL, BSC TlE ASICAMEBDOATI, & 5 W& ASIC D 1% 70 L, Fe*
ABETCK LMY Ty I TiTiabh b,

e Shift DR (Shift IR)
% LY A% @ Shift reg DAED TDOMDOBED LY 2 Z 127 hE&® D, 7 MEITCK o k-
MY Ty VT TRbNS, 7 M tap state 23 Shift DR 12785 72¥RD TCK O _EA3) Ty ¥
TITRbb, ZVIRAFICT—F %27 MERBHITIETMS # 012 L 72 F 0B R[E 72
Y7 h&Eh, ERICITAG ZEES 5 & 22 OIS H0EFRET D2 HEND 5,

e Update DR (Update IR)
% LY X7 @ Shift reg DfE% Update regiCT v 795, TCK DRV v YV TIT789,

5.1.7 Instruction Decoder

AVANT I arTFa—FEA Y ARNT I v a Yy LY AFOEERT. ThITEU TR L YRS
W R E2 Y, RZE5.LIRT LI BRNATV y iy e, 22— - NEERERERSIVH 5,
TGC TV ha=r ZACfiH ASIC TlI/NT Y v 7 @D, EXTEST,SAMPLE/PRELOAD,
INTEST, BYPASS(Z N 613Ny 1bit TAT U F Y =A% % VHOGRTH S, ) V5,
FLEEO2—Y - VY RFIIH L TCENT NG EERL T,

% 5.1: JTAG 0%

AVANT IV av XA vy M
EXTEST DAY= 0000_0000
SAMPLE/PRELOAD | &H 00000001
INTEST VA 0000-0010
RUNBIST T av 00000011
ID CODE T av 0000-0100
USER CODE T av 0000-0101
CLAMP FTvav 0000-0110
HIGHZ VA 0000-0111
BYPASS DAY=l 11111111

e EXTEST 4y
EXTEST #ér$rid. ASfllo BSC ClIAhWE Y oRfEZTiA L V., WAoo BSC Tl &
DONE—vEHQE Ica—RT5, Zoda— Rl —id H65008 SAM-
PLE/PRELOAD @il ko TREL THBLRLERH L, EANE Y PEDT —F OHY
A Z % Capture DRAKED & 12, TCK O EMWRY =y VT Thbhvb, £lHiherAo
F—4& D — KL, Update DRIRFED & &2, TCK DT Y v P TITiebhb,
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EXTEST 1% IC AN 0 FAR o=, T34 A0 EHEFOT A M Hh5, TGC =
V7 ba=r 208815 ASD 6 D5 A M55 % PP(Patch Panel ASIC) @ BSC Thie
Z LT, ZTOROE LR TE 5, £72 PP, SLB(Slave Board ASIC) I C/T22 218, %
OOl E T AN T B2 RS,

a ™)
BSC BSC BSC BSCH—>
mput —1BSC . BSC SC ) BSC —p O_utput
pins || BSC Core Logic BSC SC Core Logic BSC Pins
BSC BSC SC BSCH—>
U= <} = <]
T = 8 AT H— 3
{ Register A 3; { Register A 8
B | o| froo B o| oo
If E If £
Lo 99 L P
TDI Instruction Decoder TDI Instruction Decoder
T ——F o —— T ——F o ——
5.6: EXTEST % - 7AHE 7 A b
SAMPLE/PRELOAD x4y

TNA ARFKOBHEIC R B L 52T, T—F % BSCICY 7 hE® LG40, T/ AN
WHOBEZ L THH e ETY, TR EEASZ &L, ANy OREBL2HA
W3z e Hsks, %72 EXTEST,INTEST QD5 — ¥ %4 BSC @ shift reg ICE Tl v
NI B7=DICHNS,

INTEST #r4r

-7»“;&‘4}@[7\] FeT ARNTHDD, AT arv@Thbd, T3 ADNEREIEED ASIER
AEBONRET = EO - RTL5ZeBHRT. ZOBRICT NS ZAOM N2 HLZ 2T, T

/\4’20)?\]%[5@%0)72 NASHISR B

BYPASS
T NA A®D TDIL, TDO ORIC 1bit DV Y AZ AL, RWBSC R EEZBITITIROTN
AL AT ARNT = BREDL=2D DM,

a—H—- LI 2EZ s
Z VY ZZIIH LT write i B, read R H 5, A Y ANT V¥ g ra— Fid xxxx xx01
7% write a4, xxxx_xx10 D read A PICHTH, EAL6bit 1ZVI A FHITERET 5,

5.1.8 TDO selector

X 5.7 TDO 2 L7 % oM %ZxT, TDO LV Z ZIEGHIck V&L YA ¥, BSCH»

5<% TDOE5DN. BEREBICHL L DD TDOES% 1 DFBATH TS,



518 JTAG 71 b 2 )L o502

57

TDO Selector
TDO BSC

'
TDO_regA 1/

™

TDO_regB )
TDO_INSTRUCTION
TDO _BYPASS

/

EXTEST
INTEST

Reg A_WRITE

1D
RegA READ ;) J
RegB WRITE j\\

Reg B_READ

Shift IR

BYPASS

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

X 5.7: TDO & L 7 ¥ ORI DH]



58 ¥ 53 JTAG 7k a)u

5.2 ZEAREMDR

_C @
1 ANAND
OF _C_so_\\ NAN?D—D
— :— SEUF

® CNAND??
[
.- DF
e
i
CLK[>e1{ ©OF %OV
D[>—e- nl
=

X| 5.8: ZEPLERBLRIEE O IX]

ZZ TSRO ET, VIR DENREET 5 &) SEU BRI 2720 D& L
THWS, ZHPEHRIERRICEL THMT 5, 3FETLRXRE L DS, SEUTHFMF7 & os
WL, ICHDO VY AT DENRRIRENLBRTHL, TGC L7 ba=7 ZAd ASIC O, X
TA—FREMDOV I AZTCSEUBRIRLE L, ZOEBIIZTOR, ZZE2@EL WA ES
DHTIFRL, ZORDEFUHE UHBELEX L2 212khb, ZZTTGC L7 ba=s R
Tld, ZEUEHH AR EZHNLZ 2 TINISHLL TS, Z DRI ICHAD, $RL2/8T A —
BRBETLHREZDODDOVI Y, Thbb JTAG DRW E— ROa—HF—EHL I ZFITHNHN
%, (5.3 DD > 5D Updatereg IV 6N 5,)

SRR ORI 2K 5.8 1SR T, Z oML, 1bit OFEHEIOLIAZ DTV v T
Ty ) IREL. ZD3DVIARYDEHRERNTELNIbDTHL, Zhickd, 3o
VYRAZ DN 1212 SEUBRARE T, ENNIEL/2L LTYH, ZOSHPRELREE O 1%,
FHERECRRE S N D, F28UEh s L 2T 2B bIEHL. 2oL, ASICH
EOLTHOLVIZAFIZELTORME BN, HiAHT I ENHRS,

TGCOTLVZ ha=7 A LTE YATLLMEKT 1 HICHHN O SEUBSANRE 5 & BEY
ENTWDEH, FAl—D LY 2FIZ, 2[ELALE SEU M Z 2HERIZIEFEITNSHWE LT, 32D
VA TCHIIE L BT LITL T3,
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5.3 JTAGOHDLI— RZHEERTEHAIYTH

IHETHEASIC ICHEHK S NS JTAG 7ua ha)id, ThZhELPZERTH LIS
53, L AMICBEFINED SN TE 7, £/27ZD> L HDL @ik, 73y 7125 L DR
RINTETCW e, Z2THN. ZOBFRREZEMT 5720, FHRICEHWET 5 JTAG 71
NN B HEICHEE T 5 72901, JTAG @ verilogHDL 21— K% HEJIICAERTE 227 U 7~ 25
FL 7z, THIRIER VY 2 F 0, FEH, bit . A4RTOU AN EEL 2T, Z D verilogHDL D
- RE2ERTHLDOTH S, HlriE5m, EBICZ DAY ) 7 N eflis TSNz, high-pT
ASIC F1® JTAG 711 b 2 VDA,

DELAYO0
DELAY1
DELAY?2
DELAY3
DELAY4
DELAY5
DELAY6
™wW GLINK

r 1 SEU

w

w

w

Iw

w

w

™w

W W W W W W Ww w

EWVD T ANEIEY, ZDOAT YT NEILTT ST, verilogHDL OFLdM5¢ 75, £/
ZOEWELHEDP D HENTHELDOWERINLEDT, TNy 7 i THDH, S DA7 Y T |
D Z & T, JTAG 25T IC 2RI 5551, ToRRRME KEICEHEcEsboLEx
b5, 514, Patch Panel ASIC % Slave Board ASIC. & 5 W& JRC ASIC IZ#8#9 5 JTAG
b, CORZ YT NTERTLZENTES,

54 JTAG Z7OPMaNICEATDEED

JTAG 7va k=)Ll Patch Panel ASIC, Slave Board ASIC, High-pT ASIC /X5 X —4% D
BRE, AL, NI =2 Xy VT ANRITRDI KOOI N A)VT, I 2 TIIAEYE
D JTAG 78 b ajiZii, TGC V7 ha=7 ATHEIZLHLRWE—K RE—-FKDa—
P—ER/ VI RAFZMATJTAG 72 b aVoFiHEZ L7z, $/2RW E— KO —%—EHLY
ZZ121E, SEU BIRITHILT 5 /-8 OZEPGw PRI 258 L 7z, £/, ZhE To ASIC a3
TIXJTAG 72 b 2 )V oEyid. & ASIC Z L EBMNICBF SN ETBY., 202 EROBIFIIR
L 72H, 4lA. JTAG O verilogHDL 22— K%, HBJWICAERTHA2 VT NERERLI-Z L
12k, SHBDK ASIC I SN D JTAG 71 h )V BIRRIE. KiIEICH/NEhbs b oL
R cE 5,



¥ 6E Patch Panel ASIC DB

ZZTCIEETGC MY H—=VATFLITBWTE A I V7T N F %4772 S Patch Panel ASIC
WICBAL TR 5, EICZoiE LG MOESIEIC o#/BERICOWTIRR S,

> [ [ Bad [Bscl 4
> [Bx] [EF] Bod (B 4
LVDSinputs IfGth())mDUts
(t6c) > [Bx] [T Eod [Bsh 4
> [ [EF] Bod [Bsc 4
TestPluse TestPluse
B ———————————— .
to ASD Trigger

| InstructionRegister | | DataRegister |

TAG

JTAG

6.1: Patch Panel ASIC DOHSHE DRI

6.1 Patch Panel ASIC DOHERE & #ERK

6.1 1Z Patch Panel ASIC O#HE D#EZE %2 /RJ, Patch Panel ASIC I3 ASD 655 &7,
BAI VTR TR/, LHC 71y 7 A% & U, Slave Board ASIC iZ[Al) TTLAE %
BN T B TH S, 7z Patch Panel ASICI1Z1F v 7T 16 F ¥ » RNV ONIE LT,
AR ISR ER ORSHE O BE 2 b R 5,

e LVDS LY —R—
ASD 6 Of5 %1%, LVDS(Low Voltage DifferentialSignaling) > —/N—TXR{F &N 5,
LVDS | HMEEFE OZEB R DOfE 5844 T, ASD & Patch Panel ASICRE D & 512, A — kv
DO A — MVEEEOEENRH U, £EE. REW T I Y NUITHETFOEND 5 X

60



6.1 & Patch Panel ASIC DOHBERE & KR, 61

DMGHETY, IEHIE S OERENRREGHR TH S, RERIL TTLFFICEH]S
. IRBDAZEEIERIRICE SN D,

o FIZSEIEME (DLL [HIE)
AIASEIEINFRIE Y A X ¥ VO oA T, DLL(Delay Lock Loop) [FIEIC & W HH S h
%, BIEDFZEDNEIL 25nsec T, KT Z D 1/32 D 0.78nsec TH 5, DLL [FIFEIT 7 F 1
JHEET, ZHhBLVDS LY —N— RIS, VAT Y FLRADSERET2ITR D,

o NUFImIE (BCID [M3%)

PN F R BRI R 2SR IEEE 2 & DfF 5 %22, LHC 7 ay 7 L[FAif%E & 2% TH 5.
ST /A BN, EDONVFHRIC K > TER SN DR EPET 5 2 L ITHY
T5, 70y 7T 57— holEid, FEARPICIT 1ICLK 5@ 25nsec T, 1 7 2y 750D
NNV S, e, ATMEFOFERRE O 25nsec Z#A S5GEITKALT 5 7=
O, IR — MiEER . 25~50nsec ICHERTE A X2 L Tnb, ZOEA, HERL
= NOEPAFEBAD & NUFFEEERIT2 70y JIROFEEZR T L., £l
FHBNAEET O Z VAR TH LM, FH5D0F A IV ITRHBICHCWONAMBETH L7720,
55 OWERFEDIESDEEBOMA L7200, TIUXNVHBETHLICOLEADST, LATY
USSR 21T > T 5,

o T AZ O
TGCHHARD—DF v VX NVPHFEL . FH 2SR R50, BFPRTHIRNDIC
EEEHT VS LI MR S IS, ZOEDDF v RIVOIE % BN T HT AT
Mg 2B L 72, 2L BCID MEo—# e LTRESh, 16 F¥ VRV ZhZhickL
T, AT OFEORENTE D LKL 7=,

o 7 A ROV AN
T A ROV AAEEE ASD AT 7 A MEB & AT HHEK T, EERATOKA R L &
WKHOOND, TN OTEIIIAIVIFRLEEINLDTC. T A MOV AEKH
FY, ZORFEHITIAI VT2 T ) RORETHETLIZ LN TEL, 2o A3
Y IHEICE, BROYA IV THEICHG SO L FEEEO DLL [, RO 1 721y 7 Bif]
TREZFET S, FORBIEME (coarse delay) 239 5, F /o7 A b7V AL Z OIRIE
YHRAICL =,

e JTAG Y2 ha)v

JTAG 72 h 2)UEARRIC OF A NHICHW S NS DT, IC D AHSEOELTIC BSC(Boundary
Scan Cell) ZF&EL. ICWI DT AN (NT UV FY—ZXF 2 VT AN) 2iTRIbDTHD

M, TGCZLZ vha=r ATlE, TONRNT U FY—=ZAF % 5T AMIMAT, JTAG 71
KNavotd Ty a BETHLA—F—EHRDO LI RAZ ZH, 10 DN A —F OFEIC

Y >, Patch Panel ASIC TlXZ 02—V —EHRBVIAZ#E- T, ¥4IV 7FEIHH
DDA ZESEIERR OBIEEDORER. T A NI ADIRIBEORER LICHWS, ¥/-20
VY AZITIESEU KRR E LT, ZEGRENEAEDNTB Y, F7= SEU O #EE Fia i
TR DL, 2 ITAG 7 ha)vid, Ee%T TV ZIVEEE T, Kk A HDL it &
CHBE)ECENM CRET SN 5,

e La—AFE=H —
PSAR— R LS ASDICEIR,. 77 v NI 2ERHICE 2 —ARHY, ba—XE=
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=3 OWHROFELZ R T 5, F7-Z OWREOBFEEIL ITAG a b )V oA Tz &
MHES,

6.2 Patch Panel ASIC D&:t

Patch Panel ASIC DBHF&IE, 4 TNz & 5 2BIRY — NV E AW UTR -7z, 95670
vRZ, B— L%t — MEREAY 0.6pm DT I)VH AE LFwy T T, YA X1 4.5mmx4.5mm T,
FHARE R L OBIE 84 TH D, 72T T T VR, REMHIEH D SPICE XT X —F &)
WMKNS X —F1E, VDEC »SiRt2 I -0 D ThH 5,

6.2.1 LVDS LY —/3—

LVDS(Low Voltage Differntial Signaling) 13, {K&EFE OZEBH DF5HHE T, LVDS DEE M.
ZEMDOTNA ZATY T RURUBS LR LEAETYH, 55 0OERENE#ATRDONE D
WEETHSH, ZZTITASD 26D LVDS %595 LVDS LY — N—IZBL TR 5,

Receiver level
Driver level
h
>< Vem=2.2V
+1.4V
Vem=1.2V >< ><
+1.0V
BN A
s w104V
-1.0v ﬁax
> Vem=0.2V
y S

+0.0v

6.2: LVDS OfE5 L)L

6.2 IC LVDS 5 5 HEIC L B EB VANV ERT, Ko kS IfF5oH0EREIE. 1.2V 2 Hud
L, EF1VIOY 7 N&FFT. #RIE 400mV ZHHAEIC L 200mV F TEWERIAETH S, Patch
Panel ASIC ® LVDS L3 —N—TlE. 2D LVDS{EE 2%, TTLEEICEHT 5,

IR

6.3 12 LVDS L ¥ —N— X %Z/RY, [MEXH o INPUT,INPUT A8 LVDS O AJJ T,
OUTPUT X TTLEBSOHNTH S, £/ bTF YA % (NO,PONLPL) MWEE)Y > 7T, Tk
® (N3,P3),(N4,P4) WEEH ORI CTH 5, T P3O KE %4575~ NThH 5D,
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LA79D b

B 6.41CLVDS LY —=N—D VLA 7Y h&/RY, LVDS Uy —N—=37 a7 TH 579,
TUF VAR CIIER TE S & O REFEREPLTEEIN, MR OBMEICHELH5EX L, Zok
WILVDS LYy —=N=F VA 7T~ U BHERENT 5. %72 Patch Panel ASIC 0854, ICINT
BIEL TS T VXNV OEIED O[T T Y RO VRSS2 e BH Y, Zh
DSLVDS Ly —N—DBEISHEL., /A X055, TOROIVDS Ly — -k, Eif
DML T THHET 5 L DI L THALL T b,

~

YXialb—¥Y3y

o & 5 2mgE T A T AWMEFTOFROERE. IRIE. BEK. $EEREDONTX—4
EPRATCEWES I 2 b= g U RITRY, ZOEWELZHERL Tn5, K6.5ICZDYIalb—Tg
VREROHEIRT, T LVDS [E5FMROBEREOT A MEBEEZ AN L. TOEWELZHERAL /2
LYDOTH 5,
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-E_E- 35.625u/0.6u T
P2

6.0u/0.6u vas
P3<1:2>

f_i 18.0u/0.6u 7.1250/0.6u
o P6
. 14.30/0.6u 14.30/0.6u
Pa 5 7.125u/0.6u
P7
21.375u/0.6u 21.375u/0.6u — _|E'
PO P
INPUT_-—|E> <E||—|
p ——
INPUT E- OUTPUT 7.125u/0.6u
P8
VG
|
| k-
7.2u/0.6u 7-2u0.6u 7.125u/0.6u
N3 N4 P9
10.5u/0.6u I_| |J 10.5u/0.6u
NoO ‘El N1
v v

% 6.4: LVDS LY —R—D LA 7Tk

>

Wave. ol 36
R -
DoAOMID G o
DO:AD:v(output) 3—
DL:AOV(input) X_ 2
DL:AO:v(input ) *— 3
DL:AD:v{output) +—
DzA0H(npu) 28
ooy &=
i el
osaOvin) g
I S e Py i Ny B
= T 14— N—T— — N
.
RN L za
Ny h~—— e~ R
N N N—FF N
.
wan
i
so0m —| LH— =1 4 11
200m N~N——t L _— Iy

B |
H

an A
“Time (in) (TviE)

6.5: LVDS L' — NN—®dD SPICE ¥ 2 I L —3 3 v OfER
AR DHIBAD offset B, IRIFEICEAL THHDIGEZHIEL 7=,
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6.2.2 EEMER (DLL)

DLL(Delay Lock Loop) [li&l%, LVDS L' ==X, FZ RSV A MY H—D TTLER . %
J. 025 25nsec £ TT R2BMOFEDBIELZ HATHATLMBETHL, LI DR EDE
EDSH, ENEHRNTENMEIITAG DLV AT —1lk > TGRES NS,

I DLL out
/ selector

Input signal

REF_CLK

»E]
g
5]
>3]
(2]
(2]
[ ]
Y

A A
| S D G D U5 N S D WD W S S 1 SN

Detecter Pump

A 4

X 6.6: DLL [F]#& DR

DLL [Efg DB {ERE

6.6 |C DLL(Delay Lock Loop) Ml Of&E O#EZE %7~ d . B @ Input signal 2> 6 A3 h
HLIEFIE. RBROBIECVEEL CTEENGEZAONS, 1 DOBERIVIZATMESIT 0.78nsec
(0.78nsec IXLHC Z7 1y 7 OfF#ATH % 25nsec D 320D 1) ORBEEZHEZTHNITSE, 7z 32
B OBIERIVIC L VBIERZ B X 6 NF51E HEE V7 ¥ —IC L VBTN TRBEDORFRIGES
o, 1 DDBIEE VL, EIC 2 B OEGREEE 5720, 0.78nsec 132 OEFRELNIEK & /25 2%8
WY LRERTH S, Z oHmEMEEOERIE. HIEHERE VCON IC LVl S, AFmBEg 2
EENEET AL, 2O VCONICKVEHE S, /2 VCON OEEMERD H72DI, 550
BT L0 L2 FE%R, R2BOBERLVEY S —DOHEL., ZoMEIcr 2y 7 (REF.CLK)
EAHL TS, ZOREBOBEXIVE @S0y 713, BIEELVEZGBEL Thinsay »
ritic, MAHBRHESICE S NS, MARESSIE 2 oDy 7 ONHEHANRT, 32 BROBIER IV
ICEBEBIEDS, 70y 7 OFELYAZ VDD, NSVOPRHL., Z OfFHo HEgIc R x|
BEBEDF v — VR 7T VOON BEDFAFEOHEE 52 T, Fv — VR IR OH]
BUES 2, VCON DT A VKT EF v — Vo243 5, VCONIZZ DL HIZL THI
I, 32 ROBIER )V T 25nsec DEIENGZ 65N5 & O RBEICLET S, 29 LTUEEMN
WG HBIEEIVICYH, 32 BT 25nsec DIBIER 5 2 5 VCON Mg S ., AJME S I ZSEIE
PHEZLZeNHRD, 2ol E, VCON 2 5 Diffibid REF_.CLK @ A %8It Vi,
1Fv 7 T1IDODRT, 16 F v Y 2N OEFUMEITR D BIER VR L, @l T, 2o
VCON 2Mitfr e s, Zhidl >0F v TORNERTIE, FELROEIENT XA —F PRl L N
Ik > T 5,
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BIEE IV

