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Abstract

Introduction

The PHENIX experiment was started in 2000 to investigate the spin structure of nucleons
through polarized proton collisions and the properties of a hot and dense matter called Quark
Gluon Plasma (QGP) through heavy ion collisions. The PHENIX experiment is located at
Relativistic Heavy Ion Collider (RHIC) of Brookhaven National Laboratory in the US.

In the investigation, both b-quark and c-quark are important probes of the experimental ob-
jects. Those probes are expected to be produced in initial parton-parton collisions and they
either penetrate the medium, or are absorbed, depending on its properties. Single electrons
from their decays are reconstructed in the central spectrometer arms in the PHENIX detector.
This spectrometer is designed with particular focus on efficient identification and high-resolution
momentum measurement of electrons. However, this measurement is limited by the systematic
uncertainty because of the background of Dalitz decays and photon conversion. For the im-
provement of the measurement accuracy, it is important to identify the heavy quarks directly.
Therefore, the PHENIX detector will be upgraded with a silicon vertex detector (VIX) by the
summer of 2009. The upgrade will provide new physics information which is not accessible with
the current detector configuration; on the polarized gluon distribution in the proton and the
energy loss of heavy quarks when they are passing fhrough QGP The VTX is designed to have
the following performames

1. A high spatial resolution of 40 um for the distance to the closest approach (DCA)
2. A momentum resolution of op/P ~ 5 % |

3. The VTX can be used in proton-proton collisions and the high multiplicity environment
of heavy ion collisions.

4. Reconstructing jets with the acceptance of almost full azimuthal coverage over a rapidity
range of |n| < 1.2.

5. The PHENIX data acquisition (DAQ) handles Level-2 trigger every 26 kHz. Therefore,
the VTX has to be read out within 40 usec.

6. The spatial resolution and momentum resolution will get worse due to multiple scattering
inside the VTX and the generation of electrons by ~ increases the background in outer
detectors. The VTX is required to have a total material budget as small as possible.

In order to realize such a detection capability, we have chosen a 4-layer configuration in which
the inner two layers are built with pixel detectors and the outer two layers are built with strip
detectors. In a later section, the PHENIX pixel detector and its development will be discussed
in detail.



Silicon Pixel Vertex Detector

The keystone of the Silicon Pixel Detector is a sensor hybrid which consists of a silicon pixel
sensor bump-bonded with a pixel readout chip. The ALICE1LHCb readout chips that are
used are fabricated using the IBM 0.25 um CMOS process of radiation tolerant technology.
The functionality of the readout chip was confirmed up to 30 MRad by CERN Experimental
Physics Division, Micro Electronics group. The size of the chip is 15.6 mm x 13.7 mm with
150 um thickness. One chip has 8,192 (32 x 256) channels, each of which is pre-amplified and
discriminated with a configurable threshold level. The discriminated binary signal is delayed
with programmable duration, and then, stored to be read out by a downstream data acquisition
system. The chip has 44 internal 8-bit Digital-to- Analog Converters for controlling the threshold
of discriminators and various timings. All configurations are set via the JTAG serial interface
(IEEE std. 1149.1-1990). The chip is operated using a 10 MHz clock. Therefore, the maximum
readout speed is 25.6 psec with a 32-bit line.

The sensor chip is based on the P*/N/N* silicon with a thickness of 200 um fabricated by
CANBERRA. It is partitioned into four active areas, each of which has 32 columns (z) x
266 rows (¢) with a pixel size of 425 pm (z) x 50 pm ().

Four readout chips are bump-bonded on a single sensor chip with microscopic solder balls of
20 pm. This is called sensor hybrid. The size of the sensor hybrid is 15.6 mm x 57 mm and
total thickness is 380 um approximately. A picture of a sensor hybrid is shown in Figure 1.

Silicon Pixel Sensor  ,__13.92mm

o " Readout Chipé
-”Haadoutchipa
" Readout Chip2
W Readout Chip1

Bump Bonding

Figure 1: Picture of a sensor hybrid. (Top): Sensor hybrid and 500 yen coin, (Bottom): Structure
of sensor hybrid.



The unit of a single detector, a stave. consists of four sensor hybrid. The first layer is at
a radius of 2.5 cm and consists of 10 staves. The second layer at a radius of 5 ¢m consists
of 20 staves. The silicon pixel layers are built from 30 sensor hybrid staves with pixel sensors
placed cylindrically and covering approximately 22 cm along the beam direction. One stave is
electrically divided into two independent half-ladders shown in Figure 2. The sensor hybrids of
one half-ladder are wire-bonded to a readout bus made of Copper-Aluminum-Polyimide Flexible
Printed Circuit board (FPC), which is supported by a carbon composite beam. The bus is
connected to a Silicon Pixel Interface ReadOut (SPIRO) card which controls the readout chips,
reads out and transfers the binary pixel data to the PHENIX DAQ system via 1.6 Gbit/sec
optical links.

Pixel Readout Bus
(Copper-Kapton)
__— Peripheral Parts + Signal
_— _- 1s1 Signal layer
.~ 2nd Signal layer
©~ " Through hall layer
& ——— Power (Aluminum)
== Ground (Aluminum)
I?OO pm
1150 um
14.86 mm Bump bonding

Earth Post Connectors for connection to Extendier

14.86 mm

Figure 2: Structure of half-ladder. (Top): Cross section of half-ladder. (Bottom): Structure of
assembled half-ladder.

The SPIRO board carries the digital PILOT Application Specific Integrated Circuit (ASIC),
which multiplexes and controls the readout chips. The multiplexed data is passed to a serializer
ASIC (GOL ASIC). The serialized data is transmitted via optical links. The analog PILOT
ASIC provides regulated voltages, current and reference bias to the readout chips.



Development of a new FPC

To meet the detector readout requirement by the PHENIX DAQ system, four ALICEILHCb
readout chips are read out in parallel simultaneously. This corresponds to a readout speed of
one half-ladder in 51.2 psec. Moreover, to avoid mechanical conflict with the neighboring staves,
the pixel FPC must fit the width of the sensor hybrid itself, i.e. 1.5 em. Therefore, the “1.5 cm
bus” is designed based on the Copper-Aluminum Polyimide hybrid with dimensions of 13.9 mm
in width, and 250 mm in length.

Realizing the system described above, a new development of a high signal density FPC is the key
element of the silicon pixel detector. The “1.5 c¢m bus” must transfer 128-bit data to SPIRO
in parallel, and also control signal lines for readout chips.

The “1.5 em bus” which is shown in Figure 3 consists of six sandwiched layers. It contains two
signal layers, two through hole layers, power and ground layers. In the signal layers, 188 lines
have to be put on the “1.5 em bus” longitudinally, Thus, we choose a design with the following
dimensions: one signal and control line have 60 pm pitch, the line width is 30 gm, the spacing
is 30 pm and the thickness is 3 pm. Here, the signal layer is produced with a Copper based

technology. To maintain small material budget, the power and ground layers were chosen to be
50 pan thick aluminum foils. This leads to a radiation length of 0.22 %.

Figure 3: Photograph of “1.5 cm bus”.

The fabricated bus is at the cutting edge of presently available technologies. During the
development, the HSPICE simulator was used to evaluate the performance of the “1.5 em bus”,
to characterize its impedance, resistance and transmitting wave forms as well as to simulate an
ideal case. In this development, firstly the behavior of propagation signal, the crosstalk induced
on the “1.5 cm bus” and the characteristic impedance are estimated with the HSPICE simulator.
The HSPICE models shown as Figure 4 and Figure 5 were prepared.
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Figure 4: Geometrical model of “1.5

cm bus” evaluation.

Figure 5: HSPICE model of “1.5 cm bus”. (Top): Model for the evaluation of propagation,

(Bottom): Model for the evaluation of crosstalk.



The resistance and propagation on the newly produced “1.5 cm bus” is measured to test the
quality. The resistance value found is 40.7 £+ 2.4 €, where as the value including through hole
resistance is 50.442.4 2. The simulations using HSPICE are performed to compare these results
with an ideal model case.

The self and mutual inductance, capacitance, conductance and resistance are calculated with
the geometrical model shown in Figure 4. The model is based on the physical cross section
and length, in addition to the dielectric and loss tangent of the polyimide base film. Next,
the HSPICE model shown in Figure 5 is prepared. This includes the GTL driver in the AL-
ICE1LHCD readout chip, the “1.5 em bus”, the extender and the GTL receiver in the digital
PILOT ASIC. The top part of Figure 5 shows a model of evaluation of propagation. A pulse
of width of 100 nsec is injected into the GTL driver in the model at the top. The HSPICE
simulation result shown in Figure 6 is done with a pull-up resister of 220 2.

The calculated characteristic impedance is 172 Q to 192 ) in the range. The resistance of a
signal line is 43.3 2. The result of the model with 220 ) pull-up resister shows that the rise
time of waveform at the end of the Extender (Probe Point#3) is 80 nsec, with a fall time of
15 nsec. The transferred pulse can be down to 0.3 V, therefore the noise margin is 0.5 V because
the reference voltage of GTL signals is at 0.8 V. The level of crosstalk (Probe Point#3’) is
0.3 Vpp. Probe Point#4 is digital logic read out in a Digital PILOT ASIC. The duty cycle is
100 nsec:100 nsec. Consequently, the “1.5 ¢cm bus” with the Extender and the 220 Q pull-up
resisters can transfer the data correctly.

Crosstalk Simulation (1.5cm bus)

2255 100 nsec 100 nsec B Probe Point #1

' T P

15

-
r
-
e
—
-
e
o
-
(v
r
=
v
-
»

__|i|1|||||||

L1l 1]

TTT [=Fa-

IIll‘IIIllIllIllllllllllllllllllllllllI
0 50 100 150 200 250 300 350 400
n sec

Figure 6: Simulation result for “1.5 cm bus” with 220 Q of pull-up resisters.

The resistance and propagated signals have also been measured on prototype pixel bus to
compare with simulation result. The measured resistance on a data line in signal layer is 40.7 =
2.4 , while the resistance of a data line with three through holes is 50.4 = 2.4 Q2. Therefore,
the resistance of a through hole is estimated to be approximately (50.4 2 — 40.7 Q)/3 ~ 3 Q.



This is consistent with the value expected from simulation within systematic uncertainty, thus
the prototype bus seems to satisfy our requirement. Moreover, the propagation characteristic
on a “1.5 em bus” is compared with the result of the HSPICE simulation. The setup of the
measurement is shown in Figure 7. The modeled measurement setup for the HSPICE simulation
is shown as Figure 8. The pulse injected into this model has a rise time of 2 nsec, a fall time of
2 nsec, a pulse width of 100 nsec and an amplitude of 3 V. Figure 9 shows the result of HSPICE
simulation. The transferred pulse has an amplitude of 3 V, the waveform has an undershoot of
3.1 V and an overshoot of —0.2 V. Figure 10 shows the pulse measured with 300 MHz analog
band width scope. The undershoot and overshoot are also confiried by the measurement, where
the level of undershoot is —0.5 V, and the level of overshoot is 3.8 V.

As a result, it is confirmed that the simulated characteristics are reasonably accurate as compared
to the real products and the pulse will be transferred correctly.
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Figure 7: Setup of measurement of propagation characteristics on “1.5 ¢ bus”.
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Figure 8: HSPICE model of the propagation measurement setup.



Propagation Simulation (1.5cm bus)
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Figure 9: Result of HSPICE simulation of propagation characteristic.
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Figure 10: Measured propagated pulse.




Evaluation of half-ladder

Concerning the functionality of the “1.5 cm bus”, a system test of prototype pixel detector
with pixel readout board, SPIRO, is performed with a radioactive source and with cosmic ray.
The purpose of the test is to construct a test system for quality assurance of the VTX detector.
The prototype detector was confirmed to be well functioning by measuring hits from a S-ray
source and with cosmic ray tracks reconstructed by a telescope configuration consisting of three
pixel layers connected with the PHENIX DAQ system. Figure 11 shows the hit map with S-ray
source of %°Sr. Figure 12 shows the distribution of cluster size for each chip taken by a self
trigger. The source was put on between the chip 4 and the chip 3. In the cluster distributions
on chip 4 and chip 3, the cluster size of 3 is dominant. It is therefore demonstrated that the
prototype detector with a self trigger can be controlled and read out data successfully.
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Figure 12: Cluster size distribution.

For the test with cosmic ray, we build three detector prototypes to track cosmic ray events.
Figure 13 shows the setup of the telescope. Three prototypes are stacked up lengthwise. The
trigger is made of two scintillators with PMT and self trigger signal (FastOR) on the layerl or
layer2. 56 effective events were taken during two days. Figure 14 shows a typical cosmic-ray
event recorded with this telescope.
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for trigger.
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Figure 14: Typical cosmic-ray event in telescope.



Conclusion

The PHENIX detector upgrade with the VTX is in progress. The upgrade will extend new
physics capabilities in both polarized proton-proton collisions and heavy-ion collisions at the
RHIC. The system test of the prototype pixel detectors was successful. The prototype can be
controlled and record hits with radioactive source and cosmic ray successfully
The Copper-Aluminum-Polyimide “1.5 em bus”, which is the key part of the silicon pixel de
tector. has been completed successfully. The performance of the “1.5 cm bus” is measured and
checked with the HSPICE simulation. The comparison with simulation indicates that the func-
tionality of the “1.5 cm bus” satisfies the PHENIX design and requirement.

Finally. the prototype of PHENIX silicon pixel half-ladder with the “1.5 c¢m bus™ shown in
Figure 15 has been produced.

The current consumption is 1.8 A when 2.05 V is applied to the half-ladder. It is expected
as approximately 2 A from the result of the prototype pixel detector. The surface temperature
distribution on the PHENIX silicon pixel half-ladder is shown in Figure 16. The maxinnun
temperature is 30.9 °C. The PHENIX silicon pixel half-ladder is expected working well.
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Figure 15: The PHENIX silicon pixel half-ladder.



Figure 16: Temperature distribution on the PHENIX silicon pixel half-ladder.
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F1E F

TAVABRE=a—a—IsMOT Ny 7 ~T VESIHFAERT (BNL) IS MR E A A i 8s
(RHIC: The Relativistic Heavy Ion Colloder) 2888 &, = OMERER TR, B F & X
250 GeV/c ETMEL, E/o, EA AV EHEFYY 100 GeV/e L THE, MRS TE OIS
BT 2ENFRETH S, RHIC IZIX, STAR, PHENIX & &9 2 0 KB SERLE AR i &
nTna,

AFRX Tk 4 % PHENIX 328k (The Pioneering High Energy Nucler Interaction eXperiment)
TiL, BFoARECAEL I 4 —2 « TAA Ly« 7T X< (Quark Gluon Plazma:QGP) OfFH %
FHHELTWS, '

1.1 PHENIX EEBROB/

1.1.1 BFORE DR

BT, 2OARE Y 1/20 04— L 1HADAE L 1/20d 7 +—2 &, ZhbERKAETS
AL DIN—F DM END, BTFORAEL1/2THY, T OMBEFE O EE—%
HICLLTORICR SN D,

%g %Amwu@%@ (1.1)

IIZT, AL EAG, 74— b INFA VDM AT, Lo b Lald, 74— IN
A OBRSHERABEMBRTHD, 74— I N—F 0L, Z74—27 ORLIADDOLIZ LW ORE
BESBENBIRICBI AR E B %, TRLIZHETHI ST, LPPMFR Y o8 LT
Eha, :

A DNEHEEZ YT 5 %12, 1980 FUREREFR0 p b F % [B R AR~ 3 2 (A
FEMMERELEER (Deep Inelastic Scattering experiment: DIS) 23472 bhie, Zhix, SLAC X
T E80 (1] £B & E130 [2] B & LTiThebhiz, £0%., CERN TO EMC (3] #Bri~ L 5 &k
Bhic, Tho—EORBRNPL, JAT K20 % ~ 30 % ORERBH/BLN, 7 4—~7 DAL D%
BI3/hEL, BFODACURB, 747 DAY NEOFE DR TIIHN K VER Y L7
[4] [5] 6] ZDEBFERIZ. TRETELENTWEBERTHSE SRBIZED 35D +— 7 H,
up, down, up LA, BFORAC U EMRT LB EBITYT, A - 7 T4 ALWEN
TS, BERENC KR ZNS TV SEBRRE QCD OB X 16X, IN—F U WEY DAY V%
5 LHENKDS, VT UL B AW RIEHEREL BRI, MO OBICHEERT S S
N—F  OEBENEIRETH Y, FREESKEV, Thiflz, MOhEEBEB L7 +—7
RIN—F & T a— TN RS- T H 2 LRI, BEFOAC UM, fFles/n—4r
DOEHBENERRDOIELEL TS,

RHIC CORBEF-BFEHEER T, BFBEHEN, IN—F L OBELRBERTHDHZ LM
b, IN—FVBEERIET2F ¥ FNVERBL, INV—FOAC U R2EBENETCE S, Wil

21



22 1.1 PHENIX ZBOHH

B -1 F Hif e E - BT, B 1.1 E B 1.2 IORENBRUGORIZ, —HOBFHD I —F
PSTOBF DO =20, 13T N—F 2 LIS T HEREHHN LTI N—F > ORERE %
ET D, ZhbORBIE, BRIEORIEIZE Y, BRIE. TbbBFholEicfEbhi—
ool e, FNLO/ A~ L UL TCOHEILB T L7 74 v AN EETX 5,

Bl1.1: g+g—q+d B 1.2 g+g—v+gq
B1.1 EB 1.2 TRSNDHAMEHTORAE MAKGEIERNHIE Arp 13, K12 2N 13 0kIcE S

ns,

AG’(ml) AG(:L‘Q) _ \

Arp = +g—qg+qdg+ X 1.2

LL= G Glry) arr(g+9g—q+q+X) (1.2)
_ AG(a,) Ag .

App = Clzy) qauxg+q v+ jet + X) (1.3)

AG/G L Nq/qik, TN—A 2 b 74 —2 OBFHORETH D, z i, FHBT OER R
T o= hOBBBOREELL, —BOICETAFNBTFHO A~ OERBROES 2 12k
DEALT BRI, app M. BB QCD THRMICHE TE 53— h v LAV TOIERTRE
ThD, RBREICE Apy &5 1L4RTERIC, RT DB TFONY OF 4 —DfAa b2 T2
THET D, N14LZBNTHE, BE—ADORMESR P & P2 L, Ny & N_ Z8HllEh-%
BOHBURTH S, ++HEENFROEC—LTODAE U BELT, +— IR PFOESZRE, R
14THLNE AL &, Froxc ko128 LR, K13 0BV —A L DEHE
AG/G BREMES (7).

L B Py Ny + Ny

App b 2 IEFET D8, ThbOMEEET 2B IITFERIC ¢ bRE L CBERERERD 2L
T by, LHALAdRs, S PHENIX RS ClI—$F88IC ¢ 2HER < BIEHRT, 1.8
RSN, BOERYE P, ORE L U TR S~ N ORBED ¢ KFE2 7 V2 FRIE
LCHBLTWS,

(1.4)

1.1.2 Quark Gluon Plasma (QGP)

NRaAL, TA— 2 IN—FUBRHALADENTEREBTHY, b +—7, F—Fr
OWHLAERITR A% (QCD) TRABREN D, BF QCD E0ERWHEND, BEE, BEE
ETHUADHLHKER, 73—/ —F U REHICRAE I RERRAET S L EZ LRT
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W5, ZORBIREBLERTIHEICR Bz RAX—REBOEA + OWMREBREHY, 7 +—
7 I N—F A LADL LI, /~ Fo 3 Quark Gluon Plasma (QGP) & FEIEN 54K
E~HEBT L PHENS, R13iC, BELEREOMETRINEN ForOREBRE 5T,
NFerARErMEETHLIES. 74— 27 /A —F L RALADIEHKEN, 77 X+
HKEL2D, QGPRIBIZ, By 7 - 0% 1078 BOFHMRIWORELRL TWHEEINT
W5,

QGP REBOARETRTLEEZBLNBERE LT, Y=y b 72 F 7 (Jet Quench) BLEN
HB, Pxv MME, E—LRFHO/NN— R EN— bR 2 ARKEREEZL, £ORKR, WO
BREO/S— P BV LEICROH L, Y=y MROZERFRE LTRUENSBKT
HD. FlAE, ERFRELTOBWRICEBOTROEHT/S— F 25, QGP ORk7: ikl 8 & R IR A i
BTABICKERTRINAF—REFEZL, B=RAX—RFEMITIHLEILNION  xy
b e 2 F U TBRBTHD, 73— 7N QGP HZBEBTHE, ab—Lr MRIA—F UK
HOHIZ1 fm S0 GeV LWV I KERTFIAF—RELXEZ T LARNIIC FRISATVWS,
Tu—7LRHESE, BEHRTREEINS LHICHRARES®E <. D TSN OB R
¥F—HBERETHIVEORTFLEERD Z LAHKRD, £z, Vv b 22 F T RRBT
57— %1%, MEBRK T OB DT TIER, 2RIRTHD P xy ME, ETOMEBIERRT
1] (back-to-back) ICBHN A X T TH D, EBRICY =y FAHIE X7 & W (Away side) & <
HE, BT E &L OBESL, &R FHETHLEUKEOEEIZIX, Away side (2 =y FAS
BlETEs, LML, &-RFRP.LHEEZRE-TL, Away side DV =y FOMMELMIEXh
TWd, ZhbOHETE, BvuZa+—27, dZ7+—2ZICBL TR TWS, QGP 4D top
Ix—0Rb 74— FOENT +— 7 DX NFX—REORE LT 5 ¥ H AR ITRER,

1 5-20 Density p/po

1.3: RELBEIZLS N ForoRER



24 1.2 Egigs

1.2 REHE

TNy T U ESAERT (BNL) Ot iRfE A A M43 (RHIC: The Relativistic Heavy
Ion Colloder) (X, WRFIDEA A H% & RIBHFH22 % ZH L MRBTH S, 1991 Flog
BEHME L, 1999 FI25emk Lz, JA% 3.83 km, BEREREL AV 250 U VbR S
W, BEBOR: D FHE L OEENTETH S, WHEEF LK 250 GeV, &1 4 2F
Y20 100 GeV FTHIE L CHEFBAITIRZ D, BREALI ) VF 4 —1381 Ao HEIZB T
2x10%6 cm~2571, 250 GeV DB F- W FIFZCEBWVT 2x10%2 em~25~! Th Y. Fo KB 1T
bh, VI 7 4—=OmER—LNRTWES,

[ 1.4 &2 RHIC &K@ ERT, BB FIX. 77 o AR 0 TR UERAREICTE
END, (WM T I LINAC ~ASt &, 200 MeV ECIEEND, KRIC, T—RAH —~E5
NWAGS ~AHH &5, AGS TIE, 234 GeV £ THRESFEMEL., BZICRHICOEY 70
1 9~AD, BFE—LOFMMBEITERHEE LTT0%THY ., F2 20 ENRE SN, 2006 FE0
=A% A LTiE, 65 GORMRE 2B TW5,

BAANE, ST heTyr 7« 7T 7HNERET 1 MeV/A ETIES NS — X & —~AS
Ehd, T—AF—Tik, 95 MeV/A £ TIE SN AGS ~% 515, AGS TiE. 8.86 GeV I2An
HWEN%, RHICOEY > U ~A%, RHICOEY » 711t 110 HO /X F 38 106 n HORIE
THRHEND,

PHENIX OF — ZWWHEFRTIX, 106 n BHICHX 5 ©— AT, REENLELNEF—2 0D
=N D, EOHRERN LT E0EINERELTNS, ZOLOHEIFES Levell Y H LT
5o Levell TIAEENH 4 uHTHEL, TF—F ZHHBEN LR LT, Level2 N Y B ~%S,
Level2 Tid, $ROBWRE PC 7 7 — L E2E - TV, LEARBEBLDOHERITH, LEAE
BTHNEN—=FF 4 R T ~—BHRTE L, BEICHET — 7~k S h, 4754 2 TOM
~plEhd, PHENIX $iis, B 1.4 0 8D E TIF bl T 5,




\ \ PHOBOS

fo BRAHMS

—

~—

)

PHENIX

AGS Booster \‘\

Beam line

L]
Tandem van de Graaff

Ed 1.4: RHIC O£k
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1.3 PHENIX #&H %

B4 1.5 {2039 PHENIX 888812, ROBERD CIzFH AT,

V5=200 GeV LB D @- B AL WMETZBTIZ. WITET 47 4 470 ORERIF OB
dN/dn|p=0 = 68737 LM EN TS (8], ZOKFEFRFNAMYIT 25, BRIHELHRA
MOHKLTZTMEL TEEL, —oDOFEALM LF v o RAHE I LKA E NS LTS, 20
AT, BT R A L R S O 5 2k A B % 72 < . PHENIX RIHB Tzt 54
T—LLBIDZT 78T AN, n <035, ¢ ~ 71, Ta—F L T—ADTIETH RN,
1.2< |n| <24, ¢p~2n Lo TUVVD

-7 W22 Tik, W R Y o OB LKW il O/ S e B AR 2 B7-0DI0, VS )T 4 %]
MEARE Y B TIH B TEBRA 1T/ 5, PHENIX BRIHB A T2 kHz O Y H—TF—#
IR D BRI A LRI H S TWE, RIHB TR Z SREKF2 6, rHEF. K&
W phif, T, KF, B, KB FELREET S, —0k, U ER) R
g, #ut ) —A =S 3BT R X —MRAE, D ORLTF 2T 5 20 ORHE T, KRS
B THLTIRAIGE ) 2 A7, PHENIX RIHBOEY 7o 27 LotkiEx X 1.1 1071 9, —h
ETOMETRE L 7 — 2 OMPTREREZMEE 2, 8O0 O EBRORMBTDHE S -, FORN. 2000
FHEE TIC PHENIX BiHHBR IS SN DKL o m TV AT AL FOMAEL % 1.2 A

n;masw
" Der==teR
s "‘_."‘

X 1.5: PHENIX RHB O£ &E
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& 1.1: Run-5 B0 PHENIX BRHHE83 OV 7 2 X5 A & £ OfE

RHEBEEWR An A¢ AR R
Magnet: central (CM) 40.35 360° <116T -m
Magnet: muon (MMS) ~1.1~ 22 360° 0.72T -mforn=2
Magnet: muon (MMN) 1.1~24 360° 072 T -mforn=2
Beam Beam Counter (BBC) | +(3.1 ~3.9) 360° Start timing, fast vertex
Zero Degree Counter (ZDC) +2 mrad 360° Minimum bias trigger
Drift Chamber (DC) +0.35 9o x2 | Good g‘:?;“:’g (f;;%d@ﬁi‘“’f réi%;“mm’
Pad Chambers (PC) £0.35 90° x 2 Pat;,_(fm rec:ngnitia‘n, t;:acking
or nonbend direction
Time Expansion Chamber (TEC) +0.35 90° Pattern recognition, dE/dzx
Ring Imaging Cherenkov (RICH) £0.35 90° x 2 electron identification
Time Of Flight Counter (TOF) +0.35 90° + 45° Good hadron identification ~ 100 ps
‘TO £0.35 45° Improve ToF timing for p-p and p-A.
PbSc EMeal ‘ £0.35 90° -+ 45° For bf)thlcalorh:ust;erﬁ, Photc)n and
| Good e /% soparation at o 1 GeV/e by
o ood e ) : L] :
FbGl EMeal +0.35 45 EM shower and p < 0.35 GeV/c by ToF.
K* /pi* separation up to 1 GeV/c by ToF.
u tracker:(uTS) —1.15 ~ 2,25 360° Tracking for muons.
i tracker:(uTN) 1.156 ~ 2.44 360° Muon trackernorth installed for year-3
 identifier:(uIDS) ~1.15 ~ 2,25 360° Steel absorbers and Iarocei tubes for
4 identifier:(uIDN) 1.15 ~ 2.44 360° muon/hadron separation.

