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Central Tracker Meeting -
Brookhaven National Laboratory

November 5, 1992

Abstract:

Agenda and presentations of the GEM Central Tracker Meeting held
at Brookhaven National Laboratory on November 5, 1992.
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C. Baltay . ~ October 29,1992

Proposed Plan for Collaboration on R&D
and Engineering Design

Approximately two-year period - 1993 & 1994

1. Sign Agreement to formalize Phase I collaboration
on R&D effort and engineering design.

2. Consolidété '_b'réject—oriented working groups to
start collaboration

a) Ildentify U.S. and Chinese group leaders
b) Group members

3. Each working group (in coordination with overall
Central Tracker Management) should start in
November 1992 to

a) Set up schedule of short and long visits back and forth
b) Develop work plan of activities '

¢) Propose a schedule for the work plan

d) Define milestones for “Deliverables” i.e. measureable

signs of progress such as specific designs, prototypes,
test results, etc.



4. Define Subsystem Prototype program

a) ldentfy person in charge
- b) Institutional responsibilities
¢) Develop schedules & milestones

5. Sign Phase II of the Agreement

6. Develop Fabrication Plan for the Central Tracker

a) Define subsystems or tasks

b) ldentify persons in charge of each subsystem

¢} Propose institutional responsibility for each
subsystem

d) Develop fabrication schedule for each subsystem

e) Define milestones to measure progress

.10
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GEM Central Tracker R&D and Design Working Groups
Mechanical--Group A
Overall Coordinadon: R. B_a_;'ber/c. Hsu (CMS)

TASK US.A. - ' : TATWAN
ITRI Engineers Physicists
1) Silicon Tracker R.Barber % C.l. Wu - 1 A. Chen
a) Support & cooling rings, T. Thomson, R. Barber Chung-Lin Wu, Larry CC.Tang | - P Teng
ladders, etc. o
b) Support frame T. Thomson Y.C. Chen P.K. Teng
c) Cooling & gas flow R. Barber Chung-Lin Wu, Larry Tang, . P.K. Teng
Ping-Ho Sam Shih
d) Alignment & monitoring Reparber Jo Howlow |1iShinglee ' M.T. Cheng
€) Cabling R, Barber; B.Coolka | Jong-Ming Liu M.T. Cheng
| 2) IPC Tracker W, Emmet LS. Lee A. Sumarokov
a) Chamber modules W. Emmet ' Chung-Lin Wy, Jau-Liang Chen, A. Sumarokov
larry Tang
b) Support structure W. Emmet, T. Thomson _ Chung-lin Wu A; Sumarokov
c) Cooling and gas flow . Neeper " Ping-Ho Sam Shih : A, Sumarokov
d) Alignment & monitoring__|._frdiesker 3. Wamlow.  |iishingice M.T. Cheng

e) Cabling W. Epmet , Jong-Ming Liu M.T. Cheng
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GEM Central Tracker R&D and Design Working Groups
Electronics--Group B
Overall Coordination: Jim Musser/Julia Fu-Su

TASK U.S.A. ' ' TAIWAN
ITRI Engineers Physicists
1) Silicon Detector . ‘ Dave Lee ,S.Holu Julta Fu-Su ‘. - A, Chen
. T Weoll L pavon — _
a) Detectors ]. Brau W.C. Tsal L . M.]. Wang
b) Front end amplifiers S. Hahn S.W. Chang, Sebastlan ljau - S.Y. Chao
c) Digital pipeline (CMOS1) B. Cooke Steven Yang, Peter Chou M.T. Cheng
d) Readout controller (CMOS2) | ® 317*%~ 1 gran & : M.T. Cheng
e) Multichip module {(MCM) - B. Cooke Fang-Lin Chao, 1I.C. Chang, M.T. Chenfg
Mei-ling Chou
Fiber optics / Pewse Bigl its B-Coelce W.S. Chan P.K. Teng
2) IPC Hectronics [im Musser ,CBoadA  S.K. Peter Chou J. Antos
a) Front end amplifiers P, O’Connor S.W. Chang, Sebastian Ljau__ S.Y. Chao
b) Switched capacitor array C. Britton Peter Chou M.T. Cheng
J. Haun
c) ADC, Multiplexer _ |, Musser . M.]. Wang
d) A to D pipeline S G. Haller Stevep Yang M.T. Cheng
e) Readoyt controller — CBender . B ' M.T. Cheng

f) [iber optics /Pouagr Digh Ghender W.S. Chan A PK Teng

¥ . . ‘ - .
[ .
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Proposed ERSO GEM Silicon Microstrip R&D Plan