6 SITBIE 2 VO 2R T, BIE VT EIC 2 B oERE (o N5 > VA% — PO,N0,P2,N3)
v, COHERBOY Sy RMloBRERHET 5 NMOS (Ko N1,N2) 2ok sh s, NMOS
®D N1,N2 ¥, VCON IZ LV #l# & 1 VCON 2y & E T ERME L Fh, (ROBRITER
HIR S FVNE L RN R, Lo T, 2O NMOS Tt S -3, 125601 Eb
LR (MAOMT oy RicERReshs 2 &) 12, @FOERBE LY VRRZDT EbbHZ 21T
5, ¥-AmMHE 2oL VCON ‘(“?Eﬂﬁll‘é“éa) i BEOLBY Ty Ve FRY Ty /‘(ﬁﬁT
LAAIVITEELLLTHIEDTH S,

fIFR#R 2R

6.9 ICAAR IR OB 2R T, MAHKRIEESIE 2 207 vy 7 DN Z IR T up,dn 55 %
Hh¥5, K6.7135R”7 & 912, REF_.CLK(Reference clock) 2%, DLL_CLK(32 B DBIE )V %
W L 72 REF_CLK) Ikt LT, RO & ST DNEFSAHI K2 Y, VCONIHMEL 25, %
7= REF_CLK 3 DLL_CLK IZX L T, #Bh /=D & ZiZIT UPFE5M low 1272V, VCON I3
{75, ZOENILTCT VAR E L EdEhd,

REF CLK

DLL_CLK I I

UP

DN n

DLL_CLKASERNAH [FIRzAH DLL_CLKASEhA74

6.7: NARRHIBS OB

Fv—=URTS

X 6.10 I2F v — VR TORBEREZRT, Fv¥— YRy FE MEBREZE?S D up,dnfE5 %
ZF T VCON ZHi/9 %, DLL_.CLK 28 REF_CLK 12Kk L T, #EANAHDEIZIE VCON 2 T
5 &, BAAHO & ZITIX VCON 2 T8 LD ICEET 5. up 55 ONIRE (up #34% low
DIRRE) “C:L Mo koY 25— P65 ONREICAR Y, VCON I3H % /L T VDD fill &
!F*'é:hé ¥ 72 dn 5525 ON KRB (dn#EA%hi OIRRE) Tl h 5 TR F — N260 A ON K&

12720, VCONIFHEImZN LTI v ReEiahs,
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our

; i
i &
e wn pR e aves. :q
PO ar P2 ar
CLK_IN = ’—q T = CLK_OUT
g S " F
F o 2
H g 3 N3 H
b:5t ~ E:‘ﬂ N
ol o
VCON = T ‘T
p % N1 A N2
$ s
~ ~
6.8: DELAY CELL D[l
NP
A 155 L3 156
o 0 v a |52' 1“2 . v
REF_C
v
L nona2
A 148
v
nand2
5 l!uv
A l‘9' . 'nand4|
= nand2)|
A 59
v
£ nand2
2 A 157

ow_cix A 151
N x 2 X1 ones [}
‘nond2 for2

NP

6.9: fAHERHIZR DM
v B—

L{ 6.0u/0.6u L 6.0u/0.6u
N2 N3

oNn p—

6.10: F ¥ — VR T DR
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6.2.3 BCID @
BCID [EI3& D#kE

BCID(Bunch Crossing ID) [Fll&. ASD 68427 A I V7 TEHNTL 2f55%. LHC
ray ZICESE, 178y ZIBONNVAEZRIITAEETHY. ZIANSINIEFES &
DNVFERICEVERENIZI 2 —F Db DRODERET DI LIHYT L, ZoNUF
;i ZIEL <4772 9 /=@, BCID FIRROHIBRICITY 7 F ) NS B 0BIE O 3 fE . DLL [
BPREEIND, £/2. ZOEBRISGESNS LHC 7 2y 712 b, [AREIC DLL IT & 5 A[ZSEEDS
MFend, SHICHE11ITRT LIS, FEORERMOILS D EM, 25nsec WA H5EIC
OXHALHRD L DS, F— N olE%E 25706 50nsec £ TCORETRETE 5,

ERREEEEIaL—2a Yy

BCID [ME&IEX 6.12 1R I/RT L D12, BB FTRTEhZTh2>07 Yy Iy 7L AND
FEIC L VR E NG, 205 EERMPERRK T, TROMBKIL, EBRICASLZay 7 LD b2
hiervay ZICkVEIES®SL 2 LT ENY — NMEEIERT A0 0mETcH s, LB T
BoOHEMIORMBE SN hEhD, LBEOZay 71T 5 TEROZ Oy 7 OBERRENE, §5
KT 2907 — NolEIcHcd 5, £/ BCID MEOFEOT Yy Toay To, £ x—T %k
o T A7 OMELF/- T 5, 61318, ZOMBOBEWEY 2 I L — g v OERERT,
B3 — MEREH D7 1y 7 OIEZ, 25/4nsec ICFRE L 7= (U — MEIE 25425 /4nsec) &6
DOEWERRT L DT, XHFd NDOO S NDOLICH DB L HIRFAI VI T fEFSZANLEHKD
BERERCH S, NDIO 25 NDI4 ISR TH L., 7' — b DIEIR S N7z 25/4nsec DEITAE
BN S IZGE, SN — MESMRR SN, 270y ZIREOH D EHTZ L MRTEL, 2o
X209 I DEED 1237 =4 VFFICHIHM. Zhid Sector Logic LARE DA IC K -
T 270y 7HOEEEHEIPEIPN, ROLND,

Overlap region

Signal timing distribution JP\\ ; \
@PatCh Panel ASIC inDUt w55, .4 5o i, .‘ e i

LHCCLK
@Patch Panel (input)

LHCCLK
@Patch Panel (after DLL)

LHCCLK
@Patch Panel (after 2nd DLL)

Effective gates \ \\'\ N J
o]

Patch Panel ASIC output

{
{
{

X 6.11: = h2IRLIZHEOZAI V7

B ? & 912 Patch Panel ASIC NOAIEBDZ A I VT DIEHDEMN 2Bnsec LY bRKEXWNEES, TDE
77— MEZIBRL T, BWY A IV TLAEFHID TELLIICRETESL, L2085,
TMEBIL 2CLK polez oz Lic b,
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clear
MASK — D Q D Q D Q —
from ASD — Q p p (o) §|\
|/ |/ D Q — outr
—|0-25ns delay o ¢ Qp
40MHz
CLK

Kerop sugg-0
=]

& &
=]

3 o

i

X 6.12: BCID [FIf% D[ E

NDOO

NDO1

NDO2

NDO3

NDO4

dCLKO
dCLK1

effective | | e i—ir w—ir —> |
gate width A

NDIO

NDI1

NDI2

NDI3 ,_\

NDI4

[X| 6.13: BCID [Al®» HDL & = I L' — ¥ 3 > OFER

57— MiE% 1/4CLK 55K L 72854 @ BCID O&jfE, NDOO~4 2 AH{5%5 T NDIO~4 H38 > F
HNE R TAET, BEON F L EETDHHA IV T TAS CELEFZTHL TF, 2CLK BOfES
MTHZEWHRTESD,
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6.2.4 TR BM/JLRER

T A ROV ASD IS, EBEESEH IR TH L, ZoOREHITTL O MY H—
%5F. ASD OBMEERE TH 5 50mV 25 350mV FEEDOREIRIED SV 2% M HT 5 (A2
4B . ST AMNSNADEALI VT, ABETO~3 710y 7 Ol Tl TE 55 EIE
(coarse delay) &. DLL [AIE&IC & B3 7 F J¥EEE D fine delay @ 2 D CTHEITE 5,

EFEY

6.14, M 6.15 127 A b 7SOV AR OB E VA 77 b &2RT, FEEO FBERE. 7 X k3
V2 DIRIEZPRAET 5 BRI T, 10 o PMOS I & 0 EHFE OB 217729 2 & ¢ K oiRE
EP® 5, KH o INPUT RO INPUTICILBIENBEOH S &. ZOHMHOESBENZTh AT &
hb, ZofF5%%J% PMOS @ P20,P21 1%, 7'— MEORNWNT VI AZ T, L OBRER
T2 eAHRkS, OUTPUT,OUTPUTIHERE IC DA S . IC AMEBC 51Q o #H 2/
LT, 7oy NicERShTnha,

BEvIalL—Y3 v

6.16 12, T A RSV AARRICEAT 53 I 2 b—Y a3 Vo RO—M %257, Zhit. ONIK
ORI VIR DEICKT D, TARSNVADIRIEEZ 7y hLIZbDT, bV ATDE
BN, L. ICHLERICAE LB NI A —FDIELDEIRE, BARNTIA—=FITHL TV I
V=g URITIRO, RN T A —=FBE RSN TS,
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P10

35.62500.60 35.625W0.60 35.625u/0.6u 35.625u/0.6u 35.625u/0.6u
CONTROL4 CONTROL6 CONTROL8
CONTROLO 21.375u/0.6u CONTROL2 21.375u/0.6u 21.375u/0.6u 21.375u/0.6u 21.375u/0.6u
P12 P13 P14
P11
b

o o e

18.00/0.6u 18.0u0.6u 18.00/0.6u

I‘lTl'an

18.0u/0.6u 18.0u/0.6u

35.6250/0.6u 35.625u/0.6u 35.6250/0.6u 35.6250/0.6u 35.6250/0.6u

N5 N6 N7 N8 N9

CONTROLL 21.375u/0.6u CONTROL3 21.375u/0.6u CONTROLS 21.375u/0.6u CONTROL? 21.375u/0.6u CONTROL9 21.375u/0.6u
P15 P16 P17 P18 P19

18.0u/0.6u 18.0u/0.6u 18.0u/0.6u 18.0u/0.6u 18.0u/0.6u

P20 <1:5> P21 <1:5>
64.125u/0.6u 64.125u/0.6u
NPUT. —————————————— ’—I twisted pair cable

INPUT

51Q 51Q

‘—— & OUTPUT_

% oureur
51Q 51Q

M 6.14: 5 A k23 A AE O [A]E& ]

5 6.15: A RSV AREBOL A 77 b

S
E
@ 500
=]
3
h=
=
£ FAS
<
@ 400
2
=1
o
2 TYPICAL
2

300

SLOW/
200
100
[SY < AN VAN S S SIS EVVViS AV I
0 1 2 3 4 5 6 7 8 9 10

Numbre of ON transister

X 6.16: T A K2V AEEED SPICE Y 23 V—Y a3 VOFER
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6.2.5 Patch Panel [CH75 IJTAG

Patch Panel ASIC Tl& JTAG & b a2 )2 T, IC NBPDERLZ 72 /3T X —F DFRER, N
IUEY —AX Y T ANRITIRD,

AL Z RV ESD & E

Patch Panel ASIC ICBIJ AN\ VU —2FX» Y HORIVIE, FH5OANMMALVDS L —
N—oEk. A BCID FIFEOERIC. TNZN 16 F ¥ RIVIDDORET S, %/ Patch
Panel ASIC 135 4 I U VDD DERILD T, £F v VRNVOBEZ A IV T DTS %
BNCTERERH L, ZDDNTUFY) =A%y VL, BERT I ZINVARKRTHHICY
PrbeT, VA7 TN URU»SEREL Tz,

A—Y—-—FHRL RS

Patch Panel ASIC IZHV6N 5 JTAG 1213, &E LV Y 2% @ BYPASS & INSTRUCTION @
s, £6.1LIGRTEIRZ—F—EHFOL IV AFZEEHL. FICTAZUHORE. BEPOEIL
EOEE., T ARSI AMRORIFRORER ZICHOENSE, ThE6DLVIZAFDSH RW E—
Robo (HOFAESWAERLYZAF) X, Viy MEBICKVRESNIWIMEEZ D, *
7z VY AZITIE SEU BRI T 27280, RPN 23887 5. F -2 R0 -
TSEUMRZI T, T2 L TITAG T TN TEL, {FUI AT DOFELWEEREIC
BL Tid, kB Tk 5,

VYR 4, vy M E—FR =S
MASK 16 RW | MASK
TESTPULSE_FINE 5 RW | Test pulse fine delay
TESTPULSE_COARSE 2 RW | Test pulse coarse delay
TESTPULSE_AMP 2 RW | Test pulse amplitude
TESTPULSE_VETO 1 RW | test pulse veto
BCID_DEL 5 RW | delay of CLK timing
BCID_GATE 5 RW | delay of gate width
SIGNAL_DEL 5 RW | delay of signal
SEU 1 R SEU flag read out
FUSE 2 R fuse monitor

6.1 22—V —-—ERBLVIATD—E
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6.2.6 Patch Panel ASIC OFREHIH T B TH A DAL

Z Z Tld Patch Panel ASIC #3&519 5 & TR 5127V A ORKREE. BWEMERIC O W TR
JQZQ)O

LATO MRS DRETE T A VDKREE

Patch Panel ASIC D&, E5DF A I V7B W OBEEL2FEE DD, 15 v T T ELT

29 16 F v 2N DEFOEWEREIE., FL < RTNITRER0,
X 6.17 I HEIECEBWMRC LV LA 7 b Shzmg &R, BEEkEY —vic & 5 B BECE Bk
W, TTRELRRFEZITVFLIHEL, TORICREREMEZRT & W) FETThbhb, 7
DEDEPOLRTENDE L DIC, BELROBRO SNFIINTIATTHY, F RO
HIE, ZO/DMERERNTIIE L WRIER T Y, BB S22 5 72 D ICBU KT, BUA = IE
WL T, RCZAI VT TEHESELZ L {25,

% Z T Patch Panel ASIC Tld, [FERROMPEOLTEZ VAT T M UVNAPHREFIL. £F %
VRNVETOEIAL I VT DIES DX RN D EOIICREH Lz, EhEBERNMETLZ &
WD, FERMCE, EREATE2TETH o 72F v 71 LT 1/4 DER DO F v 7 C Patch
PanelASIC I TE L2 b0, A A LI 1/21385 2 e ibh Tz,

! —

X 6.17: HEJECEEMICEA LA T T
HEJRLERRR ClE. FRTFE2 IV AICEEL. 2o LIcEAMTRbhb, %
DI=DMFEOMEIIEL . ETFERE, FEETBELR TV,

Patch Panel ASIC OfFSHREBRHRTICBIL Tl LAFITRY & D @Mlfg = e 12, KEOREHRT 2
HAEDLET, VAT RN 2iTRsTz, 2heD b A7 Y MIX LT, DRC(Design Rule Check)
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2IT7R0, A= 6526NTWAETY A VIV — Vel TZ e 2R Lz, £/, Zhoo
& & A% oM Z 5k L. LVS(Layout vs Schematic) Ik V. VA 7w h&, Z DOMIFEREA
—H T LR Lz, £, ZhOOMPFOMRERTH 5L COMBERFICEAL T, H
C& 212, DRC & LVS Z172 0T HA UMIEL W2 & ZFERL T 5,

VA7 b, mEgofle LT, X6.18, K 6.191CBCID DL A 7o b, MENEZhZh

X 6.18: BCID Mg LA 77 b

suas Do 2 o

al— — a . P
Lner 5
A FE —&> =3 L handz
P e
LA ]

s
= FENE
B | , b
o a P

X 6.19: BCID [n[f& D [AlE& X

REIC DR EZEFE A -7 FOJ ERRDREE

419 Patch Patch ASIC OEHWEDHTIC, KEOBEHE = & ICEWEMER 21772 D 729 %0#
@AﬂcﬁﬁﬁéhfwéoYfD7@%®?%\H®SVV A“\TXFANX@%L
Tu\:hif@ﬁﬁfﬁb<%W?é:&ﬁ%%éhfwf‘%E@Pm&PwdAﬁcwﬂﬁ
Tl IS OEEMERO I NZREE L FEOD OEEBHE L Iz, IROEITIX. 26 oifE ASIC
OEYVEMGEICBIL TR %, £27Fa 7Moo 5> b, DLL ML Z hvE ToRfE ASIC T.
BES A IV TDNENZ &35 T d, 4IA O Patch Panel ASIC Tl. DLL Hlg%£TUL
A7 N Tadd L. BLEETH LI ITL %,
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7T 5 )VEIREERS DB F DIREE

FICTITAG 7 haun 67257 V7 VERSICBIL T, verlogHDL OFtkicIES T, B
VIial—varEFhy, TOEEEMR LT, verilogHDLIC k5 2 I L—¥ g VEEROH
LT, ¥6.201C, TAP 2> ha— S 0B/EHEROFRE . ¥6.2112, EXTEST OB/EHERD
WREZRT, $Z0fio. JTAG ICET 55 2 MR B IR,

v U A A L
L N S g S I L] |l ]
TRST J
b = W
P F [7]6l=lF  |7|e|54)3l2[o]7 [Ele]ac]k]a °w BEREE 143 DEEEE BEGUCREE .i".-.‘a _?-‘.-.-:'\-, CEREREEER .
N A g o Y
e R 5 N i =y A e 15 .4 i M 5 15 1
ThPZ | = | fi =] e F_={l]
THP3 T ’_\—/ L U

6.20: JTAG OF A MKJIE tap state DER

TAP = b —FIiCBAL T, TMS,TCK 56 %% — > % AF1 L T Test-Logic-Reset,
Run-Test /Idle,Slect-DR (IR)-Scan,Capture-DR (IR),Shift-DR(IR),Exit-DR(IR),
Pause-DR(IR),Exit2-DR(IR),Update-DR(IR) & TAP 2> hH—5 04T ORIEL 7
DEOETOBBRER ZMEY, IELLBEEL Tn5HZ & 2L 7=,

ek [T AL A LT AL ﬂfmﬂl’mﬂﬂl’UUUUIH,I’U'Lﬂﬂﬂﬂ,;

] 0 [ | bilmy

TRST ’U
o

00

6.21: JTAG 7 A bJE, EXTEST

BSC O AN/ F — > (fof0). HHENT/NZ —> (3333) Z2REL TBEAS AT
7y a YUY AFIT71:1111.11117 2FEAH, EXTEST yicL ¢, TDO &V 2
nNofiziAliENG Z L 2HERLT-,
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6.2.7 Patch Panel ASIC2&DL A7 b

% | i ;

BEE it 5 i A b
ek 41t B ikt N
Hilit ity ] el e s g o ==
: e SITL T T | ST S| || [Ppge——
e NP ISP | ST | YRR | S DA |\ iy
iz it -
7 e s
)
2
2
el ;‘ ¥
S y - i T sy iiis
%
i .1
2 :
b=
Pl PR e

6.22: Patch Panel ASIC verQ ® LA 77 k

TN BWERRGE. F 725 WE ASIC OBERER 2B E 2 T, 7V A~y 7 @ Patch Panel ASIC
#BEFE L7z, X 6.22 1 Patch Panel ASIC(ver0) ® LA 77 b %, X6.23 12, ZHICHET ST
Oy 7 ¥ERYT, M6.231CH5EIIC2D ASICITEEICLATFICRT LI R4>Tay 7nbinb,

o LVDS LY —1—T gy 7
Blofg BB, 16 F % > X V40, LVDS Ly —N=AFiE SN b, £/ LVDS Ly —
N=E, HOF T FNVHRICELBFROES E (VA X) OB I & o, BRI
DRI DFEIR & JNLICR > T B,

o {55 LEEER
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PatchPanel ASIC 16¢ch LVDS input
LVDS
| {? ﬁ% ? {I% v %H Receiver
Signal
L ! 4 Path
1 BSCH Delay Cells MAsKBCIDH BSC >
] BéC|-[ Delay Cells MAS@BCIDH B§C}->
BSCH Delay Cells masqdeCID BSClP16cn
—BSCH Delay Cells MAsdecioH BSCJ |- 2"
i BTSC|-[ Delay Cells MASﬂEBClDH B;SC}->
[BSCH Delay Cells IMAsKBCIDH BSC >
= e Erm—
PAVAVAS Signal
Charge Delay Cells (efoLk) | D Control
St Delay Cells (BCID delay) j‘ e
Phase Delay Cells (BCID gate) j
| Detecter < —
Dday Cdls b o e X
CLK = —
] TAC Logic
TPG trigger é % é ? '8

6.23: Patch Panel ASIC o7 vy 7 [¥

NI FY =A%y VIV, BIEME, BCID M (MASK L&) MoK S, 16
F o RN DIE NI ELTIR DD, FEVEET 5DIXLVDS LYy —N—2 ZDfF
FAHIRTH B, TN 6 DEDDERRITETL A 77 b LRIk Y etk &h, FEHZTF
WKLo THELEF ¥ U RNVBDI A IV T DEZF/NIL TS,

ERER L

DLLEEEDY 77 VA7 Ty 7 5@ 5 32 BROBIER )V, (HHRHIEY. Fy—Y RV 7 £
7z BCID IS A% LHC 7 1y 7, 7' — MEREH OBIENEK, 7 A KN/SIVANYH—D
7= @ DLL [ElE&, K OT A R 7OVAEE, F 1S HERERIC A 5 ZFEHEE S oy 7 7 —
MWRE I N5,

i B [E] EB

JTAG 7 haVolzoomge., TARSUVARNYH—D 7 1y 7 BN OBIEREE D & 72
5, TAPaha—5, A VANIT 22 gy VIV RE, 2TOa—F—EHRLIAZREDN
ZZICRESIND,

ZOICIHER—2L4 DS — MERE 0.6pum DI NVHAZ LFy TDT v 2 e i THRYWEL 7z, W
A ¥ 4.5mmx4.5mm TH 5, 2L 20004 6 A1 VDECIZHHE L. 2001 4E 1 A S vz
DT, BEVEEERZITR > TH5@TTH D0, IREITIE. 0 IC OEIfERER LERRS,
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6.3 Patch Panel ASIC B{FIC DBI{FREE

Z Z TlX Patch Panel ASIC 7=912. BIF ST &/ 3FHEDHIE ASIC &, RIfi TR/ 7
ARy 7 ASIC OEWERESRICEIL TGRS, & ASIC DNEIFUA T D LD 125,

e DLL 5 Z k ASIC
DLL [ D A& fE# L 727 A b ASIC C. [HEIFEHEERMRIC K > TRFTShTnb o
T, ZL oHERE. FEEF2ESL I LICh5, i akv2E a—oxtor — NN
0.6pm D7 )VHAE LF v T T, ¥4 XF 4.5mmx4.5mm TH 5, ([X6.24)

o 7 ZET A K ASIC
Patch Panel ASIC @ 5 607 S Z g ofsy. DLL [HEK, 7 A k7L R[EEE, LVDS U
VNR—%ELTANASICTH S, HFHTatRF EEFELT T — Lo s — MR 0.6um
DINWVHAE LTy TTH A AT 4.5mmx4.5mm TH 5, (X 6.25)

e Patch Panel ASIC(version (-1))
Eido7FaZEgss 2~ ASIC ONERICHA T, JTAG Yk a)vz&D 75 A~ ASIC
Thb, a2 -2kl — NERE 0.6pum DT INVHAY LTy TTHA X
Immx9mm TH 5, (X 6.26)

e Patch Panel ASIC(version 0)
RIEiCili X7z ASIC T 5. Patch Panel ASIC O2HAEZ &L,

|

1 T A e

X 6.24: DLL AT A R Fv TV A7 K
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79