2 1.2: 2009 & £ TIZ PHENIX MBI H 2 ICBRIB S W 5 v 27 b & 2 Otk

R i aR 4 R An Ad A R U5
Hadron Brind Detector | +0.45 (@r=>5cm) | 135° , e e
(HBD) +0.36 (@r=22 cm) | 110° Hadron rejection, electron zdm1t§ﬁcatlat1
p trigger Reject beam background and Low Pr hadron
Silicon Vertex Tracker +1.2 ~ 360° | bottom and charm quark, y-jet identification
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1.4 BHKOPHENIX R THOYE

PHENIX REBR T, /s = 200 GeV DMF- 72 Tty /31 4> L Direct Photon %4t
WR ORI ERAERE L TR, b0 RER 1.6 1I2HH/51 4> [10]. B 1.7 I~ Direct
Photon D7 —% [11] /5%, ZO4ERMEMIT. ZFOMEBEE, S— 2 L~V OB B O
= b FB ORISR OMTIRAE NS, [1.6 LE LT, T REEEOBGED)
ROBSIZEY HRHA L —BLTVD, Zhid, BRHEZHVEBTFORSEEKET L, 5—
b L AAD pQCD DA R EflH L O, BB ET L O THRBEOMBRS 4 [ < ik
LTWaHHE&RDT,

-

o
w"’ a2
> 10"
‘E 10®
: } PHENIX Data
et -3
o 10
3 10° — KKP FF
lo]
T ----- Kretzer FF
w 10
-85
10
10’
o't 000 T
— 40.5_ ; |
£ aoi_
L oF
10
-40 |
¢ E
Q s
8 *F
L e S —
4 E -
3 e 5
Z 2 ‘.o-l-.!.;“- -------
= 0 5 c' el Y ) ; ‘:‘:-_,::::__::: _____ i
5 1o i
pr (GeV/c)

[ 1.6: a) BOES) & Pr icxfd 5 70 AROWOINT A (BA) & KKP REREEK (F#) & Krezer B
BB (RWR) & RV BRI & OB, b) BEAHEREE () & R (#) Ok, c) KKP #
MO BRI & R T — ¥ L O, d) Krezer % i\ = BRI & BT — ¥ L D1k,
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PHENIX Data

— NLO pQCD
(by W.Vogelsang)
CTEQ 6M PDF
BFGII FF

n=1/2p1, P, 2P

8 10 12 14 16
piGeV/c]

X 1.7: a) #HERAYA 7 —/V 412384 % Direct Photon DOEOESY ik P) (48179 5 4B il & NLO
DFEEH) QCD L DB, b) F—& LHIMA T~V p = pp IBIT 5 NLO OB QCD & »
Lo,

2003 47 & 2004 FED /5 = 200 GeV DIRMER FHi{ 22 B O T — % (Run-3, Run-4) %55z, #°
DERE G ATy OWERFT/2 -7 7], B 1812 Run-3 & Run-d OF — 4 inb kb iz AT, L
HEEE Pr 070y FERT, GRSV-max & GRSV-std 13, BFHRD /&~ h DAY ARGFR G
AIZREEBETH Y, max TNV —F U BEKRIZFEBE L TO A %A%, std iX GRSV EF AV TD
BRI RREBE R OB Th D, T OREN BT GRSV-max IIEE Shiz, FDO%, 2006 4
ETOT— b FPHIBHRBBON, YMTHRENTWERE RN~ DRI LT
BB ENRBNTRRBE LTV S,
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-
<~J o ? GRSV-max
0.05F- , :
0.04} /
0.03F a
0.02F
0.015- GRSV-std
of I [ —+—
-0.01 -— f I I
-0.02F
0,03 18% scale uncertainty not included
R B R S B S
p; (GeV/c)

1.8: Run-3 & Run-4 > bRdje AT, LiEBR pr O 70y b ERTFHO/ S~ Ko DR AR
EEOWGEME TH D GRSV EF NV & DL
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RFERLOWHETIE, BT RAX—ORFIIWMEINMOBEF RO /S— b R OWMRTER X
h, TEOHROBETIIERINRZVWEBZIONTWS, TOTRAXF—OMVKRITF, HRIZL D4
RLIEmMEREEORLERT LRI RAF -k, A~NTHER LIZC <7225 Jet Quenching
HENTFRINL TV,

FRFEEERTF Rag 13, @-SWETOARKE Yoy, BF-BTFEHRETOLERYEE Yop, WL
FEBEFEOTFE < Ny > 15, RORICERT S,

Yaa
= < New > Ypp (1.5)
H1.9iZ, /s =130 GeV D&-&MEIZHT DR FBIEENTF Raq OWRIZE G Lo 8IKTF
Npare & OBREZRT [12], Npart BRE 258, BMEMBEORIKE 2D, EREh R
FHRRNINDEERLTVS,

Raa

514
[+
A P, > 3.6 GeV/c
12 0 26<P,<36GaV/c
® 168<P,<26GaVic
1
o]
0.6/ f ; T
0.4
0.2~
-l_lJ._l_lllllll.lJ_.L|lI|Ll1LJ_ll.l.lLll]JLllllll
00 50 100 150 200 250 300 350 400

n

B 1.9: RFEEERT Raa & W2ICH G LR F I Npare & O BIHR
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1.5 YYaVERERABRHBERVSIYE

PHENIX #H88 TiX, Bk~ 2iilic— FCIEWQ? L z T/ N —F L ORBEXRETE
%, [E1.10 {Z RHIC T® /s=200 GeV DG #22 LB IZ B\ TRIETTIE . z OB L =T,
E— ADOMMEEL ~ 70 %, BNV /7 412300 pb~! ZE L T\5, B PHENIX #HaE
? z OWEFREAZBEIZ, 002 <z <03 (KR) TH5, Y a MBRARHEBEZEZADLSE
T, z OWMEFEREIKIL, 001 <z < 0.3 (FR) ~ERKEhD, iz, Re5F v L0
ER, ThENZIER L z OB THMTE S, -, BVEBHRERDc 7 +4—27L b7 +—7 R
Semi-leptoine decay 4% Displaced vertex OB, KO 2 TO 7 NV—F » ORERE DR E
EERBICT 5,

XAG(X)
1.2 A

L lellllI L] LI |

1 HOS95 ¢ AG(x.4 GeV?), NLO
o L] ¥

0.6
0.4
0.2

0 E

—0.2 RN _J llllll 1 lllllll L_L LILLLLL

0.001 0.01 0.1 1
X

1.10: 3L PHENIX RRH& T AG 2 WET MO 2 ORI L, &V a v MlARHBEEH-5
AlLTFMEN S ¢ O

L1112, /3 = 200 GeV D&-&FF#%Td PHENIX RHBCEBM S h 3 EV\ 7 +— 7 i
RKOMWF OMMR T LA RGHE v (13] OBGEBREFERT, ZOMAMNGAARSFEX, 918
OWMRTHER LB +— 7 BWMEHELEORL EBT BRI, Jet Quenching W& EZ T3
A, MEREEDITPRTENICRTOER (7 7 E—R—1AR) 2{FBIAELDLEXLNT
Wa, 11013, HGEBR 1.5 GeV BEE Tikc 7 +— 7 DIV —HBEREE LS L B
K—HLTWEH, TAUETR—BL TR, Zhd, cZ7+—2EF T2, br+—7
POOFELHELILEEILN, V) aPRRARHBTcZ7+—2 ¢ b7 +—2 %ML, WA
A ARFEOMEEZTRIE, c 274 —2L b7 +— 7D XA X—BELMEHKS,
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;.0.3 02 (A i ) TN R | T
Au+A q =200GeV - with charm flow
0.25F- i Blag ' ¥
0.2 heavy flavor e +e° ——— without charm flow

0.15
0.1
0.05

?
£

(=]
°_l_|llll'llll I'II'I]IIIIITTTT[IITT!Illl'lll'l
="=]
\ =
=
=
——

-0.05
-0.1

LA L ) I Ll AJ__L AL l LA L 1 l AL A ] Reslidend I AL L A L - l
0.5 1 15 2 2.5 3 3.5 -
pr (GeVic)

B 1.11: 3 PHENIX BB TD /5 = 200 GeV ICBITHE W7 L— =0 b5 0WF OMMA S
(L RITHE vy

1.6 ABREODEM

HED PHENIX B2 881X, 2000 FHEIZ S ) = o AR HH 8825 M6V VIR TS DS PR &G X /e,
INETORBRREEZT, BFORE ML QGP RIBOMEOMBAIZ T, WICHLRME
ZAREIC T =<, 2009 FEEIZ S ) a MRS A B L ClIE2 M T ETHDH, EHRD
HEOIX, ZOFH-ICRBETE ) a7 BRHBOMBELITRHIETHA, B2lTRY
Z7ENBIRHBEZEL L) a VRBARHBICHOWT, BIETE Y AL o —DOREICRF
RIGRABBOME, BAETRELEEZEABRHBOL X T LRI L TRk 5,



$2E VY UHREABRERE

2009 ‘FE % BAEIZ, PHENIX ZEEORMBHED LN TWD, 22 THWLRS YV aLv s &
VIR RHERL, oAl X MYy RO bR END, B2 EAEIE. 1 Fu
YEHNE T ORI/ E VO T, BALER{YS 7 0 O@BR FBEOBVNED 2 g~
BEh, AEO2MTIEA MY vy IR LERS,

2.1 FAEBEM

PHENIX JClk, 4% OBFDO AL L QGP OBRIZHENT, B FOERICER LT
W5,

wroarrrqap: 919 - gig} (2.1)
BroAE 1 gtq — g+ jet (2.2)

BRI BT, BRIBICe 24 —2b 7 4 — 27 2B 5 B CHRIBILZ v —4 2 T
DY EORELE TRIEES NS, £, v &P xy FORMIERZTR O L. BFEE TOMREE
V&= E TN A OMBEDETHDENEOHESR (85 %) THRIEXh, ZOMBE LR ET
LHBRHBED, £ LT, ZOAEARGFEOLERBTEBAESHE X E L, Zr—F ot
BEARBIEMN S, QGP H T, B2 =27 13 EA & HROG D/~ F U HETET, 20
%O QGP HTIHAER LRV, LT, AR LIEbZ 4+~ R0 7 +— 7 OERWEH#E <. b
TA=0&clx=VDEINX—{EREPUETE D, ZROLOHFEIL, 3% PHENIX E5iE
ETCIERARETH LR HIZ, V) oV HEARHBOREEANKETH S,

2.1.1 bOr=D&cO+—UDHEA

HATO PHENIX RHHE TiX, BF 2B LB F20EFNEN T +— 7 M6 TIER L, H
O HIBANOWE & OMAMEAIC LD 2B F TRV EBRBITEX 2546 TH, X218V TH
74— 7 OMBICHRT 2EF D, ¢ 7 4 — 7 ORBIZEET 3 EF 2 BEEMICERITE 20,
EDRBIZ, T VE VAT T, WIE SN BF OSSR EHORRIT 2177200 BEERYIT 8]
LTWBITIBE RV, ZOFER, Dalitz #53 & Photon Conversion TH X 3 KBEDEBEF D\ v
275 FEELGK LERELAHICHEHEIZRANE Y, ZENRTRESEE/INESLT2E
IIHETH D,

Y A URBARHB AR ICRES AE T, by =T L eV — T OEERYINTEL 25,
T, B 2.1 127”7 Distance of Closest Approach (DCA) 2#IE+ 5, K210 A IZEBWT,
HOHF OGS LIZRIF8 1 220 LBl a3, RBEATESEEN T2\, DCA

34
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X, ZOMREFE TS HA~RELZIEE L-RFO—XBBEAPLFWEEROR 2% TS, B
21 DB T, 22U LORFRBRIIN2OT _RKREAEZROLNS, = 26—l A
LRBARAE TOEMYERENEL. TIHORTFOEMer ZRET S, WELEHH1HE
WZ =277, i, bZF—2dcZ+—20%MITE S,

electron
®
Beam Axis
D, B Mesons
Primary Vertex Primary Vertex
A B

H21:bZ7a—2Lc74+—7OWHGE AlXDCA OREFE, Bix—RMBEAH %M
BAETOEMENET 2 HELTRT,

b7 4 —7 OREX, BHHFHMENLOBEFEBML, ¢ 7+ —7 Tk, DHMFHEILO
WFZWMW LTI S, EELOMINIT, FHMFOHFMOEIZLD DCA O FIH L T
RV, # 2.1 OMEEE— F [16] I2351F B single electron DF ¥ RNV E MM 5,

#21: EERc 74— 7230FMTF LD 27+ — 2 2 G0V ETOERMBE— FAU, Hhe
Hik

kR MEE—F oygk | #f (cr) T
BY I"+y+anything | (10.4+0.4) % | 458.7 um | 5,279+ 0.5 MeV
B* I*+y+anything | (27.5+2.4) % | 491.1 um | 5,279.0 £ 0.5 MeV

K~ +anyting (53+4) %

0

D ettanyting | (6,71 +029) % | 1229 #m | 1,864.5+ 0.4 MeV
D+ K~ +anyting (275+24) %
et +anyting | (17.2+1.9) %

311.8 pum | 1,869.3 + 0.4 MeV

2.2 iZ Dalitz, ¢ Z #—72, b7 +—27 OBk T 2WF O FMEN 5 DCA %51 [15).
EThENIE, YV UBBARHEB I A=V OBKRES 1 %EEEL, Pr > 0.5 GeV/c &
Pr > 1 GeV/c DRLFIZOWTOD DCA %K 2.2 DEIRT, £, 1 MY72 ) OB ER
2%EBRELIZHED DCAYHEE 2.2 DEIZTFT, Pr2#MMEd, DCAD v b% ~ 800 um
EFTBHL. b7 A—IDESEZBEMTE S, 1= Dalitz i#iZ, OMOUERA TR ENEDOT
2.2 DREBEOA—TX, AREOEBILICEDIENY THS,

E21A DHEEIZ, DCARB ~ 100 um A ETHD L3 v 7 77 Fhmf &, BETD 7 +—
ZLe 74—V OBMPEFOHDA Xy FTAMEL 2D, 7=, WFEHE BRICBNTH, @
F.=a—FV/ B2+ — 7% 80FPMFRRETHOT, DCADOMEIZFAETHD, Zh
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Ik, A2y bOEWY +— 7 OMEEEZKBIZH ETE D,

# PHENIX BB T2, B 2.1B 25T Kt +n~ ~O i€ — FTD° M+ L Ml3 3+ %51,
B2 a—2fRDAy 2 7T FHEL, DPHEFOE—2BR6NARV, ZHIZDCA S >
MR L. KBRS AT AR ETESOTDY OMBINARICRD, o, R21ITFT
Bic. b2 4+—2HRDA Y OBMY, cZ+—ZHEDAY L OBEY LRVWBIZ, b7 +—
I REBUARY b 2 A= DARY N ENMTED,

17X,/ \ayer 2%%,/ layer
2 * Sum 2 - *Sum
S » Dalitz S 10 f, » Dalitz
vLharm - s Crpery
g‘ v Beauty 5 ‘0_3 il * Beauty
B P,>05GeV/c | B - P, > 0.5 CeV/c
< <
g g 10
[~ [ =4
g ¥ =
s @y
T
lllllsll Illllllll 10—7lllllllll!|lllllllj
200 400 600 800 1000 0 200 400 &00 800 1000
DCAy. um DCAg, um
2 5 2 s
= 8 *Sum = X * Sum
510 » Dalitz 510 R, « Delitz
g ™ s Ohorm ad % « Chorm
;-3 * Beauty . aif * Beauty
8 10 T g 10 *
< ** P, > 1 GeV/e * Py 2 1 GeV/¢
8 -8 & =5l -
§ 10 810 F *e
Lt O .
-8 -5
10 10
->
-7 0“ _ "'4-+
WERE L LT 8 |Lﬂ’ﬁ‘$;l
0 200 40C 600 B80Q 1000 0 200 400 600 800 1000
DCA,y. um DCAy, um

9.2: Daliz, F¥—A, & h AOKEICHXT 5WF O DCA 9. + ) = 2 AR |
W ) OHNEN 1 %L REL, Pr>05GeV/c & Pr>1GeV/c DA D DCA 5 (&) & 1
N7 0 DR 2 %EEE L. Pr> 05 GeV/e & Pr> 1 GeV/c DEFED DCA 27 (4).

2.1.2 &Yy FOBRERAVEERFRO/N— U EHEOEMRAA

Direct Photon D ¥, BFHOIN—F L ONFH & IN—FOREBELXRET HRICEER
Thd, M23(5EM) TRTg+g—q+1PZ7+—2 /N —F LOHEEATEZShS =
w7 hGELE. RHIC 128 2 B F#&ICBV TEY EB & O Direct Photon %43 2% XElHY
RBRTHE, BFPFORZ +— 2 OBEIRALMII/N—FOBELY bIERITNIVLOT,
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R 2.3(AE) ILRENIEFBETHE 27+ —7 « K7 +— 7 A HRICHBEL T, IN—Frar
TR UOBESNIENZBETHD, BERHANICIIREHEER 2.4 ~77 [14), Direct Photon
Lix, MIEFMRERLEEFND, iRt Fon ForOMENERTH DK T LR ¥ TREH
%%, PHENIX B3, XFREHOI 0 ) —2A—FRBRMMEENRTVDH, ~FarOM
BOREZIHBHBES THIH, FRFICRETIV =y FEWETDIRINICRIT S,

B 23: Z74—2 « IN—Fy ar?hoWEL (), 7427 L7 A7 L OXMHK (R)

1
Josb
g S gy
&TE—-
i
P:
ok
0_3;_...., -
02E uq — gy
0.15 -
v S SN PL Y O

8 10 12 14 16 18 20
py [GeVic)

=
L=
&=
-}

2.4: /3 = 200 GeV ORIEHFEHEEBRIZBIT D g+q— 7+ q R, q+G— v+ qDRAER
e LER & pr OB

Vx—2 « In—Fv » ars b CBBOBEM L ERIHHET, BTFEOs+—2 LS N—
AL OEE (BFPOZ +— 2 REIA—F BB HENSHR) L /35— b o L ToRmM
L IAERMHFEOMICHIT D, Sz, Direct Photon & ¥ =y FEBETHIE, /N—F
YOBE L REEEXBTOEBHEOLE z OBKLE LTRATE S,

Cxv M. B25 IR, BXALX—0OBFEHEIZIBWT, BFPOr +—2R/N—F
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CSRABEIHEE I, Fr LT DB U B SHOKF B, D/~ kDR EE TN E
THHMA~Pzy MRCEP U THHENSBETHS, TRLTRS S— b D8Rz, & 2,
i3, K23 CROBNB,

o= Seap(i®) +eaplm) | 23
&y = T(eap(-ni®) + exp(~7))
ZITC, BV ey POBTET AT 4 ik DT ETF 4 F 4, B} iEy OBEHETH

Bo 1 L g DELLBT N—A D g ipKFITERVD, BH., BFPOT N~ OER R
7 &7 OWBEL Y bSO T, K24 0I5,

(2.4)

Zgluon = min['zlaxﬂ
Lquark == max{$1732]

& 2.5: BFHRIZEVAERT Sy &P =y b

BLPHENIX S8 C1E, Photon i¥, ¥ bINT —A~RBENLBRES 0 Y — A —F (Elec-

tromagnetic calorimeters: EMCal) THIE Sh T3, RIS, Y=y AT 72T F U RO/ME
RV FINT = ATRIHLTOB DT, Photon ICHE~ERY 2T =y FORBIZAS Tix
M IS, Yy S OEBE S A TEEYE & L7 Direct Photon ORIE LAMTR 22V, =0
AL, Photon D= RAF— & FHOHWMOL THEO A~ h L OB FHRTOEMBLHEEL TS
A, 23— N OFROMER R A2v, , ;
YU a VBRI T, RIS 37 2 7 U RARIRT, Yy ORI RS
HiEL 3D, v &Y=y hOBHITIR, BEBBROMFERFICH L CRIETRER SHES OB K
I, Yoy MOWEERFTRICL, v &V my b~ b OBE RO B O E & HE T
Lxws,

B B P A e A AN

e

D G o
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2.2 ERMEE

VU a VEABRRRHEBE, BB TFEEERE B AU IRERE TERT B0, e
REFHLZSRITRLRN,

YEMRBICEHER

WEREICLDBERIZIE, cZ74—27, b7+~ 7 OEBRUER{TRL2ETHS, “hid, ¢
=R\ b7+ —7 DB THERT DA Y D& or ZENT S5O TN FT v 7 Ok
ERRD LI, BEE 40 pm O DCA IREBLEL 2B, £, EWT 272 FF A TCVxy b
HR DR AL F OB BREEITRIDOT, ~1.2<n< 120 ¢ ~ 2r O A, #FEK T
DEBEOUEDML op/P ~ 5 % BLETH S,

Vs =200 GeV DE&FRFOHLEROKE, BMLT EF 4 T4 HIe D iZHET S T v 71T
dN/dn|p=0 = 687+37 TH 5 [8]. ZOBET TIZ, A MY v 7HD 1 Kit+1 KILOHAH LT
HDHLA-AMBELDH, U7 ENVEO2RTHEAN L EITRZHABNBE RNE~RE 5,
t v h® Occupancy % T, - 2flEGE TOMBOBRRE CHIC, NSV E 7L 2R
MU, 1E78rB7e OB FAEEARRT 58642 ZH EBEVEBEE B TEE5,

v a BRI, RHB2ET X/ X0 <32 % DEMHETHIERROLND, B
HERTE LD ZEMELIZ L5 DCA MHHE L EBBRYMEDIETEZPE, oy RS LBTFO
AREERSE, BERHBANTONY 2 752 FEMHT 3, £, E—b810 7 TAELES
HHMELOKEZ /)& < T 5 %12, Primary vertex 5> b i3k 5 70 IRV BEREIC B N8R & 218 5,
PHENIX B 10 OBV I J 27 14—k, 4,000 pb~! & FHENTVS, Zhhb 1 MeV
DOFRHEF AT 5 & 3.7 x 1012 [N,y /cm?, Qz=0 cm, r=2.5 cm] & RHEFOMIRE I Sh
7o (18] & o T, MRHIBRL Z ISR D B BIHRIIE 2 06 A IR B 72U,

%7, PHENIX ZBICBWTETORHBIL DT —F 1k, WHRIFELDPD 4 p W% Levell +Y
HREETT—FEREL, TOHRA0 pPDBREOEE CHAMLEZETTA2ELERSATVA,

LY AV EY EILRHBRRORFEIRR

TITIR, VY arE7 R ARHBE ST 5 AORMH B EBR <5, 20094FETIZTY

aVBRBRARHER TR TSR0, AN TRINEBERZE LR T bRy, Zok, v
a7 MBRHBOMEIL, T ar At b Y OF —F R BT
oy hxy FF v ENbOF—F %08 % Application Specific Integrated Circuit (ASIC)
121X CERN ALICE ZBOEMEBAT2HEL Lz, 20V ) are st rd—it, 81921
QM%umx%ym®t%é®E&fWﬁ%x%%&ﬁ%éﬁéo7WV¥XVP%V¢m3l
b EABETHEIES 8,192 EHEH SN, vy POFEE L] Y F—2TCHIT 5,
Zury by FFy 77t —id, #H< UTPHENIX MR L bW 588 Ui, %7,
BT A XG0 EL, 40 um O DCA 53#REAR I TCE 5, AL, FAH UEES 40 4
W~NESTDH0OUBNRUELRDOT, F—F B ASIC OFAH UNEL 2/EL L, Hicida%
DEBEREE " AERETHEL Lz,