Fabricate 1lst Microstrips based on 7.93 x 4.01 8/92-12/92
cal design (minimize strip resitance)

Develop back-to-back 2 chip bonding with 12/92-3/93
S5 micron precision
Devélop rad-hard poly resitance of 500kOhm 1/93-4/93
Study effects of edée‘defects on vafer yield = 1/93-4/93 '

and strip reliability
Fabricate lst GEM specific microstrip prototype 3/93-5/93

‘Study microstrip characteristiecs (leak current, 4/93-9-93
depletion voltags, brackdown veltage,

poly resist, etc) vs. radiation exposure and

develop hardening procedures

Fabricate 2nd GEM specific microstrip prototype 9/93-11/93
Study microstrip characteristics (lezk current, 11/93-4-94
depletion voltage, breakdown voltage, '

poly resist, etc) vs. radiation exposure and

develop hardening procedures

Fabricate Final GEM specific microstrip pfétotype 4/94~ 6/ %

MILESTONES

Deliver 7.93 x 4.01 cm2 microstrip detector to Jan 15, 1993
Oregon (goal: strip res: 10 ochm/cm)
Define GEM silicon detector design Feb 31, 1993
Deliver 1st GEM specific prototype May 1, 1993
Define revised GEﬁ_detector aesign Oct 15, 1993
Deliver 2nd GEM ﬁicrostrip.prototype Jan 1, 1994
Define Final GEM detector design June 15, 1994
Deliver Final GEM Prototypes Aug 1, 1994

. 13



ReD Prototype Program

1. Silicon Tracker

a) 18 cm Barrel Ladder
b) Forward Disc

2. IPC Tracker -

a) Barrel Chamber
b} Endcap Chamber

l3. Test Beam Setups

a) Silicon ladders
b) IPC Chambers

14



E racker Su tem
for Fabrication
1. Silicon Detector Mechanical
- a) Barrel Détettor

i) ladder Assemblies

iii) Barrel Assembly
b) Forward Detector
i) Dgtector Discs
| ii) Support and Cooling Rings
iii) Two Forward Assemblies
¢) Support Structure Space Frame
d) Cooling and Gas Fléw Systems

e) Alignment and Monitoring System

15



2. IPC Tracker Mechanical
a) Barrel Region
i) Chamber Modules
i) Support Structure
b) Forward Detectors
1) Chamber Modules
ii) Support Structure
¢) Overall Support Structure and Kinematic Mounts
d) Coolmg and Gasﬂow Systems |

e) Alignment and Monitoring System

16



3. Silicon Tracker Electronics
a) Silicon Detectors
b) Front End Preamplifiers
Q) bigital Piﬁeune Buffer

d). Readout Controller

f) Fiber Optics

4. IPC Electronics

a) Front lj:nd Amplifier

b)' Pipelin*é Buffer

¢) Analog tQ Digital Cénverter
d) Reédout Controller

e) Fiber Optics

17
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October 26, 1992

Response to Proposed Action Items

From Oct. 5-8, 1992
GEM Central Tracker Meeting in Taiwan

. . _ ’

- thfv riaf:n'lnd wnrkin nga itame and a arranae
persons in charge
C. Baltay/D. Hsing Oct. 28-30, 1992

. Deliver information to ITRI such as specifications,

drawings, reports, etc.

RerBarber, W. Emmet/Chung-Lm Wu Nov. 1992
. ‘T‘u--p L TSN

. Arrange a visit to the facilities and labs in USA

Adl-engineersinvolved Nov. 1992
122 = Q““l' Lo s-A .

Provide current R&D status to ITRI :
R—Barber, W. Emmet/Chung—Llu Wu Nov. 1992
T Thowptm _A

Provide vendors information to ITRI

RBarber, W. Emmet/Chung-Lm Wu Nov. 1992
'T'“r\ptu:h

18



Group B - Electronic
1. ITRI Designers/Processors to join U.S. Vendor

Design Review Meetings
J. Musser/ 3'ul_£u Yuw-Sw Appropriate times

2. Provide Specifications to ERSO
J. Musser, D. Lee/ T, (:q Nov. 1992

3. Provide SPICE Parameters to ERSO
J. Musser, D. Lee/ 7 (:, Nov. 1992

4. Provide Vgndor Information to ERSO
J. Musser, D. Lee/ [ ;o Nov. 1992

5. Provide Current R&D Infoimation to ERSO
J. Musser, D. Lee/ Jul:, Nov. 1992

19



4 6. Provide ERSQO’s BiCMOS SPICE Parameters to U.S.