I

EL)
B

6.26: Patch Panel ASIC(version (-1))
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6.3.1 LVDS L ¥ —/\—DE{EMRSE

LVDS V¥ —N—ld, ZOEWERHED, LVDS oA 7y NEBEIKET L2 206, ATES
WX METORBEERZMEL 72, X6.2712. LVDS Ly = N—IZBT3MEERITROI DD
?vb7v7%%?oN»XVI%V#5~W6%ﬁ&ﬁ7ﬂVFt%%@%@ﬁ%%ﬂﬁb IC
DANDOERT L., HOWOBERDEFDFA IV FOELRFHIL I, ZEBESOANEICIE,. & —
Ix—Yare LT 1000 DESZERY FIFnTng, IC o AH DI LVDS 1// IN—
DI, BUHD Y — FRFMIAD Z LI bz, LVDS LY —N—HH OB /E#RE % FHEICE
52 LITHSRRODS, ANDEBSOREDHFITEY., BWEEE NN RN EEHIT S 2 &
MTEDL, IC OEEERFIL 3.3V TH 5,

Z Z Tld Patch Panel ASIC(ver0) IC#8#, L 7=, LVDS L ¥ —N—OIERR 2K 6.28 ITRT
X 6.29 127”9 & 91C. Amplitude |Z LVDS 5 5 0fzlE (ZEES 0 LRE FTROBEMEOZE) T
HY., offset 1% LVDS fE5ohO0EETH B,

ASD 725 @ Hi 1 Offset=1.2V,Amplitude=400mV TH V. HMEHRIC LS &, ASD HhD
JH Y OBEMHEETIE, Offset EBEDBEEDEWICELD, ¥AIVTITEBREL L Z TR, —
%172 LVDS OB Tl Offset ICBAL Tk, 0~2[V] DHIPACOEWEL KD 5505 Z @ LVDS
VY= N—DEf, Offset=2[V] DL TIE. Offset=1.2[V] OHKICLLX, 1nsec DEEMND %
DHTH5H, FI-HRIE (amplitude) ICBIL TIE. 0.05nsec/10mV DBIEREFE DMHE 3B 5, LA
L. ASD iZ Patch Panel ASIC O&iE & 115 PS-Board 2* 6., SHEIRZ MG S5 7%, ASD-Patch
Panel ASICRTZ T ¥ RUNNZEPEL 720, IRIEPERICENT 52 I3 EZX 615,
FoT. ZOLVDS Ly —N—3HEBRTHHAT 700 tnaiE ez L imTE 5,

' Test Board
LVDSin :
0 :
. : b4 TTL OUTPUT
PUlse LvDsin_ : 10003 OUTRU
Generator i
GND :

6.27: LVDS LY —N—0zHllo vy 7 v 7

NWVAY =R =2 =06, ¥4k A 7%y b RIROEBESEZASL. ICDAS
DEFTE. BHOBEBROEZFDOIA IV VOERUL, /2208 2D I1C DEE
BEIT3IVTH B,
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| Ivds receiver |

[ ]
Q

IiAmpIitude:

Delay[nsec]
8]
(%]

009

20

15

10

L
'
=]
in
=]
o 5

& ]
-
-
[+ ]
5]

6.28: LVDS L' ¥ —N— F 7 ¥ v NEEICHT 5 HH{E 5 DI
ASD 76 D i hid Offset=1.2V,amplitude=400mV T&H V. Z OFEEK TIE Offset DL
LIS L TEHERBERIA IV ZOTHITENZ L3905,

Del ay
Voltage ™™
A P
E . TTL out put
LVDS iﬁput

-------------- DTt

O fset

6.29: LVDS LY —— 7% v b LIRIEOES
Offset £ 1% LVDS 55 OHOEFEZ /R L. amplitude 137 OIRIEZ/RYT., £72 ASD %
5 D F1d Offset=1.2V,amplitude=400mV T®H 5,
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6.3.2 EIEER (DLL) OEH{EMREE

DLL [l 0% (VCONITHTT 5, 32 BRDBIER IV D H. X 58ERE]) Z[6.30 DL DRty
N7y T THEL 7z, 32 BtOBIERIVITIE, KD & 218826 VCON 258 L. Btz 52 5
MR bEFe LTIy 72 AN L7, JEE ICICALHERIOZ Oy 7 &, 32 BtOIEIEY
NOE#OEhray sy A4 TEHELZ,

ZE%, DLL 5 A b ASIC &, RBiffi TR 7z Patch Panel ASIC(version 0) (ZB8 L CHIE %17
Bolz, TORERZ6.31 177, DLLIE. 1C OBWEFERETH 5 3.3[V] LA ® VCON T, 25nsec
DR HZ HWETH L, € D7z8® DLL OFpHEHE. VCON 23 3.3[V] AT OFHE T, 25nsec
DBFEAE & 2 LT uE e 5720, Mo &k 91, DLL 5 A b ASIC 04, HERBWERE X
D YHEL. VOON % 5[V] £ CLITFTYH. 25nsec DEEMAICRET D 2 LI 5 7z,

Patch Panel ASIC(ver0) Tlf. = DLL 52 h ASIC OfEH% %15 C. DLL g% LA 7™
MU EREGTT 52 & T MEALFREZ 2 < L. MIKMICTHFEREORELRIT /-T2, TD/
% Patch Panel ASIC(ver0) Tld, BfEASTH2ITFE <R Y, VCON A3 3.3[V] AT OB T, 25nsec
DBEIEE L RET HFERMPEO N, Z OfERIE. 5D Patch Panel ASIC(ver0) T#I® TG 6
NzboTH 5,

/- DLL L. MAIRHES. Fv — VRV T 2o/ VCON 21y 7 T 58D H 505, Sl
@ Patch Panel ASIC(ver0) Tld. NMAHBHAR O —HEBICHURI AD3H V., T ORELTHERT 52 &
MR- 7z, DLL 7 A b ASIC 1, 25nsec Al 7 vy 7 TIEEWEL 223, 2% 30nsec
DEoFINCTE, oy ZBEEEIEL <EET 20T, MAERHRY. F¥ — YRy T oMl
RSN TWnEZ Lilinbd, £Inbld, £2TCTF VX IVEEZLRDT, Patch Panel ASIC(ver0)
DOFGHE I ZIHHFITBIET 5 2 RS, & - TREIO ASIC BHETIE, 5647 DLL [l 05
AR CE 5,

Petch Panel ASIC | |

CLK %2Dday Cells| | |
LQ_._<’ ’ >—{>o—>o—>o—>o—>o_ ----------- o—+-¢ Delay Cells Output
DC o ° Py Py P - I :
AnikkiiE il
supply b . L L L 1 P

X 6.30: DLL Mg oFt2 e T 57200y v 7y 7
HERH S VCON o FBFEZREL T, SBIEX My 22 AL, HAOBIERR D
WE 21770 5 72,
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DLL

Delay[nsec]
(=]
o

5
(=]

IIII|II|I|I||I1IIII|||II|I|

DLL Test ASIC

30
25nsec

20 - i :
PP-ASIC(ver 0)

10

0.5 1 1.5 2 25 3 3.5 4 4.5 5

nD

6.31: HIFEEE VCON Ihd 5 JR I S

IC OBEBETH 2 3.3VUUT Ty 7 O 25nsec LV b, /INSZGEBIEIC 6 78
FUE2 6720 A%, DLL Test ASIC Tl FEI{EASELY Y, Patch Panel ASIC(ver0) T
. IhSEESh, SEREETEET 52 &% 5,
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6.3.3 TR M/LREROEVEMREE

X 6.32 125 2 h SV AR OBIERBRIFT 720Dty v 7y TERT, BIUSRT & I200
AV =3 V=2 —%BL T, ASICICTTL DXV AEZ AT L, HIioZEBMES 2HE 21T,
F 2N O¥EIE 50Q OEHTE AL T, T2 RIZEL Tnb, 7 A MOV AAEE ORI,
F A R 7SOV A DZAEMNT B FERRIC 500 D2 AT 508, ST oET O A 26> THlIE %
7720, IRlEZ Z OWEMD 1/2 Dffie L7z,

' TestBoard ____ ... ...
: : Patch Panel ASIC ! 5
4 TTL input ' ? Test Puise
‘:’ \/l é Output
Pulse ' : Testpulsel | ] :
Generator ; R generator.: 3 2 50Q:
4 GND [ l i

6.32: A MV RAROFOE Y bT v T

NIWVAY 232U —4 —%BL TASICIC TTL @25V A% A L. HhoEBHEE 2l
EL7z, £MA0uETIE 500 0z N LT 792 NIEL s, TA ML
AAEE OMFEFRFCIE, T A M2V ZADFZAEMNT B [FERRIC 50Q OEfLZ 1T 205, 5E
SRR DI D i > TR 21T, RIELZ Z oflEEo 1/2 ofie Lz,

| Test Pulse Generater |
;300

250

amplitude[m

200

150

100

50

P ISR AAFEITE IPSPITI APUPITIF IEPEITE ITEPFIT PRV IFRPAAT AR

o
-
N
w
I
o

7 8 9 10
Number of on transistor

X 6.33: 7 A& h 27OV AAR BAL 72 CMOS OFEEINT 5 BE O

HERER (F ARV ZMEEO ONIRRED k5 v ¥ 27 oISk T 2HRIE) #X 6.33 1R,

HEEMNLDDRIZDIE, DN 2bit D VI AZIC LS THIEI SN S8, 4 DDIRREL 2
HETERODLSTH D,
T A ROV AMERICIE, ASD ORELA EOFEFET 3 BfEORIETH AR T 20 ) . ZRBH 5.
ASD OBMEEREIIH) 50mV TH L DT, Z DHEDFRTIE, TOBMEEENS. T D 5 E5REE
DIRIEPEFE SN Z B, ZHITNICZDEREZEZTOOTH S, F-IREIC K28
£ A4 I 2 702N S L, BAIRIE & f/MRIEOS ST, T AR SVAOH D5 A
VT DFET02nsec LFTH S Z & ZHERAL 7=,
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6.3.4 JTAG 70O b 2L DEYERREE

X 6.34 12 JTAG 71 b 2V OBWEHER % T 570Dy N7y T%RT, MO & 912 PPG(Pulse
Pattern Generator) Z{#i\> TCK, TMS. TDIICT A M FZ—2E AN L. ASICOHhEa Yy
27 FIAP=TCHEL Tz, £72ZDFT A MY — Vid verilogHDL flidicH o< ¥ I ab—v 3
YO TOEREEZR TS b DT, BIFOHERIE. Y Iab—Ya YOfERE. ASIC DEfF
BHRDE Z Tt o Tz,

1 Test Board

¢ Petch Panel ASIC |

! TCK,TMS,TDI !
O L

-y TDOSi Logic
t ate
PPG & : JTAG H—;
7 —2 data register output Analyzer

X 6.34: JTAG O#i{EiEROE Y N7 v 7

S, BERHER L 72DIILATISRT L%, FIC3EDOT A MY - THDL, ZhdoN
Z—IFJTAG 72 a0 bbb EELDDO T, 2H6DFANIEY., JTAG Faka)
DEEDIT L AL ZHERT HZ LI b,

e TAP 2 b= DL TOREBL L TOBBRE L EEI YL, ZHTHOY 23 V—
v a VOFESRON BLIGRT NY — 2o T TRy, Moy —r el Luliheshs
52 sk,

e BSC #ffi- 7= EXTEST 521772 -72. ZHIIRIHiOY 23V —Y g Y OoRROM B3 IC
RINRNF =, ZTOMDEODPDNET =B TUTRY, YIalb—Ygryong—
L ELWHENEEHLZ EBHKR,

o T—H VI RIDOHAEE TR STz, ThbyaIb—Ya VofREFAVWTINY -k
ABL, ¥Iab—varond—repl% L nwWHhE2B5 2 L NHR-,
T2 6 0BET 2 ME. TCK ORI EZ LA 72354770y, 40MHz ¥ CIEFEICENET 5

L BRI, JTAG OBEWEEHEIE 1I0MHz LA FICRE SN FTERDT, SEa ASIC TH
VBRI T4 TCh 5 = L DR TX /-,
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6.4 Patch Panel ASICICEET 5 F &8

TGC MU H =Y AT LICBWTH A I VIO L 725 Patch Panel ASIC %5l AT
ASIC 5 A N #4772 - 7z, Patch Panel ASIC OfE 54 R I% ASD 7»5 D LVDS (25 2% 5
LVDS U ¥ —N—_ $7F ) PR E CHRET e 2B TN DLL, 55 %72y 7RIS LN
VFEINERE, EEBRONRTUFY —2AX» FANEBITRI OO BSCHERY, ThHD
AR ERETLAT T R LRADEERTHZLICEY, Fv o 20N ERE, SERTioED
WCEVELDIAI VT DIEeDEERUMNIHA, £MBE2EBEICKREL. IC oL /NS
T 52 TAERaZ DRI RT 2, £EFANHOMIC ASDICH LT, FA4I VT
PRIEDS AT A RSNV AZNT BT AR SN AV =22 U —F —2BHL T, 612, 2
N ORZSBIERIRIE: E O ZRET A0 07 k)L LT JTAG Z#E#HL TB Y. #h
TG 6D IC DIXNT XA —F OFREAREIC L > T 5,

FEZNIZDASIC 24 T0y 2 I V=Y a URTHA L DF =y 7 BATRORMBSBIF L1z, &
[, BA¥EL 7z Patch Panel ASIC(ver0) @5 A hCld, DLL OB/WE#REORHEICBIL T, ¥ID TIE
LWEERME SNz, F/LVDS Ly —AN—08fEb, IELWI EAMERTE, IhE ToRME
IC DR ¥ S &, 2N T Patch Panel ASIC @ 7 F 1 ZRlE&E S OBIEL, £TIEL W
EOERTE 22 21Tk d, RICEWET B ASIC Tl, TYVZNMRHOETONT#IEIET S
Y C. 52472 Patch Panel ASIC 2358 5 2 £ X1 65,



B 7E Slave Board ASIC,
High-pT ASIC DRaH

ZZTIETGC NUH =Y AT AIIBWT, aA o7 v 2, pr OFIE%1T7% 5 Slave Board
ASIC &. High-pT OH5E %477 9 High-pT ASIC DRAFIC DN TGRAR S, EITZ DREHE & KiK.
K OFIE IC OBAFEICBIL Tk X5,

7.1 Slave board ASIC,High-pT ASIC DHSRE & #ERK

Slave Board ASIC,High-pT ASIC & Patch Panel ASIC IZ & - TNV F#BIA S N5 518
LT, aAf o7 v A, pp 7k & %2477 9849 TH B3, Slave Board ASIC 133 7.1 1R
5 ffH. High-pT ASIC 3R 7.2 1R T 2 FHOMENH 5., 26 TR A N BAFEHN
Mz 2701, ThTh 1f0 ASIC TEI SN, HEIL L THEZUBA TH 6N
%, %7z Slave Board ASIC 3 PS-Board EICERE & 41, High-pT ASIC | High-pT Board LI
REIND, UFTIEZH S0 ASIC OMREICEIL THAL T <,

FESH AIE HIE= AL
(2+32+2)chx2(pivot) .| 3/4(4/4)conincidence
WDSB 4(6R)+5(R)) x2(A,B)=18bit
(64+32+6)chx2(middle) (40R)+5(R))>x2(A.B) ' low-prtrg (R = £7)
32ch x2(pivot) . 3/4(4/4)conincidence
SDSB 3(6¢)+5 2(A,B)=16bit
32chx2(middle) (3(04)+5(4))x2(A.B) ' low-prtrg (§¢ = £3)
WTSB | (2+32+2)chx3(triplet) | (1+5(R))x3(hit) 2/3(3/3) conincidence
STSB | 32chx2(strip) x2(TGC) | (1+4(R))x4(hit) x2(TGC) 1/2(2/2) conincidence
EFSB | 32chx(2(wire)+2(strip)) | 6bit:EI(8bit:FI) 1/2(2/2) conincidence
%% 7.1: Slave Board ASIC OfEfH
TEXH AIE= HIfE AL
] triplet:18bit(32chx3hit) x4(SB) high-prtrg 0R = £15
2 2(trk
wie doublet:18bit(32ch x 2hit) x3(SB) (2+5(0R))x2(trk) 2/6 truck select
) triplet:20bit(32chx4hit) x3(SB) high-prtrg d¢ = £7
S| oublet:18bit(32chx2hit) x3(sB) | CHAODAIK) o0 ek select

% 7.2: high-pT ASIC #¥RE DFESE

87
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7.1.1 Doublet Slave Board(DSB)

X 7.11CDSBo 7y 7 M%E"9., DSB Id middle & pivot D 2 25— 3 D, £ doublet
FN=6, TNTEFN3R2F ¥ o RxNDD GH128F ¥ R V) 5525, FEIEET,
NAFRHIEMIBRICAYD 0.5 70y ZREET O~ 1.5 70y 7 OR[EDBER VT 5, (AIHIE DT
SRAIEREZEEL, VIV IRNy Ty —ROAAL VT VAR RN v T RATELND,

K724 YT VAR Ny 7 207y 7% /”9, middle,pivot 26, TNZHh 32 F %
VRIWVDEBMATIENDED, BHETLF ¥ RN D AN EHEL 0T, ZHUSHIA T pivot
THIBEEER 6, ZhZh 2 F ¥ > 2. 518 F v ¥ %)V (8=2(layer) x2(side) x2(ch)) A1 &,
middle il CIXHBEER2 S, ZNZN 6 F ¥ > 2, 5124 F % > %)V (24=2(layer) x2(side) x 6(ch)
ANEND, <8V y 2RI LETF (AB)IKHPh, EEZhFhIR 73 ITRT L 7T ay
I oM E NS,

ZoVT Ty ZIiZiE, pivot 25 4(channel) x2(layer). middle ¥ 12(channel) x2(layer) D15
FWADLZ LD, TNZEND doublet F = U N—13F ¥ RNV OXHOFREEZTT 6 L TER
EEN 5 DT, 4(channel)x2(layer) T (pivot DE;E) FRH R fRAES 2 51270 0. 8 BfE DAL
BHEPFEOENE, 122D & 3out-of4 DAL VI T UAMNEENEM, Ihed T a
el L C4out-of-4 ICRRETHZ L bHHETH L, F 7z pivot DIEFICHT 5 middle DfEF DT
N OSR(6) 2% £7(£3) OFWEATRD SN, N SITRASTEIC OR L b5,

SR(0) 1 E ATy 7, B7ay 7 TCENZN pr BWRRKDY D (OR (59 ) WERND b D) &S
he, BTAhRRET I IRZ U VTN END, ULOWREKATAFE51E, =y a— K&
NICHAN, s LRI TSNS, Zrva—RNEATay”, Byay 7 ZhZhicBL
T. 32bit Ok v MEEIT 5bit ICEHE S N, 15bit(7hit) @ 6R (6¢) EH. RO MU T —(E50H
MR KT 1bit ZA1Z 72 16bit(8bit) 1% 4bit(3bit) ICEHEh 5,

7.1.2 Triplet Slave Board
Wire Triplet Slave Board(WTSB)

X 7.4 WTISB &7ty 7 %;”9., WTSB I& Triplet = > N—D 3 @2 6. ZhZh 36
F o VRNVDD (BETLF v VRNV ED4AF v X NVLEL), 31108 F ¥ Y RNVDESER
5. 551X DSB & AERICAARRIEREE, <A Z7MEEE2@EEL GRARLRE IS VT VAR
M) w7 2TELNS,

AL VT VAR N v 7 AT 7.5 1RT & 9 7% 2-out-of-3 DAL VTV AL BT
o ¥lo. Z0AAL VT UAFMIIA T Y a3 HERET 3-out-of:3 1T HZ L bHIRD, A v
T YA ORITT 7 I AZ ) TSN, 32F ¥ ok y MERMN bit I a— K&h,
IHiICky NOBFMEEZERT 1bit ZNA. 1w bH72Y 6bit ICTEHI N, SSHICRDOENENS
3wy MANEIZNTEHEE 18bit W HhEh 5,

Strip Triplet Slave Board(STSB)

X 7.61CSTSBD 7y 7 %Z/RT, Triplet F= N—D AN v AL 2 BT T, £ 7-B%
F RNV S DATIPEENDT, 1TGC 26 DfF5F ¥ & R INVEUT 64(=32x2(strip)) 1705 A%,
1STSB 1% 2TGC S DEE %2 XTI T, &l T128 F % VX NVD AN %X 5, Z 5 IAAARHIER
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B, A7 NEEEEL T, St LRE AL VO T VAR N v I RIZESN S,
AA VYT VAR MY v 7 AT 7.7 1R T & 5 7% l-out-of-2 DA A V¥ T ¥ ZAUEE & 4772
Y, DAL VT UARMIIA T g VHREL LT 2-out-of-2 12T 5 Z 2 b HIRS,
ITGCH D 32 F ¥ RNV, 4 DDMFICHT SNEMP CTTF 25257V » IMTiebhd,
16bit OALEEIRIL 4bit ICTZ > a— K&, & 51C 1bit DE5 OHFEFEIRZ I A /2 5bit 12725,
L7235 T4 DDOWFTid 20bit, 2TGC 4T 40bit Z HhT 52 LTk b,

7.1.3 EI/FI Slave Board(EFSB)

EI/FI H doublet = > N—=26D AT 1 EICOE, EI O A YHIOFEA 16 F % > 1)V,
FIOo A XY[OFEEN32F ¥ > 2, AMY v IIFEL FIHIC32F ¥ XNV TH S,

X 7.8ICEFSBO7 0y JMEZRY, ANITAVERZEAN) v IEERHY, ThZTh32F»
VRIS 2 J& (doublet) 43 CEF128 Fv U 2 VBB, ANSNIAEHIE. o SB LFEKIC, F5
AR IERNS, <~ 27 g E@E L THAL LR A VO T VAT MY v 7 AIELGND,
AL VYT YARM) v 7 AERTIIGRT LD DOT, TSBICRLL/fEx L Tnb,
11X E1 OEE703 6bit, FI1 D54 75% 8bit T Z D513 Sector Logic IC%EH N5,
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FE_L1ID
ECR —
| CounTER
FE_BCID
Mask BCR COUNTER I->
2x6 7‘
———#{ Phase adjust | —
—
32
. Phase adjust |
middle
doublet 32 i
mefePr Phase adjust | et LS-Link

L1 buffe | Derandomi .-

2x6
——#{ Phase adjust __é

y

Clock TestPulse

[=>
Mask A
Clock L1A
Mask Mask
2x2
Coin.-Matrix
32 :
! et PHASE ACJUS | ot et NG N
pivot SRR
doublet 32 LT
Phase adjust | =
2x2
——+—+#{ Phase adjust |{—
Z Position + 3R 18-bit
? TestPulse >
Clock
S0S041V11