BEBEEEAAE, RIAIFTANVLERBRET VI =0 AETCELN, EWER, WE
BRBERWASEI128y hOF—FEEFEE S, ASICICIZLEHLOBELEL. 64 ¥y b
T = ERIRHCAE S, ERONSAEREMAEDELZETT — 7 OF A H UM 25K 51.2 u
Beds, Zhid, PHENIXOERZ-ZTLEI S, BELORBE L ZhE2 BB THEL
R, FEHRRESIIEIIYRE 2L,
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2.3 VYO UEEARHES
2.3.1 YYAVHREABHBOWE

VU a s aRHREE, B26 ~FTRAARBEOKRHBTH S, ABOY Y a U BRHEB1L
WMEEhTHY, AM2ERV Y arv s BB, AR2RER Y arvRbY) v 7RIHBT
hd,. RHBORTF v 2NHIX, B0 FF ¥ 2N THD, H26I12, E—LEHHTDLY
a s ARHBOBERE T,

H 26: ¥V armEcRHSOBRSE

27~V a B aRHBONEREZRT, ¥V arEs7erRHEBIZ, E— LM boE
25cm & 5.0 cm O E~REEZHh, E—ALAFMOREZIEX~22cem THD, Y3 A b)) v7RK
HEBE, E—L2W056¥E100cm & 140ecm ~REXHh, FIFWOE—LFHORE XX ~ 32 cm,
BAMOE—LFHORZIEI~38cm THD,
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:

T

oy
>4

Beam Pipe ﬁ | Pixel Layeri

Pixel Layer2
Strip Layer1

Strip Layer2 \‘\‘\_3\ S |

e

-
e

¢f 11em 19cm

I

-7

B 2.7: oY =2 AR B oW

2.3.2 V)IaVHERERKBRHIBOMMANEK

VY armsRHBov Y arezesrter— vV arA b vy et —it, IREM
MEOZFE~EEZN, F2.6 DRICWREIND, ZORLLVROBIMEBIE, SLASET2KkW
OBMAMBAED L FREN, TOAOBHETROLERAY, K —2BHT2HHE
FEY—OTHEES, ) a3 REARHBOBMA 2R L £ O B2 KICET S,

1 Br$—F ¥ —ZMRRICEE L TRHBZ MK T 5,

o HIF—DOWELCY—DRLAEDED, MAMEMELERIC, 75/ —-0ERVED
HWazElELR,

2. RHBEEROHHBLLBFRAOBRRIZBWT32 %A TFET 5,

o E7ENBRHBRADEREERT) v P ERL EMHRTHET D, BAHLF 7
OHHAMIC, EVHBEOBEEZERT 2, £/-, RHBOMBEELEDHRORED =
YRy MM TREL, HREOMBIZHRT S,

3. MHBEEOLEE 25 pm KL T 5,

o U7 ENRHMBOMBSLTT 74 A MEE 10 pum KilicT 5, €2 V—nAT ) v
FEXFRE DY ADEMER, €27 T ¥ —BERBREZERT ¥ TAET
bd, e, BENCLZBARPBIENIZELZFLONBEARERETHR L THRH
129, ) arA MY vy TRIHBOMBHREL 0 LS5 %10, RHBOMRL
0 °CEBETITRV, MERIBRTITLbODDT, ZOE— M A 7 NICHAD
Wz BRLUBHEITRLI.
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233 YYaLvARNYyTBRHESR

YVarA LY s 7RHBIT, PV a7 A RHBOMI~REBENS, £22~2Y a3
A MY v TR AR AT,

# 2.2: PHENIX ) a2 b Y v F A B HBO# T

Layer I R3 R4
r (em) 10.0 14.0
) %z (cm) 31.8 38.2
Area (cm?) 1960 3400
Sensor size (cm) 343 x 6.36
Channel Size 80 ym x 3 cm
Readout Channel 138,240 | 239,616
Sensor (625 um) 0.67 %
Readout Chip (150 pm) 0.64 %
Radiation length Mechanical stave 0.70 %
(X/Xo) Coolant 0.08 %
Total 21 %
Occupancy 4.5 % (x-strip) | 2.5 % (x-strip)
(Au-Au @ VE=200 GeV) 4.7 % (u-strip) | 2.7 % (u-strip)

vIarA Y vy Ferd—ik, Ty s ~7 U ENHFRFO Instrumentation Division & Bk
BEEPRASIER COIRE L 7= [19], M 2822V av R MY v 7o —BARA 7T, At —
i Hlo 2 BOocHA M LAMTAR 2, Z O %2 BT 5 %0 “Stripixel” & FESRR A L1,
1 5 Stripixel iX, K& EA380 x 1000 ym? THH, ML L7=x A RY v 7Ly 2 R v Fic
LDMEROE 7 LAR 30 BMARY, 1 KDR MY v 72T 5, Lo —OBE L, 625 um
Thd, Lot —2lil LIfilRFIc L0 ER LA, x A M) v 7Ly 2 R oIl
MBI D, £OfF5 % Analog to Digital Converter THEAH L, MAEKITF 0@ S 4 T+ 5.,
A MYy 7 ECORMOLENRY X, ANRFOELLH—NTOZEREREFY 7 hhFOEFO
HEHED 5 10 pm BEE L FRESHh, ZhE0 LRVMBETR MY v 7OMBARE STV,

Y-pixel 2nd Metal
(1st metal) X-si\rip
Bonding
Pad for
2nd Metal X-pixel —* X-Strip
y_ﬁrlp (1st metal)

Bonding
Pad for
Y-Strip

1000 um

Z L Inst. Div.. BNL

X 28: ¥V arz kY v 7Er4— (Stripixel &4 —) DEAR
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2.3.4 JyarvEstEIBHE

T are s e R, MRAREHE~RESND, 7RI, RIS BE
LR Z T 5410, ALICE ZBRE LHCh ERTHVW LA TOIEINEEALE, “hboi
Wix, B —A TV y FEIRE. BRI 20§ 2 72 ASIC (Application Specific Integrated
Circuit) DB EETH Y, Zh b%k PHENIX EERAICH R U THAAL, =g TV

FiZ, 200 pm ED Y Y a €7 gt P —& ALICEILHCD B LT v P&/ TR T 4
CTERTEALTHELND, BEREEDH S ASIC iX, PHENIX EBHICHEAH LF v 7O
LT — & B OBE IR T 2YER SN 5, K231V a7 A RMBOMITE Y
% (15] [17], IRETZ ORHBONME LR T 5,

. # 2.3: PHENIX V) a7 v VB AR ER O

Layer | Rl "R2
r (cm) ; 2.5 5.0
z (cm) 21.8 21.8
Area (cm?) 280 560
Sensor size (cm) 1.28 x 1.26
Channel Size - 425 pm (r) x 50 pm (@)
Readout Channel ‘ 1,310,720 | 2,621,440
Sensor (200 pm) 0.22 %
Readout Chip (150 pm) 0.16 %
Radiation length | Bus o 0.28%
(X/Xo) Ladder and cooling 0.70 %
Coolant “0.08 %
"Total 1.44 %
- Occupancy ra 0
(Au-Au @ vE=200 GeV) 053% | 018%

24 Y)arEYELBRHBOFM
24.1 PYavEsELEIY—NATYY K

VVarersertrY—rA T Yy Fi, 1392 mm X 56.72 mm OV ay sk
P—& 15.6 mm x 13.7 mm @ ALICEILHCb A LTF v S A ek TR FLTHEREh
5, 29~ Y= ATV y FOEYERT, "M TV Fyarvsertr -k, i
HHLF v 7RG LI 4 DOMSL Uizt o —Hh bR ENTEY, 120 P—ZiikE
425 pm X 50 um DE T AR 32 x 256 D~ b Y v 7 ARIZEBEEN TS, v Varese
N = AT Yy FORE XL, 1568 mm x 56.7 mm ThHV, #LHLF v P—K
KEFHOEESIX, BLZ 380 um Th 5,

7
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Silicon Pixel Sensor . 13.92mm__ f

o

- " Readout Chip4 .
* Readout Chip3 *

" Readout Chip1

Bump Bonding

B 29 vVareszertrd—nA7)y FOBRE+FOBSE

242 YYarveELEMLEUY—

viarersertrd—itit, 77 2#&ME CANBERRA #80 200 ym ED Y a1 v
7ENBIE Y —RERTH, E7ELErd—i3 NEOV ) a v EROBFG IO HE—ED
REET, FMPIEBICL > TP RICELSETERLTWS, M2.101F, YVarerzeirt
=D N—DBER LY —DERBERTHD, 54 FOIT77—hb, 4 EAOE
Y —BIHE Y HED, B —iIHMREROBIC, BEE VT 100 % THD, T A—
26, K29 0MERIRENDIRRABEADOE L —ICHI ) HT, Lo —0ZSLEEITS
9VTHY, RILERKI00VOHALS TRBELZAMTE S, EREOEMRICIL, 50 VO
AT AMEXZEMLTERT S,

Yart o —iiBnWT, B+ EANEZREIEIDIIULELEH TR AF—1236eV Th
D, 200 um DY a7 A Y —TiE, B/NBERERLFIX53 keV O XA ¥ —2 % L3,
ETOH, BLEF 15000 HOWF-EALGRRAETS,
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A B

B 210: 54 FEZ7EAL L Y —0 2 —DFBK (A) &Y —DILKEK (B)

2.4.3 ALICEILHCb #&HLF v

ALICEILHCb #AH LF v 71X, 7Fn ZEpg L 57 o % Va4 iR# L= ASIC Thh, CERN

® Micro Electronics #ifq TH% h 7= [20] [21]. ALICE Z$D Y 2 7+ AMHEE & LHCH
EBOY) o TA A=Y c FxbrazdZ o d— B35 7 vxr THBICERERTWS,
Fo7ORKEZIZ15.6 mm x 13.7 mm THY, WEREK THRICT = —WEOREALTH D
750 pm 25 150 ym ~HFE S, v —hbEh Hah5,
HAHLF v 7 EIZiX, FEZ7 At —OFESAMEIK, Fv 7HEHORMER, Kk
A7 AEI#E, JTAG A > ¥ —7 x4 A8, 1/0 %y FifiEh5, K10 MHz D27 o v 7 Bk
BTEMENTIRETH Y, HRENIIHNIWTHS, YVaresertr—nb08192F v
YEANDEFX, FyTRBTHBIN-®RICT A A2 ) I x—=F~Ah&h, A4 FVF—%
ELTHAhENRS, ZODNBEE, TP — LR U KE XD 425 x 50 um? OFF 50886 T1T
mbh, Thbid, 211 ORIZ32x256 L~ ) v 7 ZRICERENTWS, /=, IBM o
0.25 pm OHHRE T 0 2 TELGH, 30 MRad ¥ TOKMREN BT RO FR, B
MAZHRESEED O TWVWRY, Fy 7 EOFESARRIKE, £OEDEKEZRE2.11 (27T, <
Y w7 ZROEFABREEOEDIZ, JTAG A ¥ —7 = A Aal#, MRER, 1/0 /%y FAE
BEhd, {AHLF v 7OREAFEEOHMT. 8 A Tk~<%,



46 , 24 vV are s BHEDER

S mm

Pherioheral Control Logic

lumac ][ 1opas
14 mm

B 2.11: ALICEILHCb #H L5 v 7L & SR & 2 oE;nE%

Y ER

7 NGO EARERL, 21207 vy 7 RO, 75 SEEKE L5 2% VB
LM EN D, Zhb ORI, 44485H% 8 £y F O Digital to Analog Converter (DAC) 2
S UTHEERE T 5F CHESRESND, ZhHDDACIHE, ©27 2 /MERNOT Fa ZHK L 5
VHVIAlR A~ LT R R O, AR LIMERE 525, T u ZEEEH T, B
DA ENTATINE, BTV 7o 7L QBOEBHS = — 7 S CHIEE L, o7
T b DEBMIEEAL, B 21318 F 1 R ) L & AR OBEBREBEE (Operational
Transconductance Amplifier: OTA) ~AHENDB, F4 A7 Y L 57— F XEHE— FTEHEL,
E LB ERT SN AL, BT/ F VB ~ZH &, NAND #— F @R LF o4
NS ATIERD, T NAND ¥~ bk, HBE 7 N0 T u 7 EEK %I 5% M
ST TOBEAIC, "MASK” ORMBLZECBRELTYAIT5, Fu T LOEF 4 A7 Y3
Fo= ¥ ORI, A DAC T—ELTRETE S, &5IC3y hOMELy hTThFhOY
7w /VEI ORI OMMEST L, BAHLF Y mm@ﬁamwmmw bhb, ZOH
%t«:‘; M)"’I@ﬂlﬁ . BEE 960 e “{%&

ANALOG R i ~ DIGITAL ,
’ T rminedof é’ﬁgﬁ'};"“’?@“ : ‘ Pixel -1
S Pre Amp Shaper 1 Shaper2 j———====y 4-gvent FIFO :
nput Pad 1P PhApt } i ) Shift Register
E ] [ ‘ g l & Clock
r g 1 Q-
‘T L Oetay Unit
Feedback Blas Mask L
‘ Circuit . Strobe Pixel n+1
Analog In 3 bit Threshold Fast OR+
Adjust _FastMult

212 €27 ENEKO T oy J[E

B A e S B

w"w1wwmmwmzwmxmwwwwwmmwmwwwwmwmwwmw&w&mwmwmmwﬂw&wmw%mwwwWWWWW%A?MWIWW"%%WW@WWLWW@WW}?WMWWW&M“WWW&W%WWWMW”‘WWWWWW“?mm’»‘mw‘MN B
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FTYZNEAREBONA TV TF—FE, AT TA VBEERT Levell MY HERLOH A I
TEREL, Levell MY IBFAHLT v T~AN SRR, 44XV | FIFO Ny 7 7 ~F -
FBRRDHND, Levelzy MY FEEBASISND &, FIFO Ry 77 ~D LRI T -2k, &
7 PV VRI~ELRTHAHENS,

X 2.12 F O FastOR [EI¥IZ, 8,192 07 F 1 FEDOH I COR WA MBE L, Fv 7 Eitkey b
B1EULFETSHERIESEHNTE, ZOFstORBEEEZAVWTEAL 7 FUHICLb ey
FRZDELARTH S,

DISCRIMINATOR

GURRENT
* DISCRIMINATOR
OTA j_ -

THRESHOLD
FINE ADJUST

MASK
3 Reference
Voltage

Threshold
adjust FFs

e

K213 T4 A2V IFx—EDT vy IH

JTAG IZ X 3B E

FHAHLF o 71E, JTAG VI TNA v B =T xR %l U TEROBENIT b, JTAG
i3, Joint Test Action Group PR TH Y, IC F v S OBRAESED—~>ThH BT LY A
¥y TA D=2 LTHB SN, 1990 F1Z, IEEE std. 1149.1-1990 Standard Test Access
Port and Boundary-Scan Architecture & U CHEHE(L &7z [25], MBS D IC Ry Ir— L O#HE
b, BEALIZE Y, TERODEBRICHF~T O —T 2 U THREBBEL {leolz, ZOHIZ, ICF v
FREA~T 1 — TR L R OBIER ST L &) 2% ¥ VR~ FEMERBMTF L LAY
EWEL, ML LT R ba—FEANL, Thizd 5 IC DR\ it 5 BB T b
nTW5, ZABRY U FY A% % T A b (Boundary Scan Test: S EARE) C©, £0fMli%
EDTN ITAG ThHB, JTAGIZHIG Ul ICIZIL, ARD#EDM, JTAG 23t Lz la &
{48k A.3 THHIT 5 TAP (Test Access Port) LMEIEN 5 5 RO Fh bR ENHs A 4 —T =
AAZHEDL, TAMT—=FDANHOEHEEITRS, JTAGICRBIT BNV F ) A%y T A
TiE, BRETHIC O TAP #F &7 A P—F = — 0 L, B IC X RMIRETE 5,
HAH LTy 7ORif o~ FOBEPRERUVRBRIX, Fv 7LD 6D JTAG H— il
LTiTbhbd, EUBeRTHIEBIZ, BATIRTRICEAB LT » S IZiX JTAGIES OA
TRTFR2AEBBEEINTHWENLTHD, ZODBIL, FAV—Fa—rBERENTHDHAHL
FyTON, 1 FyTHBREL 2> THOEMERNENTT2 25, LLTFOBMEL. JTAG % BVCiTh
bhs, ‘

1. AU LF v 7OMERTEROTFT —F 2% a5 h~E%ET 5,
2. FALHLFy FOBERRET SN DAC 2 RET 5,
3. RNy UFY AX % BTV, BAH LT v 7OBIEGR ZRBT 5,



48 24 YV arErEBHBOEM

BAELFy TAORBEE

M LT 7 OBIEICHE, £ 24 1T BEREEFILETH B, BAHLF v FOEEFET
&% VDD #ifE. GTLIEY [26) DEAETE, GTLESHO LT v FEE. DAC B0 EHEET
AN LT 5,

# 2.4: ALICEILHCD Bt LF v 7~ DO EIE

[ 7w J T FIOF AR
, :1e2 [ #E W% | WE
GTLBHINT v TR VTT 16V VTT 16V
 EW VDD 18V VDD 18V
GTL R % AR T GTLREF 08V | GTLREF 08V
 DACTHIEHETESE DACREFMID | 0.955 V | DACREF_MID | 0.955 V
DAC JHREARTEE DACREF.VDD | 1.8V | DACREF.VDD | 18V

ALICEILHCb BiAtH LF v TOREHR L F 08

ALICEILHCb A LF v 7L, 84 »F DI~ F|Z 86 B S i REECAEES NS,
WA LT v 70, BERRIHE 7 v 2 2% 727 F o ZEE & 522 VEK % R# L7 ASIC T
HDHOT, WHOYEERE LB L THBEEVRRLIR, 20510, BHRHLF v 72E0
DI BN Y T A—DRIBCLEBCRELZITR S (22, RELDEL =t T Y o FillssE
TOWHER 214 (27T, TEA—DRETHEAH LT v 7OREZFTR., BRAICSHE LY
ENCTRTF 4T LT =L Ty FelisTt 5,

p - v SM tost /A test
l robe chips | Passod ) ._,( } N )iﬂf;“i{“‘*,)
on a wafer Bump bonding Probe Sensor Hybrids Half Ladder

g 2.14: @AM LF v FOBBEO RN

BRA T, BAHLF Y 7ORE, 7o ZEKEF 08 MEE» BRSNS E 27 2 EKO
MREL A L, WA LTy P2E0R/NMEEWET 5, B EEONE CILEPR 2.15 105
TRRIC, F U7 VBT X RSV AOWEBIEE B SETAA L, RS RSB, -
h&Sﬁﬁwmﬁﬁﬁwﬁﬁuﬁbr%ﬁﬁwﬁéﬁa50%&mb?yfmﬁm%ﬁﬁzmow
AW WELRVWE 7 2 VEREDS 82 MR TH IR LTy 727521 L5E+ 5, 7
TALDOBMAHBHLF v L oY=t T U v FiLfEbR S, T —ngTY FiZixfEHL
ROPERBCEET 2% 7 5 2 2, 2 EAHERVVWE Z 5% 3 LT3, (8 A TA
ERRMREIHE 23k~ 5,

T N—Z 2BREL, 79X 1F v 12602 EBEBLNT, FORE. S8 YIT37 %&ieo
Teo # 2.5 ~EBES 72 ALICEILHCD A LF v 7 OREEES R4,
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# 2.5: ALICEILHCb A H L F v 7O ks #

7721371 % | 692F 7
7722 9% | 1T4F 7
7723 54% | 1026 F 7

E216ic7 721 F v 7Bt oNERfTE 7 4 Xk, B2.17 ~E—OF v T~
TPRATF 4 T ETRW, B —nA TV FEEBREOR/ ) MIEDHE /A XPHORKREY
Y, ZORR. ZOFEAM LT v FiZE/ IS 1,004 e, ) A XA 219 e &R0 T,
iz, AROREENALVTRUT 4 o TEBLIEEA =L T Y v FIZx L THITR - TMFIT
X, R/ 2622, R A4 XEB 286 e Lol HAHLF v 7RHEOREL D,
A=A Ty FELTHALTONEFEAH LF 7Ok M L /A KA KEVOIE, S
VIRUTF 4TI EN o= 2 A RIBARER IR, A XORBEZ TS oo B
LEZHNS,

200 um ED LY a L E 7wt oY —Tik, B IR TFIC K Y ~ 15,000 e~ OWFAERSH
5, o T, #MAHLF v 7HETO R EMERL T 234 581 2 W 35 64 2 o il oo HE 81X
#1115 THY, EEHMERHIIBLEFB THD, TRy T 4 7R TIE, /MR 534
T AHEFEICAT AR/ MIEDO LRI STTHY, EHMESLIX2 THD,

218 Itz n—LOFEAHLF v 7E2REL, 77 X1 HEAHLF v 7P TRETHSE 7L
BEEOE R N TLEBED, 77 R EBENERAN LT v 7P TR2TOLE 7 A BlIK
REET D F v 71X, 50 ETEET S,

Test Pulse vs efficiency

'w_ = T el il N Y
'g i a
S =
Ew— a
w b
60—
40— A
20— A
o»- alk ol Y VL BPRPRTI EIErAT S A SO r S S |
0 500 1000 1500 2000 2500 3000 3500 4000

B 2.15: 27t/ (al#E o M E o 8w & %
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Minimum Threshold Distribution Noise Distribution
1000} emb
[ Thieshold=1004¢" :
soof- c=185¢ - Neise=219e”
i 400'
600+
i 300
400}
A 200
2000 100
% 000 zooo 3000 4000 5000 6000 % o0 200 300 400 600
e

B 2.16: 29 2 1F v 7OV BUEDSH (F) & ) 4 X434 ()

Minimum Threshold Distribution Noise Digtribuﬁgn

s00f
aoof
aoo
200}

100

%1000 2000 3000 4000 6000 % 100 200 300 400 00800
e e

B 217 NUTRUF 4 PRITBT BT TR 1 F v FOTHENBIED S () & 74X%
W (R)
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Frequency of Live Pixel for Class1 chip

3

-
N
o

.Class1

-k
(=]
o

TITTI T rTryrrryrr Ty T Ty raTraod
1 I [ I I I l

Number of Class1 chips
[«
o

[=2]
[=]

8

20

Illl I l 1 L A [ 1 i I l 1 L i‘l-
0 8040 8060 8080 8100 8120 8140 8160 8180

Arrive Pixels

Bl 2.18: 77 A1 ¢BMENT=FHAH LT v TR TEIET A7 A RBEOE 2 7T A
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INTRUTF 424

D=L LEY Y are et b— b REICSERLIZAEOHEALH LF v 7T,
RATPR T4 T TESEND,
NIRRT 470, 10 pm OBRRIZ LT F 2R L, BRERERELTROERTH
Do ZOHWNIE, 2 WK ERETRZDDOT, MEBELMEDN LT v FIEBTFRETH 5,
AR —nATY vy FiX, HEK 20 um DN F R TRERL, 27229 — L ERH
LFov7E2BFEELTWS, 219~ "M TV vy REZ A H—IZEHENTWAALT7OE
FHMME LT, NIRRT 4 oV LRIL, 745 F#fE VTT Technical Research
Centre of Finland' = T{T/e b, FOMHBIZ 9 UBRETHSD, A TRyF 4 POBRES
B, BHBREN SO BBMOE v bt —nA Ty FCRZONA 05 HERT S,
HE, REE~xT 588206, BILEH AR E B LEA T/ v—TF vy FwA 2077 Jad—
PRIC2 LS, HRITIR 7 V=N FI L DR TRT 4 o T HIERRBEL TS, L LA
b, 7 V= FOMREE, BOBETAC TR 28, WA BEIC 100 pum BEDOKY
WO BAHY, KIZ90 %A EORRIhEE CHEL TV,

X 2.19: N H T (EEK 20 um)

244 WEEES N ARIKR

oA Ty FCHATEE Yy hTF—2OBAHL, BAHLF v 7OHES I, BEE
BN RAERENLTITbRS, T —A 7Y v Fid, RREEXI L REFROT S
4 hTEREN, V4¥YR T o ZICTREOER LTS, X, $38E~kT 5,

245 YaAYEOIERILARTFAT

B 220A ) a2 E7NVATA, TORER, BIZATA 7OBENELXRT, ¥Vary
TENATA TR, 2HON—7 7 ¥ —LBHERVY, BHEOXEED QRO RESREDBE
ENOMREND, "N—T7FF—F, —HOBBEEEAREREEDT2o0 H—nagT
Uy FERBEMMEOTRHES R REFFTER SN TEY, EXOBEOR/ BN THS,

"http://www.vtt.fi/
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QBOMEEIZ, BHEOXEE T TR2S ROERMHLE->TWS, RF A7k, M2200B
IZRTHRIC, G-1007 0y 7 BXEFEL R F U REFNTER L, BeCud€@n2 ) v 7T
NRUNVEDEERLBRREIND, TOBEERTATA7IX, B2.21 ISR THRIC, ALadkiklFE
EEND, ATA7OERAMELBEHEX, YarAN) vy 7RAFA 7ORELRKRTH S,
OGN Tuy s tEERIE. BV —0T7 27 o AORICHEIOTREICKEEL 2V, 2
MBDON—7FZF =%, ExBR»oMEBEHEES ARSI BEAHL EWM@RTRbAD, ~—
77— L TIRRE CREMER<S,

Cooling Pile

Brallel mouting block,
Q-structure pinned to G-10 block
Be-Cu spring clip

Thermal Plate

Cooling Pile

Half Ladder
Sensor Hybrid

A B

B 220 ¥VaveEs2erATATLAVLORER, AV a2V AT A 7O, B:
AT A T OEEHE,
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Barrel mouting brock

[ 2.21: 2L AAEOE N ORREESE

2.5 tUY—nA TNy FOFEAH L & HlHE

QAN L —nA 7Y v FRER SN B N—7 T ¥ —i, A LRHOR/ R THD, HN—
75 ¥ —zit, SEOMAHLF v 7BREREN, BRF v RABIL2 x4 x 8,192 = 65,536 F v
YERATHDB, ZoTiE, N—7F X —OME, Eo =AYy FOMAHL LHEICBEL
TRAT S,

2.5.1 N—2735—OREMONE

®2.22 ~¥ V) averzeAd ¥ —olaoReH s 2EOREHERE S, B — KR~
REMBEO TR E T IAF A FTHFIT3, KRiZ, £ —rnATY v FO LRICEEER
BRARRETINTA FPTEEL, VAYRUy T 7 THRAH LT v 7L OERER LT
75, EZertrd—~HINT 3834 7 ABER, ~—7 7 ¥ — ORI TIROMBLD
Bz, T—ARR MEMETh3EBA 22—~ EWEERRTHY T2, FEHRERS
nigic, BAHLF v 7 LEE AR LDy FETVAYRUT 4 7 TRRIREREITR O,
¥, FY—RREBEIRXRI T IRAT A LERIND,
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Pixel Readout Bus

(Copper-Kapton)
Surface Mount
ik DevcePa™ _ Peripheral Pants + Signal
for KV ')/"" _~ 18t Signal layer
- .~ 2nd Signal layer
Wire bonding |/ ) ~_— Through hall layer

~ «———— Power (Aluminum)

Ground (Aluminum)
J200m

I150|.I.I‘I‘!