Jalca 7J. Musser, D. Lee Nov. 1992
xul (J !C onnt r

7. Fabricate Preamp, SCA in ERSQ’s BICMOS Process

8. Identify ITRI Engineers to Visit/Work in LANL,
- ORNL, BNL, U, ANTY SIAC € Ova go.

b o J RO

- W XY_e o P, . - MAe O YA
LA Mg/ Ul DalldyY WAL, 400U, 1

9. Provide TI’s MCM Spec to ERSO
D. Lee/ F.L. Clac (BRse) Nov, 1992

10. Fabricate prototype MCM at ERSO

20



GEM Central Tracker

October 6, 1992
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(in thousands of dollars)
Contact Engineering R&D Toxal
' Design M&S
1. Central Tracker (Not
‘including Bectronics)
a) Silicon Tra_cker: o ‘
‘LosAlamos - - D.lee 476 - 417 893
Univ. of Oregon’ .. 1. Brau 85 115 200
Moscow State Univ.  G. Bashind- 0 20 20
: o _ zhagyan. '
b) Pad Chambers -
Los Alamos = . - - R Barber 140 0 140
Yale Universiry . C. Raltay a4 104 T8
Univ. of Michigan- G. Tarle 55 53 110.
SUNY Albany M.S. Alam 0 40 40
c) Test Beam Work .
SSC K. Morgan 0 155 155
SUNY Albany M.S. Alam 0 40 40
3850 946 1,796
2. Cemral Tracking
a) Silicom Tracker
Los Alamos S. Hahn 560 570 1,130
Univ. of Oregon ~ J. Brau 50 50 100
b) Pad Chambers
Brookhaven P. O'Connor 120 25 145
Indiana Univ. J. Musser 85 110 195
Oak Ridge C. Britton 120 105 225
SLAC G. Haller 120 30 150
Undv. of Michigan G. Tarle 84 20 o4
| 1,139 910 2,049

22
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GEM [PC TRACKER

PRE AMP /SHAPER
160 mw

SCA/MUX
[60 mw

FADC

.0 watt

DE.COUPL ING
CAPACITORS
0O HEAT LOAD

IPC MULTI-CHIP MODULE
1 MCM/7HYBRID PER 16 1FPC CHANNELS

)

ENGIMEERING DIVISION

JAVCOOLASSY LAYER 2 9-3)-02
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ALL DIMENSIONS ARE IN mm mmwmﬁﬂinmw{)




GEM IPC TRACKER
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Multi-Track Resolution of
Interpolating Pad Chambers
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S MULTY) - TRACK RESOLUTICN

~N
OF INTERPOLATING £PAD
CHAMRERS
\J‘/\/\/\/\/\/\/\/\/“

o MOTIVATION FOR MULTI- TRACK RECONSTRUCTION

@ DESCRIPTICN OF SIMULATION PROEGRAM

@ FPROCEDURE USeED FOR 1 TrRrek , 1

CO-ORDINATE RECONSTR UCTION

o TNO TRACK RESOLUTION

THREE TRACK IDENTIFCATION

@ IMPLICATIONS ON PHYSICS KBILITY
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TWO TRACK RESoLVTION OF 1IPCs

1 @ wHyY 1S 2 TRACK RESOLUTION ImPoRTF\NT?

@ DEGREDATION OF RESOLVUTION OF TISOLATED

TRACKS wHEN MIN-BIAS TRACK NEARBY

¢ (AN WE TDENTIFY FOR €% w HEAVY JETS

e CHARGE b~ PHYsics, - PHYSICS

& MOMENTUM b~ JETS SDMETIMES VERY
COLLIMATED — HARD TO
DISENTANGLE N THE EMCAL

2. IN SlLicon , |Opm RESOLUTION | SOpm  PrTCH

4 TRACKS CLOSER THAN SOpmM  NOT RESOLVED

X OTHERWISE , VERY goop 2 TRACK RESOLUTION
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6000

4000

2000

0 200 400

e wrtwmsw R LY ) 14y % s LT iy s "o ON k-
(GE'“ C3C k- CHHMBERS) HAVE WRITTEN A

PROGRAM TO SIMULATE CSC 1N €0, CF, (s0:50)

¢ PRIMARY ELECTRONS PRODUCED ALONG
TRACK (15 /mm ) ACCORDING To H

MEASURE T
/\/\./'U\/\E DISTRIBUTION (Russm)

INCLUDES THE EFFECT
OF HieH ENERGY &- RAYS

T T
esetela et teletetelat

...