7.1: Doublet Slave Board ® 71 v 7 [X

from adjacent doublet from adjacent doublet
6x2inputsfrom TGC 6x2inputsfrom TGC

2nd 2 layersof doublet l l
from adjacent doublet(pivot) 32x2inputsfrom TGC

2x2inputsfrom TGC

-

i

18-bit

encoded (wire)

position 5-bit
("ar abit ) *2

1st 2 layers(pivot) of doublet
32x2inputs from TGC

position 5-bit 3R 4-bit

72 inputsfrom Low-Pt Matrix
declustering,

A

e CCCITLIID)

Only highest-Pt hitsin A énd in B are encoded

from adjacent doublet(pivot)

2x2 inputsfrom TGC 72x88 3-out-of-4
Coincidence Matrix

+7 (15-bit) 3R from
Low-Pt Matrix
S0S042V04

7.2: Doublet Slave Board @ low — prmatriz ORE

12x2 (middle doublet) inputs

e,
AR e

i

0
1T
]

] ikl

4x2 (pivot doublet) inputs
|
OR'ed Y
8 outputsto encoder section

7 6 5 -4 3 -2 -1 01 2 3 4 5 6 7
3R
OR’ed X

X=Y=A&C+A&D+B&D

50S043V05

7.3: Doublet Slave Board ® low — prmatriz O e
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FE_L1ID
COUNTER

ECR

FE_BCID
Mask BCR COUNTER |->
3x2
o T

¥

o | R LS-Link
el Phase adjust |1 o
Derandomi
=
> L1 buffer
—+—*{ Phase adjust [ T
=D
CI!ck TestPulse V Mask
‘ Clock L1A
2-out-of-3 >
Coincidence .
2-out-of-3 18-bit
SOS051V10

7.4: Triplet Slave Board(wire) ® 712y 7

i out=A1& B28& C0& C2
o ot +C1& Al& BI
+Clg B2& A2

declustering and encoder
1 hit/32inputs

J J J

hit position hit position hit position
I e | R

[ 111

18 bits (3 hits) / Triplet Slave Board SOS052V06

7.5: Triplet Slave Board(wire) D&



92 %5 7 3 Slave Board ASIC,High-pT ASIC DBH3%

ECR [Fe_LuD
| CcounTER
Clock FE_BCID
BCR — =
¥ c COUNTER I_'
3 [ 7
—% v =
2 RRRRARRARRAI Mask LS-Link
e Phase adjust —% >
TestPulse L1 buffer
32 illz
e Phase adjust = > =1
32 : Mask
—fre | =
TestPulse
Clock %I Mask V A Mask Clock L1A

v ¥ v

OR OR

\ \ 220 = 40-bit
SOS054v08 >

7.6: Triplet Slave Board(strip) ® 71 v 7

strip (t”plet) 32x2 (triplet) inputs (no neighbor input)

| q\\p ] o —

R

declustering and encoder
1hit/ 16 inputs

J J J J

hit position hit position hit position hit position
it CILLIT] CILIIT] CILIIT] LI
out=b&c
jhaast 20bits (4 hits) / Triplet Slave Board
+c&b&d
+b&d&c

out SOS053V04

7.7: Triplet Slave Board (strip) D&
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93

El / FI SlaveBoard

[Fe_L2iD
ECR | _COUNTER

Clock FE_BCID
BCR COUNTER P d

Phase adjust —7
wire : T Mask

| Phase adjust :—% > F=»|| Derandomi

TestPulse L1 buffer

iw
N
II [-—

}g
I

Phase adjust —7 =P

Mask

Phase adjust :—f >
TestPulse

k 7] Mask 7] Mask Clock L1A

vy ¥ v ¥

if
i

o
o
8

OR | OR | OR | OR OR | OR | OR | OR

\ 6-bit
KHA021V02

7.8: Triplet Slave Board(EI/FI) & 71 v 7

El / FI 32x2 inputs

[ — — \qp\ )
:

\
—l——{ Fﬁﬁ

j?ﬂgz [T
A (i kal)

—

—

OR OR OR OR
outIb&c o hit hit hit hit
+a&c&b
+c&b& d_
out +b&d& ¢ KHA023V02

7.9: Triplet Slave Board(EI/FI) O
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7.1.4 Slave Board ASIC (& D#se

F 722 D 5 FED Slave Board BEfEICHE L 724U e L TUT DO LI RV OH 5,

o LW INy Ty —EEFHRANLA

Patch Panel ASIC 262 1513, Lo thbins &hic, v)v1 MU H—
WHEET 2 ETOR, VANV INy 77 —IFA LGNS, VRV Ny Ty —DERSIETAE
T, VNNV IHEEZTFEFIET I ¥ <A — (derandomizer) ICEHNS, T T
VERAY = BRAR I A IV TTRE VRNV VBRI IESEREN IS, TH
FRAP -2 TFFE. YU TIVEFITERENT, ICHITHAR SN D,

<TAY

TGCRIEARD—EDF ¥ XNV L. FHE2HI SRR EM KRR TN DiZ
FREHRT VS I MR SGA. TOF v U RO LT 572012, A
DRITHZEBHRSL, SATITEF ¥ ORIV, a3l 0T VR ANALES
&, A LRI FE THINLICRERRE T, £ A7 DREBOLEF v > X IVEIZ 1,0
TENFETH S,

Patch Panel ASIC O~ A7 [MEDOEH, < A7 KO IE 0 ICEE S TR, Slave
Board ASIC LD~ A7 13 1,0 DRREVBHIK L2 EFKTH L, Z i Slave Board ASIC
WFaAf T UV AR MU —HEOEEZ RO/, 1 DDF ¥  RIVOMEEREH Y O F x
VANV OUICH B R BZ 570 TH 5,

o SBIEMIEE (M ARHRHIEMEE)

ASD 75 Slave Board ASIC O OEMGEIE: &K 2 {IET 5720, £lfEFer7ay s o
Ty VMERDIGAICHLT L0, 0~ 1578y 27 ET1/2 70y 7REETCRBIELZ S5 X
HORTHL, ZOBENEIZITAG DLV Y AFICk>THBAISh S,

T A N7V A

T AR 7OVAFERIE TTC 26 DfFE5 &%, T A ROV AZ TR T, ASEOBERIC
EBDOT AN =~V eRETHIENTEDL, $LTAMNINVADO NI H—ERE, 17
2y ZHEED 0~15 7 0y 7 OR[EORIENE Z@E L TELNS,

O=+0O
O=-6
O=-86

X 7.10: T IAFZ VU TOTILIAY X

T2 I2F VY ZEHTI0IRT LIS, #EiT 2oy hAH S G/, ot
Mo 1DDFEFRETEHNTLWETH D,
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e JTAG Yu hza)v
IC NEPDIER IR /NT A —=F DRE. NI FY =A% % V&R DO haLTth
%, Slave board ASIC Tli&, 5D AN. MU FT—ROZALZLOHIIANAT F Y — A
XY U EREL., FLRATORE. FEOBEORE. NIV —FE—FK (@A ¥ FTUA
D) OFRE. VXNV 1INy Ty —DIRI L EDREEZTH1DIC2—YF—EHR LI A
RREET A, FLZO VY AL SEUBRISHAT 570, ZHPHENE L HVWTE
D, $72Z20 SEU OFEYFALTZ LMW TE S,

7.1.5 High-pT ASIC

7.11, X 7.12 1 High-pT ASIC ® 711y 7 %7;~:7, wire ] ® High-pT ASIC D%, 55
% 3 D® doublet SB &. MG T BALIED 4 DD triplet SB 2°6 A& 52), MAHOFHERKL., 7
a—Rshaf o7y A< MUy RICAS, ¥ MU v 7 AL doublet *5 192(32chx2x3(SB)).
triplet 7> 513 dR D9 % F L T 232(20+192+20) A48 %, K713 Z20< MY v 7 AD1/4
DD T, KTI4MEBICZD1/8ICH2H< MY v I A TH S, K 1.131%2 DDEIThIN,
ZTNENDS SRIPB/NDO N T v I RLEE NG, £/ RDOUA 2 RUDKE S1F-20~20 F
THDHM SR M 10~15 &£-10~-15 DAL 2 DT D OR & & 5 2 & THIIE-15~151C% 5, 18
BEGNENTy D55 pT DKEZL 2 DHNER S N Sector Logic ICHnk S b,

/o, F=TNVBIEORHIEL., EENI/ay 7 DTy VL ERDGEICKHAT S -0, NAH
IEFgE A T 5, FIRBIEDOFERIPHIL Slave Board ASIC K W A& 1/2 70y 7 B T8
BREICHREITE S, $/-2 DEIEIF Slave Board ASIC D AN Z LICEREFEETH S, -2 h
5DBIEIX. JTAG Yua hanic k> THlEsh 3,
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IPhase adjust

IPhase adjust

[ o |
Phase adjust

Phase adjust

T

Clock

¥

IPhase adjust

IPhase adjust

Decoder

18
k]
2, 18
e %
=8 18
Yo
Egx
25 18
B 18
Qo
3
S8 18
L
£
®S 18
£z
g9
SOS063V11

IPhase adjust

Decoder

192 x 232
2-fold
Coin. Matrix

i ize: + hit
window size: 20 H”l Pt posItion 3R

track SElECtOr |——————————————————-

Position + 3R
7-bitx 6 10-bit x 2

Position + §R

7.11: High-pT ASIC 71y 7 [ (wire)

20 [y

3 Phase adlust]

£€ o |

23 Phase adjust

B 20

£z Phase ad]us(}

X I l

Clock Decoder Decoder Decoder
OR OR OR
64 64 64
OR OFF

3 16 [ [ 64

5 Phase adjust

3 .

- | Z| o4

25 Phase adjust S

33 L 8

G 16 [y ol 64

£z Phase adjust

2 64x64

2-fold Coin. Matrix
Clock
hit
\ Hlll Pt position 5f’
Position + Position + 59

KHA010V04

6-bit x 6 9-bit x 2

7.12: High-pT ASIC & 711y 7 [ (strip)



7.1 i Slave board ASIC,High-pT ASIC DHSHE & FERK

encoded hit-channel encoded hit-channel SOS061V05
from triplet from triplet
| decoder to 96-bit H decoder to 96-bit |

H

1) 2
Exy = 3
3% 2
HIL hit
A Pt position 3R
& 64x104 2-fold -
g8 Coincidence Matrix it 1-bit Sbit
ég r window size: +20
% >
SR + positon
14-bit
7.13: Doublet Slave Board ® 71w 7
48inputsfrom triplet SOS062V05

8 inputsfrom low-Pt matrix

-6 -5-4-3-2-1 0 +1 +2 +3 +4 +5 +6 ... +15
SR

OR’ed X

X=A&B
window size 20 SXS+20 |3R| £ 10 : OR’ed in adiagonal
-15 S3R=+15 |8R| 2 11 : OR’ed in two diagonals

7.14: Doublet Slave Board @ low — prmatriz @ 7HHl 72 &
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7.2 Slave Board ASIC D&:it

7.2.1 BHE

Slave Board ASIC 1, ZHETIC? MY v 7 ZAFBOFIFEDO—E L, FeAL LERICBAL T, 7
A MO ASIC SRAES T ens, (LB £a. )8 T Slave Board ASIC 042 T olkfE % &L
ASIC DRRET 24770 5 Iz,

7.15 1Z Slave Board ASIC £tk 71y 7 M %7Rd ., Slave Board ASIC [T KE {2 5
Z 6, BRI THOHEL UTRbh iz, SNEFICATIE (Input part). < b U v 27 ZE
(Matrix part)., @i LB (readout part). IR (control part) @ 4 D DR ITH VT THAFEANE
o1, BETEWERIER EAMTRbNTRIC, 12D ASICITHA LT % &0 Hikz & -7z,
F72 2 ZTCIEHEFEBVEICHIE L D 7o AJ7E0 & HIERRICE L TE AR TN L,

Slave Board ASIC
[ O DT s [T o 1
k] v v v Test Pulse
\ BSC 160ch h 1 test pulse delay | BSC_| Trigger
¥ ¥ ™I
[ DELAYab 2bitx1 | DELAYcd 2bitx 1 JTAG rTMS
v 3 sEAv @ | ) e
\ MASK1 (Hi,Low,Through) 160ch l— —DEPTH(/bit X 3) l. TDO
TESTPULSE(50IY)
\ Trigger Pattern 160ch F— TRGMODE(1bit)
¥ s 160 CLKINV(1bit)
* | LIAVETO(1bi)
1 > OVERFLOW(8hit)
) SEU(1oi)
MASK2 (Hi,Low,Through) 160ch \ CLK MODULE(8bit)
't CLKin
DEMUX OGS 4J| module
S Bscs —

overflow
counter

derandomizer
sequencer

T T T T T T .

e | dedomizerpuffer T R

; [ 216 y

| PSC(after) L._

1

J 1218 load

1 PSC(central) load

1218 PSC
{ PSC(before) Fioag| controler
J [ eicress PSC(status) |
y

[osce] [ msca0 ]
¥

7.15: Slave Board ASIC o7ty 7

Slave Board ASIC 1352 &7 ¥ Z VAR CRIFRIIEIC, HDL 22— Rtk & . BlEERRIC k-
TREhd, HFHTSIatRida—L40 ) — MEA0.35um O T INVH AT LF v T T, A X
1% 9.7mmx9.7mm T, FHAHERE L OIL256 THLH, THHTE54 7TV Idua— Ltz
HDONRAR—- KNS A TS U T, BEOREY RUBFEHFRERSIA TS5V TH 5D,
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TOtAICLBPENVMESA I VT DEN

Q00— Q1 Q22—
CLK1 CLK2
CLK1 | CLK1 |
Qo a Qo a
Q b a Q b a
CLK2 I T 1 CLK2
b

@ S |

(i) slow gate, fast wire (ii) fast gate , slow wire

X 7.16: 7 A kBHY T MUY AX OEWEDE N

THEDNMA T v ZDMHMLIC LY. NS UV R BFOBEEEITR L o 7205 FURbEE
WMRKEL D EVIFFENFREL TnD, ZOONBERETY - OB 2ER L T4 D HEMN
H5H, ZRTHLERS LM RGHEL LT, Y7 NV IRATOEWEY A4 I VT ORTENRS 5
(KM 7.16). Mid2>0D7Vy 7oy FTHKTEY 7 ML IYRET, BBl Tavr 2 (£)
LHEDRNT— N () odavRckDd, ¥4IV T Fy—beRLIZbDTHSH, (CLK2
W CLKLICNT 7 A I T odThERY,) IEREOGED 7Yy 771y 7 CLK 2% T
Mo, Ty FLIEbDEHTTT S DI Insec BEDEIENH 570, HORFEETY 7 MUY RAEZ N
BT E RN T av 2084, 77— NOBWERR L £-FHGEENKE 25720, CLK
DEET LEERICYH, X6 2EECIBREOD 7y Y7y I AHZET LY bETIC, 28
HOD 77Uy T 70y ISy F 2T I LRI LAHEMRH 5,

Slave Board ASIC @ 0.35um O 72 ZNE2ERBLRITNIR 62N Tav RCH 5D
TLUATICRR DR EI ClE o e Z/ L 4Tk - 72,

7.2.2 AhHER

Slave Board ASIC O&AE5 AT 160 F ¥ RN ERTDATIELD > B, 1 F ¥ 2 RN DH]
Bogay 7BER7.17TIRT. A1 7=f5513 % 9 BSC(Boundary Scan Cell) Z3E 1,
7.18 ONAEFHIEMIEE CRIEMER) ICAD, £ 0RO ABINCETEIIA IV IFry—E
X719 1RY. ZOEBRIFIEARWICIT. AJMEERI/ 0y 70Ty VICERLIAI VT TAD
GEICRALT AR TH S, BIZIET 74V NREHEOTNEIE (V7 2y 7D LENY Ty I TTy
FTDHDR) DL EI, EFONH EBYV Ty VN ray 70 BTy VRS A I VT TR
LS. Ty I TITvFELNIEINEIDBARHERICRY, A—ICHETLH LT ¥ %
NTETvFEN, YDF¥ U INTIETvFENT, IRODZ Oy I TITyvFENL LD en
HZV/FL, 2ok E. REMEEAT—EI/0y 70Ty Y TIyvF 2L TH6. IRD
ERY =y DTHATEIRY, 722 OlE&IE pivot F =2 /N— &, middle F = >N — OFliE
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o o
— — N N
N2 N2 4 v
n n o 0 n
3 s s £ s s
o, | | M | |
(@) o o o o o
la) a) a a) ) a)
= — ~ — [ —
\ A A A 3 A
> —> OUT_RO
/\ —
IN » 11 > 1
BSC delay | ,i\lr ,? * ,; T » OUT_Mx
A 3 3 1
MASK1 MASK1 | |Test Pulse MASK2 MASK?2
pattern Pattern pattern
1 4

@
A
A}
[ g
\ >
\
o>
\ >
\
\
\
o>
A
\- »>
—>
CMASK2 _ ,
CLK

X > Qo g d & &3 oo N
[ ml - é é <§( 2 5 ':|S % % 2
= e Zz = © %' eﬁ <§E <§( 2
c a) 2 °2 &
o = o ) =
= ki) -
'—

X 7.17: Y AZE 1 F ¥ IV DA

NEBEDOENSE L LAHENDOH HBIEZHHIET 57201215 70y 7 E CREZMTSNBE L DI
Hiro>TW5, LTI oRROFREL. AFIBI|E CHDICENFhILBICHRET 5,

ARRHIERIES 2 725513~ AV MERIC A S, I AZ ML 2 DD JTAG O VY AZ I LY i
ERESN, YA DOFME (MASKL) &, YAZ D% — (1or0) (MASKIP) MFRETE 5,
F2ZNUE 160 F v V RIVELITREMVFRET, AL LI MY v 7 AFTHMEL T2 5
RAZITLT,

FEHITRICT A NSV AAR 2588 T 5, FARSIVAERY ST —> (1 or 0) %REAHE
T, 160 F % RINVEAITRETED EIICHKEI Lz, TANSNVZAD MY F—1E, 17y 7 HAL
THEITE S 0~15 72y 7 ORIENE 2@ L T, 160 F ¥ > 2NV 5T b, £/27 A
PIWVATFRALZLERE, < b U v 7 AFICHEL TADL Z &ITi2 b,

WIEFITFHALE LEE < MY v 7 ZAFRTHDPND, AR LEANTZay 7O TRy ¥
TOIyFERBLTCGESNS, ZOFBFIEFHALLETIE. 7y 7 ENYVTy UTRITE LN
LEOFEN ZOFNCTENRY Ty VDT v FE2 ANIDIFERL YT NVIRTZDI LI VT
DOREICHNT 2720 TH D, —H MV v I AFANEI I A7 MEEEEBEL TES, Zhd
DA LRI, AT N = A7 OFENREFHET 160 T ¥ » RNVELITRET
&5 KDICERETL 7=,

LA 3 B 3% pivot F = 2 N=26DASF % >3, CFHD NI middle F = N=WSDANF ¥+ XNV TH 5,



Ul
110

7.2 i Slave board ASIC Di&k: 101

; v e Teefele] 1] ]

w1 LT Yo [BTETST ]
i A i i A Q_j OUle X w X E/?) X E(B:')) X ©) X
T J OUTZJ X Xgﬁ% XEE% XE?)X

' s | [P &8 e

DELAY
7.18: RLAHAH1IE S

7.2.3  HIGEIER

GBI FEIC, ASIC OZEBCHEMENDNT XA —F DFE L §AEL 217745 JTAG 7m b
anpe, TTCEFEXETIHIN6R5,

7.19: fARFHIEREE O F 4 IV 7 F % — b

Slave Board ASIC IC&F5 JTAG 7O ban

Slave Board ASIC ICIZE 7.3 IR T £ DR IJTAG Da2—H—EHL IR BH L, T 5
A—FREMORW E— KD LY Z2XI21E, SEU BBRITHHALT 5 728 O H e[ ik 2 #5# L
oo UVIRAFIEEIL, ATBISH LT, FHEOIRY, BEEXFRETHLD, MU v 7 A
K‘FUﬁ*mﬁ@&ﬁ%ﬁ&?B@‘%&ﬁbﬁw\Ny77w®%é%$ﬁ?é%®ﬁ%@
LY 27 OBSEEICEE L TR C T2k 5,

BSC(Boundary Scan Cell)

ATHUTHE 160bit DER AT E. TTCH 6 DES (52 h /UL A, BOR,ECR,L1A) ICAH
DT FY = 2%y NV EREL 2, BTN Y T—{F5 17 (40bit) &, U 7L OF
RIZUAZH (4bit) ICHAHDONT ¥ F ) — 2% v 2 V& fHT /2, Patch Panel ASIC O/ V4
J— 2% v VHRE L ¥ C. EXTEST %1772 213, Patch panel ASIC & Slave Board ASIC [
ORI HET A NSRS 22 5,

TTC {E5DNXME

TTC 76D LHCCLK 2 &% 4 I » 7E#RI. Slave Board ASIC IZBWT, X 7.20 1SR
EO R TR 5Nb, MO?CLKin” 1IZ TTC» 66T b7y 7T, ZHE TTC
BEERIDLBEHOT v Fifibhbd, Z0ray 7L EXOR CRIEDORELEZI"CLK? & L
C Slave Board ASIC NEBDOZALE DD,

FHF D4 OOHBFHIIFPRL 723 7 MUV RF DF A IV T ORFEICHLT 5 7= DIERIE
PEMMICHTZb0THL, TTCEFIIRDEIRbONH 5,

o LL1A
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VI AF vy M| E—FR =S
MASK1 160 RW Mask after BSC
MASKI1P 160 RW Mask pattern for MASK1
MASK2 160 RW Mask before DEMUX
MASK2P 160 RW Mask pattern for MASK?2
TPP 160 RW Test pulse pattern
DELAY 4 RW delay for signals
DEPTH 21 RW L1 buffer depth
TRGMODE 1 RW Trigger Condition
TESTPULSE 5 RW testpulse delay & veto
L1IAVETO 1 RW veto for L1A
CLKINV 1 RW CLK invert
RESET 1 RW RESET
SEU 1 R SEU flag
MODULE 8 R Module address & type
OVERFLOW 8 R derandomizer over flow count
ID 32 R chip ID(version,factory,,,etc)

K13 2=V —EFRLVIVAFID—E

TTC
S D Q-{::>c>{::><>{::>x3~[::x:»
CLKin \’D CLK

JTAG register
CLKINV

lw)
T

X 7.20: TTC 155 D343 HNE

Level 1 Accept f551% B 7.20 OMIEEOMIC, veto & ) SIS ATIEBIATT N5,
ZDVETO b JTAG IZL > TRETE 3.