222 YV aresesi ¥ —okEo@ER (L) & EolEE (T)

252 N—254—-DHAHLAE

PHENIX ft#kD/~—7 5 & —i%, ALICE {thk& L T 5 @l T7— & 2 A HE 3 (17).
[ 2.23 iZ ALICE 4RO A H LR %77 %, ALICE 8k Tix, »~—7F ¥ — LoD 10 O M4 H
LF v 7R Y TACHEAHTOT, PEAHURMIL 266 u B THSB, 22412, PHENIX 4%
DON—T X —DOHAEEAH LD Ty 7BERT, 12O P —nA 7Y v Fid, A1
DODTFTTIENS L ay h ASIC THlEEh3, EvH—nA 7Yy FEOBAHLF v 71, &
32y hCOMMEITR S, PHENIX {LERDF P # Vs34 1w b ASIC 1%, ALICE H#o¥%
WELZHDTHY, 250 ALICEILHCh A LF v 72 WHIZL, 4 ¥y hDOF—F T
HAHED, hE2HBRVETET, 1208 =17V y FEDASOBWAHLF v 7%
256 row x 2F v 7 =512 %A )V TRTHAHTEICARS, 194 70, 100 n RO THL2 4
BTHAHLBETTS, "—7F3F—%22o0F PH N1 ay b ASIC CHAHTHT, /~—
74—k 51.2 uHTHANE S, BAHERET—FiE, ¥V 7 F 4% ASIC (GOL ASIC)
~Ebh ) T LEh, 1.6 Gbps T Front End Module (FEM) #— F~#%b5h 5,

PHENIX HERD/N—7 F ¥ — I BWTHAH L F v 71, [2.25 OICF v 714 X—T LR L
T OREHHLBBEREINTNWD, FyT/AX—FNVCE0 & CE25, TN Ly |k
FyThbohEhd e, FoF1EFovT3, FuT5LF oL TDT—4N 256 u TR
CHAHEND, RBRIZ, Fy /A X2—FNVCEL &£ CE3 D ENB L, FoF/2LF v 74,
Fo76LFyv78DT—IRHMAHEND, ZOBMEIZLY, 512 uBHTLTON—TF ¥ —
LOFEAMLF v TRBEAHEND, ZOKEX, WHNBRIZ L) BELE TR bDTHD
B, RABBOT—FBER2EY bbb 128y b afflied, L L, RAEROHAL
$8iX. ALICEfLBRERICTH Y, ERZ R EROMBECS LB L A2 DHUC /S A EHE KON
5] {hee
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Ll

L o

Muit Chip Moduie (MCM)

P Tvme 206 romws 3 100 rmec ¥ 10 0798 « 556 uesc

2.23:

[Ty
Drridsin! Sshn il

i

Aeadout Time: 268 rows x

ALICE ¥R CON—Z F ¥ b DOF— 2 OFAH LE

Readout board (SPIRO)

T > [

|
)
; 'Mm}_mmndo

100 neec x 2 ohips = 51 8§ usec

224 N=T FH—=DobDT—FOWAHLE

Data A Data B Data C Data D
(32 bit) (32 bit) (32 bit) (32 bit)

T o i g Wt

CHIP 1

CHIP 2 CHIP 3 CHIP 4 CHIP 5 CHIP & CHIP 7 CHIP 8

| s s =]

CEo CE1 CE2 CE3

From Digital PILOT ASIC A From Digital PILOT ASIC B

225 Fu T4 X—TNARETF—2ROEHER




2.5.3 SPIRO K— K

Silicon Pixel Interface Read Out (SPIRO) #— KX, ALICEILHCb # 24 L F v 7O il 8.
TS OEAML, T—FOL Y TMLEBEETR S, ZOFR— FiX, 77 2 tEEcole
Polytechnique TELL 7=, [ 2.26 1Z SPIRO R— FE £ 7 o v 7M& i+, SPIRO F— Fic
X, TN fay kASIC, TFHu 7,34 1y bk ASIC, Giga-bit Optical Link (GOL) ASIC
BENEN2MEE, FPGAX 1, =7 AF X LOERHa X7 4R 2RI S, FHL
HLFy7oMEE: T —2OBmAHLIZ, TPy b ASIC TR, FUEARL Oy
b ASIC ~iX, X774 /3—T40MHz ®Z 1 v 7 & 40 MHz ® <Y 7 AH#1E 523 FEM E— K
Pohzbnd, TO4OMHzOY ) TLRBEE:2%F, T84y k ASIC 12, &
HAFHLF v 7ORBELET—FOBRAHLEL, THuo X1 ay KASICR HE L. BAHLF
TOBMECLEREREFE2 AR LEHKALH LF v F~52 5, FPGA OREIX. FUHNLA LA
By bASICHAHAITE32E Y MEDASAT VAT —FDNR)VF 4y N ARV AT U252 M
RL, TO7—ZIZMA 5% L. GOL ASIC ~5 % % 8b/10b /7 [23] OMIBME B 0ER LT, A
HOFIFO ~7#—<y b LT — % & —RMICHRFE L, GOL ASIC ~%5¥Th 3, 1.6 Gbps
DY Y TNEEETITRD GOL ASIC X, KELEEEETRIABICEY v ¥ — (< 100 pB) ©
70y 7 BLETHSH, PHENIX DAQ VAT A bLHBENZ Zu v 2k, oy —2ki
KEATERY, £ZT, 226070y Z7EIRTRRIC, 2OV TAY 7 L3z SPIRO
R—FLECHBEShEEY vy ¥ —OKBRRBEEMN TS, D20y 27id, PHENIX DAQ &
AT LoD 70y JERE Y LB, EOBITFA I 2T 550 FIFO %
FPGAARICHET 3, Fltil74—=y bLETF—FRAKLRIRED 2 1 v 7 T GOL ASIC ~
Ebh, AET8b/10b HRDYV Y TAT—F ~EREN, X7 74 /—##HHE LT 1.6 Gbps T
FEM R— F~lgX&h 3,

8b/10b AL X, IBM BB LIS E Y hOARTFLATF -2 5210y hOF—H ~EML T
DT NEET AR THS (23], ¥ GHz OBERIEETIE, B9 MEROMME i) v bR
WROBEDP BB KEL 2D, HLRARL LAULAEHRE L =% O ME 5 OF(L2 4 5
TRV REE LR, BEOBEBORK L 25, “hi#Tsa%L LT, #lx
ITXD 8 B b7 — 4430001 0000 T HMEIZ 011011 0100 & TTRIE L, [6 U L~<A88 0720
RicT 5,

F72, SPIRO A — F & U RBYE F~@2vh 57010, #HT 5754 R X BNt 2 5.

X 2.26: SPIRO A— FD 7 o v 7 (%) & SPIRO F— FOEK (£)
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25 L= ATY v FOFHHL L GIHE

N=T 5 —DEEICDBL B
e T G M e BB S B B S R A R B,

1. e

KT, SPIRO B— FOBREBAL, TO% T 55 ~DBEREBRAT S, Bkt

A 5OV DA T ARFE RS 25,

iz, r~N—=7 5 H— EO% ALICEILHCD A LF v F ORI LB /24 BIE OS5 1T
%9, IAGIEE 24 TRIMEE BB, FUIA LTy F ASIC~L Y FLawy K
EED, TruZsi4ay h ASIC ZH# L THRET 5,

WEICLERBE LW CE LRI, EHEAHLF y I~V kY MEBEEY ., Fv 7R
D DAC, ¥ 7 M PAZBEOMFLESTR Y, RIC, THHLF v FHEO 44 {80 DAC
~8Ey FOBEEEBREL, BUE, AT T OMEREERET D,

L IN=T T = Ol B

P IBOE LI A LTy T OMIESEN 2R L, LE2 LML RET S
DAC DIEZ T 5, MRFIEIE, 7 A MV REBEBRH LT v P ~ELRVEOLEEY Y
EVIERE D G I 23S 725 DAC DIEERT, WIC, %0 DACEIC 31T % % K

: (e7) BALCHET 5. MR, WESTLBOT X MANVRERARLF v TS ~Ex, X
BRI DA MO HLRE T 2 h LA @?&Fﬁiﬁﬁ’&%ﬂﬁéﬁfﬁfﬁ 9o

3, /N T G B Dl

BN LF v TN OF 2 OFAH LIk, %%m%umﬂb)ﬁ@%%@xt&twn

WD 4 A~ b FIFO ~F—# %00, Level2y k V) F{EH%%1 T FIFO HDOF—4 %

FIENIA 1y b ASIC BFEAMT, HAHENEF 2L, FOFA L 1y b ASIC
BRI LTFPGA~AY, RUF 4y heA RV MDY 2304 bhiz#%, GOL ~i%
bEhb, oy

Aw??ﬁm@@%ﬁ%% i Aw??ﬁthﬁﬁbﬁ8@@@&%%%#%0%%
BIET T vy b ASIC THIE L., BHRBREPEVDEHICERT S, 057~
WF N oy AbIC THAHER, FOMN%EF a— h?‘%%f:ﬁ@iﬁ&ﬁﬁﬁln&'f
‘% 2;7@ :

L N7 G~ DA OKT

=TS E-DEAER T DI, BB A~IRE B LTI & B OBIERITR 5, %T
AT ARREYM L, K- 5 A —OBRE I 5, R SPIRO A— KOBEHE

 %@%¢%°%®ﬁW§@§x§& ﬁ@&b%/?&ﬁ§?5®?£f$ﬁ%ﬁ$fée

g54 Tﬁ?kﬂ%ﬁy%AﬁC _
el ‘Jﬁft*ﬁ?"tfﬂfﬁtﬁ%g'ﬁ" H&hBF V¥ AL my b ASIC i, ALICE%&T’E%E‘?LB

~Pmﬁﬁﬁﬁfx§&»4mzF?;f&ﬂ%?ﬁ@ﬁX&&&&ﬁb#&?&& FUFASA
By h ASICH, IBM @ 0.25 yum CMOS SR 7 2 £ 2 2 L W EBR TS, F— Dk
HUEZ 32 €y k5 2 x 32 By b0 L, 280 ALICEILHCD #4H LF» 75 b 0F —
2 % ER B i B,

FYENSL 1y FASICHE, UTOREXE LTS, AB»540MHZ8 By hOL Y 7=
RS, JTAG 8 SN g8 F A 20OHE%172 5, ALICEILHCb FHAHLF Yy FEHE L

c s

e P R
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T, BEORE, T—FBHED FIFO ~F—F BELN LR ORE, O/ ELd< R
TERITIR D, Elo, THulZ 4oy FASIC 2HIB L, FAH LTy FOBEICSERENEEE
EHAH LTy S~ B,

ALICEILHCb tAM LF v/, 7TFHu /81 ay | ASIC, GOL ASIC iX, #h¥h JTAG 7
v b anE O THESTRbhs, JTAG 7o a2tV PAEETHAD T, RTOF AN
A AR 2.27T DRRICT A O—F = — VRSN D, T34 A2 @HPNCHET 5810, FYFAN
Ay b ASIC NEBICIE. VU TEBORNEE L TAAL SR B O A A v F R
BRTWVD, HAHLF vy LT — & 2HAHTICE, FUIAL vy b ASICIC MY VG
BEHAEEE8 Y FAOMHz DV U P A vy REF VA AL Ty h ASIC ~k5, FU
BrrA4ay b ASIC oS b Y HESIE, SAEERED B Y TREED UL
Fol~FEbh, BAHLF v IBF—F EHWNT D, TOMPHLEF -2 EFVEN Ly
k ASIC BFEAHT,

GOL

Analog

PILOT [

PILOT| “* PILOT JTAG » TDO

| COr6 |guamed Controllor g ,
ala2l1]o {: oI
Sensor Hybrid .
{4 Readout chips) Digital PILOT

K227 TUENNSRAT Yy NF L EE/T A AMO JTAG i b, FUHNL 1y b ASIC
ROV EZ AL v F

FOANMIA DY FASICHSHAENETF—EDT4—T Y b

FOENSRAay b ASIC I, 40 MHz D27 v v 78125 2.6 THRTHEIZ, 32 By MF—4

LR S 5 slot ZHFEAICH I L, slot0 ~ slot3 % 10 MHz @2 v v 2 B#ICH N+ 5, 2
D slot T1 2D frame XK T 5. & frameld, FIHT—ZHEDOT 4~ F/Ry IR 7 2ALD
by bF—4%E&T, E228ARTHEIC, frame0 & 74 RUERZZHICHICH T 5, slot)
& slotl LT —& D7 4 — F Ry 7% NT 5,
V7 e NT— & B EN5F 2 2.28B 1257 T, 9 frame0 WIZHE L > b TH 5 first_word
BB, A2 MEBREEL framela BN SN TF — X iRk OWb %1772 9, #V T, framelb
RIZEENE 7 AT — 2B 256 B END, F—F OIRES#HET 5 &, 256E H O framelb
DBIZH /I ENS framed FiZ, BT EFRTHE L v b D last.word 23515, F—F EEOKRT %
%7,



60 25 Y= ATY v FOFHHL LHlH

# 2.6: 7Y S NVPILOT OF =4 7 =< v b

.

) framel framela framelb
slotD slot 51012 slot3 slot2 51613
Pin name bit ai fmi}x ka B ® Zigf‘zd’gwk event description | pixel hit data line | pixsl hit data line pixel hit data line g
pdink.bus.15 31 no data no data tnumberd iningchip3 pixel hit data B31 | pixel hit data Bi5 %
plink bus. 14 30 nig data no data eventnumbers remainingchip pixel hit data B30 | pixel hit data B14 g
plink.bus 14 75 firat. word Tirat_word.ir “aventnumber? remainingchipl pixel hit data B20 | pixel hit data B13 .
L plink.bus. 12 pL] last.word last word trig sventnumbert remainingchip0 pixel hit data B28 | pixel hit data B12 .
b Tink.bus.11 27 clear.event clear.event.irig sventnumberb row. add?7 pixel bit data B27 | pixel hit data B11 z
plink.bus_ 10 76 emip error.bob eventnumberd row.add6 pixel hit data 326 | pixel bit dats B10 §
L plinkBus9 pii Tirator bus, g} Tdle_bob v Bord row.-addb pixel hit data B25 | pixel hit data B9 §
pink. Bus. B P2 firrtorbus| tek return eventnumbers row.addd pixel hit data B24 | pixel hit data B8 -
pAKBhsT 75 Aratorbusl 7] tdo.roturn eventnuinber] Tow,aad0 pixel hit data 523 | pixel hit date B7 g
p.link_bus_f pr Hratorbus|6 Tma.return eventnumberd row. addd pixel hit data Ba2 | pixel hit data 36
o Gt 71 firatorbus|b mab.siatel]] remainingehipsg row.addl pixel hit data B21 | pixel hit date BB %
ik busa 30 ﬁwt@ﬂms ) nob.atatel0] Formalingconipss Fow.add0 pixel hit dats B20 | pixel hit data B4 4
pJink.bus.g ] feedback|2] FEMBIRINGCRIPST meb.vald pixel hiit data 18 | pixel hit data B3 -
dink bus.d | 18 Tatorbis| Teadback|1] rermai ipa6 meb_vald pixel hit data 1318 | pixel hit data B2
nk bus.l 17 irstorbus[1 feadback(0 remainingchipsb meb.val2 pixel hit deta B17 pixel hit data B1
Jmk us. b 6 irstorbus{] feadbiack 5% remainingchipsd 1] pixel hit data Bi6 pixel hit data B0
P, lin Us. 115 no dats no data ~eventnumberd remainingchipd pixel hit data A31 pixel hit data A15
p.lm sk, no date no data oventnumbers remainingchip2 pixel hit data A30 | pixel hit data Ald
o ik bus. k. first.word first.word. trig evenlnumber? remainingchipl pixel hit data A20 | pixel hit dats Ald
ik bus k.1 P last.word last word tri eventnumber6 remainingchip0 pixel hit data A28 | pixel hit data A12
P 1T YT s ) 5} clear.svent clear event trig eveninumberb row.add? pixel hit data AZ7 | pixel hit data A1l
podink.bus k.10 | 10 ““Tem error.bob event berd row.addb pixel hit data A26 | pixel hit data A10
Bk bus. k.9 1] Tretorbus|d] Tdle. ok e b Tow.addb pixel hit data A25 | pixel hit data AD
pdink bua k 8 irstorbus(8 tok.return @ borZ row.add4 pixel hit data AZ24 pixel hit data A8
pdink.bus.k.7 7 ratorbus|7 tdmmmm B b Tow.adas pixel hit dats A23 pixel hit data A7
plink-Bus.k ] firatorbus| tma.t berd row-addz pixel hit data A22 | pixel hit daia AB
T pJdink. bus k firstorbus 5] meb.statel]] remaimnm:hinssi row.addl pixel hit data AZ1 pixel hit data A5
Pk bus kA . rator g meb.state|U] remainingchipss row.add0 pixel hit data A20 pixel hit data Ad
) jinﬁﬁus_k - Hrstorbu feedback remainingehips? mab.vall pixel hit data AT9 pixel hit data A3
.5 : Tirstorb eedback[1 " Temainingchipso Tieb.val pixel hit datn A18 | pixel hit data A2
firatorbus|1 feedback|0 remaininge chipsb meb_val pixel hit data A17 pixel hit data A1
Aratorbus|0] Tee baéE?f} remainingchipsd pixel bit data AL6 | pixel hit data AQ
40 MHz CLOGK 6 1 .2 3 o1 2 3 21 12 3 0 1
Transmisslon - s
A ansmission - ramea Y idis "X irameo X e~ Xframs X idie Y framea) ide
o Blot

10 MHz 10 MHz
1 L 1
4&MH:CLOGK0$2?9?2361’23'9 01 2 301 2 8
‘ L : by ; - " RN X B R B - k:
m’;‘:&?m Xirameo X idie X framed Xirams 12X framed XframetbX. - X frameo Xframe 16X frameo X_idie X
first word ~ B

B‘kmwm : , 1

- Slot

10 MHz

Data transter period

B 2.28: "“’;ﬁﬁzwvrm b OF—Z DO, AlET 4 FARESRRY, Bit ALICEILHCH
HHH LTy ThbF =2 PRAHEhABEF 27T,
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2.5.5 F7FHad,4ov bk ASIC

TFu s 4wy h ASIC 1Z. ALICEILHCD #E&#H LT v 7 ONE DAC & GTL{ESHO&E
EEERT, 7AMAVRAEHEETS, Zhbid, 8y MO DACI LW ERENS, IBMD
0.25 um CMOS BHBRAHE S v A AW TELR TV, £z, WO 10 ¥y b ADC T
BEDOHUEITRZ, N—7 F X =D/ AFM I 8 IR X 47 @ @R ko BRI & Bt
HHL, HAHH LTy TOREMBEOFHIIZITR O [27).

SPIRO A— FIZH##i L= 7 Fu /Ay bk ASIC T, N—7F &~ LOFFEAH LT v T~
DACH ¢ GTLESHOEEBEELHE L, ThENOFEAH LF v 7OBESHEB IS TH 5,

2.5.6 GOL ASIC

GOL (Gigabit Optical Link) ASIC %, G-Link & Gigabit-Ethernet Olj7" @ kb =t MRS L

800 Mbps & 1.6 Gbps TF — & DHRENTT2 2 %, GOL ASIC 1%, IBM ? 0.25 pum CMOS Kl
BRIE T 22 2 TELN TV S [28], '
PHENIX EBTIL, K7 7 A N\—THEHEN 5 1000BASE-SX #HEE THW B A 8b/10b K
TEET—F 2TV TMEB~FELL, 1.6 Gbps TF—FGEEITR D, FUHAI LY I
ASIC 319 % 40 MHz D 32 ¥y hDF —% %, 8b/10b X TIURILL T 'y ML, %
DIEH% 40 8EfHE LT 1.6 Gbps DY ) TIMEB~EM L, FEM R— F~IR%T 5,

BAFETHRARBFEEHREAOCERR T, oV —nA TV y FCRIEFHROL v N5 —
# % GOL ASIC ¢ 1.6 Gbps ® U 7/MER~EH L, FEM F— FAIREETRVF — ¥ %
T2,



$%$3E PHENIXE#EEES/\ADRE

3.1 BARDOAH

VY arese M ERHBHEOBREKE /<A (1.5 cm 23A) (X, PHENIX 28 CTOHBEHE )
HHET2HHBERORER L, WEFELH LK BT REREM-ESRER LRV, TOBEE
WER D%, A ADOYE R P U7 # s %3 THEZ2 PHENIX (EER S A DOBRBE S LA TH 5,
1.5 em 23 A 1%, B3.1 7 THRIC, B —AT7Y v FOERAI~MYFFTENS, 1.5cm 3R
=g Ty Rk, VA4A¥YRT 4 o ZICTEEWICERENS, ZO15cm 2%y
Uares e iilamHaa e oREICIEV R LT,

1.5 cm PHENIX BUS

Carbon Support Plate

3.1: PHENIX M@ H /32 (1.5 cm 23 R) EwrH—ng 7V v FOfLEBEF

WENEDOBERTIX, 1.5 cm AAOHERE 0.28 %kilié L, DORROEEL Y arEsEL
-0 LD bEL L T bRy, R, BEREE2HL0E85R2H3, DEE
OEMIZ, ) a7 RHEBNIEHRA1S25cm & 50cm ICREINS0T, HEBORH
BT I BEBELOKEL M S 59T, RIHEO DCA M@E2 40 ym K& T3 BICE
HThD, BOMME, 7t —0lR 139 mm THY, Zhll ko A2E AR
ORHEBE MR L -RICERZV S H2B4E L, RHEMAEZ XX {BhR2WATHS, WiEKIE
Hid, Stripixel € —OHEHKEZMZ 58, 0 CCREKICEI N, EE—A¥ A LNORE
P RRRiCE NS, ZTOE— b A ZAKIHRLZ, BRERORER/NX LR TR,
B 7 EARHBPEOT— F IR EEL KT ALICE ERO5EDO 512 u LT 2812, 7—
FMOREE ALICE RRO 4D 128 ¥y b & LT#RT 5, ALICEILHCb A LF v 71
10 MHz ®7 vy 7 CEIfEL. Levell b Y 43X 25 kHz T PHENIX DAQ 2 5H%5hT¥5
DT, TNLHOFEEBRRIEEL, 2OAHILLOMEICL2BEEDAE - 3. BEOBRH
|AOMHFL HARVERALETHDIOTEMC LK T (& B 288), “hiciz. 58
~EESNOIMBEORMES L E—F A ERA, EETIRBLOZ 02 h— 72 EREERL
TR bR,

PAEZW7- 30k, i & RMEMZ ORI Y L REICERL. 2L 0ESREZBOABH~
IWHRITRERV, LIL, HEOCTY » F ERMEETCIZ. 848 80 pm, #RMHEEERE 60 yum A%

62
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BANTHY, R ARBERY S48 30 pm., SRIEEERE 30 pm 12, S RO RGN THFTH
. Tz, FMOBRBMOWKAOBERITITANL —F— A% HVE5, SIERMVBICHER K
REEY BEDEIVERED, AN—FK—AORAXEH 10 um OME T L —F—MTRRiEE
AORGEIITRAR, £, BT TIRH IR, HREOPRNTAI =T ARRALE, =
NOOEWREY TR LD,