ENERCY OF PRIMARY ELECTRONS



¢ ELecTRONS STEP AWORDING TO THEIR mf P

(SSFM.) INCLUDING DIFFUSION (S‘rM/mmM\FT)

ALONG THE FIELD LINES INCLUDING EXB

OF ®x6& FilewD.
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¢ ANODE GAIN 1S FOLDED wWiTH A POLYA IISTRIBUTIO
: SN

«L'b M = ZCVQ_B 2"“"'((0/(@.) -1 + {a'/ro}

o = 2CVa /53, B, So — 6AS comsTAnT  P- PRESSURE (W&

fo 1S RADIVS

j B 1663
26869 = 5 Entries 186168
Mezn 6.5681
BMS 6.8458
15556 3
B | B Z
BAIN FACTER

IS GAIN OoF 2xi0% & PoLYA CORRE(_‘T?
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¢ CHARGE SIGNAL INDUCED ON THE PADS

ACCORDING TO _BeMd?® RECIPIE
MATHIESON'S

NOISE  OF 500 ¢~ RMS IS

o

ADDED To EACH PAD

NOISE CONTRIBUTION OF 1% OF 3SileNAL

THEN ADDED FOR C(ALIBRATION.

HOPEFULLY THE NOISE ($ CONSERVATINE

€ GEM TRAWKER GEOMETRY

25 mm PAD WIDTH

2.0 mm  ANODE -CATHODE SPACING

2.0 mm ANODE PITCH

T Onsec
@ 0% oF SiGNAL  ACCEPTED Due TO 2

(OLLECTION TIME 96



4+ ONe TRACK PROCEDURE CHUDIINN )
AN SN T T NN HPPRCAC_H?
W

¢ MEASURE "PAD RESPONSE FUNCTION FOR 4 TRALK

l "

USE ONLY 3 PADSD.012
NOISE HURTS MOST

0.008 £
IN THE TAILS IF
"0.004 —
. .
-4
pac resporse function (J)
| PLOT FITTED VALUE[ 60 | .| 1D 520
'f [ ! Entries 100
1 3 . ;
’OF Itee FOR 40 - £ Mean JpRF = 0.6362] |
{MﬂN\/ TRACKS ! RMS 0.1377E-01 |
L 420 % ’
S 1
0 0.4 0.8 1.2 1.6 2

sigma for goussicn fit of prd(3+noise)

d |

|USE  kNOWN Uppe !
3 Ogms = 0:025 t 0-002 pads,

iND FIT  FOR . = €2 % 5pm
PosiTioN 10 &
B ]

0.25 0.5 0.75 1

goussian fit to pasition using known prf

4 ASSOME PRF (S THE SAME FoR ALL TRACKS
IRRESPECTIVE OF ANGLE
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& TR LOOK AT ALL PADD  RAEOVE nncunisoe

OR, 2 LARGEST PADS

200
~ 150
- -
3; 3
- i
e B 4 ‘
+ 100 T v
R ’
% - @ L4 ) G ; L4 L
o " v ¥
50 -
RMS values from gaussian fits
@ Z2pods  ali pads above threshold
0 U B T S !

AN B TN SN T WS L s :
-0.5 -0.25 0 0.25 0.5

position across pad (pads)
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200

100

I RMS values from gaussian fits
/\/\/\A/\./\N\N

L 2 pads oll pads above threshold ist moment ..oy
® v %

At &

o+
4@
-+ -&

S 0 ¢
~ T 4
O
T a
© .
-100
} Cd
200 05
@ ==HIFTS
EXCEPT

-~ :

Y N R R ST T S S NN T TS R
-0.25 0 0.25 0.5
position across pad (pads)

ARE SMALLER FoR GAUWSSAN FITS
D e

AT CeENTRE & EDGES

ST B TR . .
Al . - . .