« ECR,BCR
ECR(Event Counter Reset),BCR(Bunch Counter Reset) (£ 7.20 D& TXZT 65,

e FARYUWANYH—=F AR YVA MY H—1EX 7.20 DAFROMICT, veto &, 172y ZH
NTO~Is 7y 7 OBEEZFET LR ERTCHEAIENSE, 2O VETO LBIEY JTAG
ko TRRESNS,

s0vy U OHER

Slave Board ASIC lZALHRT A F » X IMEL W2 LIcfbny, FhnzhfEds 70y 7 IC &
ECEZEICHEDNS, Tk AhShzray 7%, FERICHIRES ¥ TEEICE L LER S 5
W, COLEYLYIAI VT HEZERTILLENRD S,
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D Q<‘>O‘>O‘>O‘>O‘J>D o) LD o —

Test Pulse

Trigger
CLKin —4 D CLK
[4] -
JTAG register
CLKINV

JTAG register [3:0] ;
TPTrigger h 7

7.21: T A RSV AES DA MR

IN IN IN CLKIN e s
sow fast

792 SNy 77— L AR & BBIEREE D —D—I:Ji—mi—m@ |

St < Matrix part
S
pEAR]

7.23: Slave Board ASIC ThO 7 vy 7 D4y
[i2Liwi]

72218 &I 1RKDUA YD OSHOBRF2EESES & Eid HILSELRTICT v —
CONy Ty —%iFH L., IRBRDRTFOEMENREL 250, SHICEWESELRTFBDRTN
3. KVREL RS, ZoRICL T ay 7 05ROt HICk > T REDHBRTOEED Y £ I >~
TICEBEL BN, ZDIEEDEE/NELTEHD, HORETOANBELZELLSTEED
TR#%9 5, Slave Board ASIC D&, 722 TR T LT, 2BONy 77 —%E L TR
DFRFETEESE, 2BHDNY 7 7 =13 40~60 DHBFZEMES S L HICKETL 1=,

7.2.4 I MUy RER

5 FEFHOMEEN DL A VT VAR MY v 7 AERIE, BHIAICERET SN 1 DD ASIC IZfEHE S
b, Tz, 2o OBEEITEAR o 3bit D A4 v FOREIG U TR SNE, Floaf v
FUAEMIE2D GEEE AT ay) HY., THIFZITAG 7a b alic k> CREMETH 5,
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7.2.5 i LER
LRIV1/Ny T 7—

VOV I Ny 7 7 —ITEATIME S (160bit), MU H—< KU v 7 A (40bit) . N> FHZREH
7% — (12bit) © 3FEMEH V. RS1L128bit T CTIHEZ TN TALETHS, ZORSIE
JTAG DUV Y AZIC LV RESH, 1FEH7=Y 7bit (128 B T, 3ETEH 21bit DL YR F D
2RI 5, L1 Ny 77 =38R 40MHz D7 vy 7 THEICED Z2MET L2 L1k
DT, KBENTEMESRLD, Ta7NVR—-MRAEY —TEHT 5,

FSUHTL

TIVEIRAF =TI 1IEDOLXNV1I T 7T NT, VRNV INY Ty —DRNEE 3N FnEk
ZIAB, NT VT YT N N—F —=DERGAH T, KE1E128bit T 100kHz O LX)V 17
JX T ML TA—N=Ta =L RN E2ZRBLIZVbOTHL, 4 —N—7a—-2H -
84, 2hEkh T v b Bbit AT F —2ATHS) L. ZhiF JTAG THRAMTZ L2
K5,

NIV Y P IN—4—

NIV YTNAy =5 (PSC)IFAERDHY, TDIEIRNT I I A Y —=Po5DT —
BHRaAC—-L(EETE2UDTHL, Kb 1IRIEV2a— VD7 RUARLSEU D7 5 77 & ASIC
OREE LT L7201 fibh b,

72.6 UIalb—IavIcLBTHA VDOWKREE

Slave Board ASIC Z&&519512H72 0, verilog HDL Otk d IC¥ I a2 b—Y g3 Ik 5H)
VEDRGEER AT, REBOBEWERTER L 72, I 2 b —3 3 OREFRICE L TR C Tz

BB,
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7.2.7 ASIC2EDLA Tk

Ilé

i ol sl "l

R e " =
! ]
i H b
t 1] -
j' ————————— | | IIII IIIIIIIIIIII|||IIIIIIIIII |||||| [] ||||||I|i'IIII-IIIIIIIIIIIIIIII _________ :4
L L
F : 4 : [
! L]
Lp L )
o B A "
1 L)
] i
|/ 14
i 1 LB
% A ]
R |
i L}
5 T ]
iof £
] Ll
? L)
P L.
. 8}
] Lt}
! |
2 A '}
A ()
. ==ii=s v
1 g Ll
1 | ]
% BEH
] Eud
! L.
x i3
1 [
Y R (i Bl
] L1}
) L
A II I| rl
! i | ]
2 L)
] (IR INRTITTIT 11T |
BRI = o g R s S e R RS R R e o e T P L e R R e S S R |
1 |
A L]
J 1
A
!
1
i
1
1
!
1
B
J
'
1
L/
1
'
1
3
1
& i

7.24: Slave Board ASICOL A 77 b

X 7.24 124 AEAE L 72 Slave Board ASIC D LA 77 b &7, Zhlda—Lttkor — NEbR
0.35um DI IVHAET LF v Toeffio TAIEL b DT, ¥4 XX 9.Tmmx9.7mm ThH 5,

ZhiE EICAD0ES»672 0 EBOKSIRBUIATIES. RN JTAG 72 & %2 &L hilfESEH
FRENSFEHEOAAL VY F VAR M) v 7 A, FENTFa7)VR— kX8 —2585 atb
WHTHDH, Tl UREE LD, £HO., EOREIEFOAINCE TSN ABCD OFKF2TH
EBEWICANEZRZT L, ELTRIENIT-BARHEAZL, GIEHAICE TN,

2A 31 B 3iZ pivot F = ¥ N—=5 DA F ¥ ¥ )b, CHD Fid middle F = > N—=05DANF ¥V XNV TH 5,
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7.3 High-pT ASIC D&t

High-pT ASIC1ZZ I E THENREINEV RSN TB Y, THBEICH L L VRN, ohE
TEZTOBERE D, Hf/NNT X =5 2RETHT0 haVPER S TORP s 20, 4
FEHDZ OFERR Y OBIFEE Y L JTAG 70 b ac k> T, NI x—F Oz wfEIc L/,
High-pT ASIC ¥ ¥ 7= Slave Board ASIC & FIFRIC5E272T ¥ Z VA CRAFEIEEICHDL = — R
DFHR EHRFLEKIC L > ThrEhD, FHTE T RIHIZOS — 7 LA (7 — MREFE0.354m)
Thb,

High-pT ASIC

Delay and buffer
2-out-of-6 SELECT

3
LLl
—
0
=
I

2-out-of-6 SELECT

Delay and buffer

InstructionRegister | | DataRegister

JTAG TapControler

7.25: High-pT ASIC D78y 7

7.25 1 High-pT ASIC 7 1y 7 M %757, High-pT ASIC 13455 & HlERER % (JTAG
B4 6720 Z 2 TIFFEFABAFE LY L 2= HIEERICEI L TGhR 5,
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7.3.1 FIEERS
High-pT ASIC 3R 74 1RT 22— P —BHRO VY RAF I L > THIIE b,

VY AE vy M| E—F =P
DELAYO0 3 RW DELAY for tripletl
DELAY1 3 RW DELAY for triplet2
DELAY?2 3 RW DELAY for triplet3
DELAY3 3 RW DELAY for triplet4
DELAY4 3 RW DELAY for doubletl
DELAY5 3 RW DELAY for doublet2
DELAY6 3 RW DELAY for doublet3
GLINK 3 RW G-LINK control
SEU 1 R SEU flag read out

K14 2—VF—-FRLVIAID—E

High-pT ASIC b /- BRI FICRRESNA 226, ZhH6DIBRWE— KDL YRS
113 SEU SR & U CHBUaRTmS 2 5k L T\ 5, ¥ 7240 High-pT ASIC Ic#i#k L 7z JTAG
3T 2 JTAG 2— REZHBAEKT S A2 VT eV TRIISh b0 TH B,

7.3.2 Y3Ial—YavICkBEEREE

High-pT ASIC ORI ZRETT 5I1CHY, RTOVIRAIANDT —F DEFZIAR,
BDT A NI, IELLSEWET 22 &%, AL . FHIEfEk C Tk 5,

S
NS
r—l>1J
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108

7.3.3 High-pT ASIC DL AF7DU b

b T TTT TTTTT T T T T
A R | -
m__ AR RN RN NN i <L
Ii RN RN RN N AR RN _ e
Ly ! Lo |
LR _ :
i i 1a
= AR RN RN AR i =
izl AR RN RN N AR RN _ i3
ol AR R RN R RN AR RN m O
i =i AR R RN AR RN _ >
.......... g - L b s
T T N A R A R O |~ = - T T
1]
— | |
T Ly )
T A e e R p Ere
=T
= |
e
1 )
R e e e e e e T1 e s e s e —
B A S MR A P i 1 |.HHHHHHHM.HHH
........................ H | I ] I TTT
i ARREREN AR EREARER
m_ NENEREN i bl m
2l REREREN FLi AT &
il L B RN RN RN i
: R R :
| 1 aoiatz [
2l IR I
! it Pgriit L
olfi NEREREN NESIRENAREN AR _H{ sl
” =4 AEEREEN SRR RRANAARAN i g =
[ Ly ez h AREEARS Plisb et i

>
—

AN

=

¥—h7 LA

o> TELIC T, FEEA—H—
High-pT ASIC

L7ehds TR 21772
NI

VIR N,

-
L.

EWTED, LTORMA. 7

-
L.

>
—

-
-

Zel

Fichi 2 a9
HELTBE, 2—9— DK

-
L\

-
L.

7 ATCRFET A ASIC 1. TIVHAE LTF v TR T DY,

[ High-pT ASIC DBIFETIHD T, 7' — b7 L A &ffi> T ASIC BAFE 24778 - 7=,

DD, (K2 A RTIC 22K 5

JF 1 Z &= Slave Board ASIC Tffio 72k D7 X E Y Z& AR

>

7.26: high-pT ASICO VA 7Y b (HIZZ— h 7 LA 0.35um)

7= 7 VA THEBIENS High-pT ASICOVA 7D b %

-
-

RERFDTORE SN TNDEF v T

NETTGC L2 b
FTORMATE COF v 72Kl

=A
ETFvT®DL 5,
X 7.26 1

ml

DEEFRTT Y ZINVERETRAE VIR EORIFRRME 2 & E RO T — N7 LA TORHIEMN

[
WNWTWn5s,
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7.4 Slave Board ASIC, High-pT ASIC BT 5 F & &

Slave Board ASIC I& Patch Panel ASIC 226 D5 %% T, A T v A8, low-pT @
HIE 217720y, 2% High-pT Board I THIJIT 5 ASIC TH 5, £V 1D MY H—
HENH L ETOM, EEEBFAL LI Ny 7y —b L TBY, VLWV 1T7 28T ME
BEZTRENY 77 — D%k ZTHAH L, AY — AL v FICHET 5, Slave Board ASIC 1ZEIC
BH DAY RBIEDRERT A N7V ANE — o RBET B ASE. low-pT HIE 21772 O HEHE
CeDSRHDAAL VT VAR M)y I A RO MY v 7 AE, LNV L Ny Ty — EFiH
HLUHDNG LI-S Y P a s N N—F — &gt s x LS. £ 72 IC BED/NT X —F OFRIE.
TIC 6 DI A I VI EHERET 510 OHEE» 67225, 4hl. FHITATF & HEEC R
LTC. BARBWEHRDIZD DY I 2L — a v 2T D72 E L TR E2ITR- /2,

Z D ASIC 1EH — L4 DH A XH¥9.7Tmmx9.7mm T4 — NEFRAY 0.35um DT IVH A Z LTy
TefioTHEH SN, 20014F 1 HIC VDEC ISR S h, FEICWMSNETETH L, 7250
@ Slave Board ASIC OREIZEHEIELZ ST LD L L UIBD TOL DT, ST IC M s h
L 72 ORI R B ERGE 2 TR MBIE R Z Ve I L T K BEDYH 5,

High-pT ASIC 1% Slave Board ASIC DIRE DAL %4772 5 ¥4y C. doublet F = > /N— & triplet
F = Y N—DfF5 & AT High-pT OHIEZ1T72 D845 CTH 5. High-pT ASICI1EZh E TITfif
FEWGFIEDRE D RSN TB O SEEEICH L L FA LM IhE TEFDOEER EDOHIH/ T A —
FEBETLHIO R ANDBEBEHEN TR 5 12720, SHEEE D2 OFIEER S DBEFE 217720,
JTAG TZhbeDNRTRA—2 @ TESL L 5I1C Lz, %/ High-pT ASIC 1%, HIMZOF — MR
B 0.35um D7 — 87 VA CidE%R 1T - 7=, H#&MINC High-pT ASIC &= & Ml CAHF|Z2 7 —
K7 VA CHMENETETH S, £/22D ASIC b 2001 EEFRLAKEISS SN ETFET. Z0%
bR 2B ERRGEDS KO 5 5,



F8E RETIKIMERERH IC & MG RRERST EBR

FAITB Rz K D12 TGC DEFAHEFH O ASIC IIHEHRERE T ICRRE SN D, 2 2 TlEZ OB
DI OB LFRD 2D D ASIC & v HUBHRERICE L TR 5,

8.1 ¥E

soroe \ \TQate drain

© Tgate
sour ce

X 8.1: v fRASEERIC B L B 2 DA 2

v RMTEE A T 2R D — FERICTH OO NDERY U a VB2 525, ICIT vy #N
ABERY Y ayHFICETFLIELOXTRER SN, BEEOEND?S 20 5 bIEALO R
D ZNDZDNBIKDNT A—FIHELHEZ D,

SRIDT AN TIEZDNRTRA—F DBAE RDHIZDICHEEKD CMOS &V v Ay L —F — %44
#HLZIC Z2HE Lz, 7 A MNRD T 1+ 213 Patch Panel ASIC,JRC ASIC ICHWSNE 11—
Lt DS — ME0.6pum DT INHAY LF v T TH 5D,
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8.2: JREFHHRIT MERABR

Rng(}c\latov
(input)

ICoOLVA77 b

73 72 71 70 69 68 67 66 65 64 63 62 61

7
=
Fu
IneE= T
iErsssm==
=SS===_C8-
? T F E-==
i}

90 89 88 87 86 85 84 83 82 81 80 79 78 77 76 75 74

92 [ : )
s | O PNOS( B) PMOS(B) PMOS(B) PMOS( B) PMOS(B)  NNOS( B) O ks
04 Dj WE57. 6um W28, BumWEL4. 4um WE7. 2um W3, 6um W57, 6um 0 ks
Ri ngQsci | at or (RandonLogi c) (A)

95 DT NVOS(B) E;:D 56
96 ! Ri ngQsci | at or (Rayout ) (A) w28.8um T—[ | ks
7| O L e [ pe
9 | [ W14, 4um ks
oo | O Ok
00| [Jv GD b1
101| [Je 50
102| [J NS(B) )
13| O V7. 2um E;:D ks
104 O w7
105| [J ke
16| O vNueNa[‘BeEL E;:D us
107| [ pa
18| O ]
09| O e GA)umE;r:D %3
110 Oe b1
) v VD ko
12| [ B9
13| [ PMOS( A) B8
114 D W£28. 8um D k7
15| [ pws(A) B6
16| [ W14, [] bs
w7 O WSam  WPSum  wie amwos oum a7 sum . sumPYOS(A

18| [] | i ) ) WE7. 2um

= S s e DL L s LI LI s
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ICh7ay 7K
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8.2 MGHHRARRA IC

AR OF v To LA 7o~ Ty 7% 8.2, K83 ICZNZTIURT., FvTD
WERIZLATITRT & B Y 7 — Mg (W) 057 5 NMOS,PMOS ZhZh 5 FEFETE] 20 fo CMOS
L. VUTFYL—=FDOUAL T N TCRGRL 2 b D L HEIRERRR TR L b 0 TH S,

e Hifkd CMOS

. PMOS(W=3.6 ym)

- PMOS(W=7.2 ym)
- PMOS(W=14.4 pm)
- PMOS(W=28.8 um)
. PMOS(W=57.6 yum)

- NMOS(W=3.6 pm)

- NMOS(W=7.2 pm)
- NMOS(W=14.4 pm)
- NMOS(W=28.8 pm)
- NMOS(W=57.6 pm)

& : & 28 /1chip

o UV ITFTVV—F—
VAT R TEB LD
-y LRYy 7 THRBLD
o & 2 {f/1chip

8.2.1 HE{kKCMOS

HkD CMOS D LA 70 bl 2841 d., (KIEPMOS O W B57.6um Db DTH5.,)
Z @ CMOS 2 SN D U A ¥ & L T source, drain, gate W Z N ZHHY Hiahb, £
source & drain lZT VA D _LETIIRFTEY AR, Fl27— NERICITHER]IDORET RS
VUREMWENDS Z e EFLIEL T RGN L L TRIUBMIT 6N T A, ZoEPuiRY
VA EIAYRICEELZODTZOTav A4 1um PIG ORY > 2 13 8Q i
I B0 TZhEFIAL TR 100Q OEFLICL T b, £y 77— MEPMOS,NMOS T%h
THhEREm, 79 NERICGREINTWS, EF. V9 RIZICHETILETH 5.
F2ZDICOEE. NI UTVAFTDNT A—F R IFHEICEHIT 20523 5 O TREILIO /Ny
NMCRRENEBICRE S N T A RENRIIEY RO Tnng, K85ICZDI0 Ny haob A7y
NE2RY, BIOLEMGERE O REREATE D IO Ny T, AREMPREZE D RV 210 Ny KT
Hb,



8.2 i HgHiEAERH IC 113

TR

DREITRRER

8.4: A CMOS D LA 77 b, KIE» — b Dl (W) »%57.6pm ® PMOS

e

8.5: Wi /Ny b TA@EHED /Sy b _EAEAR CMOS D10 12485 /8y b
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8.2.2 U VIUAIL—4—

Vo7 Ay v—4 = 3AGRME 2 MY > 7 RICHE L 2 F8 RN T 2 2 TGO RIS
F U ZORIRAWEOLEAE RHI-DICKRIET S, K86 ICY Ay L —FDOREKERERT.
C DA DL AREE FlZ HIIC L Z NAND S®EIC KV U v 7 F v L —F — 2L T
5. BRDAHENBOLGE. V7o 1 DT RIFNITR SR VG LIS THREON
G UAMBIRDOIFIRDIA IV T DT VAV BRI ENEZOND, ZDOY T
%mMND%@T%WL%NAM)mmﬁ ’ibiloﬁﬁ%%iét@@NANDﬁ@%m@
FFZD>BbD12%HAE LIfE>TnS, 72U 7 EONAND OFICHIICTA2UA V%
LOW 2T % L FRIFIEE 5 DT ZIIFHRAEE D A A v FIT2 b,

QUTPUT
o

I NPUT
»
«

H&&Uyﬁﬁvv % — DAk |

VoA V=8 —13EGmM e ol > 7 LICRE L b D TH LM, AL LED T
HRIOEN 2 ML T2 NAND HELOFRFZHE L AR E Lz, £-50I3 ofHE
% 255 EECE L 7=,

]

X 87: VAT V—F—DL AT ~D—E
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8.2.3 BEHERAAR-—FK

X 8.8ICT A MHDAR— ROBEEZRT, MDXIIC42DIC 2HHEL TW1b, ZDIC DA,
BEITHEL TOLRENRZAL T L -0BERORELEZE L R— K ETHMAD CMOS
DE VR ERDLEIRAAL v F 2T T 5,

| 2

X 8.8: HUFHBHOAR— R

4 DD ASIC ZH## T 5% ASIC OiiH A RIZHRV TSN THLDN, AL v FR—-KFTH 5,
ChICk s TN T 2ADHERID, 72TV RAFORIEF2 T T Rk S EHERIC
kK DWHEZBE <.
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8.3 HEIHRERGSSAER

SETHRBN/ZLDITTGC D M1 VA ¥ — Tl 10 4EHNC 0.23[krad] (=2.27[Gy]) OWRINHREAD
RBTS 50 °CE Y ReREE 2 7T 15.9[krad) (=159[Gy]) € ORHER OB FHEEEASRD 51T
VWb, 22 CHTEHIETCRAT ICIH L CHRRAHR T OIS A S > ¥ —1 BT 100[krad]
LTy MROIRGHAREIT2 5 72,

MBI R & 725 DIFRTTCRR/ZICA DT, LTFOREEZESHLDOTH 5L,

e Hifkod CMOS
ZNZNEDE 5 PMOS40 ., NMOS40 <. &t 80 oo CMOS

o YV IAT V-4
HEENARIICE DD 8HE. VAT RLRADNEERLZL D 8T, &3 16 HD
VY IFY V= —

8.3.1 yEHEFOEY b7y T

EHIFORZ A TG 7 > & — OEYRGERE 2 T TR > 72, #RI13 69.5[TBq] @
B1Cs T, #IE» S O CIRFNEORE 2705 b0 TH L, WMoy N7 v T%X 8.9,
8.10 1Y, FEADMERD L DY, MFEOERHTH L, MIIty M7 v T2ITR IR &,
ADBHENICHS & &, HITIIR® 5N THEY, BEFRICIIEND»S 2026 L TR
MO BN DL, G, T A MR— RIIHIREASRD S 23cm O (BEFDF4EIT Tem 2o TH
06 ORI 30cm TH 5,) ICRRE L. Skrad/h THE 21770 - 7. ZoOHE2E ThiZ L
D E OISR TR TE L0, BFICL TN TE L0 Z OFEETIT-5 72,

X 811 ISR DT A MR — ROEEER%ZRT, Y74 L —413 ON OREBTHIRS &2
MEBH L7z, £72 CMOS DD DL D (PMOS20 il & NMOS20 i) 1ZidNA 7 2& LT,
40MHz 7 1y 7 % ASI LIRSS B 21770 o7z, /22 DNRA 7 2ADHE T, 5 A MR- KL
DAL v FR=RIZE>THFEASNS, A4 v FR— RIIHF O KRS T, % CMOS DY —
A, KAy, F—boEREHETL2ODOT, XM 7R 75 KABSH L, 72 NMOS &
Ny 77— NI VDD I8 S, PMOS DNy 7 7 — NI Z T > RIic#ER: L 72IRRE TR %217
Rolz, £R— RITT +5V OEFRZARHKL T 5,

o] D PR ABR ClEAETC 100krad £ TOMRR 21775 7223 0, 0.5, 1, 5, 10, 50, 100[krad] @
BB RICH LT, IC DNT R —F DHIEEITIR - /2.
WHEOICIHHBERREOET, ICHD NI v Y27 OWHR % < 129 O ENIEE S E &
NTHBN, SHOBEREHFABHA O ASICIX., NIV IVRAZDONRITRA—-FZRHETLH20D
bDRDT, ZOMREMBEROBFOTRIFL TS, Z02D, ZDOFTA MR- RKOHY
PNTIFTERSLEICR D, SHNFRFER & NT X —=FZ{EEITR OGOk e, T A
R— RZERT LRI 812 IR T LD REFE TR T VYV AY DRELITR > Tz, RER O
THEKDELIICEZECMOS DY —A, KAV, F— &R EE., Zho ORNICEMNENE Uk
NWEIIIL TS, ZORELELAAL v FR—RKTITh->Tn5,
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8.9: DLy b7 v 7 (FI)
MAA O b OBRRORR. ZHNICHPNEDES LT A MR- RE2REL TS, BREAISRETO
EFHfEl 23cm T Skrad/h Tl SN 5,