3.1.1 FHROFIE

1.5 cm /S ADRE TIIHEREIC L 2 BR L MR BER L FREICHET 810, EX8M0
Ralb—Yal kU REGONELRBREITRES,

KT, 1.5 cm SNAOHERERIET S, ALICEILHCD 3 & H LF o 7OHE, <47 2ARHED
EIRORE & ERT 2HAOBE, MRBHEZIT2 ., FOHRTOEESELTTFEKHY S =
L—4& CRIET 5,

RIZ, B LEBRERERIET 57 2 F/32 (3 cm 23R) ZBFEOENCNET S, 3 cm 2$2
DEEFEDTY T2 b—a VET, BESAMEBEELBYE I BRK LDz b —20D
LARLVEHRL, IERBORKMEA L E—F 22 R 5,
3em RATNAN=TFF—2BET S, MAHLF v 7OREZRITR, TR MR EWARH L
FoT~Ex, EOT—F2MAHT. GREENETF—HBEOWKEA L0 2 a—7CEN L.
YIialb—VvalrORRLEHUBL, YIal—La OEBEEEHIDSE, ~N—T7F ¥ —DBiE
ZHRE L. BEHEBRRED O SRLFHERE O TRBRET2 5,

ULE®D 3 em D=7 5 =TT Ro1-BRBRERY 1.5 cm A ROMBE~KMT 5, == T. iR
WA OHBROBEDNF - PRICIZ, BEY 2 L—Ta VETRVVGEESME L RIET 5, R,
15ecm/RATT 0 I A TN—T 55 —%WEL, BAHLF v 7OMB L F—% OMBET2 S,

3.2 NADIEE
Surface Mount Devices Surface Mount Devices
Through hall Dielactrio Dielectric
Layer 1 N ¥ (Polyimide, £-=3.3) Pghel (Polyimide, 1=3.3)
Layer 1 -
Layer 2
Transmission line
{Copper) Layer 2 Transmission lines
Layer 3 (Copper)
Layer 4 Lperd
Layer 5 VDD (Aluminum) Layer 4 VDD (Copper)
Layer 6 Ground (Aluminum) Layer 5 Ground (Copper)
[ 3.2: 1.5 cm A 2 O O SR B2 3.3: 3 cm 73 A DM O S

15ecm /7SR L 3 em A ADWEER 3.2 LE33ITRT, FNENS T R L—0 O Fi~E
BRIV BRT DA 7R N v 7RBBERAT S, Zhit, ALICEILHCD #4H L
FoTDray 710 MHz THhHEDT, [H&B.14 TRRBY T2 FAY L ASLE . (B0
HE2MLSEIHBIABHTHS, /72 FFL—> (GND W) L @M (VDD M) 1. 1.5 cm /<
ATRTNNI=T L%, 3em AATIIMERAT S, GNDE L VDD ~b 94 ¥ L F 40
TR RbhBDT, BT 4 v /BT bnABFHOTAI = AE~TFHO= 2L R %
EWL, TEOLZ@A X EWMAMNITHET., “hid, VA ¥Y—BoF 4 L 7 RABEEY AV TH



64 3.9 RADHE

BONDDT, RUF 4 TCBEDRD 5506 TH5D, 3cem 734, 1.5 cm N ARIZRE
1250 mm TV, R AL SPIROFR— FEEHTIEE A0 mm DI AT UL ERInb,
1.5 em 7SATIE, WL I AN AT A TOEEL Y a7 BV ABIHESOM AT
EESICT D% E LT, liF Ly oG ALRHM DFI8 ) — XD 100 £, 0.4 mm &'y
FFPCHaxs ¥ CHRtSNDOTRDIZER L FMRERETH D, NABERIT, E—AHREA
BRDIC, +Z M E ~Z MO 2 ERET B, 2, =7 2T X ERNBA LB B RES
h, EhoOMABEGORTHAN—T75 53, +Z0NEH, —ZUWBEH. +Z 5 ER. -2/
AHABHE SRS,

L5 em 7S AOH 1 1L, # i 5 ORLIE & G OE SHR% 2 BRMICERT 5 AL —Fk—L
DRPOREBR T HAOMEL, TOTMOE2ELEIBMEEBRBLRTD, F4Bix. =
== Db I RO RERT HLOHHETHD, ZORFICLY, BOEL Y LENKE
WAV =RV EAG T EN OHRTCE DD T, BEEAAZETES, —H T, $Etsns
DT, MO Y AbhERIERE < R hiEle by, FRICH LT3 em /S &1L, AL—ik—
N EARSRDE LG L 3 ST b B BB BIZ &N, BEEOIE %M < Hsk72un,
Jem AAE, ETOBCBOTHEHTER SIS, 1.5ecm /AR ITGNDJEE VDD Bl 7 A3 =
VLEFH L, RRAOBHEDEBER > TS, LL, VAYRUT 4 v 7 it @iir~&
AYRERYN, RO TNAVI=TA~DA v FiE, BHIZEE TR L FOMESDM
RBHELOT, MPEBEL, ZOREA v X ORBEIT O LENES,

3.2.1 3 cm/NADIEE

3 cm S AOW OHERR ZE 3.4A ~, HEOWROMER %K 348 ~73, 81~ 15
RO 73 A 7SR 21 P D i T D A EHT Ry R E 2= R— L BB 5
NDe TOAN—F—=E, BLMICBITEZRCF 4 o7y FbLOERHREE 2 GoE 28
B, =T AT UHMON Y REERT B0 TH S, ZORNL—K—AT, §3E~HR
Iohd, B2M~E FEROAPEE S, B3 E~L, FE58E AL —R— L3858 S,
BIMOEREBERET2D, B1LENOEIEHLEAEREO FRI~iX. VDD JE& GND
B Ghahd, VDD E GND O YA YR T 4V IR SN BEET~IL. € 3.4B Ok
KA YFERT, K31 ~3cm "ADETE, M35~3 cm RADBEEZE 5,
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Layer3 "

" — - \'.. ) :
EATEN TN
e e -
AusNi Paling -

vDD

GND

34: A3 em R AOZFEROMBEOMER., BiX3cm A ADEM & AN —KR—=VLEUIR T 4
73y FOBBROSERA,

# 3.1: 3cm A ADIT

7R ARG 3.0 cm
RE 250 mm
LNH [ BEN. Ar—F—n
2 M H iR
i o 4 SNH | BN, ZA—F—
4 VDD
5 W H GND
Hhte 80 pm
[0 60 pum
1 WH 9 pm
RO X 2R H 9 pm
ELLE 9 pm
VDD MOE = 18 pym
GND MO = 18 pm
A N—TR— LR 600 pm /A% 300 pm
X7 A7 v F E O & DAXRTAT
~ BEEX/X0) 0.72 %




66 - 3.2 /RO
# 3.2 1.5ecm /S ADEIT
— AAW 1.5 cm
X N 250 mm
B 1MH RmOEE, A—F—n
2 ,;IH f‘é%g
’ 3MH B%
N DAk iAW ZAA—F—
5WH VDD
6 W H GND
4 30 pm
D 7T 30 pm
WG DR X 3 um
VDD M D= 50 pum
GND MO X 50 pm
A =R — b EFE 120 pum /73FE 40 pm
T AT X E ORI EEYE
WELHA EERE L EE S
aRxy #ORE 1.5 em #YATi | DF18B-100DS-0.4V(81)
* 7 A7~ ¥ | DF18C-100DP-0.4V(51)
BN E (X/X,) 0.24 %

¥ 3.5: 3em /AARDOEE
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3.2.2 1.5cm/\ADWE

£32~15cm /A ADFELEBRED, SHOWOLOMEREIh, BIWIC A A" RavFo4, 7
NT v 7, A@NEENESORMIERREZRET D, BoM. BIMICITT— 7SR,
WEESRELAEET D, BAMIIENOREZERT AL —F— L 2EBT5, B5MICIX
VDD E%AEBL, O TOBEMIZIIGND A EBT 5, B1MHLLE AWM TIZMEH V., B
SREBOBITAI = LRERHT S,

1.5 cm AR EIZiE, RIJIWICATHEOREEGH 188 AR EEN D, [®3.6A~1.5cm S2AOW
HOMERE, H3.6B ~FEMOMKOMERZ, K3.7~ 1.5 cm NRAOEIRT,

Thmugh hats
Layeri
Bonding Paos
Layer2 ‘ -
A =
Layed | —— =
Plating 7 pm
Cu Fou (Layer 1) 3um = —
Potymde 25 um
Bonding shoat 3B um LAyaes
Cu Foll (Layer 2) 3 um
Polymide 25 um
Cu Foil (Layer 3) I pm
Bonding sheet 35 um
Cu Fodl (Layer 4) 26 pm
Plating ;pﬂg vDD
Bonding shee! 35 um "y
A Fol (VOD) 50um Au+Ni Plating
Bonding sheet 20 m
50 um
Al Fol (GND) GND
Bonding sheet 36 um - L
Au+Ni Plating

B 3.6: AiZ 1.5 cm N ADEEOMEOMEE, Bid1.5 cm /RADEM & AN —FK—NVRUR
F 4Ry FOREFREOEAR

B4 3.7: 1.5 cn 7S ADEH
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3.2

T BOLH F% ] R
) DataA 32 FoFl, Fv T2
S Datal 32 FoT 3. Fv 74
DataC 32 Fu 75 FvT6
DataD 32 Fo7T1. FvT8
DAC-REF_VDD.A DAC IS8 ME (1.8V)
U DAC REF_MID.A
DAC 38 : : ‘
DACREF_VDD.B DAC I BEHTEE (0.995V)
DAC REF.MID.B
S GTLREFA -
‘G”l"L 1355 A CTLREFB GTL B8 HERTE
CLEA SAF LI Ay
CLK B
r8v7 CLK A¥
“CLK B VAT LT Ay s (HH)
TRESET_A oo
~—TRESETB JTAG Uy b
SHITF_RESET.A X
>, g2 DV B 4 -
Yty MEE SHTTE RESET B YTRLIRFZYEY b
DATA RESET A _ ) R
BATA RESET B HHHLF Y SV b
TCLK A )
“TOLR B JTAG 7 v 2
TDIIN A -
SBLINE JTAG BB AN
JTAG TDO.UB JTAGEEIA
TDO.U7 JTAG BH T
TDO.U4 JTAGTEBIH
TTDOUS JTAGTEEHH
TMS.A e
VS B JTAG ®&— FigR
. FAST_OR_A[3:0 ) )
FASTOR, FAST ORBhD FastOR 44
5% s LR TEST PULSE.A 5% hoOLA I D 5

TEST PULSE S

FA B R IR

analog_test_hi.A

AT Ty m—

analog.test_hi.B

analog.test_lo.A

F A ROV A E B R MEEE E

analog.test_lo.B

NEVR_A o
NEVES FIFO #Hth LIE 5
; STROBE_A -
NP TROBETR FIFO ~O & X A%
ABORT A ,
ABORT B FIFO &AL H L ik
I A KT N ggj‘; FoFA R—T R
_ Ladder.Templ B & BB O S
o Ladder.Temp?2
R RE Tadder Tomp Mid1 Py ————
Ladder.Temp.Mid2 i
T VDD_SENCE Sence %¥ VDD 1
T R GNDSENCE Sence '+ GND @
& “ V }
DAC sence V.4 DAC HHBEORE
- DAC.sence.V.B
DACEBE®=¥ DAC sence I_A
DAC T T B - DAC HihithofE
& 188 K

IR D
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1.5em/N\—738—¢3 em/N—255—0OHEE

B38ik 1.5em iR —nAT )y FCELNEZ N —7F7F—OEEBETHY . B39,
3em RATHELNEZN—7 7 ¥ —ORETHD., THLLNIX, RI—OBWRTIXRV, 1.5 em 23R
IZiX, MMAVTORIZEHRHTAT A AL NHORBRI@MAMIT b, =2 AF % L OEwiL
2O0 100 EDaR7 FTITRbNS, £, By —O1- A TRARV, @RE 77 Fb=x
JAT N Tr—VERAWT 1S5 ecm AR EDOaR7 F~EREND, 3cem A ATELRD
N=TFH—E, TP RTUFeN—TFH—RBOALNYRT 4 I TEREND,

E

Holes for VDD connector

1.5cm BUS Connector JB
for Cu-Extender connection
T;:—\\\\\ \

e

B 38 15emAREEYY—NATY o FTHE3.9: 3ecm3AREE Y —nA TV v FTHR
RENBZ N N—T7F ¥ —DOEE Eha—774—0HEm
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3.2.3 INADOMHE

BB R OERIGZIIRY 4 I FRT 4 N LB, ERBRIITERAGERERNT S, K)o
I RZ 4NV BiE, ~269 °C OREHR D5 +400 °C OBEGER F THEVBEGHIC D v -5
WRE, TSI, SRR S U, LSRR, O a L C bR e T, 2
DRESIZ, FY AR —HF—TRIT LIBEOF Y o (2 I 7) 554 LIc< V., £, HEE
1 (tan 8) b/ &V, BHIEENS/PE MBI, BRBIE S 2 E%E LBOBREN /NS, —BE
WARY 2 FRT 4 VAOBERIEEL, 0.002 ~ 0.02 DEEETH 5,

YA LR, 1960 BT T A V) D ERET 2 K AL CTHRE STk, 7. #ize. By
b E XY, HiRRBTFHBCESLE T, BEVEMELESB CEDL TS,

L5 em/SADO VDD gL GND @Ik 7 3=y AR L, WEEOERICEERT S, L
Ly BBROTN L =G bANETA YR T 4 o PETRABDT, =9 r AR % 5iFH0, 2
DE~GA Yy RERT, AvXORMIE, TAI=y AEOMEIIKGET A4, TALI=y A
DOEB VBN 5,

3.2.4 ERMBOEREMYE

L5 em /S A & 3 em ZSADMMIZIE, FHEEMRASERO RN 2EH L, =~ O
B WIRITE A ) A 2 R7 4 b (2=~ E Ly 7 X VT) [29] ~HED b ShTWS, = OEMR
HTEOWSIZERIT, 0.643 x 10° S/m THh B, JIS C 6515 THE & N2 THGRIE O e/ NESUE
ML, TACS (= 90.5 % (0.525 x 108 S/m) & &3 [30], BROBEZE IR F 477 4
/v (B HE LSRR = Xk w2 =) [31) 275, 1.5 am/S2® VDD J& & GND &
th JIS AINSOH-H18 D7 b 3 =9 AEE VS [30], #3.4-~1.5cm /SR & 3 em /SR CHEHF
DB ERHE: Bl B,

# 3.4: 1.5 cm /XA L 3 em S A O B MR

WU FT7 40

RyF 4T T4V A

L5 em /NA 1 3 em /N A

L5 em /NA 1 3 em /N R

-y 7 AVT

LANF Y T A

WK 3.3 (Q1MHz) 3.3
B IETE 0.002 0.01
TORE 35 um 25 um
AR TANI=T LG
15 em7SA ] Jam A X 1.5 ecm /"R
EX S YSNAP-3 | USLPR2-9 | JIS AIN30H-HI8 [30]
TR 0.643x10° S/m 0.349%x10° S/m
LS Sum | 9um 50 pm

WA R 8=
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3.3 mERMEIIalL—Yay

R LI AOEEREEZ L IaL—Ya iRV PRITS, £, GESEOM LEOBIZ, v
Ralb—aryORRNLINT v 7TEASOMEORBES LTI, XAV I alb—YaryEeTF
NE, B310IETRT~vA 20X M) o TRELBED, BEE2ARARAAEZARAZAKKTOMEOR
HEOEHET S, 32 b—#%, KE Synopsys #® HSPICE® Y-2006.03 [32] # Hv 52,
RAEFRIBBEL LTETAEZEY, VYIalb—varEiTok,

3.3.1 HSPICE “%alL—%

SPICE & i, Simulation Program with Integrated Circuit Emphasis OBFRTH 0, 1970 FE

TAVABREDY 7 A N=T KEA—=2 L—ETHRENET o V7 FRFERS S 2 b—
FThD, MADRFIL, BH, a0 Fo¥ A0 F 275 R, GEARBEOZTHRTL, &1
A—F, AL B—=F I T TVRH MOS hF U PR GOEMETFTH S, £, BIBE (B
it) IR, HIEEE (EK) W, WHXA v FELABRSALTVS,
HSPICE iX. 7 2 Y 4 & %@ Synopsys tLtO#H SPICE + 2 2 L—# Th 5, BMEEEKFEOLEE
BREGE T /L (W-element) 4R — FLTHD, BETOEGRAK L EROBBARELEEGAE S
Rab—valr®TAd, £, HSPICEIZ 2R 74—/ F « Y2 NLTEY, K 3.10
IRTHRIC, BaRERE, BEALREOMELBETIEEME T A—FERHTED
[32],

3.3.2 TA40R MYy TR

vAZ7aR MYy 7RIRKIE, B310IRTRIC, 770 F7L—r bffi~MRR /7 — %l
WD, V7 FF V=V L BB = OB b, BMESY = Ol w, MEOES t TH
A= REMPATE D, iz, HBHMNER LS, BH/ A XLEMTESBIC7Y
Y FERTRELER SN SEERKETH D [33).

Transmission line

a8

Dielectric (&) h

Ground Plane

3.10: ¥4 7R b Y v TRHRBOET N OKER

AR yTRBICBITSER RN F—L, EO—EBE~VA 7R ) v TREOH
BhEARETEBL, BYIIZMEED, ThEIC, CERBORES L E—F A ERTRIL, H#

?HSPICE ¥ 2 b— a Vi3, HRAZEXHEMMEM 27 ARHEATEE F—%li L, v/ 7L ABREHD
WheiTiabhi,




2 , | 3.3 fEHBMEYIal—vay

WIBHTHD, ~1 7 ux ) v TRBEORHHEA v E—F VR Zo1E, 75 FTL— bR
WECOBUEDOIES hichl T 5, £, BEOE w AL, LHEEOTHIRIZF A
T56, CNLORBMAL, ELHDHLROBITIES,

’ o ZQO{w T (3.1)

Bt A o o o AD— T LU T~
L ,
Zo=1g (3.2)

MRS < ARD LB O BB U, AL F 2 8 AW T 5, BEL ST P L—
E, FRHNCTVAT R =2 2 7 o Y R WS 5 O THRIBR I 5 L BRI, 2%0, ¥bbo
BRGA L AR SEDTNMERT D, HUTC, BEEL ST FT L— 0 BERE
BT k@ BREBOEEA LTI AEEMERDEDOTS LV E—F L A IHNT 5, <
A7ax ] /7ﬂ@%®ﬁ%&ﬁﬁis%ﬁ% LA~ ﬁ/%%ﬂ@?%éﬁkﬁ%

3.3.3 93;&“93&Kﬁ§ﬁﬁ%$49

ISADEREGERIE L UTEF LT B0, Ry L. G. C OBBRE/T A—2 25,
{BEBRIBARYT Tl HAR D 2 WTTH R BT ETSR & AT O M E D BB 2 T F LT 5, &
BEROBIEL LTI alb—va T 3880, BRE ST FHOBME S Y0 ol
B C (F/m), BMROWMES Y0 0B EWBERIE L(H/m) T DREB/ST A — 2 Bl L
TR D, LivL, T L OBRSB SR CUERA TH 508, BEkOREHRIC X
D W RRBAR S LR AR, E, BERKIEERICHS LT, WEOBES
FRBICRTET B, € D%, WRBIESEH 5 52T, BEEEFEOEERBLE LTy ia
VW/sz%ﬁﬁo% THOWOLW DB/ ST A& 1%, mﬁwﬂﬁﬁk%RGmm HARHE

CRDHEHRE (Rhar X720 2) % G(S/m) & LTHWS,

B BE DA A TIE, BRI OBEREDS IR ISR 5, £ OBE, HERRMIC A BMECH 8N
@$%@%$ggx5@§$@§g<&ée:mﬁmzbwﬂﬁ%%QVEanVanéw
B S ORRE 1 MOSMERAEERIEE LTEFMELRL TIIR LRV, n AOBH 5
e D BMBRE S OBIE/ ST A —F 1T nxn OFFINE D, ZOFFITIE, HARSIZE
BRO B CRRD R R Uy ook BRSO 4 B R4 % 5T,

3.3.4 ﬁﬁ%ﬁ%@%v»&

Ax%ﬁ@?éﬁgﬁ\%%&%hﬁ%@%ki@ﬁﬁéhé BEMREEOBERICIL, &
ENNRSID R 1218 (EHRD). ERCBY 2BEH#EKL (=4 ¥ VRERSY) & BRI
HICB T D HRE ST NS, ZoHT, BREFVOBRKICET S5 A —F 0k, B
B R (Qm) ka8 7 52 RRG G (S/m) b5, 5 BEESEREER T B0, &
MENEVEAILR =0, G =0 OEBRAKRKE LTRBEEFUELTE 5, UL, SHEER
TRLS5em AREERS 250mm A 5HE, W0OMHz O 2 0y 7 THAM LT v 7BESH S5
@@ﬁ%@%%%ﬁb?ﬁﬁ%ﬁ%&bfnx%%fP%L KEHREPERRETERB LY

«\:}.V"“J’gy"%ﬁ'}g

FBEHRL, BB~ RAEERSHN 2 ERBESEEORE TR < . BANBEREL 125




3.3 Y Iab—var 73

HEThs, BREEDREN e LA ZBMERKES § LT, o 2EEOEER (S/m), f
ZEEE (Hz), p #EEOFHESR (H/m) LT5LUTORTRINS [34]

[
7 fuc
ZORNLBBEESEL 2B, BRES SIS RA, Ei, WY Y OREHE R,
I, koBickENG, (18 C 2 81) '

(m) (3.3)

&:§m~%ﬁmm% (3.4)

ORD S, REEHR R, AR [ OFHRIC AT 5,

BEARK LT, 55307 U~ W & AT RN XD — 88 o — VB 72 Y
kb BRBEE S, HMEP B, WHOBLICERETE PICEHEBIED = o + P 5, T8 B
5 U CRARDBN A& U5 2 & TR B, = OMERE S E+5 L. tans FHEESEE T,
HEIOBERKGE Y R, FARIEICHT BTERKI LR a Y #7422 G IR TR
SN, (HE&C2BMH) -

G = we,(w)Cotané (S/m) (3.5)

w TARBE,  (w) TFEE, C) IHBEFEBALRVEO 2 FUrhoaRTHS, ZORE
D, WharsZr 702G, AERICHAILTKREL RS, ZOEMh, BBESEO/NELHM
BtE 1.5 cm RADT 4 N A~ERT B HENE S, i, BEEEBICHOLR D 5T o
OFFEEENRKREVWE, HEREKO QEMETLTLE»BGIIRMbNI TV,

3.3.5 WBOBMHAVE—FLR

(B MRE T — IR AR R 2 B, D1 OFAE S (The telegrapher’s equation) Tt
WBTED,

g——v(m, t) = =—Ri(z,t)~ ng«z’(w, t)
g 5 (3.6)
%z(as,t) = —-Gu(z,t) - Cgiv(a:, t)

INDLEM L, ROFMA =S R Zo Bl S, (18D 2B H)

_ . [Rtjel _ [L
Zo = Jing G+@0*¢Z (3.7)

Zo IZREBIPBBOR S ICEBRTH Y, —REBOHPOREENIBRBEH DA L E—F A
THBHDT, A L E—F U R LR, Bl A T A, BUEH S AT L0 scilab® %
Ay, HSPICE @7 4 —/V K « YRBHALE L, CAdlhbkd s, 72, BHREL L &4
B L. WFBOESBIERRM t XL TIC2 5,

tqg=IVLC (3.8)

3http://www.scilab.org/
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34 3ecm/NRDYSalb—ay
341 Y2al—2avETL

B A5 A—HTHBR. L. G, C%2HSPICED 2R 7 4 —/F « JNAATHRIHT S,
BN R TERAADEEREER~ 3 AT ORBT 2 ETNVEERT S5, ERBOKELIK L
£ X, GND R & & E TOMEM & B L BREDOEMEE 7 — NV INANEZD, £
fo. BEIX AN —F— % HOTEREMR & O T b s, AN—FR—/VOEEIL600 pm
Thh, I0OMHz D7 0w 7 BEROBEREI0Om LB L THRITNEIVD Ty Iab—a st
F I Z 2,
iz, ALICEILHCD #%H L ¥ » 7PN ® Gunning Transister Logic (GTL) [26] F 74 /3L 7Y
FNfay b ASICAH®D GTL Lir—23%, 3 cm RADETFV~ERL, B3.12(Z75TET LV
%15, GTL IXEVVIE CH{ET 5 % /O ®—->T, Gunning &iX, ZhxER L7 Xerox
#:® Bill Gunning P4 ¥+ 5, XD TTLIX, 3 V5 VEOHRWEETRBEEZ{EA D25,
EHBELK S EPOWMELKREVOT, 2oy 288N ERD L EY ESIH T (R H B
DY ESRMESRKIBICHET 5, IEEEE LT, 2oy 7 BERTLERT S, GTL Tix
800 mV OEMWHFIZ L T04VHIDH 1.2 VOESORIBELTES2EET S, 2F9, #lx
E727F 4 7u—ThHa%5, 04V ORI 0, 1.2 VORICHBERE 1 LHET 5.
Vialb—varEFNE, BAHLF Yy 7D GTL FIA 206 LE GTLES % 3 cm /3
ATEEL, TN Lay b ASICHD GTL Vo —ATRETIETAVZRHE LR, 100
DINT v 7% GTL Lir— O AN~ ERL, 25 VTIALT v 7+5, #EA~100n
BEOAVAEANL, GEENER L EETSRERBTCOI/ oA =2 %Y Ialb—Y3
Vo o -

27.5um
15um
25um
15um
27.5um

18um
3cm BUS model Wire bonding junction model Cu-Extender model

3.11: 3 cm 7S AFEHAH O BB H R ORTEHEFT L
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X 3.12: 3 ecm 7SR ® HSPICE €7V, ERZ/ASAVAEELEL, HAOBKE LTV Z2 N34
2y b ASIC NS Tl I 2B LB TI2E7 N, TR EETALVAZ RS LZBRICHE
END70R =2 ZHETDET /N, Probe Point#1 (X, GTL FZA RA~ANh&E&H/730VAD
B A, Probe Point#2 1%, 3em AR L7 AT ¥ L ORIz 285, Probe Point#3
X, =27 AT A HOTO®RA. Probe Point#4 X, ¥ #0/2f nv h ASICH® GTL b
—HAICB T HBRR.