@ run OINGLE IRALADY | DYDIEMATIC OFFSE'3S CRN

L
EASILY BRE uNbERSTOOD/ § REDULCED (NOT EmeATED)

0.016 -
5 CONSPIRACY ©F 0.012 -
END PADS CAUSES .o C N
SHIFT o LEFT N mm\\\\ \\
THIS CASE - 0.004 - v \
LEsSs SEVERE IF E \ ] '\\\‘\\\\ \\ R '
WIMPY PAD 1S USED ¢ -4 -z 4
ped respense funetion (3)
C.01¢e l
IN SOME (hses, ..o °
2 PADS ARE TR
~» BETTER, BuT 0.008 -
MOSTLY WHEN ¢.004 -
TRACK IS BETWEEN C: :
PADS. -10 10
[ A GECD TNDICATOR (S RATIC OF

PEAK CHARGE
3 DUM  CHARGE

FOR ALL PRADS ARRBROVE THRESHOLD

(T used  0.001pC | 4 x NoisE )
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@ BIGGEST IMPROVEMENT IS FOUND AT +0-5

(TRACK Goes BeTween Pﬁbs)

USING 2. pPADS ONL Y

|
L]
thn
Lo
.
(@]
(s
3
L)
1)
[ )]
ho)
Q
L]
(]
[ 4]
111
b}
Fall
1
L

f@“'-‘."-]
R RN

1)
i

TR

Sy

1

N

R
>,

N
ha A

=
- -
1
A L
o r
0.2 0.7

A DIFFERENT APPROACH IS TO FIT THE cenTeR

OF GRAVITY

RATHER THAN GAUSSIAN , TO

SAME  PADS

M, My = 2, 9;



1' RMS values from 1st moment calculation
T N i S N N N vy
400 -
2
200 — &
S 0- = ¥ 8
x : o * & 5 > |
s :
o L e}
©.200 - s
3 f
i ]
r . 5
-400 -
- (1 2paods g cll pcds cbove threshold
T R P R T
-0.5 -0.25 0 0.25 05

position across pad (pads)

& USING ALL PADS, ZX(CURSI10NS ARE HORElFlC!
LA W Ny e,

@ USING 2 PADS, MucH EASIER TO CORRECT |
62



200 + 1
- % : i
150 - * I
] : & & LT
—~ | |
E - i
3 - i
~ B = =
- 100 ,_ T | |
S s s
E ! T a7
S :
& & oo ; W oo
O 50 + . B
: RMS values from 1st moment calculation
: & center of gravity (3/4) & centre of gravity (2)
O PO T S S S A S T S A ST R T T O SO S S S S
-0.5 -0.25 0 C 25 0.5

position across pad (pads)

€ (ONTRIRUTION TO RESOLUTION OF SYSTeMmkTIC

SHIFT UNCERTAINTY MusT BE ADDED IN
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GRAUSSIAN (ALL pADs )
WIDTH “TOM

DISPLACEMENT lS,u.

SAUSSIAN (2 PADS)
WIDTH ”1‘0,4

DISPLACEMENT (5'(

MCMENTS (2 PADD)

200
N1DTH F
DISPLACEMENT 50,4
McHenTs (ALl eAdS)
0
WidTH r
NSPLACEMENT 25}‘
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5 TWO TRACLK RESOLUTION
/\/\/\/'\./'\_/'\/\/\/\_,‘—\-r’"\

® FIRST 9?PROBLEM IS TO IDENNEY THAT

THERE ARE 2 TRACKS

@ WHEN TRACKS ARE SEPARATED B8Y

> V2. PAD , SHAPE DIFFERENCE 1%

arearenT + dE . «* TEST ALsc
A X

@ < /2 pAD SEPHRHTiON, ONLY %LE-
X

1S AVAILABLE

@ FIT To Two GAUSSIANS OF widTH

<
X '_.xg

Ae” ;éﬂ)t-}- Be” ""-?E-r)
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@ RESULT OF FTITTING TWO GAUSSIANS

NITH

KNOWN Ope  VIELDS TWO $0stTIONS

—_
N
O

S b s

qu= 137 2 l?r

m
O
l_l'

L

: __:x') = "'.427‘2 00F

1

40

B B | —T"I_

Ax =z 1.0 ped

Ny Oacle2rlep
{gre cy2F 2000

30 -
;U}=551: S)k

x> s —. 085+ 002
20 ~ !