DC power|
supply

test board

Irradiation room

30cm  (Skrad/hr)

'
—>
1

Radiation
source
cylinder

Irradiation table

Ycs (69.5[TB))

Radiation
Source
Controler

8.10: By N7y 7
FHRARZZ O HUOP S 30ecm DOFEIC, BRICHPNEDE D L DICT A MR- RE2RET 5, BHENTA
IMEERTLH L &R, BRI TSR SN TEY, BEEIE, BEREIOHIEHEEE T, MR 2 MRS

B EORIRTIND B,
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Test Board

P sw Test ASIC |

. Ring Oscillator

+ output

NMOS NMOS PMOS PMOS
with bias with no bias with bias with no bias

X 8.11: Byt y b7 v 7 ([HIEKX)
KD CMOSIINA TR LTIy 22 AL 6BR #2725, ZHIZAAL v FR—KT
JEEND,

Test Board

Test ASIC |

Ring Oscillator

X 8.12: 7 A bR — REREE DO FGRE
FARMR— NOEMBICIIBHER R LICLY T UV 2T OWEEEF < 729 CMOS ORug1 %5
BERD, ZOREIFALS v FAR—RIZk-sTENS,
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8.3.2 MERDEY bMTv T

0] O FEGRER Tld 100krad ¥ TOMRK 477210, 0.5, 1, 5, 10, 50, 100 [krad] D% MG &=IC
XU CTUAT ol 21778 - 7=,

e Hifik CMOS

WRIFFEENRT XA —=F 7 FIAF -2 AT SI3 ITRT LIy N7 v T TTR-
oo V=A Ny 2= &I RN F—NEMR, LA UEBREAEEEOERICHE
Bel 7z,

NMOS %58, Vps (KA . V—R[EEFE) 2 5[V]ICL Vg (F'— hERE) %2-1~5[V]
OFEER THIE L /2. PMOS O¥451% Vps %-5[V] C Vg & 1~-5[V] ORI CHIE L 7=,

Semlconductor parameter analyzer Test board

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

memmmmm——
[ ——

drain

gate

source '

-

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

[P
*

X 8.13: JEMENT A= T FIA Y —%fis llERDOEY R T v T

o VI ITFYV—F—
FEIRABHLZWE L Tz,

8.3.3 AIFERRE
Bk CMOS

X 8.15 [X] 8.16 ICHREATD Vg DEALICHNT % Ips 2711y b LTz (EBAMIE Ty b, FE
AR Ty b)),

100[krad] DHGHE. #IE Ty b TIEIERREBR SRS 120 STy b D Vg 230[V]
DRELT Ips WL R SN, 22 TVg20[V] TD Ips (V—27EBR) ZBEERICHL T
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Ty bL7z (X8.17)., %7z 50[krad] & 100[krad] DIBH O#KICIE, 24 B0 7 =—V > 7D
WCBMELITR > T D, P OFRMR (R A7 2H Y TR L 72 CMOS. fifk (%
M) SN A 7 28 LTI L 72 CMOS TH 5.

NMOS D88y, [ 10[krad](100[Gy]) ¥ TTIZABERZMLHEEL . 50[krad] TH 10~ 7[A] 52
BELDY — 7 BRIBMENT &Rk S, £727my hho 4250 NMOS 1L T, EFHRMED
IMARBEETRKEL RT3 EDRHHM, Zh6dT A MR- Ro#ERFf. H 5 WITHlE+
ICHBEROMETHHRL b0 B2 65, £/ PMOS O5AICE L T 100[krad] OIS
HLTYH U —2 EFRA 10mA] LFICH A S h T3 0hvbr 5.,

¥ 72 PMOS,NMOS WG EICBL TH. N TARHLHM. V-7 BERBAEL LD
fHFNCH B Z L DBERTE L0, ZHET — bR Y Y a ik, NA 7 AR5 FEFD
BORTHWI L ERL TS, 7 50krad] & 100[krad] OIRHHICIT, 24 B OR@EZIC S
EEATR T2 U — 7 BIROBOVPHERTE S,

VooxvL—4—

HRE BT 5 FARA I D2 2 X 8.14 1R T, 50[krad] E CORS CIIABRREITRS
N9, 100[krad] DG T 2% EOFIRFEH O T VBRD 6N DB THL, Vo IA TV —
5 OIGRFEPENI R R T OBEEREZ KL TH Y, 7 a sk % & Patch Panel ASIC 72 &
Tld, BERNRT AT THEN. ZORERDE y RO, BEREICHEL 525 2 208
BN T EHSHERHSR D . CGERABE D 2% 02T 1 D DFRF- OBYWEEREICT 5 & 10psec FEE D
BACKIET H DT, THITEHTES,)

=
(4]

[any
N

=
w

== ——— _#};$ |||

=
N

Frequency[MHz]

10

=
=
LU BRUALLLEN UL UL SRLAL (LN O LU UL AL AL L AL
|
i
%
1]
117

o

=
o
=

10 Dosel[krad] 10°

X 8.14: v MBHEEICHT 2V VA v L —F — O ARBFRAIREN 4 BRI D T B8,
2 OHBRERRRICE DD T, T22ONWLA 7ML RUPSRALZVbDOTHL, Th
Zh o2 DIFFRAEMNITHE LD TH L, GEREREDLDIELLbDEEZ NS,
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8.15: PMOS OBERME (1d-Vi) (051 8.16: PN\IOS DBV (1d-Veg: Rt 7
W (7 — L olE) 1ITHIET 5. Ty b)) A5 WISHIE T 5.

NMOS Id-Dose PMOS Id-Dose

8.17: v MR EICK T2 VU — 7 iR DOZEAL

M off GBHD ML 7 2% 0 TIRH L 72 CMOS. fkii GRRL 2381 7 272 L TR
B L7z CMOS CH 5, %7z 50[krad],100[krad] OIRF DHICIE 24 BRI D7 =— V) > 7 %47
%o TG,
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8.4 THGIIRMHEAERA IC & MG IRGTBERICEIT 5 F L o

ATLAS BRI Z§IE, FROGHGHRERBI FICRRE I NS Z 210k 5720, R OZMRERITE 4
DERBTF T, 10 EMOEBRPRE L BWEL T 5 2 LR T HLENSH L, TGCZL Y ha=2
ALK T 5 ASIC b, HUHERIE T COMB LR T 2MENH V. SMNIK O 1D 2 HGHRk
DEG#EED 5 B TID(Total Tonising Dose) D58 % MIE T 5 729, Patch Panel ASIC & JRC ASIC
WKWHWONLTETH S, B— Lt/ — MERRE 0.6pum O 7t 2 %ffi->T, RV IAF DN
TIA=F DB E RDEIDDIC 2D Y, v OB Z 1T - /2,

IC XY — MEDEIR S5 NMOS,PMOS &, VY7 AT U —F ZHiEL 4 >0F v 7 (CMOS
FET8OME. VAT U —F —id 16 ) 1K L TRE T R b 21778 5 7z, CMOS 138k /N
TRA=FEFT 701, VT Y V—F =137 OFIRAPENS. SMERTFOBEERE & K
BLL T2 0T, ZOBWEEEZFE7-0ICHEH# L7z, TGCOTLV Y k=7 ANREIhLY;
FITCUE 10 4E/ T 2.27[Gy](=2.27x10%[rad]) @ TID 2% 5 Z R L 6 TB Y. ZeRiz
MT T 1.59x102[Gy] DK O, BWEDORERASKD ST b, D05 IR EAZER T
BlEEgE 2 v 7 — 2BV T, 103[Gy] £ TORRH 21720 PEEONRT A — 7 OZELE2W|EL 7=,

HEAS R TIE 10%[Gy] £ CORRF TIEFERDONT X — 5 BEEEICERREIR ST,
103[Gy] £ TOMBH T, DTHh RV -V BEREEEVETRRSNZORTH Tz, EBEHED
T=—=U 7k, BALIeNRTA=2 Y, b DEICRAMEMICH D Z MR Lz, Zh
1 & > C ATLAS 928k 10~20 4ERIHICIEF S N y EICH L T, 2hso/a 203 %E L T
BWETHZ L 2R L2 LITRb,

SRITE SITHEBTEBUCEEA T 5 ASIC 2ffi> T, FARORFARBPLETH L., /2 TID
D H Tl #E < SEE(Single Event Effect). NIEL(Non Ionising Energy Loss) D558 % 57 A 9%
BN 5,



FOE 2HhOFLY

ATLAS £ERClE 40MHz & 5 EHETAYF OHEMNET V., WARKO A Ry MBERSH
5. A ﬁfﬁ=®ﬁk&4“/b¢#6 WP A N N R Ao IERIERL . 7%
WHEEAT72 D 12DICEER, TGC I a—F Y MY H =Y AFLE, Z0 30 HEAEDF ¥ >3
W6 BEEENIET 57200 1C DRAFICB L TRz,

EFNEOPERICH -0, A IV THREEZITRO, 5 %270y ZICEH &5 Patch Panel
ASIC DBAFE T, BRAREWEY I 2L —Y g3y, THA VOREERITROT V2 IIVT F 1 ViR
D IC 2B L 7=, Z @ Patch Panel ASIC OE)IfET A N Tld, ZhhFEFTTHH T, IELLH>+
DI EF - THWET %5 DLL MR O 2525 2 e W C& /., £ LVDS Ly —N—0BifEY
WAL, RERTOL IR LA E DL 5 2 ek, £l CoME ASIC DFEHR
EHEbED L, TN T Patch Panel ASIC Lo£To7raZHEoEfEE R L -2 &1k b,

F IR OEEE DYE %1772 5 Slave Board ASIC TIIE5 AN, %72 IC &K OHIEHZ1T
720 I OBIFR 24T, ToRFOTa v F A4 T ASICIZBWT, ¥YIalb—YaryTZh
M. TRICEMET S 2 L R L 72, F£72 high-pT H%E %4772 9 high-pT ASIC Tl&. EiIZZD
THERER Y DBIFE AT, IRITSEBEMEICH 72 b ASIC DEMER VI 2 L —Y g  ChER L 7=,

ICHEHERBE T T, IC ORE L -BEL MR T 5720 D ASIC 22 V., HgHiies 5

xb%ﬁw 10~20 4 D ATLAS S8R T OGRS T 2 BEHT L, IC 2¥%5E L CEpfET
%) a %Eﬁn/u 1/ 7;
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8% A JTAGZObMINICEAT2HR

Z 2T RRHEMWRFEIHTH 5 JTAG 71 b )V OFE L WEEORIB 21742\, JTAG @
verilogHDL 22— RDH > )V & RT,

A.1 JTAG 7O b a/)LOEEH

CZTIXHDL Y a3 b—3 g VORRICESWIZIEE W, JTAG o#iff2 375, %
eIk e LT ALITRT & D%, AJllo BSC A% 4bit, HiJ3fll> BSC A% 4bit, ¥ 7z RW
E— KD 4bit D2 —H —EFHL VA ¥ regA,regB S TMBE 2 AL, F2BHNH D IRIBITE
BRI verilog HDL Y 2 I LV—y g VISR VARSI N DH L, 2—HF -V IZATANDT—F D
EEABRTEAR, F12 BSC Zffi- 7z EXTEST,SAMPLE/PRELOAD Ol L T T 5.

a Boundary Scan Chain )
G )
‘T—T1BSCH - )
Input BSCr~ i Output
' Core Logic '
Pins BSCH» g | Pins
\—T1BSCr - — ]
- )

/ iParameterA “ParameterB L I
| User defined
r—\RjA_“ﬁ_‘ A
»-| User defined
’_AREB—F—
Bypass
Reqister

> i Instruction Register | >

TDI &
_) Instruction Decoder i

TCK :%

TM S :l TAP Controler Shift, Update, Capture DR

Al: BTV ORERK
JTAG OBEMEZFWT B 72D W > 7 )Vl & LT BSC(H ) % 4bit, BSC(A ) % 4bit,
RW E— RO —%—E&HL TV AF, regA(4bit),regB(4bit) Z & LMk % 5,

vy

»\ TDO Selector /
_|
o
o)

A 4

byp:

modg registér A

modg

3
om
E

|

125



HEEMEON = 1L DVLLE TV [F

7
z

OELAN&—L)

(RERE

TCK

TMS

TRST

TDI

TDO

tap_state

instruction

rst

regA
regA_TDOO
regA_TDO1
regA_TDO2

regA_TDO3

regB

10 O R A e e

‘:4Shift DRJ__X:X:Uf

ff

bypass mode

regA write mode :

093 Y o8 regA\ead mode

[

0

0:0000(defauilt)

B

a1010

9¢l

(2 L DVLEY ¥

-
-

AT £B
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A1l T—IVLVIPRIDGHESE
FFEEED ASIC OEFICEL TRk b EER 2 —

PV IRAINDT —F DEZAR, HIELIC
f A L GRS, =2 Clddbit Da—HF—L IR ¥
BSC BSC f—p
o] B S N | S regA |T 4bit D7 — % 1010 ZREL. THhZHY
ans [|_LZol| coetode [[Tol | lleins AT E WO EMEICBIL TR 5. BTN
BSC _ BSCH——> A9 ‘:ZT?TO
|2 g o101
=g STD Uty b 2-F-ERVIRAZITET 74N
0101 |ror JTHTTT= r MEMERESHTHBDY RST f5% (TRST &
FsF— e comae I, ) BANTLZZEeTCZofEICY Y BT
&5, 20 JTAG MIRIXIERE O RST {25 C.
A3 A=Y - LI DFGHEFE ZhIT k5 TregA, regB A& HITT 7 4 )V MH

D 0000 I, A VARSI ary VY ARFIE
1111_.1111(BYPASS) 1272 %,

EZAHBEORTE 22—V VI AT regAIlT —F 2HFZRALIWKTET A VA NT I a v
VA B regA DEFZAB A (Write mode) ZFRET 5. Test Logic Reset DIRRBICH 5 tap state
Z TMS T 01100 &N F — 2% A5 Z & T Shift IR DIRREICL T, 7 hDORTMS Z 01CL
TBL, T—FI3 tap state 23 Shift IR 1725 72RD TCK D EWRY Ty VWPE5WVIAENS, &
lZoeXE TDIH6 DT —HIETCK DFNY Ty P TICHIZASTL %, regA @ Write mode
DA VARG Y arya—RTHs 0000-1001 ZJEK TDI S AHL T, Zoa— ROk
bit #>7 h&E5 & XL TMS % 112 L TRD TCK Tl bit DFi A% & WIS Shift TR
REELT 201D 5,

ZZTTMS # 11ZL T 5TCK 432\ 1 T tap state % Test Rogic Reset IZJ]RT, F 722 O@EFET
tap state |3 Update IR Z 8T 5D TZ DL EICA VA NI IV gara— RBEHRINS,

A—HF—LIRIANDT—IDEEAH HZABLMBOREITLY VI A regA MEIERIHEIC
Rolz, VORABZEHEZALOEEL B OREL R CEMH TTE S, Test Logic Reset DIREICH
% tap state & TMS IZ 0100 & A5 Z & T Shift DR OWRREICL T, 7 O TMS Z01CL
TBL, MPOREDLELHELIAI VT TNAY—2 1010 Z AJJL. tap state % Test Rogic
Reset IZRY, ZOHATHEF T Update DR Z@iE L THWEHDTI DL ZIT VYRS OfENH
#Ihs,

HPRABRTORE 2V - VI AT regA DT —F 2GZmAMT OV ART IV a v VYA
1T regA DFtr AR (Read mode) 2FRET 5, HIRABLMOTORELHL LDICT. A~
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A.1.2 BSC(SAMPLE/PRELOAD,EXTEST)
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A2 JTAGOHVZT)a—FK

Z Z TCIIRIEID JTAG OBEDOBBICEE > 72 JTAG D — R&Z;RY, Zda— REJTAG 21—
RoBEERAZ V7| Tjtagmaker] IC&>TERSINIZEL DT, 4bit DRW E— KDLV I AF % 2
fi. AHITI TR %44bit DBSC 2$5#kT 5 b DTH 5. jtagmaker [T 55T http: //www.icepp.s.u-
tokyo.ac.jp/ katori/jm.html TiBXT 5,

//¢timescale 10ps/10ps

//this verilog code is made by jtagmaker.pl (version 0.2, last update:2dec2000)
//by Yuichi Katori

/) /K ke ko ok ko ok ko ok sk ok ok sk ok ok sk ok ko o sk o ks ke ko ok sk ok ko o sk o sk o ko ok sk ke o o ko sk o ko o sk ok sk ko s o ko o sk ok o sk ok ko ok o
[ /Ko ke ok ok ko o sk ok ok sk ok sk ok ok o sk o ok sk o ko ok sk ok ko sk o sk o kok ok sk e ok o ko sk s skok ks sk sk ksk ok kkokk - JTAG_MATIN
[ /K ke ko ok ko ok ko ok sk ok o sk ok ok sk ok ok o sk o ks ok ko o sk ok ko sk o sk o ko ok sk ke o o ko s o ko o sk sk ko e o ko o sk ok sk ok ko ok o
module jtag_main(TCK,TMS,TDI,TRST,TDO,rstin,DR4regh,DR4regB,BSCii,BSCio,BSCoi,BSCoo0);
input TCK, TMS, TDI, TRST;

output TDO;

input rstin;

output [3:0]DR4regh;

output [3:0]DR4regB;

input [3:0]BSCii;

output [3:0]BSCio;

input [3:0]BSCoi;

output [3:0]1BSCoo;

wire mEXTEST ,mSAMPLE ,mINTEST ,mRUNBIST ,mID,mUSERCODE ,mCLAMP ,mHIGHZ ,mBYPASS ,mwINST,rst;
wire TDO_INST,TDO_BYPASS;

wire NCBYi,NCBYo;

wire [4:0]0PBY;

wire SEU_TOTAL;

wire [3:0]tap_state;

wire [7:0]INSTRUCTION,SEU_INST,s8INST;

wire [4:0]0Pinst;

wire [1:0]mregA;

wire [1:0]mregB;

wire mrregA,mwregh;

wire mrregB,mwregB;

wire TDO_regA;

wire TDO_regB;

wire [4:0]0PBSCI;

wire [4:0]0PBSCO;

wire mBSC;

wire BSCTDIO;

wire TDO_BSC;

wire [3:0]s4BSCI;

wire [3:0]s4BSCO;
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wire [4:0]0P_regA;
wire [4:0]0P_regB;

wire [3:0]s4regA,seudregh;
wire [3:0]s4regB,seudregB;

[ /¥ F3A KAk ok ok ok ok ok kokdokskok ok ok ok ok ok ok ok ok kokkokk ok declaration of tap state

parameter
parameter
parameter
parameter
parameter
parameter
parameter
parameter
parameter
parameter
parameter
parameter
parameter
parameter
parameter
parameter

Test_Logic_Reset

Run_Test_Idle
Select_DR_Scan
Capture_DR
Shift_DR
Exit1_DR
Pause_DR
Exit2_DR
Update_DR
Select_IR_Scan
Capture_IR
Shift_IR
Exit1_IR
Pause_IR
Exit2_IR
Update_IR

4°hf;
4°h7;
4°h6;
4’hb5;
4°h4;
4°h3;
4°h2;
4°hi;
4°h0;
4’he;
4°hd;
4°hc;
4’hb;
4’ha;
4°h9;
4°h8;

//**********************************************

parameter
parameter

defd4regh = 4°b0000;
def4regB = 4’b0000;

//**********************************************

parameter
parameter

wHI = 1’b1;
wLOW = 1°b0;

//**********************************************

assign rst

= "rstin;

tap_controler tap(TCK, TMS, TRST, tap_state);
assign SEU_TOTAL = |SEU_INST|seu4regA|seudregB;

[ [ F*3Fxkk k% kkkkkkkkkkkkk* function for operation of data register

(write & read mode)

//where OPRW[] are operation wire for (mux (before shift reg & for ouput)) &

//enable condition for shift reg & tdo reg & update reg

function [4:0] OPRW;
input [3:0]tap_state;
input [1:0]mORW;

begin
OPRW[0]
OPRW[1]

(tap_state == Shift_DR); //mux before TDI reg
((tap_state == Shift_DR) | (tap_state == Capture_DR))

&% (mORW[1] | mORW[O]);

//enable TDI reg
OPRW[2] = (tap_state == Shift_DR); //enable TDO reg
OPRW[3] = (tap_state == Update_DR) && mORW[O]; //enable UPDATE reg
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OPRW[4] = 1°bl; //mux of output

end

endfunction

[/ *Fkkkkkkkokkkkkkkkkokkokkkk write mode only
function [4:0] OPW;

input [3:0]tap_state;

input [1:0]mORW;

begin

OPW[0] = 1°bl; //mux before TDI reg

OPW[1] = (tap_state == Shift_DR) && (mORW[1] | mORW[0]); //enable TDI reg
OPW[2] = (tap_state == Shift_DR); //enable TDO reg

OPW[3] = (tap_state == Update_DR) && mORW[0]; //enable UPDATE reg

0PW[4] = 1’bl; //mux of output

end

endfunction

[/ *Fkkkkkkkokkokkkkkkkokkkkkk read mode
function [4:0] OPR;

input [3:0]tap_state;

input [1:0]mORW;

begin

OPR[0] = (tap_state == Shift_DR) && mORW[1];

OPR[1] = ((tap_state == Shift_DR) | (tap_state == Capture_DR)) && (mORW[1] | mORW[O0]) ;
OPR[2] = (tap_state == Shift_DR) && (mORW[1] | mORW[O0]);

OPR[3] = 1°b0;

OPR[4] = 1°b1;

end

endfunction

//******************************************************************* bypass reg

assign OPBY[0] = 1’bi;
assign OPBY[1] = mBYPASS;
assign OPBY[2] = mBYPASS;
assign OPBY[3] = 1’bO0;
assign OPBY[4] = 1°bO0;

DR DR1bypass(TCK,TDI,TDO_BYPASS,NCBYi,NCBYo,OPBY);

[/ FF sk stk sk skt kot ok sk sk koo sk sk ko ook sk sk ki kok sk koo kokkskkkkokk Teg A (4bit)
assign OP_regA = OPRW(tap_state,mregh);

DRV DR4regA0(TCK,TDI ,s4regA[0] ,DR4regA[0] ,DR4regA[0] ,0P_regA,
seudregA[0] ,def4regA[0] ,rst);