3.42 LSal—LavoER

B3.11 TR L= ADBMEAE R LR 3.120FFATHSPICE ¥ 2 ab—Ya#{Thko
T-fER %M 3.13 IZ7”7 T, Probe Point#1 DEBEKIX, GTL FZA 3~ ANT 55NV A %57,
Probe Point#2 O 5K, 3 cm SANGLHAEN 585 TH Y, Probe Point#3 OfF 5
B, =27 AT b EN{EE THSH, Probe Point#3 DIE S DRMEIL ~ 02 V b
~ 25 VOMTELT S, FAEROMNE ENVERMIZ, ~30nF, LB FAVERMIZ~ 15n #
T35, Probe Point#4 OFIZ, TV F N340y b ASIC IZBIT 5L~V ThHS. Probe
Point#3' i, E3.11 DM A TNV AEEELERIIBEEZNS B’ TO/uA —2Thd
JBAR=TDLIE, ~0.6 Vg THD,
GTLESORKBLHETE L, 04V 512V OELEIZH L T0.2V 26 2.5 VO THEE
BELTWE, TPEAAL oy b ASIC AETiX. Probe Point#3 D825 08 VEIFTH
ARFICHBEE 1%, OBVLULETHARICHAMOZELLBELTWVWS, ¥, A b—20
LA~ 0.6 Vo Th Y, GTLESOEBBIZERLZVENI W,
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Crosstalk Simulation (3cm test bus)

)

g 25
2

15

'l!h- —— Probe Point #2

™Yyt JTTTTIRINY

Ly lllllkl ) T e

—
TT T [P OEE T T

0.5
0
llllll]llljllllll_l_LlIIl[I]l.lllllllll]]
0 50 100 150 200 250 300 350 400

313: 3ecm AN ADY I ab— 3 URER

Jem RADREA L E—F R Zo 12, B1IRIZBVWT 145 ~ 151 Q. B2 BBV T 139 ~
145 Q, WIMIZBNT104 ~ 108 Q &eote, VA VYRUT 4 v 7 OMHEEL ¥ —F 0 R,
169 ~ 173 Q, 27 AT/ ORKEA L E—F U X2, B1RICHBWT3 Q. B2 WioBW\T
39~41QERol, Sem AR, I ATFUHXRIIERMTA LV E—F U ARRRZDIL. EFH
BYFy R = hbOEMERRES%H, 3.1 TRENIBRIC, MBI hIB L P—¥
YAPRMTEINETHD, MiIC, B2WEBWIWTA L E—F L ROERKX VO, F3.11
EARTERIC, BIME B2 RNMOEML Y LB 2R B3 MOEMRS KX VWERBHTHS,
e, B Y E—FUARENENI cn RRE TS Y RUTF 4L 7B, 22 27U XL TR
RHBIT, B33 ERTRIC/EBORRICEV T ¥ —va— B8RS, FEIALNL O R
ASIC ix, GTLESOMETHS 0.8 V 28X 1R L » MAEZ EIT 5, 2RO 2 L—
YaVRERTIR, FYFNAL Y b ASIC AR CREENE LS N ShTWA0T, &5
TORMEAS L E—F A 2AORMNIC L 2R BRIRRIh 2V EZ b0 E,

3 cm SADIRGEIERM 41326 n B ~2.7 0B, VA YR F 4 U /W T34 p B, =7 25
YHTRE26nB~2T 0Lk, XoT, SemA—7F ¥ —COEEBIEREIL. BX%5n
BLRd, 3em AAOERMOMKIENIL, 54 Q LRot, VAV¥YRUF 4o VM. BrFay
Z74¥BE3mm LEVOTOU QLR =727 ¥OBKIBHIIEBET2.76 Q + oo
oo Elo, REDRICHML, 10 MHz OfEHICHT3 3 em ARAOBBOREE XL, §~ 21 pm
THY, ETNITHL T3 em A RAOBRBOMEMRIL, 24 um x 80 pm THDOTREEN R, 11¥
BIIRERVERNEN, X35I23 cm NROEWICH T BRI ERT,
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# 3.5: 3 cm A RAOERITE T 5 WA

FHEA L EC—F R [HCAF 277X | HOCXF ¥y "o F oA | BRIKDL | B NAERSM
BN 145 ~ 151 14x10"H 35x11"0F 5.4 0 26n#
Fom 139 ~ 145 Q 1.3x10°"H 43x11-UF 540 270 P
LR 104 ~ 108 0 1.1x10°"H 30%x117F 5.4 Q 27Tn @

3.4.3 EEXREOBRR

FERRICMELE 3 em RADEXEEEA A oA a—7CRAIL, YISal—aryoRiRet
B2, H314iI23em AARMEELET—HESEZBRT2Ey b7y 7EERT,

TDS3034B Ossiloscope

CH1

e

Digital
PILOT
ASIC

!

314: A A= TIem AABBEELLT -V EBEE2BNT 5y b7 v 7E

T7 hu=7 AWM TDS3034B T V¥ NAaAa—7L POIVA B S a—T 2 EH L, +
va R a—7O#EIEIX 300 MHz, > 7 VEEIX25 GH TN BTHD, T o—T i
Fu—7ThhH, #5500 MHz, AHA v E—F 2210 MO, AHERIZE pF ThH5,
SPIRO R— FEDOF T H N340y k ASIC D ¥ T ALICEILHCh A L F v 7 bk b
NTKRD 100 n PIBOT—ZESEZBA LI, data#p29 137 —FEETH Y. data#28 ITBEEL
EBROIOA =2 Thd, T—FESONL L2 REMIZ ~30 n B, SLH T80 KM,
~15nBTHY, RIEIL, 25V THD, BRHENI70RX =20V AN, 08V, LT TH
5, HSPICE ¥ 2 L'—Vy a VORER L RISOBAKER LB LhT,
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3.15: Ay uRa—7TRALET— 7 E5OBR

3.5 1.5 cm/NADBAF

Jem AARHNWTIH oYy Ialb—var b REAERORBERLY, BELUBRALEEE
AT15cm /A ZMRBT S,

3.5.1 3 cm /SAH DS OEMTA L R

1.5 cm 2SR TiE, #R#E 30 pm, BRI 30 pm, JEE 3 pum TH Y, AN—FH—AVOAEIZ, 120 pm,
NEBIL 40 um TH D, Thill, EWOT FA A hOTHARz vy F L 7OFHKREICEY, &
Bl xcM, SR1ARETS, ThLEZRATIHONBERBHAORR ) — FREAE L,
TOY— PRI, ARG LHEIAEBSICRROLIEBORBICUN SIS,

RRLx2 ATV OB, "N—T7ARAFA7OMABITLEREOTRVWE EZERL, bt
MMNO DF-18 )V —ZXD 100 B aRx 7 ¥ TITRS, £, 3em RRAOY Iab—Ya O
Bk, TA4¥RyT 4 Z7ORKIEHN 014 QFDIOIH L, a3 X7 ¥ OFEMEHIT 60 m L
FTh5 (36l —OEND, aXZFTLSan SR E T AT V¥ BT 5 HER, BRe72
WY #FE & & BRIEROBERO Iz L THRT 5,
NRADOKHREZNELTEHIZ, 1.5ecm AATIEIVDDEE GND B~TA =762 V5
1.5 cm A RADOHNHRIL, 3cm ARAOHNEORBLF 43 % ThB, 36~ 1.5cm /3R ¢ 3cem
NRAO VDD MEGND BOSEOLBRZBRE S, —0EMDS, TAI=0L% 1.5 cm /3R
FHTIEE, BEKER: BHRBELHLTE S, 1.5cn /320 VDD & GND EOESIE
B, 3em 2ARALD H 1IIMREVDE, aXZ7IROBREHRBTIA VYR T4 7LD b/ X
WO THIEI S,




3.5 15cm/ AAOMRE 79

# 3.6: 1.5cm 73R L 3 em 2SAO VDD & T GND i O 8544 H s

1.5 em /3 A Jem /SR
ERHE | 7AI=7 5% (50 um) | SR (18 pm)
W ORI 9.55 x 107 Q T2 X W4
BHE 0.056 % 0.13%

£, WAHLF v 7 ~487 5 VDD E% SPIRO R— FOWFL¥aL—#ickh, B®
MICHET 280 T— M AWMFERIT S (37 Zhid, B3.16 1R THIC, AL L ¥a
L= OMOBKBH R, 12XV, BERTRELS, ZhEL¥aL—FRNEBTHIET S5,
3.16 |Z7~” % SENSE & +Vout MicH# 4+ 5#% VDD EAIZ. ADJ & —Vout Wiz %+ 5
WE7 7> FRAIC 15 cm 7S ADOROESS A~ 7=,
HAHLF v THONRA N2 arF oy, AT v 7BRSOF v 78 %, 1.5 cm 8128508
I E % ERIZ 0603 %4 X (0.6 mmx0.3 mm) %8R L7,

=

¢

B 3.16: ME V¥ 2 L—# | X 5 BHETE O IEMAE

3.5.2 1.5 cm/\AORETE

ZROTY) v N EROMEIT, FIZ3o0EMMPERY Lo, R A I FREMO LIZMED
RE—VEBRT DT v F L 7EW, B2 — 2 2 REWNICEHT 5 A —KR—HHl, B
EERIZRMLENTHZ, TNFhOME TR T, T, BYXWE, #ROELEGHERME
BEBEIZRLD, 1.5 cm AAOMETEWTIE, ChboMNEBBZHMCAEL, FEOMmM A
ADMBIZRII LI, F0%H, ZOETIIBRHIE, AR, PMIRE, #LEBOATI15 cm
ADOME BB FMICRAT 5,

BEHETRI T4 L LDOEE

15 cm N ADHERERE L, WEETLRVWIT - 2D,
RADBRBNRE— 2y F LV TREETIRIC, BT RE S F— 2 RETH VA MET7+



80 35 1.5cm /S ADOMEE

FLPRMETHED, ABELOBKLVIA b~ NI —ERZFTDRHOTH bR T 4V
LERET S,

it

%R OEE T S Wid ~ME Y Sbah-a2 &/ N (BE0310YSB) 2., F#EEZRET S
DIV BERRKE S|IZHMT 5,
B, WoRMEBIWDO Y = BT D, BAMEOZ v F L 7V IA MlEZBET LIz BV
N~BRIFL, vRAZ 74 NLEBLEXBHE L TELSELERICHRERT S, RIZ, TTART v
v/ (Plasma Ashing) #1772\, ERICERM L=y F Lo 7V VA MIERET S, B0t E
BOEMBL, S —CORBURBAISNTBEICIIEEEE (F v FT v 2705, =vF
IR, VYA MIEFMT S, ZTHMRELTRY, Y-V OXRHA, ¥a— FHEED
DEEREEITR Y, B3IT~yF o 7BRTLERE2RMEBEIM, 7 —DILKR%ZRT,

317 2y F o VROB2RMEVEIRE ¥ —OILKEH

PRI

BIMEBAMICIZ, FEOAIZWMBERBYSbEN a2 e N BLETHE A, AELFE
OMEE =y F S THMT D, NF—COBRESNWETEE (B2 LB OFM~% 1§
EBAMEL—PFTLVALTHNETTR S, E— M7 L ATIL, 180 °C BHEK$ T 40 kg/cm? ®
FEAZ 1ML, BIEEBIANIRELICR-TEY, MEEORKEIIMEEE 25, L—
P—TAN—KR—LORERERT, "MTTELERD L (RIE) 275 XFTAD A (Plasma
descum) ICE VERET D, Y7 X-TAVALR, BEEZESD VN AZH - LERSZERNTEEEE
NEEML, (EFNICEER T 7 A2 RESHETAI—HMEERELVP R PO LY R M RHE (R
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AL) ZBRETDIHETHD, TEOHE, AN—F—A~T~8 umEOHRA v ¥ 217425,
BEEZToLB1IELBARICAY - 2ERT S, RAOBHBLEITRV. FIA 7+ bR
P(FZATZ4NMLTZ+ P PR M) VAT, BELARICHERT S, RBRREBLMIEL, &
BROEZ v F T o 7RICTZyF U715, VIPAMRML, PHRETAY—C0RBOA
WL HERT D,

RET AT 7Ry FABREA v XETRI, ZORAYXTR, =y A%3 ~ 5umTAvF
®IZ, %06 ~ 08 um A vF T3, A vFRTLbRATOARWEFTOAELHIETS, Kik
CHERBEITRV, AR LAEARZRMK IER~ET,

318 BIE»OoBARMETTERL, A vFBNETLE LS cm23A, FRTHENT-EHON
B IE~EDLD, ThUNDOEHDE. ERMOT 74 A2 L NERBOLIZRT LR,

B TE

15ecm A ADE 1 MIIKRIMELEEZTROBOLV A MIZBRTT S, “OLVIA M, Fv
TEERD N F T TY 7 o= F1T (Reflow soldering) 21772 H BB TH A, V70—
NoFFTIE, N R=Z2 NOHRSE TTOUABENTWAN S F EFOS 45\l S TEm
SH NIRRT TEHHETHD, VUA MIBHOTE TH, €% TH3I8 DFRBROEHIE2ITE
#<.,

=N ARl Ay FENGNDREE VDD 4T 5, GNDR L VDD Mix. &% co
FIREDOBIZA LR Ta—hLTLESDT, GNDME VDD ROMO R F 4 7 4
NhZ 100 pym iTAHH LU THET 5, B#ic, L—F—TGNDR* VDD M~WH= %2 % Ho
NERTSD, 319 ICRmMEERLEANFFHTENTERLE 1.5 cm A2 %251,



82 35 1.5cm/SADRE

[ 3.19: #EFEEHEBEREINE 1.5 em AR, AL LS cm AADOLKER, BiXRiEREHR
SR a0t KE,




3.5 1.5cm/SADOMRE 83

3.5.3 1.5cm/\—254%—

15ecmN—7F7 ¥ —DOEHRZM3.20IC8ED, Er¥—nA7Y) v FLIREBRMED RN T
FTNEA FPTEREINTERIC, 1.5ecm A RADNy Ry —nA TV ROy KR A ¥
YTAvTEND, e, I RT X LOERICERTEaR2 8, Y —nAT ) v FO%
HtAHLF v 7HO VDD @R, £ —HO# A 7TABREZBPBTE3R 2 ¥ AU T A
T3, "—77¥—3, HHOBICE— 70 LICRBENEBZHINS,

B9 3.20: 1.5 cm AATCRELIN—TFH—LF R R F



84 35 1.5cm/SADOR%

354 Y2al—YavETIL

3 em /%A L EERIC, B 3.21 ICRTRTEOREFNARED, 1.5 cm/SATIX, =7 AT V¥
Y OBERICIETA Y EL T4 VTR ax 7 7 2ERHL, a X7 FOREEHIIITA YRS
F a4 b e L TEERM T 5O THEMEORMENLZET VITAB LR, KIZ, B3.221C
FRTHSPICE &2 al—ia e fFf ey, GEMEO I 2L —va 21729, £ #
O & AT AW E M 3 cm S A L HBEL T 8D 1 THHDT, MBOEKIENIL S
BREL D, +90) 4 Xv—V 0D, ELWVMESEGEERTR D BOINT v THEAORE
#HSPICE &I 2 L—2 T/ 5, 3em2SATIZ100 QO IAT v 7HBREEH L=, 100Q &
220 QDOINT v ZHEICBITAEBEORLIEE 1.5 cm AR IOV T Ialb—vartd,

Cu-Extender

1.5 cm BUS

/

87.5um
15um
25um
15um
120pm

24um

g Fgles

35um
50um

1.5 cm BUS model Cu-Extender model
3.21: 1.5 cm /S R ORI WA ORMTEAEF L




35 15cm/SADOME 85

Bd 3.22: 1.5 cm 73 AD HSPICE €7/, ERZI I SNVAEREEL, HAOBEELET VAL oy b
ASICAM CRIRENSMBEL IR T 270, FTRIZERT VAR EELEBRICHERINS 2
B b2 E2HRITIETA,

355 YTalL—LavOER

IAT o 7HERZ1000Q & 2200 & LEBAICBT S 1.5 cm A A TmEEN{olKE L, 7
B4y b ASICAECOREBERY S alb—ar L, ®3.2310707 » 7HHD 100 O
TORRE, H3.24ITTNT v 7N 220 Q TOFBREZBES, TRELOHABEIL, B
DEMABRKENHIZHEEOICELBA T, RC BIBOFEHEHT & &L L Tv5, Probe
Point#1 OEEIL, GTL FZA 3~ANT 55V AToh %, Probe Point#2 i, 1.5 cm 732K
S COE %, Probe Point#3 (X7 A7 O TOBEN%75%, Probe Point#4 DI,
FUENLay b ASIC RETOWRIETHS,. Probe Point#3' DKL, E3.21 D A T/L
AlCiE LTERICBESNSB TOZ7uAXA —7Thd,



86 35 1.5cm/ ADRE

Crosstalk Simulation (1.5cm bus)

sec 90nsec | Probe Point #1
110" Wnsec —— Probe Point #2

;< Probe Point #3

= Probe Point #4
afpssrisasarsssssnssinnannaasnsnnnon s | s Probe Point #4'

T EEEE P

Illlll_lllll

TTTJ=Fd ¥k

llllllllllIlJlIlIllILIlIlIlllIllllllL]l

50 100 150 200 250 300 350 400
n sec

[ 3.23: ZAT v 7EH100Q TO15cm 3 ANV a2 b—a AR

Crosstalk Simulation (1.5cm bus)

> E 100 nsec i00nsec | Probe Point #1
F |

- Probe Point #3

g = - Probe Point #4

2_ ..................................... ssssesssnsssannrnsnsnsnanssnrnnsnsnafensennrenrennrss — Pmbs pOll'lt“n'

W 1
i- "
E

kb

o

4

v

-

.

b

3

i

»

"l [ [

lll[llllllllllll

=4

llIIllllll]I)lIIIIIlllIIIlIlllllllI:lll

0 50 100 150 200 250 300 350 400
n sec

324 AT o720 Q TO 15 ecm RRADY I a2 b—a U ER
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TNT v THEHH 100 Q Th SO Probe Point#3 TOWEOH AV REIIE, ~ 70 n b,
VHTRYRMIE~ 10 0B THD, ZTOBEEINE SAVRT055 VETFRBEOT, GTLIES
DY 77V ABEOSVICHTH /A Xv—T 003025 VThoH, 70X =2 O LUl
~ 0.3 Vpp TH D, £72, Probe Point#4 {RTHE LT RBWT, HEE 0 ORFHAY 110 n
b, HEE 1 OIS 00 n B L R —2heote, FRIKH L TAAT v 7HHIR 220 Q TH B M
DL EBRVREEIZ, ~80nF, YL THRVKEMII~ 1508 THS, BEERE VRT3V
ETFBHDT, ARV 05V THD, FUIANAL 0y NNEORML~LiE, IO
0 DRFfD 100 n b, FHYE 1 ORI 100 n B EH—1T o T,

o, TNENDT B R =T DL~YUE, ~ 03V, Thd, 7B A D=7 DL~V 3 em /3
ZED NS RoTeDiE, RAOBKIEHBBHMOBE TIZL VAL, FEAICHRROEL
MY TEBLE LTERLEEEZ DN S,
TNT y TEGUER, 83.23 £ 3.24 OFERE LTS &, 100 Q Th B Probe Point#3
W12 0.55 VET LN TR LRV, 220 Q THBHE 0.3V ETFRBSB, GTLER OB [26] 12
E5E, BHIE04V~12VOMTLURAEZROEDBERHFHDT, FAT v NI 220 Q
DT B,
L5 em ANADREA L E—F U R ZoiE, B1BICBWT 178 ~ 196 O, 2 BIcB VT
172~ 190 Q £ 729 3 em SAX D b REREE e o7z, THIL, 3 em/SA LY BIREEOEA /N
SR, BRELTAVE—F U ABPKELL ol b E2 NS, £, (FHEREMRR ¢ 11,
15uBeeole, T AT U HORHEA B —F 0 1156 O, {55 BERINL 2.7 n B & 2oz,
1.5 cm AN ADEBEKIEHIT 433 Q. =7 AT X TIE3.00Q & Rol,
BEA L E—F VAR ENEN IS cm NRA LV AT U H L TRIEBHIC, BEOKKNIO
B TiE, K3.24 THET v F— a— 1 Probe Point#3 DWHICH bILD, Ak 6,
1.5 em RNRR LT AT 5%, BIEFRRERHEE R OBICHHEA o U5 0 2 24 2 Tl
FTRDNBREEMR, 1.5 cm /SR LTI AT U X EA—T T H— 5T 5 O CRE-HEIC G
BE D EZRABfTR LR, LhL, FUZA LM ay FASIC 1T, GTLEEROMIETHS 08V
R TR L HBEZ MM 5 DT, ZORMEERMTTIAT v FIEH R BIRT 58 CIE
LVMERBDEBEEEITRZD, AHOVI a2 b—2 g UFERTIE, 1.5em /SR E 22000 NVT v
TEAEZAWIEHEIZBWT, FYFAL vy b ASIC RIS CTORBMENIE L ¥l sh v
DT, 1.5 em AN AEHWEN—T 5 X —XELLEMETH L TPHENS, £37I21.5cm /A
DOEBIZEBT 5 BEBRHRE L RT,

£ 3.7: 1.5 cm A ADE RGBT B ELARE

BHESACE—F R [BOACHIZCX | BOF v v oA | BaIh
BllE 178 ~ 196 1 18x10-"H 25X 11-WF 434§
EF ] 172 ~190 1 1.7x10""H 28x11-OF | 433711
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3.6 tERERER

3.6 tHERER

3.6.1 BHROEIIEHLOAE

TyF I EVERENT 1.5 cm A ADRBOBWTIEN %, Y I1al— a3 TRDHI{EL
Wt 5, TOVY T2 nP—#M84263B % LCR A —# & Cascade Microtech #:% MH4-B
BRSO L aF—RU, PTT-24/4-25 8% >/ AT st M LT 1.5 cm X ADOF SROER
W AMET S, F3.25 I0RTHIC, HPva b —~REHEZIY T, 1.5 cm S ADFESHRA~
BAH A S TTHELITZ S, H3.17 ORKECHBEATORET, B2E LB 3MOEEROE

SEMEWE L, RICEMBY Bbah iz AOBWKEHEZES 5.

with needle
| Fa

| Micro Posisioner

1.5 cm BUS

Agilent 42638

LCR Meter

EE) o o
2999

Micro Posisioner
with needle

J

3.25: 1.5 cm SR ADOFEMOBWKENEWNET Dy bT v

362 W2MLBIMOESHROBRIER
3B TH2M LB IMOMEMOMEIERONERSRE T,

H 38 B2MWLEIWOMESROBEIEH

BT ER [ | RoRS | RER (Q/mm) [ @5Mb7- D OB (12/line)
1 26Q | 164mm | 0.16 §/mm 4000
2 240 | 160mm | 0.15 Q/mm 375 (1
3 260 | 165 mm | 0.16 Q/mm 40.0 0
i 250 | 159mm | 0.16 Q/mm 4000
5 250 | 16.1 mm 0.16 2/mm 40.0
6 4330 [ 2520 mm | 0.17 ©/mm 250
T 4410 [ 2520 mm | 0.18 /mm 45.0 (2

ZORRIY, MEOR I 250 mm ORFIC, 581 KXY 0OBSIEHIEIX407+24Q &

o, YTalb—va ) TRELEEELERLT, $H3QEL 2ot



3.6 thRERER 89

3.6.3 BEEABYEDLEINENAXOERIEBR

EBHABEBEIN, B2ELEIBOERRN AN —R— TR SR 1.5 cm 2SR OEKIRL
OREREREE 3.9 TR,

ﬁ39xwwfmwv&ﬁ$nfﬁgﬁ®@%%%

FOTAES | BB | MORKS | BHHL (/mm)
46.9 Q0 | 231.0 mm 0.20 2/mm
4881 | 2310 mm | 0.21 §i/mm
474 Q | 231.0 mm 0.21 Q/mm
46.1 Q | 231.0mm | 0.20 /mm
45.50 | 231.0 mm |  0.20 /mm
4790 | 2310 mm | 0,20 {/mm
43.7Q | 231.0 mm |  0.19 Q/mm