0; = 5525k

10

L B B Bt B I"'l"‘l R Bat Ij

§
g Ax = ©-25 pads
A

%7z 6.085 £ 000 pady |

08 04 0 0.4

goussian fit to position using known prf

€ A SYSTEMATIC OFFSET 1o APPARENT

CAN

PROBNBLY BE (ORRECTED FOR

66
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SUMMARY

200

—
18))
o

81
o

resolution (um)
a—r
o
O

o

0.1
£0.08

x

= 0.06

{
—
)

© 0.04

o

[1B)
f 0.02

ads)

x 0:.

6 OFFSET

4 SYSTEMATIC

eF TRACK SEPARATIEON

Vs RESOLWTION

OFFSET
E_ N
o 05 1 15 2
separation of tracks (pads)
C }
: + |
5 ¢
3 \
- !
o 05 . 1. 15 .2
separation of tracks (pads)
NEEDS T© BE UNDERSTOOD
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35 TRACK RESOLWTION

® WHEN TRACKS ARE SEPARATED RY

MORE THAN ONE PAD | EASY TO

RECOGNISE

R

@ [NHEN TRACKS ARE (LOSE TOGETHER

NOT SO OBVIOUS — LOOK AT TOTAL

CHARGE ON ALL PADS ABOVE THRESHOL]
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60

1 tvack

40

20

/A”////,_,-Q“m <
Y]

T 0.02

Thedidtd = -002
2 ek
10
y
3 tvacho
Eﬁ s 1.4 0
i
NN
AN
AR
\ \\\\\\\\\\
¥ VAN uE L
NIAAEWY
KN N\ \ ‘T\V\ NN ‘ ‘]\
0.04 0.06 0.08 0.
sum charge
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160

1 track @ 2 trocks 3 tracks

120 - '1

40 r

h

]

0 002 004 006 008
total charge/8 in 8 layers

TCTAL_CHRRGES, PS
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24
20
16 L
12
8
r
4 = N
@; &\\\& |
01-‘--f'-'-Q‘33_\\\&\&\\\\\}\\\“&1.|..15‘-‘-!-.-:I
-4 -3 -2 -1 1 2 3 4

gaussian fit to x1,x2,x3 using known prf

@® THiIS Loeoks LIKE THE LIMIT OF MULT! ~ TRACK

RESOLUTION

o QO%E(, IS A VERY POWERFUL TeoL FOR 3-PRONG
T DECAYS

® MAKE SURE ELECTRONICS DYNAMIC RANGE

IS uP To THE TAsK




b. PHYSI1CS TIHMPLICATIONS
/\/\/\/\/‘\_/\_/—\_,/\-

@ SIGNAL TRACKS ARE AFFECTED 8Y A
NEﬂREﬂfk MiN-BIAS OR SIGNAL EVENT TRACKS.

| ——| o 2o > UL |
~N\Y, OF TRACKS 500 & J/7 716y l
PRE DEcRADEN '4
moé— é
| 0 — 3 e« 5 8 7 8 3 10

.\
\/\ neigh bors

]
/o ARE LoST

o N O 3
n I
DEGRADE ]

1 2 3 4 5 6 7 & ¢ 10
neightors
Gk
NEARBY MEAND INSIDE 3F  PADS
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® FOR b OR £ JETS ..

LooK AT ALL TRACKS ABovVE 1 GeV

500
[000 £ JETS
400
300
200 I
i
100 F | z
C | |
Otl: '''''''' IR A AR AT AN AR AN T AT N A AN SRR A | ;'-_H_"'"
0 1 2 3 4 5 6 7 8 9 10
neighbours
ESTINATE!
o ~ 2/3 oF T JETS Swould BE

COMPLETELY RECONSTRUCTASBLE

lE
—— S IMPORTANT TO RECOGNISE

2 olx

g MEASURE # TRACKS IN A JET .
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1. (CGNCLUSICNS
/W\/—\_/'\_/‘\_/'\

@ L TRACK RECONSTRUCTION S DORABLE:

RESOLUTION 1S .DEGRADED AT WORST

AU  FACTOR 2kR3 , AT REST NOT AT ALL

# 3 TRACKS VERY CLOSE TDEETHER CAN
R RecoenizZED BY dE AT LEAST A

p)
dx
LARCE TFRACTION OF THE TIME

& IT 15 RETTER To FIT TO - REAL FuNCTION
RATHER TeHAN ExUsSSieoN — CAN ONLY
_ OANAAS—
IMPROVE  MATTERS
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Presentation by:
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PULSE PROPAGAT oﬁg