DRV DR4regAl(TCK,s4regA[0],s4regA[1] ,DR4regA[1] ,DR4regA[1] ,0P_regh,
seudregh[1] ,defdregA[1] ,rst);

DRV DR4regA2(TCK,s4regA[1],s4regA[2] ,DR4regA[2] ,DR4regA[2] ,0P_regA,
seudregh[2] ,defdregA[2] ,rst);

DRV DR4regA3(TCK,s4regA[2],TDO_regA ,DR4regA[3],DR4regA[3],0P_regA,
seudreghA[3] ,def4regA[3],rst);
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[ 3Kk Aok Aok Rk ok sk o sk o ok sk ok ok ok o kok ok sk ok ko ek kokk sk ok kol sk kkok kR kkkokk k- TegB  (4bit)
assign OP_regB = OPRW(tap_state,mregB);

DRV DR4regBO(TCK,TDI ,s4regB[0] ,DR4regB[0] ,DR4regB[0] ,0P_regB,

seudregB[0] ,def4regB[0] ,rst);

DRV DR4regB1(TCK,s4regB[0],s4regB[1] ,DR4regB[1] ,DR4regB[1],0P_regB,

seudregB[1] ,def4regB[1] ,rst);

DRV DR4regB2(TCK,s4regB[1],s4regB[2] ,DR4regB[2] ,DR4regB[2] ,0P_regB,

seudregB[2] ,def4regB[2] ,rst);

DRV DR4regB3(TCK,s4regB[2] ,TDO_regB ,DR4regB[3],DR4regB[3],0P_regB,

seudregB[3] ,def4regB[3],rst);

assign mBSC = mSAMPLE | mEXTEST | mINTEST;

[ /%K ok s ok sk ok ook ok sk ok sk ok sk skt stk ok sk ook ok okok doksk sk ok okskkokskkoksk ok kkkokk BSC input side (4bit)

assign OPBSCI[0]
assign OPBSCI[1]
assign OPBSCI[2]

mBSC && (tap_state == Shift_DR);

mBSC && ((tap_state == Shift_DR)| (tap_state == Capture_DR));

mBSC && (tap_state == Shift_DR);

assign OPBSCI[3] = mBSC && (tap_state == Update_DR);

assign OPBSCI[4] = mINTEST;

DR BSCIO(TCK,TDI ,S4BSCI[0] ,BSCii[0] ,BSCio[0] ,0PBSCI);

DR BSCI1(TCK,s4BSCI[0],s4BSCI[1],BSCii[1],BSCio[1],0PBSCI) ;

DR BSCI2(TCK,s4BSCI[1],s4BSCI[2],BSCii[2],BSCio[2],0PBSCI);

DR BSCI3(TCK,s4BSCI[2],BSCTDIO ,BSCii[3],BSCio[3],0PBSCI);

[ ] HFFFFAA A KA A A A A AAAAA AR AAA KKK KK A AR KKK KKk kkkkkkkkk BSC output side (4bit)

assign OPBSCO[0]
assign OPBSCO[1]
assign OPBSCO[2]

mBSC && (tap_state == Shift_DR);

mBSC &% ((tap_state == Shift_DR) | (tap_state == Capture_DR));
mBSC && (tap_state == Shift_DR);

assign OPBSCO[3] = mBSC && (tap_state == Update_DR);

assign OPBSCO[4] = mEXTEST;

DR BSCOO(TCK,BSCTDIO ,s4BSCO[0],BSCoil[0],BSCoo[0],0PBSCO) ;

DR BSCO1(TCK,s4BSCO[0],s4BSCO[1],BSCoi[1],BSCoo[1],0PBSCO) ;

DR BSC02(TCK,s4BSCO[1],s4BSC0[2] ,BSCoi[2] ,BSCoo[2],0PBSCO) ;

DR BSCO3(TCK,s4BSC0[2] ,TDO_BSC ,BSCoi[3],BSCoo[3],0PBSCO);

[ /s ks ks ks ks ks ks sk ok sk sk ke ko sk ok sk ks ok sk ok sk sk kst okok ok sekokkkokok TDO selector
assign TDO = (mwINST & TDO_INST) | (mBYPASS & TDO_BYPASS)

| (mEXTEST & TDO_BSC) | (nSAMPLE & TDO_BSC) | (mINTEST & TDO_BSC)

| (ImregA & TDO_regA)

| (ImregB & TDO_regB)

[ /%% Kok ok ks ok ok sk ok o ko o ko o sk sk ok ok sk sk ok ok sk ok sk ok ok ok sk sk sk ok ok sk sk ok ksk sk k sk sk ok kkokkkkokkokk INST decoder
assign mEXTEST = (INSTRUCTION == 8’b0000_0000) ? wHI : wLOW;
assign mSAMPLE (INSTRUCTION == 8’b0000_0001) ? wHI : wLOW;
assign mINTEST = (INSTRUCTION == 8’b0000_0010) ? wHI : wLOW;
assign mRUNBIST = (INSTRUCTION == 8’b0000_0011) ? wHI : wLOW;
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assign mID = (INSTRUCTION == 8’b0000_0111) ? wHI : wLOW;
assign mUSERCODE = (INSTRUCTION == 8’b0000_0101) ? wHI : wLOW;
assign mCLAMP (INSTRUCTION == 8°b0000_0110) ? wHI : wLOW;
assign mHIGHZ (INSTRUCTION == 8°b0000_0111) 7 wHI : wLOW;
assign mBYPASS = (INSTRUCTION == 8’b1111_1111) ? wHI : wLOW;
assign mwINST = ((Capture_IR >= tap_state)

& (tap_state >= Update_IR)) 7 wHI : wLOW;

assign mrregA = (INSTRUCTION == 8’b0000_1000) ? wHI : wLOW;
assign mwregA = (INSTRUCTION == 8°b0000_1001) 7 wHI : wLOW;
assign mreghA = {mrregh,mwregh};

assign mrregB = (INSTRUCTION
assign mwregB = (INSTRUCTION =
assign mregB = {mrregB,mwregB};

8’b0001_0000) ? wHI : wLOW;
8°b0001_0001) ? wHI : wLOW;

//***************************************************************** INST register

assign OPinst[0] = 1°bl;

assign OPinst[1] = mwINST && (tap_state == Shift_IR);
assign OPinst[2] = mwINST;

assign OPinst[3] = mwINST &% (tap_state == Update_IR);
assign OPinst[4] = 1°bi;

DRV DR8instO(TCK,TDI,s8INST[0],INSTRUCTION[0],INSTRUCTION[O],OPinst,

SEU_INST[0] ,wHI,rst);

DRV DR8inst1(TCK,s8INST[0],s8INST[1],INSTRUCTION[1],INSTRUCTION[1],0Pinst,
SEU_INST[1] ,wHI,rst);

DRV DR8inst2(TCK,s8INST[1],s8INST[2],INSTRUCTION[2],INSTRUCTION[2],0Pinst,
SEU_INST[2] ,wHI,rst);

DRV DR8inst3(TCK,s8INST[2],s8INST[3],INSTRUCTION[3],INSTRUCTION[3],0Pinst,
SEU_INST[3],wHI,rst);

DRV DR8inst4 (TCK,s8INST[3],s8INST[4],INSTRUCTION[4],INSTRUCTION[4],0Pinst,
SEU_INST[4] ,wHI,rst);

DRV DR8inst5(TCK,s8INST[4],s8INST[5] ,INSTRUCTION[5] ,INSTRUCTION[5] ,0Pinst,
SEU_INST[5] ,wHI,rst);

DRV DR8inst6(TCK,s8INST[5],s8INST[6],INSTRUCTION[6],INSTRUCTION[6],0Pinst,
SEU_INST[6] ,wHI,rst);

DRV DR8inst7 (TCK,s8INST[6],TDO_INST,INSTRUCTION([7],INSTRUCTION[7],0Pinst,
SEU_INST[7] ,wHI,rst);

endmodule

[ /3K 3k ke ke sk ok ok sk sk sk ok ke o ok o sk sk ok ok ek o ok s o sk sk ko o o ok sl sk 3k ko sk o o sk sk ks o ok ok sk sk k ko o sk ok ok sk ok sk ko ok ok ok ok
[ /%% Ak ok ok o ok o stk ko ok sk ok sk ok sk ok sk ok ko ok okok ok ok ok ok ok ok ok kokokkokkk Tap controler

//*********************************************************************************

module tap_controler(TCK, TMS, TRST, tap_state);

input TCK, TMS, TRST;
output [3:0] tap_state;
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reg [3:0]

tap_state;

// definition of tap state

parameter
parameter
parameter
parameter
parameter
parameter
parameter
parameter
parameter
parameter
parameter
parameter
parameter
parameter
parameter
parameter

Test_Logic_Reset

Run_Test_Idle
Select_DR_Scan
Capture_DR
Shift_DR
Exit1_DR
Pause_DR
Exit2_DR
Update_DR
Select_IR_Scan
Capture_IR
Shift_IR
Exit1_IR
Pause_IR
Exit2_IR
Update_IR

// TAP state machine

= 4°hf;
= 4°h7;
= 4°h6;
= 4°hb;
= 4°h4;
= 4°h3;
= 4°h2;
= 4°hi;
= 4°h0;
= 4’he;
= 4’°hd;
= 4’°hc;
= 4’hb;
= 4’ha;
= 4°h9;
= 4’°h8;

always @(posedge TCK or negedge TRST)

begin

if (!TRST) tap_state <= Test_Logic_Reset;

else
begin

case (tap_

state)

Test_Logic_Reset:

tap_state <=

Run_Test_Idle:

tap_state <=

Select_DR_Scan:

tap_state <=

Capture_DR:

tap_state <=

Shift_DR:

tap_state

Exit1_DR:

tap_state <=

Pause_DR:

tap_state

Exit2_DR:

tap_state <=

Update_DR:

TMS 7

TMS 7

TMS

TMS 7

TMS 7

TMS

TMS 7

TMS

? Select_IR_Scan :

? Update_DR :

¢ Update_DR :

Test_Logic_Reset : Run_Test_Idle;

Select_DR_Scan : Run_Test_Idle;
Capture_DR;

Exit1_DR : Shift_DR;
Exit1_DR : Shift_DR;
Pause_DR;
Exit2_DR :

Pause_DR;

Shift_DR;
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tap_state <= TMS 7 Select_DR_Scan : Run_Test_Idle;
Select_IR_Scan:
tap_state <= TMS 7 Test_Logic_Reset : Capture_IR;

Capture_IR:
tap_state <= TMS 7 Exitl1_IR : Shift_IR;
Shift_IR:
tap_state <= TMS 7 Exit1_IR : Shift_IR;
Exit1_IR:
tap_state <= TMS ? Update_IR : Pause_IR;
Pause_IR:
tap_state <= TMS ? Exit2_IR : Pause_IR;
Exit2_IR:
tap_state <= TMS 7 Update_IR : Shift_IR;
Update_IR:
tap_state <= TMS 7 Select_DR_Scan : Run_Test_Idle;
endcase
end
end
endmodule

[ /3K 3Kk ke ke o ok sk sk sk ok e s o sk sk ko ek s o sk s sk sk ke ke o o sk sk ke ko sk o o sk sk sk ke ks ke o o sk ok sk ke ko o sk o ok sk sk k ko ok o ok ok
[ 1 HF KK ARk Ak Rk Kok ok sk Kok ok sk ook kokok ok ok sk ok ok ok ok Rk Kok kokkokk ok kokok ok kkk - JTAG registers
[/ 3Kk sk ke s sk sk sk sk ok ke s ok sk sk sk ok ok sk sk s sk s sk sk ok ke ok s s s sk ks sk sk k ko sk sk sk sk sk sk sk k ke ke s e sk sk sk sk sk sk k ks s sk sk sk sk sk sk ok k ek sk sk ok ok ok
module DRV(TCK,TDI,TDO,NDI,NDO,0P5,SEU_FLAG,def,rst);

input TCK;

input TDI,NDI;

output TDO,NDO;

reg TDIreg,TDOreg;

input [4:0]0P5;

input def,rst;

output SEU_FLAG;

wire TDIregin,UPregout;

wire xr,xs;

always Q@(posedge TCK)
begin
if (0P5[1] == 1’b1l)

TDIreg <= TDIregin;
end

always Q@(negedge TCK)

begin

if (0P5[2] == 1’b1)
TDOreg <= TDIreg;
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end
assign TDO = TDOreg;

“(rst && def);
("rst) |def;
dumvdffr UPreg(rst|(0P5[3] && ("TCK)),TDIreg,UPregout,SEU_FLAG,xr,xs);

assign xs

assign xr

assign TDIregin = OP5[0] ? TDI : NDI;
assign NDO = OP5[4] 7 UPregout : NDI;

endmodule
[ /3Fxxxx% 0Kk 0k kxR xRk Rk xRk kkkckkkk DR data register

module DR(TCK,TDI,TDO,NDI,NDO,OP5);
input TCK;

input TDI,NDI;

output TDO,NDO;

reg TDIreg,TDOreg,UPreg;

input [4:0]0P5;

wire TDIregin;

always @(posedge TCK)
begin
if (OP5[1] == 1°b1)

TDIreg <= TDIregin;
end

always @(negedge TCK)

begin

if (0P5[2] == 1°’b1l)
TDOreg <= TDIreg;

if (OP5[3] ==1’b1)

UPreg <= TDIreg;

end

assign TDO = TDOreg;

assign TDIregin = OP5[0] ? TDI : NDI;
assign NDO = OP5[4] ? UPreg : NDI;
endmodule
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T A NSV ADHRIEZRFRET 5. FIHEE 00 THRIER A,

TESTPULSE_VETO (1bit RW)
F A N2V AT veto ZMNT 5,

BCID_DEL (5bit RW)
BCIDICADZ Ty 72 DE A IV 7 %FAFT 5, DLLFRRIC k- THTF ) S 0RIE S
RETE S, FIHMEIX 00000 TREIEHEL ,

BCID_GATE (5bit RW)
BCID /' — MEREHD I Oy 7 DX A I V72T 5, DLLIAKIC K > TH T+
FEEOBEZRETE 5, FIHFEIZ 00000 TRELEL .

SIGNAL_DEL (5bit RW)
16 F % > RINVOEFICHETHT 2BIELZRET S, DLLMEKIC L > TH T+ HBED
B FRETE 5, FHMEIX 00000 TRIELEL ,

SEU (1bit R)
F o T2ENPEDSEUD TS5 v ZDORZE VAT OO LY AF T, A E LEA
DVIAFEMHED,
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e FUSE (2bit R)
ASD IZHR T A BEIFO L 2 — XOWRZ R Lt A T 720D VY A T, 572 LA
DUV AAZREED,
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B.2 Patch Panel ASICICEF 2 JTAG OENVMEDIREE

FITITAG 70 b IS5 F 7 NS L Tid. verlogHDL DR icHES W TEfES
Rab—Ya {70, LLRIORT LIS OBWELHERL 7=,

e TAP 21 ha— 5 OEpfErER
TAP 2> b2 —FiCZBL T, TMS,TCK 687 — v # AN L TL TR L BERK %
B, FOBENELWE 2R L. (M B.1)

o NANZEMHDT A B
TMS,TDI,TCK IC & W /X% — 2 & AN LA YA RT 73 3 v LY R F IS “00:0000_0000”
BEZAR, NANRZE—RIZLTTDI N6 DEEMNTDO ANANRAEINDS Z & 2R
L7,

e {VANTIIY g v VY RAY DEMWEHEDR
TMS, TDL,TCK 2k W X% — 22 ASILA VA RNT 7Y 3 > LY ZAXI2HE “51:0101_0001”
BEEZABR, A VANT I a NHEEREL, SHICIhEFHAKE L, (KB.2) &56I1C
BONDDNE — AL TREDZ L 2TRWA VARSI gy LY R DIEL S BéET
52 L uiERL T,

o EXTEST <y OBERERR
BSC O ASc /% — > (fof0), Az —> (3333) 2RREL TBEA VAT 7 ¥ g
YUY RAFZIZ?11:1111.1111”7 2EEZ AR, EXTEST AHic LT, TDO £V Zh s ofizs:
HHEINDE Z & BHERL -,

e RE—RDF—% LY AF DEMWETR
RE—-RDLIYR%Z, SEU, FUSEICH L TZENTNA Y ANT I ¥ a v DREZITR,
REMOFATE LDIEHICAT2bh 56 2 & 2R L 7=, K B.41C L Y 2% FUSE OB)/EHER
DWW ZRT .

e RW E— RDF—%F LY 2 ¥ OBMERER
RWE— Ko LY 2% MASK. PULSE_FINE_TIM,PULSE_COARSE_TIM, PULSE_AMP,
BCID_DEL,BCID_GATE,SIGNAL _DEL, CLK_DEL,TPG_VETO IZXfL C, ZhZhA >~
ARSI g VDRELT —FNE - DHRAEZEHER L, MB5ICLY A MASK
IR 2BHEOMER 2T - T2 iE 2R T,

o Uty MEREDOBERERR
SEld JTAG 70 ha v 59) CTHEE L oHEORREICBAL T, Y&y b (RST) %
ANLTERWE—RDOUIAIWIEL L BHET B Z & 2R /-,



B.2 i Patch Panel ASIC ICBF % JTAG OEWEDKEE 141

e T LU L L UL UL LA UL LU
re UL UU AU AT U UL UL Y
;| J0 T O M o N I 1 B o

'IF:‘STJ
= ﬁummuimm_um oo T N o R
o —— LT T LT | LU
T R R
e = ML U

B.1: JTAG ©F X MNEJE tap state DER

TAP 2> bua—FiCBAL T, TMS,TCK M6 /%% — > % AF L T Test-Logic-Reset,
Run-Test/Idle,Slect-DR (IR)-Scan,Capture-DR(IR),Shift-DR(IR),Exit-DR(IR),
Pause-DR(IR),Exit2-DR(IR),Update-DR(IR) ¥ TAP 2> h 1 —5 04T DR L 7
DEOETOERRR ZMY, IEL SEEL TWn5HZ & 2L 7=,

ew T H UL H LU E % TUU U IUTHUUTHL

1
e [T fL UL LA LA L L L L L
THS = |_| | _ | _|—| =
TRST Ll
TOI [T |
™ I N ] [ [
o ,-_ [d e h Gl e ( 7 ]e B 4 30( L r * h d Ie ble

B.2: JTAG DT ANKEE A VAT a v
TAP 2> b —FIZBL T, TMS,TCK 6 NXFZ =B ADLTA VARSI 2 g
VYA ZITE “51:0101.0001” #E &AL, &6z HmAREL I,

e (UL AU UL UL A U AU AL A LA AL L AL L AU LA LU LA

v (LU LU AU U UL LA AT UL L lﬂ_l'_FLFLﬂ [N
e f T i e BT i1

oI | 1 0

; ____ = T 0 ﬁ

a0

B.3: JTAG 7 A Mg EXTEST

BSC D AN/ % — > (f0f0), HAMNT /N Z —> (3333) 2REL TBEA VAT
7y aryUYAFIC?IL111111117 2#F&AA, EXTEST @nic L C. TDO &LV &
NoEDfEEFAEINDE Z  BHERL -,
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e LI L L L LT L T LU L L UL L L L L L L L L L L L L
e | LU AU AL L L LA A LU A P LA
L2 P 1471 S [ AT [

TRsT | [
R L T |
m I BN (| ] B M
! L R b.H.m.E.'. i i L ol i o ol o J.'. g ey ey FE Yy ey (:’

B.4: JTAG o7 A MNEJE, 7 —% LY A5 FUSE
TDI. TMS., TCK 687 — B AL A VA RT 7S 3 12760:0110.0000” #E X
RABVYAZ FUSE 2572 LE— RICL T, BEINTWE01” 2R LI,

0Ol A A0 AR AR SR A
b ﬂJULFU]JULﬂﬂJULﬂMLFLHﬂA”ILﬂﬂﬁﬂﬂﬂﬂﬂﬂﬂﬂﬁﬂﬂﬂﬂmWLH‘JULFUUULFIJWLFLHJULFUTJULHﬂdﬂﬂﬂﬂﬂﬂﬂﬂdﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂj LFUUULFHJWULFLHJULFUTJULFLHJULFULHI‘LHJWLHMILFL

j!fj UL [ L]

1 LT \ I L [ L[] Il

il N || [ | (] R
e
<o v | L 11T
e [E =

B.5: JTAG o7 A MNEIERW E— RTF—% LY R ¥

TDI. TMS. TCK 6 X% =V AD LA VAT 7 T3 12711:0001.0001”7 %
EXJAARRW E—RTHDBLUIYAF MASK 25 AFLE—RIZL T, ¥ —
>7f0cc:1111.0000.1100.1100” ZFEEAL, I 5ITA A MT 7 ¥ 3 12710:0001_0000”
PEIARLVIZAT MASK 255 AR 7Z LE—RICLTCZDONRY =2 5R LT,

v [N AL L LA A A T AL L L LT
THS | ]
TRST | |
o ) ) i [
o I N ] O = S
3 B BEE BREREERAE I Te T ITITE
1ASKL -FFFF FF-(-‘F Foc . Flcc
B O 00 a0
o [ 0 [
oos [0 [
: -oo ao 00
L -ox‘ o O
] - 0 a0 00
cror [
<

B.6: JTAG 5 A MNEEE Vv b
RW E— RO LY ZZ IR SN TS0 ORE OIE 2R T 5. Yky MR
(RST) L FBFICETOT —F LY A BFHHL SN 5,
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$kC Slave Board ASIC,High-pT ASIC
ICEH T SR

Z Z Tl Slave Board ASIC,High-pT ASICICEAL CTHRIEMZRF, £ Ialb—Y 3 v ofiR
kN5,

C.1 Slave Board ASICICEBIFA21—F—FHFLRAY DBERE

Slave Board ASIC ® LY 2% Oofffigld. AT D L DIl > Tnvb,

MASK1 (160bit RW)
AR LIEPE <MY v 7 AEBICH B TODEY A7 OFEPERET 5, FIHMEIZELT0O T<
AL,

MASKI1P (160bit RW)
MALELEE < MUy 7 2B TN L AT DNE =V 2RET 5, PIIMEIZRTO
TYRZ7ELTOEREL T,

MASK2 (160bit RW)
< MUy I A IPEY A OFMELRET H, MHMEITETOTYRAZEL,

MASK2P (160bit RW)
<KV 7 AEITDNER AT DY — U RRET H, MIHHEIZRETOoOTAZELTC0%
RET 5,

TPP(Test Pulse Pattern) (160bit RW)
FARNSNAD/SY = (1or 0) RRET 2. FWHERZRTOTAY -2 LTOEREL
T3,

DELAY (4bit RW)

ATERDIEE DBIEZ RET S, 4bit DD b 2bit 23 A F] B IS HIBIE, 55 2bit 58 C
FIDINCHDLEETH S, FIHMEIZE T CGREEIFEL (CLKOLENY Ty VDT v F
35 5,)

TRGMODE(1bit RW)
NUH—F—K (KU T 20DaAf T A% 2BET 5, REMHEI»EE DA
VVUTFURARETIME L WAL YT AR B, (HAEN 0,

TESTPULSE(5bit RW)
F A ROV RICHET ARERLITR D, 4bit 23 0~15CLK T 15 B OBIE M O E I
N5, b 1bit 13 veto, FIHMEIZE T O TRIEEEL . veto ZEL ,
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£}8% CSlave Board ASIC,High-pT ASIC I 22

L1AVETO(1bit RW)
LEVEL1ACCEPT {E51C veto 223 5. #JHEI% 0 T veto ZEL .