=3O U i GO BN

TOREREY, W%ﬁlﬁ%ﬁﬂwﬁﬁﬁﬁﬁm&Milﬁﬂﬁﬁb %ﬁ%ﬁmm%b

R BT O97+29QKEL eotr, THIL, %@®%ﬁ%ﬁ&pz»w%ww®%ﬁﬁmﬁ
WMALEEEZBNS, HIELEBEICIE, A—Rk—A0B 3 RT bR\, ZO/RRN,
AN—R—V 1% Y OBKEHIZ. 3 Q &L25,

3.6.4 RELFRHAR

1.5 cm NATHEUE Lo n—T7 T4 —ICBREBAT 51T o T, TORER, 2.05 V 24
%LtWD%%%WM1sAa&oto&t\%ﬁ%&%btﬁmnw77ﬁw@ﬁ&$ﬂ%ﬁﬁ
7 ¥ A= 7 A4 TVS-200 B SR H CHIE U BRT % 1 3.26 1R T, m@ﬁ&%?ﬁ[ﬁ%&mﬁw
BRI, 8~ 14 ym THDH, TOMER, N—7 7 X —ORHREILHKK 30.9°C THY, 7
75X —DEFAH LT v FICBRBER SN T BAERER SN, N—T T F—jdr— f‘ v
VIDLEIZEIPNTHWAEIL, N—T T H DB NEREAN LTy TRIBEAMEL, Hp
DOFEAH LT vy TERBENEY, PHENIX HBTHEH ENZHEICIE, N7 T F—3mHIR
A 7% FAWT 0 °C GEIERT 2D, ‘



90 3.6 tEERR

[ 3.26: 1.5 cm CRYEL = —7 5 ¥ — 2 EMES RO R @mEE ST, i< ALICEILHCb
HAHLF v P H2TFT,

3.6.5 1.5 cn /SADEEFMEDRE

FERLE LS ecm RASSANREANL, ALV AREEESED, GEEAEAAVREAV DR
a—7TEN L, EERELBNT S,
327 CRTRY S ab—=a BT ARRABRT S, COETFATR, S H—hblhEh
PN ARRY Y aF—2BALTIS5ecm AR ICANER, BEENEAVABRRIS aF—%
BH L, WHEK13pF, 1 MQOANA Y E—F L ADFynRa—7TCHMENS, ¥, Z0
EFATRIAT v TEARRESLTOHRY, 7OV 2ORHE 100 n 8, SLEYRTILTRD
M2 nE, BEW3 VO VAELSem RA~NER, RAOKMTEXEIRESAVAZY I
b—vavlk, B3288~YIab—varLlt@RERT, TORR, "V RAOEREI V., I
ED UL TR TCEF—NR—Va— T ¥ —va— M RELTWS, Zhbid, L EVES
TEILE31V, ULTEIVBATHBEE 02V ETETS,
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B 3.27: 1.5 cm N ADEGEERHED L I 2L —a VBTN

L_L_l_llliil Illllllllllllllllllllllj

JIT‘IIIIIII TTTT[TTTT lllllllll TTTT

P e . e o

R .
0 20 40 60 80 100

n sec

B 3.28: 1.5 cm /S ADGEEMHED & I 2 L—3 3 LR

X3.20 ~1.5 cm A ADGEEFELZ BT 2y VT v T ERT, TV T2/ und—HN
BIII0A RISV ANRY — Pz R L—F T, EME3V, SLEY ROSIL TR0 B 2 n B, B
8100 n OSSN AEZRBEL, ROV a Tt =204 ¥Ry T4 7Oy FIZYTTHAVARYE
2B, BEENTEANAR, VAT LERENDIIARIFIONRy FERTI L aTTYT, #
YoAa—7TRMTS, 15em /A ADYF o FeAdvnAa—T L RANARF— TR b—
FDY5y FERBEWIERENS, 33014 o Ra—FTCRAILEGRERT, 2SLVAD
EHEIZ3V, SAADSEY CA—/—2a— 8B, ULTFRYTT ¥ —a— FABHE
hic, A==y a—brEBLE38V, 7o ¥ —a— b MIBEEF 05V ETELE, 7VR



92 3.6 MEEEE

OSLH EDDEEMIZ ~ 15 nE, UHFHAVBEML ~ 4 nBp LB SN, ¥I2Lb— 3T
Bl LB LRk, SV ADN EY B h R TRATARBIVRE SN, 7k,
ANV A M GEE N ANV ADBEREMIZ 15 n B MEEh, HSPICE ¥ X2 b—¥3 /T
Rl E BB,
LIal—yarTROESAVADEEL Y b, BBIL AVAOBEBOS LY &35 FAs Yk
M kX< nte, ZOiL, Ry —7 L 2HOTERBOERETRSTZDT, F—7
ODRENOAH I B ALZ R VB AOBRE, KPPV aF— LMy —7 N OBERIZ
BHAKNSORBENHEL, STH ENVBEM L L FRVREBRR Rol b B LN,

Agilent 81110A

Pulse Pattern Generator O
© 2
00O o b @ 9000

\_J b GND J kcm P,

3.29: 1.5 cm A ADEEMMELA BT Y VT v

Ch1 Rise
14.88ns
chi Fall
14.12ns

i %9

§

| &

i § :

i 1 :

OB } :

s P | 1 L 1 1 aa b o o .1 . . .

E ooV M20.0ns A Chi 1.56 V
P 16 Feb 2007
{4+~ 49.6000ns | 14:24:47

3.30: 1.5 cin N ADEESEMEOB IR



3.7 & 93

3.7 F&OH

PHENIX EBERD 1.5 cm /3235, BERBRM LERNOTITTR LI, ThICi, 8 cm /3

AOHSPICE VI ab—va v OfRSRE EREIHE LB L TV L ab— a VOEREL B L,
FRETIC LS cm NADOHREITR O ETRBTE R, HSPICE V2 a b—va VORER LY,
1.5 cm SAATHEAT AT v FHHUIL 220 Q BET 58 LMR Lis, TAT v TR 220 Q
Thoir, 2T AFUEPLHATS GTLIERIX 03V ~ 1.8 V E TN, GTLF5 0 [26]
TH504V~12VOETLAEIRLEDNEEEBLLINLTH S,
Eio. NAOBRBOBERIEN Rpys & TNT v TS Rpuiuy O EMSMIOIRK 2R 3.31 (27 L,
1.5 em /SR BWT AT v ZHE A M EE 5 LEEORNESH 2 5Bl 2 H T 5, 1.5 cm
ISADSEEDOEIHET Rpys & 7 NT v 7THEHL Rp BESNCER SN, TNVT v TEEVp TINT v
FENBBIC, NADRMIZET B/ OV A DOWEEAE Vpys 139 THREND,

R Bus R Pullup

it J -~ o
s s

[ 3.31: 1.5 cm 7SANTSAT v 7 &5 S H

RBua /
Vags =V 4 ——nBUs ____(y, —V 3.9
‘Bus Rt RPMM( Pullup = V') (3.9)

#.3.9 & 0 /S ADEHL Rpys BREVESIZBWT, ANEBEERV = 0 ThHRHT/SADH
RICBT BESEEDL 0 VETTIFBIIZ, AT v HEH Rpyy ZHPE 20 & HAONCE
BEEMN 0V ~ERDV, ZhiX, ALICEILHCb S LF v 7, FYPH# N34 vy b ASIC
HITT 7 F 4 T u—CHBEZHHE L TWADTEETHD, Z2COT 7T 47 v —OMEIL,
IEEBEN 1.2 VL L CTh ARICEBE 0, E5EEN 0.4 VLT Th HMAICITHE 1 L MRBRIEIH
WU B, ZOENS, BEE O THAMITIIFIC 1.2 VU EERBERIZRLLRLVWOT, T
7yf%%ﬁ%%&&éo&mm%ﬁ%@ﬁs@&MK%T@&J&&%%&%%&%%@@
H504V ~12VBRIETE, FOIASAM 2y FASICHECIEL REEZHETES, &
7o 1.5 em AR T/ VA BGET ARRTIEL, HSPICE ¥ 2 a b—ya VTHLNIRER L EH
HEMRBL —FK LT, LoT. HSPICE ¥ 2 a L—# 2V AADMFEIC LY, MEEY O
RERETEZBHLEILND,

BEERFOMEHEL VI 2 b—ar CPRLEEZ, BL—HLTWS, Zhid, =yF 7/
L BAE— R L AN —R— VDR SR B E ST,

1.5 cm /S ADIEIE 13.9 mm B TEBN, EZ At oY —OF L FREO A ZRE TE T, /8
DHFHEIL. X/Xo=022% L7210, BRIED X/Xo =028 % £V b 0.06 Wh&< mol,

U EORERNL, VY arE s eArBRHBROBEYER. BBELRE SAOBRIE#BHESLLTIZ,



BAE N—T5H—DHRERR

EETIE, BELE A =T 5 X —DBERBRIZ OV TR 5, N—T7 7 ¥ —DHERBRE L
T BB LTF v P ORI L F— & DIENS S A S LTI R 2 5B EHRT 5, £, 3cm
A TR Lo/~ 54—~ CHERERIR A AT 72\, RIC 1.5 am S A THET 5/v—7 5 &/ —Tlalkk
DORBEITE D, T OMWERRTIE, ~—7 5 ¥~ L HRH LY AT ARERICH 2 5 5% 5T
i 5, «

4.1 TEHEEELER

a7 G = DIERERIR T, TR bV AR AW RER, BRERREERT 28R, Filif
BRZDRBEITRD, TARNWAEHOBRRTIX, 7A MNVAEERIM LT v S~
Zy ZOF =B ERGTEDZDPERRT D, BRBHREAOCERBIL, OSc hoEH SN g1
Dty b7 BT THRLD, FHROMRBEE X 580X, EBIOEWS AT LTITR I,
IN= TGSk ROEBIE LTRBRSN S, HE 1ABEE 63— 5 ¥ —OEARRBR T
Ho, HE TIRZFOROBRERBRTH S,

1. BrY—ig 7Y v FOF ALICEILHCD i H LF v 7O HMH BT,
TP T Y v FOE T At OB,

WA LT v S OMIE L BRI ET 5 B DFE DAC DR EKE,
ﬁ&&b@y?m§zbﬁ»x&ﬁi%ﬁﬁfwmﬁﬁﬁﬁo
BHULF 9 7OE I DT A I WG,
,%xﬁﬁw#&%iEE&ﬁmwﬁwq

08 b0 § A - F RS & LT OMRE,
SPIRO R— FOMHlfH & MAH L E1772 5 FEM R— FRREMFEEMETH 5O T, SPIRO
R FORBICHE VME OFAH LY AT A2 R LT, ~

- = R

4.2 FARNWAZAWNSRE

421 €y rFvT |
y)mxﬁ&@m%f&wmﬁﬂJTx%§%V% N—T G E—~205V EBHRTH, N
AL At Mmr@&mﬁz?/§&$?4¥$/fx/ﬁk&é%ﬁ%?ﬁ%?&b it

HAHLF v 7OBMEEELD S 02 VERWEEZEET S,

H41ETF A MW RERAVWSIRBRTOE Y F7 vy 7HZRT, FUZA1L 1 v b ASIC OFIH
b, Linux PC LT YT Ay RORXF -V FERBL, VME SV RANRE -0 P2 R L—F b

94




42 FARNAEHOALAIRER 05

WOMHz8E Y O YU FTrawy REFUIANL ny b ASIC ~ELHE T b s, N7
54— L@ ALICEILHCh A LF v 7 28ES ¥, 7F—# 2 BAHTICIROBEEL TR 5,

1. ALICEILHCb #A&H LF » 7WEe> DAC FEMEE & GTL {55 REIEEE ORI

o £ 24 TR THE DACHE GTLIESHOREMEEESL 7 Fu /34 1y k ASIC T4
BL. #FAHLF v F~E25, VME SV ARE = PaxR b= NET VH NN
fay hASIC~40 MHz 8 V'y bV Y T hawy REED, Tl fuay b
ASIC ZHE L EN L OFEREEFEEZED,

2. A LF v 7RED 44 80 DAC ~MEDORE

o HEHAHMLTF v THEO 440D DAC ~MEEZREL, Fv TREMOT 1 A7) IX—
2 OBERT v T OMERS AR ET D, “hbODACOREIIE, Y YT Arawy
REFCEAN_RL By k ASIC ~EY, TOavy FETITPH N1 1y b ASIC
2, JTAG 7u ha A TEBEAH LT v 7OREEITRVET T 5,

FHH LT v 7OBHEIL, TR M REEZTICT - FRE L T 7 BV
LHANEL BNELBEE T 5,

3. F A MLV AR

e FARNAREZAEITVILNOBIEL HEZRWE T VND AT B{TiRoTeth, T A
AR ERAHLF vy S~E 25, ThbOE s B~ 284EIL, £T0 8,192
BOF v FMTR L THMSICATRZ D, T A R NWVABRBH LT v T~k HT
B A IV, FUFASRL Ty b ASIC S, |

4. T—H OFEAHAH L

o F—AERLMTITIE, FPEARAL vy N ASICH Y IEBEERT DHOVY
Fhawy FE VME RSVANRE =0 Pk b= nbT V8 N3A 1y b ASIC ~i%
D, FUIANRL Ty b ASICH b Y HEBEHAH LT v S~ 2 58T, WAHL
F o DT —ENFOANRA 1y kb ASIC THAHENS, BAHENTET—#1,
%268 TRIWXTIAOMHZz D32y 3T VAT —F~EHE, 64k/514 ' VME
FIFO €Y a— A ~&E&A$EN 5, Linux PC T, FIFO £V a—Viil&EAEhT
REGVAF—Ehbey hF—# &L, ROOTI Tt v vy S E#lY 5,

4.2 ~FARRUFOLBDEE YL N N—T 5 F A1) DILKERERT, 3em/—T 54—
X, BHOLIZE— N D E~RBENBMEREND, VA YRUT 4 o TREOBIZ, T
7 YNNI S—F WY HT, BRI E O E~BT 58I LT,

Thttp://root.cern.ch/



42 TA RN RERHWAEER

‘Sensor Hybrid:
s]3]2 1._§§§
LI T B3
Q e
5l & SPIRO Board
40 MHz 8-bit
32bit Digital
aapit ”: PILOT Serial command VME Crate
Y4 »
Trgger I I g4kB
5 FIFO
ik 32bit data 5
3 { Trigger | | e4i@
g : PPG
T
= H
=) H
= | interrupt
Register
40 MHz Clock
TTL-NIM
40MHz Clock converter| 1AV OUT| 40 MHz Clock @
Linux
1 1
| e | 20

41: "= 73X —ORHAHLF v P~FRA RSN REEZTRAHTEY b7 v 7R




42 FTAMSAAEAVIRE 97

. TR
" ;35-1c111rr:q'§"'“!"

6

B 4.2: 72 MRUFLUOER (k) & r—7 5 ¥ —[E ) DIEXEN (F)

4.2.2 HEBER

E7 e Y —OERIL, #3147 ZMEH 50 V OREIZ 50 uA Tho1e, L-oTEZ®
NBHToY) OHERIZ, BLE15nA THB, £-, ~"—7F ¥ —OWERERIZ. 2.05 V EIIIBEIC
2BATHol, LoT, Fu7 1YV OWERENIH1IW LR, BARHLF v 70K
AHEROMBRE S & —FT 5,

FERAHLF v 7O R LTORVWEZ EARIKA~AT A MALZE 10085 2. BELEE Y
EADBBRIGE LIBRF R R AT T, S TBoF 4 o VB DY —nA 7Y v Fit. (AT
RRSNDZREVTRDATVADT, 2TOEIZEACHLTT R ML RE 52 2RBIZE
BELIc. TAMNAEBZBEICADBEHETRAITHEI CAR2FNEFNORLIHLF &
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WEAIZZ TR ICHEENRS,
oY= AT Yy FEDAOOFAHLF v THRER LSS, 7921 &08&hs, £i24
DDF v TOH, 1DOTHLTTRA2RIFTRAIOF v I BHFETIHEFICITIFTA2/VI T A3
ERFEND, BUY—AT Yy FOBREREREE A2 TRT,

BREBR

FA2ITE Y= ATy FORBEERZBRES, oV —A TV v K& 24 HRAE LK
B 792108 Y =47 Yy RIZ8HEELI. BHEVILI3I %L oTz,

* A2 BrP—nAT Yy FOBRERKR

75 X1 33% | 88
7572 | 8% | 20
7723159 % | 1418
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A.3 JTAG %

JTAG 1%, Joint Test Action Group OB TH Y, ICF v 7 OREHFIED—>ThB/\7
YUY Ax YT A PO—HE UCHBESNIZ, 1990412, IEEE std. 1149.1-1990 Standard Test
Access Port and Boundary-Scan Architecture & L CRE#E Sz [25], JTAG IZ3s L7 IC 12
(3 ASROBREDMIT ITAG X Uil & %2 A.3 TR TAP (Test Access Port) & FEIEN 5
SEDIFP MM ENDA L8 =T oA ZRlEL, FA MF—2DOAHN L #8225, TAP
ayha—Fi, TMSIER L TCKBHIZL > TITAG VPR Z I3 5H A6 DI BB
516 AT~ 2w Ch A,

T3 AL, T3 AEROBEERIT I oD DONE L 7 O, SO H Y 2% yvy

VIAG A VARG I a v b PAE, RARAVIAE, AT ar LPREE THhE %2
4% TAP 2 b —5 TR ENDT A bu Py 7 BRSNS,

T AOPWEBICIER A5 RIS, REiR Yy 7 LET /A ZEY LORIC, EA LTINS
VI PVVRIDEEEND, TRBOEMIED, BEVTREAT HEREEH L0 Ml
WL BB, ZORML, HEROT A MEE Sl % 5D TL Y = 28 (Silicon nail)
&%W@hfwé TN~ BRI b OB F ) 2% L VPR ZTHD, JTAC
TABNET O, FIEMEL COBF /A AR, ZOF R MHEREL LTINS = L S
L5,

RASDAL ARG g YVTRAE, Yy bERBRAR, T ACEEOBIES BT
EHERTE D, T3 AL, RETHHGOMERLHAa— FOE VY TRAERLDT, 4
VARG va L PRAEORSIT—HETIRRY,

INANRAVTRAE, TDIRBEECDOANENEF -k, BERKETTDOEEL L~ A
NASWHRBEWBET D, Tk, BEIRIER IO JTAG ST A4 AREESHTVS
B, ThbHREIER SN TOE %S, RBBTRETH 558 R B3 R X 50
T He TOFEZEYHRERE Bl S8R TE S,

IDCODE VYA H (L, FHRAARBLOMEEA — D~ P EBATE 328y FED LI RZTH
Bo MRTRIDVPRAF EILEL TOBF A R j3b i,

R A3: TAP OfF SO & e

_ - — ;
““”“Tﬁ?”“““%ﬁTByyymﬁL‘ﬁ%@%»ﬁ&yvaxﬁfgﬁ%o
(Test DataIn) | TCK b ERD =y UTHL A YL 7 ENS,
TDO TATO Y IO F RS U T AT B EE,
(Test Data Out) | TDO DHAMOER L TCK OB FARY = v OTFF 5,
TCK TAMRY Y I 7 uy JRBERET S, VITAT R RS A REE
(Test Clock) YRR MEFEOY AT A vy 7 LRI L CHERTE 8133

%f’ﬁﬁ:f?“ﬁab%a

TMS HHT5ERTICK DU b ERV o S CHF o7 »TENn3,
(Test Mode Select) | \..5'3%’%& TAP @b r«f“*‘:?zivf a—=FY 5,
TRST TAP 5 ¥ Fa—5 Z MBI mEEST, 73 ThHo,
(Test ReSeT) TMS # “H" RIET., TCK @it%.Lz’» Dy Uk 5 ERBLEZBAID
ZORBERD,

=
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?&mﬁwwmt
[ p}rwm

Logie }

ok

Bypass Register
Option Register

t
instruclion Register

[ [
[ TAP CONTROLLE ] _YRST

A.5: JTAG SIET 734 A D PHEIHREL

JTAG TAP a2 +O—5

JTAG IZB T DI A6 IRT TAP 2 b u— I B3 EATH S, ZOWEIL 16 A7 —
FOBBIZL o TREND,

Test-Logic-Resst

Selct-DR-Scan »{ GoloctiR-Sean

Update- IR

B A.6: JTAG TAP =2 b o—5 OEBH
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AT = MNAOBIOR ENDHENL, AT — N REBBT 50 TMSIESDETH S, BBIT.
TCKABS DL ERVEEDO TMSESDIC LV EENRS, TAP 2 o =D 25—z
o AT = MO~ DR (T2 LO ALY ) L D EOR AL IR(A AT 7 ay
VYRS ) LB BERORESAD 2 DD EE SRR DB, DREFATVH Y XX r U LYRER
IRARAVT AL, F12i3A4A 72 a D IDCODE VP A4 X% USERCODE VU A # LB L,
HANCTATENZMTOMBEIC LT, FOHD 1 O3B IRENS, TAP 2 ha—5D 16 H5
AT — hOHRCIL, 512 Capture, Shift, Update OBEREETHY | d—BH 25— T
Hole ), WNEYVEZBDDOAT—~ NTHDH, 3 OOFEEAT— MIOWTLFIZHAT 5,

1. Capture X7 — k
Capture A7 — M, ANMBY 7 RV U RIANTF—Z BT 28MER21TH, Db, N
D HY AX VPR PRINEN TV AERZ Capture-DR A7 — M 28T 5 &, Ab
TVOYFITIZIC B ORENSRVIAEFNTY 7 ML o2 IR EESNRS, £1-. Bt
NOBFEIZIE, e Oy 7 BT L TOARIBR S 7 L UAT~FEEND Z LTk 5D,

2. Shift A5 — k
YT RUVVRAZORNENTDOES A7 HAEh, HILWTF—2 B TDIES s
L7 MAJIEND, ZOATF— & 1EBERT AL, TDIEEE L L TDOEE Y o8
MENTHWALTAZONEN, 1y v 7 v 5,
s T, TOART— MI, RERF—FOMETOEy MIBNFHRT AMEIZITEELET
TMS &5 % 0l b . LB TCKIESE2KRYIERLEZ S,

3. Update 27—k
ZOAF = il b L& V7 NUYRAIORNERT vFICEEENS, BEXNEN
B, NS ) ARy VPR OPEIIE, EERCEADOHAL LTHRL, A VA RS
JarbVASOHBEILIE, T L LTTa—- FE&h, 20OR%ICEFOBERERL RS,
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A.4 ALICE1LHCbD &M LF v TOBES %

A4.1 EX®#E
JTAGA VA —714A

ALICEILHCb #AH LF >~ 7iZiX, JTAGHEROA VA R F 2 a LY RE RO H Y R
XY VLTPRY RANRAVIRE, F—H UL IR OMICHBOF o 7OMELRBT ALV A
FHMTBRT D, MAHLF v 7 TOITAG D270y 73K 10 MHz TH 5 [21), BAHLF v
7. B AT ORRICERE S, TMS, TCLK, TRESET, TDI0, TDI1, TDO ®Off 53— bk & ¥
2, TDI0 1%, Fv 7% H A r— FEfELIZBRICAIBOF v 70 TDO ~## Sh 5, TDI1 X~
BOF v 70O TDO ~EEhd, ZOERHELERT IRy F oy ZEKICEY, Fuv 7
OHENREHHETH JTAG B AL TX D,

| l_l | |
Ton Ton Do Ton TD© Ton oo TN
DO femeev 00 00 |— 00 f—=TDO

AT A LF v 7D JTAG ik

TDI

AVALZ92avLTPRE

HELHLF v TDA ARG 72a VP RAFII4EY P TRREH, VEy MEICLY RS
1111 £ R Y AL RAE—- FEBRESND, ¥+ 7Fv¥—Eh5liE, #i2 1101 THDH, “h
DA YARGTI2avbPVRIIR, ik T5T7—F L VA7 2RI 28ELFES, THOA
ArFZ7aryBRALIZEDVEZBNS,

# A4: ALICEILHCb #AHLF v 7 DA ARG I a v LI RAY

AVARNZ7vavLTUAFE | a—F
Sel EXTEST 0000
Sel ENBL 0001
Sel. THR 0010
Sel. TM 0011
Sel GLOBAL 0100
Sel SP (sample /preload) 0110
Sel BYPASS 1111

A¥xyoFzyHEE

Ax ¥ Fxy 7 HOBEKIT ITAG RBICITELS, RAHLF vy 7R ELBETHD, =
DHEBIZX Y, VI TAERENERPOF v 7HEHELZBETH JTAG OB LEN S,
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1 A% v o Fay 7 OB, B A6 27T TAP = Fu—F H1 0 Test-Logic-Reset DEIE
BiATONS, ZOBEL, Fy T n—10OF ¥ IF 5 —BiE (1101) BROF v T n DA >
AbTOa sV IAG AT NENDBETHNT D, MA6DA AT g LYR
FOrAPTC, Select-IR-Scan— Capture-IR—Shift-IR — Update-IR—Run-Test /Idle & &
BT5,

2. AXANT I a s VP AL O 1101 1 Update-IR A7 — b TS, 1101 L7 b7
WEBIEIBOF o S CIIERA D Ll S5, Z0%E1E TDI OBREER L. Filo
F v Tk A BE Y T,

T8 LTPRA

B LTy FOBEREIET — 4 L VR ETITD. UTFOFIMECT 4 LU 2 NHRAE
N, Fv 7OWESHES S,

L. TAP = b —F @ Shift-IR AF—~ hTA VA DT I g LI AFICsET 5 a— FE
hilEiAle,
2. TAP = b a—5 @ Shift-DR A7 h TF =¥ LR X HOREHE v h~FxiAle,

# A.5: ALICEILHCb HH LF v SOF—4 LR Z

TV IRGE [ VORI E [ REMEY MR [ A VAN I Va v LURE
Pixel column 32 256 r Sel. THR, Sel. TM
Enable register 1 7 Sel ENBL
Global register 44 8 Sel . GLOBAL
____ Bypass register 1 ! Sel_ BYPASS
_ Scan-check register 1 1 ~ Sel SCAN_CHK
Boundary-scan register 1 38 Sel_SP, Sel EXTEST

BT =HVPRALIE, T OBRICIIET 5,

L& L7V, 5 MOBEM L P24 (TEST, MASK, THRESHOLD ADJUST 0,1,2) &
ﬁﬁ@?mﬁy*m1ﬁ®?49yf»?By?%ﬁéa:newfy%ﬁ%yfﬁﬂty
h&hBELTOERS, |

2. Enable register (Sel ENBL) & Global register iZ, ©27#A0a5 A7 FL X 2R ET 51
R ERD, Ve y MO 0000000 & 720, SN AHEIZEIZ 0000000 T 5,

3. Global register 2PNl DAC & /54 75 1 ¥ OBIEMMOREN Th 5, Uty MR
10000000 TH 5,

4. Bypass register iX JTAG BIBIZIED, Uty MNEDIEIZ 0, T2, Fv FFr—{EL 0 &
2%,

5. Scan-check register i&, A% ¥ v F=y 7 ORRERIET S, Y¥ v MEIZO (TDIO ZIER)

6. Boudary-scan register i3 JTAG IRV, /O BV ~DTF 7 £ R 545,
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AR LT RA

Sel BYPASS T/RA NRAE— FBRBINEND, "ANRRVLIURAFOBEXIZ1IEY hTHOH, B
IZ02RET5,

AFxF Y UFIv I ULTRE

Sel SCAN_.CHK TAF ¥ v Fxy 7 E— FBRBRENSG, AXFy o F a7 LIRAFRTIEY
FTHD, ZOLPRIBRINEND L, BAHLF Y TORX Y v F oy 7 OFEEIME SR
Do AFX X F vy I OFERNDL, FAHLUF v FOBENEMTx 5,

A.42 RMDACDERERE

ALICEILHCb A H LF v 7PED DAC OBEREIL, RO 2 OOFIHTY o —r P2
FERET D

1. DAC7 FL RDER

(a) 4 R—=F NV VP2 F Sel ENBL (0001) %% 5,

(b) DACOT FLAZA R—T NV P AZILEZAL, RA6G~DACT FLADWIEY v
F&RT, AO-AB DYy PTDAC DT FLARIET S,
%72, DAC.OUT_EN BE Thiuit, DAC OREM % WETH 2y F (DACSENCE.V,
21X DAC.SENCEI1/%y F) THETE 5,

# A.6: B DAC ORBREH Yy M)

MSB LSB
DAC.OUTEN | Ab | Ad A3 A2 Al | A0

2. DACHED 0 —R"N P A X ~DEXAHL

(a) 7 E—rSV L PR F Sel GLOBAL (0100) %% %,
(b) 8y h® DACHER 7 a— S LU R 4 |l & 5AT,

ULOBELZ 4 EHBRVIEL, HAMLTF v 7OLETHODAC #8BET 5,
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A43 EYvILas5LOERESE

E7ENaT LOBELZRD HI203, WOFE#ESD, Sl THR X225 LOBEERET 55
B Sl TMIE =T Lk 20T HBEIERT 5,

1. =7 LR,

(a) A X =T NV PAF Sel. ENBL (0001) %28 ¥ 5,

(b) AT LDT FLALaF h~OBES Enable register ~&%ATe, 25 LK B L BHE
BIRAOC Y FERATOIZTE Y PCHRET S, AODH AdDOE Y MIaF a7
FLV A (0-31) 8+ 5, BIT.1 & BIT.0iX# A8 C/RTBRELRET S,

AT BIEERIT) 2T 5 EBEOERAE v M5

MSB LS8
BIT.1 | BITO [ A4 [ A3 [A2 [ AL | AO

# A.8: Configuration register OBI{ERIRE v k

"BIT.1 [ BIT0 | Sel.THR OBVE | SeLTM DBIE
0 0 b
0 1 THRESH B0 TEST
1 0 THRESH B1 MASK
1 i THRESH B2

2. BEOW &AL,
(a) SeLTHR Sl TM A Y A hF 7 va v L PR BRINT B,
(b) SeLENBL CHiE L1 T LANWE Y hOaF ADF X7 c 5B,
Configuration bit 2 & &AL, Sel.THR HBVME Sl TM A VA RS a L

PAZPEELR, BITO & BIT 1 3RELTREENS, RAITITLIEL<R
79 56 ¢ Enable register OB EH & 77,

£ A9 2T AOBREHOL Y M
"MSBT LSB
1 JoJoJiJo]o| 1
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Ad44 T—EIDFTEHHL
FHHLF v 7HOF—# 2HEAHTICE, RICRTESHSSLBEE 25,

Fydoyty b

BREAZIL, Fy7OREBBTETHLOTY £y MBIELZEBITI, Uty NIIHERT
2 T2 32DV ®y MEBRTF v /~%5, TNENILIERIICITDR S,

¢ TRESET*

- JTAG = bu—37, £T® Configuration register, &2 /AT v F (TEST,
MASK, THRESHOLD ADJUST) 2Vt v FT 5,

e DATA RESET*

- FUINEAKEED Y £y NATHY, BEEK, FIFO, F—F#MHIMHY7 hLPx
., FnEgE Yty b5,

e SHIFT_RESET*

-~ WHRHY 7 bV PREFDO Yy hORIEHEND, 2OV 7 PV UAFZIDATA RESETY
TbhbUky FERD,

e TVARNS I gy L URIAD 1101 DBEAR

- kEDOVEy hawry FEEFRIC, BAHLF Y TODA VA NT I var bIPAT A~
1101 2 F &AL, ZhiC LV, AX ¥ rF=y ZWEBITHI, £F v 7O TDI1/TDIO
DRI BRIREN S,

TRESET* & DATA RESET* ZHRBABLE BICHAM L F v 7~k bR, £hb
i, 27K L s 100 n BEIZE R L < Tk by,

vavy

HAHAHLF vy X, 7 ay 715 (CLK) LBMAHED 7 vy 755 (CLK*) B%ETH S, £
NoEy A=y FOEETHY, K7 vy 7 10 MHz, 7 2—F 4 50 % CTEMET 5,

FARISLA

TARNAREET BLVBEASNAD L, ZOERE FIFO ~METET DI LL T OHIEIE 5 234
BEThb,

o STROBE*
o TEST_PULSE*
¢ CLK/CLK*

STROBE* I&, First Level Trigger (Level-1 MU ) THY, Ah&Ehb e Fe— B W FIFO ~fizi%
ahs, '



122 | A4 ALICEILHCb #AHH LT v 7 OBEF ik

UK

KDMBIE T, BRI LT T T — 2 B T,

s NEVR* (Next-Event-Read)

o CE* (Chip Enable)

o OLK/CLK*

NEVR* f Bt FIFO 18 b 57— 5 & 27 b L P2 5 ~BAEECh B, CE*[EBH. 55 47
BT F o PEBRT B, A <2 N BT F O FEICHE S,

1. NEVR* & CE* (ZRBICHEAE LF v 7~ A S &5,

2. CE*IRL V., ¥ 7 MUY RI~I Ty s BB, 75 2 HHT B,

NEVR' 78, &7 hLUR S EBEFICAN SRS, ©7 FLUR S OBELELSES

P YT PV VRIROTF -4 5 L#HEELTLE ), CE*EBDR &I, F—#%&L 7 Tk
THRBERDD, WHIELF v 7HRTIX, 7 MNWEL CLK O35 TR0 Tfibh 5,

7i— FEE

ABORT* fE 512 L 0 7R — MEMERITDIL, 4 By F FIFO ~F— ¥ 2RS¥ 5 = L &l
V% NEVR* LRIUH A I 7 LMIETE bR, CB* LD af YU F U A% RS,




f 8B ER@IM (EMC)

B.1 EMC %%

vYarese VR, EREE. BER, HE, BRI X SMESFET S| T T,
REEESBEL 2 < TR B2V, Eio, MBI MORHEER & ~5.2 D% G i/ RIZ L
TR B,

—fRIC, B OBEFICT Bt & MRS H T EEREORIREZ EMC (FBREM Y244 ElectroMagnetic
Compatibility) & FES, Zh b &2 STICRBVVT SX DR BT, BERMEE L TICl~<5,

B.1.1 BETFBHmEIMESTFINALVTFT YT«

EMC ICBIff+ BB 121X, B O T (Self-compatibility) 238 %, ik, M&EMNET
HDEIRPMOEIRICHEE L 5L VA TH D, FOINVAT AT, FUIMESER TS
B VHRBERNORET DO, YT INA T T YT 4 (1EBBIBORIE: Signal Integrity)

BOMEERVS (33, BB RT CHNMERIIFIHBE THHN, Bl AF L LETIRED
BREESBNIFEHLH B,

EBROT VI MEFOLL LBV RIIERTH S, GERBICRBITARHRFT P24 A
HEBULMBOFLEY T 7 L RCEY, VX S TN A IRBBSEBE L 5,

Fle, A—R—va— N Tr¥—va— KRUBBREEOEALESEZ 5, RKE LTI,
ROBHBET N5,

o THEGNRER VAT U b

o [REME DRI 5 R BT
o MDES L DHMATY

o BEEHEIHK OBAR

NN, FUAMEBEDL T FNAAL T I VF 4 2BALER S, VIS FNAFTIVF 4O
BAGIX, BRIV vy UERREESED, TUXNBHIT. MIECESOCEBEY R ET S, Y
URTEOREAZ, RBANBIRBIZBOTESSBRBER NS,

B.1.2 EBLA77 NOEXRHEIR

ERLATY MOERKIL, BYVEBRBERICELMITHZLTHD, BEBIESCEIVATY R
ETROIBIC, EVBRBRELIES X772 A LR5E2LET S, Thbb, L—FHih
B/MEENTW AN, HERT 5,

123
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B.1.3 B/ o E—~H A BH

BB RIIL, A T 08 AR ORKEED, ERETNSERIL, EEEREEY (R
H) W & PRI D 2 DOWHROB bR S5, F5EKE R Bz, V—7E2ERLA
VHD B AR ER D, AT TR LT~ T OEE S T ADT, 42—
Bk Z=2mfL o 2nf8 L7420, K& RN~ EEBEEROENEIRET S, L—FiI2k
BAVHE DB ARSI, FIZLL T ORE L EH%~KIET,

o BATH IR BB D |~
- Thu R~ BRE R LD, FUINMEB~Y UF IR h—s%
R EED,
o VU A N2 DI
w.WWf&%@X/ﬁ?F/%&QD%uk%@ﬁﬁﬁ%&ﬁ%f&b Z OEERR
DB ~FEAE L, JuA =0 2 RBESED,
o TREMA RS
- %ﬁwwfﬁ\&é&???*&LTW%LW@&I$W¥m%ﬁﬁ?%Q
o FHAEBBDBIRT %K

- AVE DB ARIDBFET D &, FERRPERT 5BBREESREV S B, &
BEDA = A3, RS SRR T B0 T OB BREE LB,

B.1.4 H#liA Y E—HF U ANEK

X B.1 OElE A RBWT, MIIER UL & U2 BRI CZ T > Ficie s, BiEse Us i3msr L
Ty FRICEDEBEEhTW A, HERS ULiZ, AR, L 7T FEBBRLEL CRx 2
AMERE P LT D, ZORMERIL, 75 MROBERFI Rp L HEA L F I 5V A Lp
WX UTHERT V, #0885, TOME, WIER USRI FEU»O LR LEEF 2%
Hel UTEHMEL, MAWE VL + Ve 2HAT3, OBRBEGES L E—F 2R LEES, =
DAMERPIEMCEBH LTV BEE., 79 ROV F 7 F U R Lp 1375 RERL O
MEBL b2 bt #o, BRRRMEER TIIRE RERRERB KN 2 51C. ZoEEKIC L
D77y REMBELT 5, T OB&EERETHI21E, BB.1 OEK B O, #IEE U2 & U3
DTG o R — QTR 5,
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o

ve UT>———3> VaeVg

) s
1

H B.1: #5841 v E—F U AFEEOEKE, [E A BHIES UL & U280 77 0 FEROK
(2, HEIERR US O ANET H8F 2R T, B BXTox#E e LTRSS U2 & U3 &3t
DI RFE LR,

FOZNEAKTIL, EERNELAADLBEVANVICE L LRI OBGEBREZ 5, “hi/
Sy RAT VRS, FUANMAKDOT Y DX, BEABRSEEL G, TIEENDLHM
WORVERIL. V92 FBOALE I ADBIC, 79y FEAMICBELRE LA RZT, R
DWERNBEEREBIZCES L, VI FBMOEFHEICRS, 77 FRAT A, Yy PG
xR,

Bz, 32y POEB/ART, ETOEESBREAMICEILT LT B0 ZAIEHICK
&< B, Thik, RS vF o7 )4 XOREE LTHABATWS, Thid, EHHTIL
BBRMICREZADTHERSBELY, Lo T, BRRH CIL, #YRS T FERIRBH 21T
O EREBETH S,

BREBBIHISVF

BREBEERST A NVERTIX, 37TV K (BRI TV F) VWS, Zhid, &Bmek
(VI FFVv—) %75 FELTERT S, ZORRIR, 772 FFLv—rDEORBICE
WTH—BREEREERR TELFICH D, Thil, BHSHEEONL -T2 T 5, /5
YRFL—iE, KERGEMEHDL, TV FEARS TV KA 80 8 o AR BMET 5%
T, PV RN RAEEYIETE D,
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B.1.5 AAvF T/ A4 X5%

FIOENEFHMTIE, BETAL v F TP TbR TS, Zhick v, 2L v F o IREN
EBEL, WS T 2 F~BEAEERBEAT 5, #iC, 2ROFSFNVEFRERICAAL v
FrTuATo . THICREURBMOZE (T R ROV 80V RTF AERREIL
Hh,

TITVRRU ALY, BFOBRBENERT 5 L. FIAROHBERBES 5, *
LT, b=rMUDREEDONS LN BB EL, BRFMOBEEOZ A I ZITHEREL B,
£, WHOMIEOEBIC LY, BEAL v F L VOBEBHBEEZ D, RICETAHEL 1.5 cm
PRADBHI LM EE D,

B.1.6 BRZRZDAVZV B UABSDIER
FOENRFPLER, 7T FARNALEREERIC LV AEC2BUEDZ REL 5, &
W5y FEMODA L H I B AR LICE VAL DEERT vy 1. HHAEK ot LULF
B,

v = L:ﬁ (B.l)

PR vy, ZIEMSEBIIX, A F 7 Z U RAY LA WB T L ~IGAT B2 6B
Bo BIZIE, AT 2B~BERB LIS BEDA L F I F VRS LI, BEA V&2
BUALL & Ly EHEA VI B A M MLUTOBIZR S,
L=Ly4 Ly ~2M (B.2)
DEV, LEMOTICIIECA L H 7 H U REBLT D, HEA VK7 2 AT, LF~F
nHOHE R,
g§a4y§&¥yz%m%#
1L BREREZRHLT, R/ 75 e 7 Lr—qbT 3,
2. LSINy =YW/ 7Ty FEVEERST, BRELEL T3,
o HEA X I & R ERPT |
LR/ 75y R L— RS, BRONV—TERE NS5,
2. LSINRNy =D, 792 FE V27 CREBT 5,
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B.1.7 ERTHhy ULy
BETH Y2 o0 BINE S,
e BHOEMH
— AMEBHIIHL. THy Y U ERIEROATERICR LRI EORIREE
LI ARICER RS T 5,
o FHRIL(ZANEY T
- BEIPOLDIAX, VTR ET T F~EL,

AVHEIE AL ~NHIVALERZ D TI20, SEREHE A 32 &E, LSI ~O et
BEREBNATOBIC, TH SV T - arFod2BRESSy FH~RET S, LML, 7
By T Y arF ot V- PRSI ELEA VF 7 Z U ABFET D, ERO =
VFELUH DA Y- AL EEE R ISR TH AR, BOIEREERE LD LT

WHEE L, THy 7Y oS ORE R R ImD, LoT, MERICACA V7 8 ADN
S HORBERAEROKREVWEREEHOF v FSarF o4 2AL., ULoRBLRMEE 5,



1 8xC BREIKEFED/INS A —45

C.1 REHR

TG B i D RSO T RAE DS B D R T < 72V W RTE L, BIEMERICBA L7\ Bl % RN
LT D [35], MR~ WSS e, MR EANTE 2 —HCiih D, o T, BRI Y 0
EHSH % Ry, & BT, MEOGER o LRBEOWTHE (w x t) H»HEOEERE S,

1

Ry = — (C1)

WIT, WREEA~ZEH % W3 At KR K0 BRP OB L J, (PEEKED b O «
b e Gl T :

= Joe::#ilz (CZ)
TIT, MM ORIEN e! LD MY REIRE § LIFOUTFORTRI NS,
8= ng() (C.3)

f VBB (He). g (AR OFIRER (H/m) T b, BItE, REES§ L0 ST £ THASB M,
IR M IR E H I ~EHBEEZBYT B L, BRI 6§ ECORESZ—BREHRITRTH
BB A B

J

:i@\%ﬁﬁﬁﬁ@&é%ﬁﬂ@@%W%uﬁh%kL\w@%®$&ﬁﬁ%kbmde~
4o A WIEREA Y E—F VR Z, LR, BT OBRICERT B,

By

50 (C.4)

b= Jrotal (©5)
By th, WHRE B0 5 MROBTHNOBHTHE, =ORIT, K04 L
Jo = o (C.6)
EUN
Zy= =t = Ryt juls (©7)

LRy, RliA LV E—F R, REBH R, L BEORKA L F I ¥ VR L ICHBTE 5, &
AR ORI L RS,

\ £ (/o) (C8)
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ZoOXp b, REEFUIEER f OFHFRICHHIT 2803005, JoRC, BEBLEERE
EIZRETZOT, BEOEHZRE SBRD L, BRI L KA TERIESRE (RS,

C.2 FHE#HEX%

FEE~ZRER LT L . BRTRAE—O— B a2 — VB E B 0 debh 58S % B
KLES [0, Thik. HHEP 5. BHOBLICERETEPICEREED = E 4+ P %, WHE
R L THHOBRE A LD Z L TRE 5, D = ¢(w)E I251 5 I8 BB e(w) 55

ew) = €(w) +je' (W) (C.9)
ThHx LIS, BEEICEXDNEEEY Bee ™ L5 L,

D = (¢ (w) + je'(w))Ege ™7t (C.10)
L7125, e(w) DIESHES || & L. |e|cosd = ¢ (w). |e|sind = " (w) THABND S EHATDHE,

D = |e|e?®Ege~ 7%t (C.11)

L%, THICEY, DB LTIKTMHEBEN TS Z L &R, § 2HEMBL L, L
TCRTHEER X MBI OB EREMME LTS,

e (w)
ep(w)

RIZ, BT oP~RBlER L EICHBRESE ORISR T 5 HBRAT 5, a5
Y OBKMIC LB ER ¢, OBFBEBRHFEET D L, ZOHBEOIHIC L 0 &R BOWEMBEL .,
BERERY e, K2 b, ZOB, ZhbDOEEOMAERMAa Ty EL, HHRXEE
THELUTORKR B,

tand = (C.12)

I = jwe, (w)CoV (C.13)

ZIT, CoRBEENFELRVEEGORBERTHD, O, WELEHONMMIL 90° T
TR RNVFEIHE IR,

B ERE T v~ e, BRETERE 520N Th bai i Z % & CIoE T o
ERHB, ZORMEREREYE L THAAENEZR C.10 OB LBER LH BRI,

I = jwe, (w)CoV — well(w)CoV (C.14)

b, ZOXhb, BREBENEME 2B EEBRERDBHET S, ZORMNEIY 21
Ly, ZXNVF-BHEEESNS, HHOCIE, BEEEZHRDa T o, BLTFToav s
I EADEFIPEINCHEASRTWALEZ LN,

G = wel(w)Co (C.15)

TDAVHI B ABRBBOEFANRGA—Z L LTRDL, —BCIE, a X280 2G%
KROBBIZIE, BEEFE tand 27 —F o — b EBEBET A, “hiBvws e, XC151%o
ILEEERESH,
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G = we,(w)Cotan s (C.16)
ALY ECAGE, BEBICHH L TREL B,




T &D HKBOIUVE—FUR

D.1 #EEAENX

EEGIIL, —BRHIC D.1 OEEH BN (The telegrapher’s equation) T TE 5, £hE
n. R, L. G. CIT5ITH 5 [35] [39).

g-v(:c, t) = ~Ri(z,t)~ L%z’-(m, t)
g 5 (D.1)
é;z'(;v, t) = —Gu(z,t)- Cé«gv(:r,t)
IhbET TSI AERL, BEEEK (s = jw) OFBRET D,
o N 3
EXV(X,S) = —(R+sL)I(X,s)=~ZI(X,s)
%I(X, §) = —(G+sC)V(X,s)=-YV(X,s) } (D.2)
Z = R+sL
Y = G+sC

7

TIT, Z MRS Y ) ORIEA B = R (Qfm), Y XL & ST Y ORKT Ky
22 (S/m) Thb, ERIRE (R=G=0) L LTOBEHERL, D TOBKICRD,

;LV(X, s) = —sLI(X,s)
: (D.3)
’53“;‘1()" 8) = —sCV(X,s)
XD2%XTHI—EMDT 5,
2
8? ’
sxal(X,8) = YZI(X,s)
ZIZT, UTOBFRELEAT S,
y=a+jB=VZY = /(R +jwL)(G + jwC) (D.5)
Z .
Zo=\|7 (D.6)
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7k, BHEIRE S L VP, T o SRS, B B ER Th D, \JY I TRy
YURERTOT, XOWBE 2o LT 5, ADAE, KOKICEENS,

¥4
D VX5 = yVX,s)
ox? (D.7)
92 '
WI(Xas) = ¥I(X,s)

S B D—fRIRIL,

V(X,s) = Ae="X 4 BerX }

I(X,s) = Ce "X 4 DeX (D-8)

A, B. C. DIEBIAERTHD, “hbid, ROBICEEHDH LB,

V(X,s) = Ae "X 4+ BerX
I(X,5) = \/%(Ae™ — BerX (D.9)
= z(Ae™X - BeX)

SO, AREEAEITIIC, BB YT 5, ERERET DA, M (X =0)
LRI (X =d) iCBTBV L T ERDD, 22T, MBHERE (X = o) THBEAITIL,

K00

lim Be®X = 00

lim Ae= X =0
(D.10)

X=s00
%@%Kﬁsiﬁﬁ@'ﬁ%ﬁw“f v TEFED o0 LIEAR Y B2V T, KKEOEIZBWT B = 0 TRIITRE B2
Vi BMICR L TCHRRRDT, D=0Ths, foT, BB LICIHETHEORFET 5, &
T, EFTHEES Vi, $TRERE L L L.

Vi(X,8) = AeX
L(X,s) = %6»7}{ (D.11)
BERAMEIE, @ = 010BV\C, BBHEE & BHREEZE LW (V; = V,) OT,
A=V } ~
(D.12)
%% = %g-m I _
Ly,
Vi = Ve X
I: _ Ie“"“x} (D.13)

LB, VL, DlELD L,
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=5 = =2y [ (D.14)

_[Z_ [Rret .
Zo = \/;}; =\c tjC [« (D.15)

I, w— oo lZBWTIXROFLIZ R 5,

& ?xéo ZO !i\

L
18, 2o = \[fs (D.16)
Zo tX, FERIPRBEOE JICEBRTHY ., —REBROANLRESNAMBEFGOL &0
ATHDHDT, A L E—F R LIRS,
WIiZ, A o —F o AT FOREZHAVTRD S, XD4IE, EHICKROBICERT
x5,

P U(X.s) = LLOV(X,s)

ox* (D.17)
p .
WI(X’ 8) = s*CLI(X,s)

ZIT, LCBERCLIZDWT, ROBHMEATHEBA ST AT T D,

- -1
LC = My\M, } (D.18)

CL = MAM;!
L. CI#4T5 0 ¢, B UCEEWETH N 2>, = 2T, &— FEkicB 58FE, Hia Ll
T ERT 5,

V= MQIV
i= M } (D.19)
K D19EZXDA~MAT B L, ROT— FEIROEERE BN RE S,
(X, s) = —sMylLM;i(X,s) | (D.20)
Zi(X,s) = —sM;y'CMyu(X,s)
KX D.20ITBNWT, LAFO#ICESL,
1= M;'LM;
= M-1CM, } (D.21)

UTOEEMEITIIN & OBRND, 17511 & ci3dAlbEn s,
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A= M;lLMiM}“’”CMy::lc} (D.22)

= M7'CM,M;'*LM; = cl

PLEDBIC, BEBCBOTHEREO bR EE— FERICBOTREASN LI VB SR L
LTIRY# Az, Bt A o E—F o AU FOBIokES,

Zo = \/% (D.23)

ot e 1
v = = (D.24)

TIT, 6 & o . HENOBIE L BUETHS, Thbb, BEREDATA—F [ C &
DTN D24 OBRR S 5, BREE 1 & 45 L, WFHOME BBERR ¢4 XA Iz 5,

to = IVLC (D.25)
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