CLKINV (1bit RW)
TTCEESZELTIATT 5N 5 CLK 2 IS AR 2 RET 5. FHMEIE 0 CAOURITEL .

RESET(1bit RW)
FIUIRAYICAD ATV arD Yy bC FHEIZ0 TUY RS Ofiz 1ISREL
TS ITCK BV AR AL Y 2y Mcfibhd, 1E SVAEZH L TQRICHTIC
i, VYV RATOEE 0ICL TS ) —E 1 2HEAD,

SEU(1bit R)
SEUDT Ty ThgHrT, rhZLHEHAOLVIRAZ 249,

MODULE(8bit R)
HRETCRESINDGEY 2—)VDF A7 (3bit) &7 KLV (5bit) ZFerH 9, Fes/Z LEH
DV A &M,

OVERFLOW!(8bit R)
FI A Y —DF —N—=Ta—Dh T F — DT, HARELEBAOL YA
2D,

ID(32bit R)
F v TDID 5T, RICERETIDIERE, AL LEHOL I AZ 249,
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C.2 Slave Board ASIC ICEY % JTAG DENVEDIREE

FITITAG 70 b IS0 5 F T 7 NS L Tid. verlogHDL DR icHES W TEfES
Rab—Ya {70, LLRIORT LIS OBWELHERL 7=,

e JTAG 711 ks 2 )L EXTEST @ OB/EHER
TDIL,TMS,TCK 26 JTAG 2T 6% - % AL, A VAT I ary LI RF
12700:0000_0000” Z&EH &A%, EXTEST € — F‘ L. /%% — 7 0fffHE” % BSC Al
Ica—RKL7 22 0flcbo0R% — L TY T A N 272> CIEL LBWET %
SRR, ZHhITX Y ASES. HIEERD N U F Y — 2% v o2V E® 2 EXTEST
DEMEHER M TRz Z 2125, (X C.1)

e JTAG 711 k2L ® INTEST #rfr OB EREDR
TDIL,TMS,TCK 26 JTAG 2T 5% - % AL, A VAT I a vy L IRE
12702:0000_0010” Z&E X5 A%, INTEST £— KicL. ICOHHEFD 55 BSC DO /b
D% TDO M oA Lz, ZhiTk @)\j}%[& HIEERDO N F Y —2AF ¥ LV HEZD
7z INTEST OBEMERIMT bz Z 21275, (X C.2)

e JTAG 712 b )L ®D bypass iy DEVERE
TDIL,TMS,TCK 25 JTAG 2T 5% - % AL, A VAT I aryLIRX
12700:0000_0000” #3H EAHZ, NANZE— RNIZL T, TDI2 S DEFHNRTDO N/NA N
ShbZ e ZHERLz. (KC.3)

e JTAG 7B ha o5 —% LY A% CLKINV & TTC Z{Z [k OB /EiE R
TDI,TMS,TCK 72»6 JTAG %l o 3% — 2 Z AN LA VARSI a > VY AFIT751:0101.0001"
PEEZAAR, CLKINV 2EIAALE— RICLUE"D 2EZAAE, (WC4) FZhic
£ U COT 553G Mk D CLK RIRMEE OB/EVHER T S 72,

e JTAG 7u ha @5 —% LY A% DELAY & (AH#HIEAIR OB ETER
TDI,TMS,TCK 7»5 JTAG 2§l T 5684 = # AW LA VARG 72 > VI AF12719:0001.10017
ZEEAR, DELAY 2EHEZARE— RICLTEODPDONRY — V2 EE AR, ZD/NT A —
IMELSRESND Z L 2R L7z, (K C.5) F-FERFICASIEBORIERIFEANEL < B)
ET5Z & 2HERL 12,

¢ JTAG 7B ha o5 —4% LY A% LIAVETO & L1Aveto Al DB /ERED
TDI, TMS,TCK 7*6 JTAG %l 6% -2 Z AT LA VA NT 72 3> VY AFI2751:0101_00017
ZEZAR, LIAVETO 2EHZIALE— NICL THRODPONY — U 2EZAAT,

(B0 C.6) FE-REFIC LIAERIC VETO 2305 Z L 2R L. 20 VETO Z2) 5%
DEELTEZRL 7=,

e JTAG 7 ha)@F—% LY 2% MASK1,MASKIP & < 2 7 [Af& DB ERER
T =5 VY AZ MASKILMASKIPICZNZNICH LT, £ VAT I 3 VORE, HO
MWONY = NCHLTT = DOEZALEZITRN, MU v 7 A, 5eA72 L@ Trvn
5= A 7 M OBEL R L -, (K C.7)

e JTAG 70 ha)VDF—% LY A% MASK2,MASK2P & < 2 7 [Alf& DB EHER
T =X VY AY MASK2MASK2P ICZNZHUCKH LT, A1 VANT IV g VORE. KO
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PO — VL TTF — ¥ OEZAR BT, < A7 [EESIEL {B8WET 5 2 & 2R
L7,

e JTAG 7u haoF—% LY 2% OVERFLOW DEjfEi#E
TDIL,TMS,TCK 25 JTAG 2T 5% - % AL, A VAT I ary LI RX
12778:0111.1001” 2 EEAAH, LY X ¥ OVERFLOW 25 AR LE—RICL TV Y RAFI
REL TRy — U B IFHEICHAE Lz, SO NRT — i L TT A b #2177
WIEFEICEMET 5 Z L 2R L 7z, (X C.8)

e JTAG 7u haNo5F—# LY A ¥ SEU OBMWERER
TDI,TMS,TCK »*& JTAG 2T o7 -2 B AL, A VAT I ary VI RY
12738:0011_1000” Z2EHEAAR, LY AH SEU 2HARLE—RICLTUYRZICREL T
WA — Uk IEREIC A L 72,

e JTAG 7u ba)o5—4% L Y A% MODULE O#E/ERER
TDI,TMS,TCK 7*6 JTAG Z il s o5 = AT LA VARSI ¥ 3> VY AZIT740:0100_0000”
EZAHR, VY ZAHZ MODULW 2572 LE—RICL T UV RAFITEREL T ey —
VERIFHEICHEAH Lz, SHIZHODPDNRET — IR L TT A N BT WIEHEICEET 5 2
CRMERL 7,

¢ JTAG 7 ha o5 —4% LY 2 & TESTPULSE & 5 & k 7NV 2 FIBIEA OB /EMER
TDIL,TMS,TCK & JTAG 2T % - % AHhL, A VAT aryLIRE
12739:0011_1001” #EXAH, LY 2 ¥ TESTPULSE #EXAARE— RICL T, ¥ —
DERZIABZITRG, T A NIV FEOBEIER O VETO RIESIEL <BWET 5 2 & 27
ALz,

e JTAG 7 hanos—4 LY 2% TRGMODE O B)/EER
TDIL,TMS,TCK 26 JTAG 2T - % AL, A VAT I ary LI RF
12741:0100_0001” Z&EEAR, LY AF¥ TRGMODE #EEARE— RIZL TP DN
B =N L TEZABREEDOT X N 24700, IEMEICEIET 5 2 L 2R L 7=,

e JTAG 7u ha)yoF—% LY 2% DEPTH OBEWERES
TDI,TMS,TCK 5 JTAG 2% % - % AL, A VAT ary LI R%
12731:0011_.0001” #EEXAR, LY 2% DEPTH 2EXIAARE— RICL THOIDP DY —
NI LTEHEESABREEDT X N 21720, IEMEICEIET 5 2 & 2HERL 7=,
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CLK

TCK

TRST

™ | \ \ N

o UL T LT L L

ooz

BsCo ] I I I I I I l I I

BSCo. | I I I I I I l I I

sscout | XX e

w [l TIIIT « e e T
inst J oo 0 ) |2

C.1: JTAG 71 k2L 5 A MK, EXTEST ®r4ic & %

A YA NT 7 ¥ a3 i2”00:0000.0000” #FH E AL, EXTEST £— RiC L.,

7 OfHHHE” %2 BSC o i Afllica— KL 7z,

INE —

CLK

TCK

™s ] [ Ul

TRST

TDI 1

TDO

TDOIB

BSCol [ I I I I [ | [ [

BSCol_ [ I I I I [ | [ [

BSCOUT LOOOCOO O T e

tap [0 T s [T

inst on 02 02

C.2: JTAG 7u b a5 & ", INTEST

A VANT 7T g 12702:0000.0010”7 2FEEAA INTEST €— KicL., IC o IE=

DHHB BSC DOy DE TDO M6FAIEL T2,



148 £}8% CSlave Board ASIC,High-pT ASIC I 22

SN igipinipininininipinipinipininipininint)
TRST

TDI

rooc |
BSCoi | storororors [ aororororoa

BSCoi_ | storororors [ aororororoa

- 2 O O O FH (O (O 0 30 O 2
inst f it J oo

C.3: JTAG 7a haVvos A MNEE, 7 —4% LY A X bypass
AVANT 7T g ITE1111.11117 2F &A% bypass E— RIZL, TDI 26 OfF5
MTDOIWNA NRAEIND Z L #HERL Iz,

CLK

rec ULV UUUUU SIS UL

T™MS

[ I—
TRST
UL

TDI

dDELAY 0 0 0

dDEPTH 00000f 00000f 00000f

dSCHEME

TRGMODE

LIAVETO

dCLKINV

l

C.4: JTAG Y baos A MNEE. 7—4% LY A% clkinv

A VANT 7T g 12751:0101.0001” Z2FEEAKR, LY AF clkinv I 1 2EEAATL,
A VA NI I 3 12759:0101.1001” 2EXAHR, TDO 6 LY A ¥ clkiny Dfix 5t
BIELT=,
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dDELAY 0 0

dDEPTH 1fffff Affff

IffFEf

dSCHEME

dTP 00 00

L1AVETO

dCLKINV

dRout

C.5: JTAG 7 ha)loF Z M., T—% LY A ¥ delay

AVANT I g 1T719:0001.1001” 2FEERAR, LI AHF delay 1IZ/8F — 2710107
BEXAAE, SHICAVARNSZ Y g 18718:0101.1000” 2EX3AH, TDO 26 L

VA% delay DA% BB LTz,

CLK

TCK

s L UL [ EE e 1 I
TRST

o N[ [ I | [ | E—

dDELAY 0 0

dDEPTH 00000f 00000f

dSCHEME \

TRGMODE

L1AVETO

C.6: JTAG 7 ha)lvoT A MEE. T—% LY A% LlAveto

A VADNT 7Y g IT”51:0101.0001” Z2FEERAHZ, LI AF LlAveto IZ/8% — 71"
PEIXAALE, EHITA YA RNTZ Y g 18”50:0101.0000” #EXAH, TDO 26 L

T AH L1Aveto DfEZHHATEL 1=,
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CLK

TCK

s LT [
TRST

DI | ] L1
TDO

tap T T 4 4 T TOC
inst [60 69 69 Joo
rst

IB_mM1 0 0 o |1

C.7: JTAG 7a hapos A MNEE, 5¥—% LY A% MASK1P
AVARNTZ Y 3 12769:0110.1001” Z2FEEAR, LI AF MASKIP 128y — 2 3E
ERAR, T hU w7 AEDNDT AT EEER L 7=,

TRST
TDI

inst f 78 78

ewo [ L L Ll LT
LU I e 2 e T s I s e N s I
L7, e 2 Y e T s s s N I B
ews [ L Ll Ll L

STPULSE 0 0 0

VERFLOW 0 B 8

C.8: JTAG Yua b a)VoF X hMiggE, ¥—% LY 2% OVERFLOW
AVANT 7T g 12778:0111.1000” 2FEEAKR, LI ZAF OVERFLOW %25iA72 L
F— RIZLUTRE SN TV 2{E"101010107 25HA7EL 72,
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C.3 High-pT ASICICEITZ 21— —F&RL VRY DB
High-pT ASIC O —H—E3#k L VA5 OEEIE. LT LI 1R >Tn5,

e DELAY 0~3 (3bit RW)
4 D@ triplet ] Slave Board ASIC 2>6 D55 DBIEZ FHIT 5. 4 D ZTNTHITRETE
5, RWE—ROLVYRAF &2 . BEIEMOI/ay 7 DTy V56 1/2CLK 481 8 B
BHIRREFETH 5.

o DELAY 4~5 (3bit RW)
3 D ® doublet [ Slave Board ASIC 2*6 DIE 5 DBBIEZFET T 5, 3 OFZNZFIITRETE
5, RWE—ROLVYRF &2 . BEIEMOIZAy 7 DTy V56 1/2CLK 481 8 B
FEICRRERTHRE T D B,

e GLINK(3bit RW)
Hewlet-Packard %t ® G-LINK K A N—DOHl#HH D7 4 ¥ G-RESET,G-CAV, G-DAV %
RET 5.,

e SEU (1bit R)
SEU D7 I 7 &AM T, AL LHBEHOLV I A 29,

C.4 High-pT ASICII&F % ITAG DEMEDIRAE

High-pT ASIC @ JTAG #B431CB L T verlogHDL OFtdic S W TEWEY I 2 LV — g3 v %1F
2, LAFIGRT &9 IC 2 0BEEHER L 7=,

o 7—4% LYVAH ( DELAY0 ) NDfEDOFHE &
“F:1111_1111” ORREICH DB A VAR T 7 ¥ g VIR FITAE 09:0000.10017 % F XA R,
DELAY0 VY 2% #EFEEAAE— RIZL, DELAY) LYV R ZICK L TF — 271017 2&
FRAATE, EBITA VAR 59 ¥ g v LY AFIZ#E?08:0000.1000” ZEEAA, DELAY0
VYORE B2 LE—RIZL, Z0X%—2% TDO 265 %&f_b‘ Z O OBEMEMNIEL
WE L RIER LTz, S22 0ORY =2 oMb oo E — VL TTFAMNLIELWS
L&A L, (KC.9)

e 7—4% LY AH ( DELAY1 ) NOfEOFRHAEH S
AVARNT I Y gy UIRAZIME” 11:0001.0001” ZEHEAH, DELAY1 LY A ¥ #EEA
HE—RIZL, DELAY1 LY RZICH L TNT — 71117 #EEAAL, EHICA VA b
I v gy Y AFIAHE?10:0001.0000” ZEE AR, DELAY1 LY AZ E#HAELE—R
L. ZONRZ—2% TDODSFHAIE L, ZOROBENIELWZ L 2R Lz, /22
DINF — 2 DI OO D/NF — VL TTF AR LIELWZ 2 28R L 72, (X C.10)

o ¥—X% LY AF (DELAY2 ) NOfEDOFHEE
AVARNT I T gy VI AZITME” 19:0001.1001” ZEHEZA%, DELAY2 VYA F 2EE A
HE— RIZL, DELAY2 UV ZZIZH L TNE — 271017 #EZIAARE, SBHICAL VA KT
7Y a vy VY AZITAE?10:0001.0000" ZE ZAH, DELAY2 VY AH B2 LE— RiZ
L. ZoN% =& TDONSHAEL, ZOBOBWENIEL W & 2R L7z, (K C.11)
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T —4 VY A4 ( DELAY3 ) NOfHDFtH»EE

A VANT I Y a v VY RZIE 21:0010_.0001” ZEEZAAZR, DELAY3 LY A #FHEIA
HE—RNIZL, DELAY3 LI ZZITH LT 3bit DY — U E2EHEZAALLE, BTV A B
I v gy Y AFIAHE?20:0010_0000” ZEEAR, DELAY3 LYV AZ E#HAELE—R
ICL. ZDONRF =% TDO WEHAIEL., Z OB OBENIELWZ & 2HERL /2.

T =% VY AH ( DELAY4 ) NOfHEDFi A &

AVARNT I T ay VI AZITE” 29:0001.1001” ZEHEiAZ, DELAY4 LY A F #EEA
HE— RIZL, DELAY4 UV ZZIZH L T8F — 27101 #EEIAARE, EHICA VA RS
7y a v VY AFITE?28:0010.1000” ZEEAA, DELAY3 VY A X &5 /2 L E— NI
L. 2ON% =& TDO DS HRAE L, ZOROBWENIEL W & 2R L7z, (K C.12)

F—% VY A% ( DELAY5 ) NDfED G AEE

AVARNT I Y gy UIRAZIME” 31:0011.0001” 2EEXAH, DELAYS LY A ¥ #EEA
HE—RIZL, DELAY5 LY ZZITH L TNE —7101” 2EEZ AR, EBITL VAT
7Y a vy VY AZITAE?30:0011.0000" ZFE ZAHR, DELAY3 VYA B2 LE— RiZ
L. 2ONRE =% TDO»SHmAE L, ZOMOBENIEL W & 2 L 7=, (M C.13)

F—% VY A% ( DELAY6 ) NDfEDF AEE

AVARNT Y gy UIRAFIME” 39:0011.1001” 2EHEXAH, DELAY6 LY A ¥ #EEA
HE— KNIZL, DELAY6 LY A Z X LT 3bit DNNF — U BEEAAR, IBITA VA
7Y a vl Y AFIE?38:0011.1000” ZEEAR, DELAY6 L VA F & F5AELE—R
L., ZONRNF =% TDO 650, ZOBOBENIELWE & 2R L /2.

F—2 VY RAH (GLINK ) NOIEDFE & &

AVANT IV ay VY AZITME” 41:0100.0001” 2FE AR, GLINK VYR ¥ 2EEZ AR
EF—RIZL., GLINK LY RZAZITHL TF — 71017 2EZRAARE, EHITL VA 1\57
¥ a v VY AHZITME40:0400.0000” ZEE AL, GLINK VY AF 25tA/ZLE— NI
CDONE—2ETDODPEHRHAIEL, ZOROEWENIELWE 2R L7z, (K C.14)
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DELAYO

DELAY1

DELAY2

DELAY3

DELAY4

DELAY5

DELAY6

GLINK

A A A A A A
AN I B Y S
Il

L LI i B o B O
1] ML M1 1
0 0000 10000000 000a0000Te 000 XTTooois 1
I Joo Joo I
L1

C.9: JTAG 7ua haVoiE. 5—# LY A% DELAY0 NOfHD i AE &

A VA KNI 7Y g »%709:0000.10017 12 LT, DELAY0 LY A% 2FEEAARE— R
L. R%—=27101” 2EBXAAL, EBITAL VY ANT Y Y 3 »%708:0000.1000” & L
C. DELAYQ VYR %25AFELE—RICL., 2ONRZ—2% TDO 65 A72 LT

Wa,

DELAYO

DELAY1

DELAY2

DELAY3

DELAY4

DELAY5

DELAY6

GLINK

5 5 5
[ [7 7 7
o 0 0
) ) 0
[) o 0
) ) 0
0 0 0
) 0 0

C.10: JTAG 7ua ha Vo, ¥—% VY A% DELAY1 NOfDFiAEX

A YANS 7Y 3 »%711:0001.0001” 1L C. DELAY1 LY A% 2EXAALE— RIC
L., X% —27101” #EEAAR, EHIKA Y ANTZ T 3 > %710:0001.0000” & L
. DELAY1 VYV A& 25t LE—RICL, ZDONRZ—2% TDO 63HAE LT

W,
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LG Tt N e | N e [ O e B e [
TRST

L O | R L1 U

oo MLJ1 [l .
tap 0D 000000 e 00000000 TTnnne oo JOOOoou
inst [ i

DELAYO 5 5 5

DELAY1 0 [z 7 7
DELAY2 0 0 0 B
DELAY3 0 0 0

DELAY4 3 0 0

DELAYS o 0 3

DELAY6 0 0 0

GLINK 0 0 0

C.11: JTAG 7a b a )L oiEE. F—% L Y 2% DELAY2 NOfEOFHAEX

A VANS 7Y 3 %719:0001.1001” I L T, DELAY2 U Y A ¥ #FEZARE— KIZ
L. X7 —=71017 2EEAAR, EBICA VA NT 2T 3 »%718:0001.1000” & L
C. DELAY2 VYR %25AFELE—RICL, ZON¥—2% TDO D 65iA7E LT

Wb,
Tec (MU U U AU LAY
TRST
™ [ LI il B e H
— mn nn nn
- DO00E 00000 D000 e
inst [20 29 J28 28
rst
DELAYO 5 5 5
DELAY1 | 7 7 7
DELAY2 5 5
DELAY3 5 5 5
DELAY4 0 5 5 5
DELAYS 0 0 0
DELAY6 0 0 0
GLINK 0 0 0

C.12: JTAG 7ua ha Vo, ¥—4% LY A% DELAY4

AL VARNT YT 3 %729:0010.10017 ICL T, DELAY4 LY A ¥ 2EXAARE— R
L. %% =710 Z2EERAAE, EBIA VA NI 2 Y 9 %2728:0010.1000” & L
<. DELAY4 LV A ¥ 2 5A I LE—RICL, ZDNF—2% TDO 65 AIE LT
W5,
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T™MS

DELAYO

DELAY1

DELAY?2

DELAY3

DELAY4

DELAYS

DELAY6

GLINK

e
A N I O |
U U L I L
. M1 1 Ji
HIHERINIE XO00CO00E 0o JOOOOO00 00X
[0 28 ot
o 5 5 5
o o o 5

X C.13: JTAG 7u h a2 )V, ¥—% LY 2% DELAY5
AVANT 75 %739:0011.1001” IZ L C, DELAY5 LY A% 2 EHXARE— NI
L. %% =710 2EERAAE, EBIA VYA NI 7T 3 »%738:0011.1000” & L
T. DELAY5 VYA Z 2RI LE—RICL, ZOoNX%—2% TDO »

Wb,

DELAYO

DELAY1

DELAY2

DELAY3

DELAY4

DELAYS

DELAY6

GLINK

I N O N UL
N L [ I
- I I M1
OO0 O000d00 e 0000000 00000 e
[ a [40 )

X C.14: JTAG 7u b aVvoiEf. 5—% LY 2% GLINK
AVANS 7T g > %741:0100.0001” 12 L C. GLINK LY A ¥ 2EXARE— KNI
L. %% —=271017 2EBEAAE, EBITA YA NS 7Y a%740:0100.0000” & L

T. GLINK5 VYR Z 25gAHZLE—RNICL, ZD% — 2% TDO »

W5,

FHRELT

FAHRIELT
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