EIM MooeL.:

N

G Pad ~ 50N/
Cimp ~ 10DKS[cam

. Cs =~ bpflem
7 Co ~ ISyFlem

o

NeAsuneEwewT oF  OfAL /m/cn’ou STRiP PET:

fmet = 9"“‘/¢M ‘F"l- W FumX (Dam
’ Sfﬂ',

FoR 24 KiSu steip P~ 2L Nlem
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wtixy

240f 1
sl [} |
_f \ ——80V close
N = ==-80V far —
Co. 60.0 Il NS '
3 S H SO il 3
’ - ! \H‘\“l"'h
. 0.00 frtnma ‘ \-\—‘."_Ta.q.i
R I
: P ) 1 1 L ' 1 1o
R 15 25 35 45
Time [ns] :

Fig. 2. Pulse shapes from an IR laser close / far observed with the Hamamatsu detector.

~)
iy 240
180 .80V close
20—
RPN
I / \\\ |
'/ |
0.00 ;
[}
5 15 25 3s 45
Time [ns]

Fig. 3. Simulated pulse shape of the Hamamatsu detector with pubse close 1o aad far
from the amplifier with R, = 100 §1/em.

(SALTA cRuz ... )
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PUSE SHAPES AT AMPLIFLER 1RPLT

! T T T T

e L TPTE

Sieits T 210 8 310 TS $10}

toug o8 = Jous Yous Seas
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e o
-
-
P
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R 1
°% 1-10 ¢ 2-10 & 310 3 4y 2 5-10 1
oAs zons T Johs Yoas SVns
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CIRCUNT SIMULATION

QETECTOR ©

7
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U e
! e ‘
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a

AMPLIFIER [COmMPARATOR : PERC ¢lfesSin v riee,
4 |

b : o V)

® FUMINATES TimE ALK

PrRoBLEWN | - !
TRILLEE NETE

e
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ns L Pz

RIS

Sangkoo Hahn/10-15-92
Summary of Simualsations, 12cm vs. 18cm

1. For a lumped detector capacitance, zingle-channe! strip, with 16ns square input current pulac (This has heen the
traditional setup to define amplifier performance ),

Det. Capacitsnce Nolse Xquiv. Charge - Time-Walk
(6k - 43k clectrons)
15pF .1620 electrons RMS Sns (
T -

8 t ) 'i N

v, ¢

2. For 3-channel distributed R-C strips with sepliffiers, and with 16ns aquare imput pulse (This is the moise that we

expect at the amplifer output, and shoald be the base of determining the threshold levels),

Det.Length  Noise Equiv. Charge Time-Walk
A2m - %0 [ 57 not measured
" 18em 605 ¢+ -7 not measured :

3. For 3<channe! distributed R-C strips with amplifiers, and with realistic input pulse waveform (resudting m charge
sharing among adjacent chammels and with emplifier noise feedback as in ease 2, see note 3

- .
Det l.zEg.th Noise Equiv. Charge Time-Walk
(Far/Near-<nds) (Far/Near-ends)
12cm 254012210 13.7os(no 6k triggery10.2mu(a0 6k trigeer)
Threshold = 5000 dectroms (3x1620) !
- jo=
18 355012710 ! 9. Ins(no 6k, 9k, 12k triggery9.Ons (no L
Threshold = 6250 electrons (3:2070) [ )
R
Notes: N AL

-

1. The thresholds used for the time-walk measurements were based on the equivalent aotsc of 2 hesped, single-
channe! arrangement, which is a lot more optimistic than the distributed case. 1 used the jower mambers because | fiekt
that the simulation results may not be very interesting, with only a few input charpe pulses tnggering the LD, if the
more realistic munbers (besed on the noise of the distributed case) were used.

2. This simulation is solely based on nominal transistor gains as an expected beginning-of-ife performance. Both
noise and time-walk figures would certainly degrade with doses over the life time. R is ot simaple 10 show how much
degradation we should expect since there is no accepted radiation damage curve on these mew serics of ransistors
except that some transistors Jose the current gain by more than s faclor of two at 100uA of collettor current at of
around IMRad.

3. The termination of neighboring strips with amplifier inputs contribules additional noise through (what Berkely

people call) noise feedback; essentially, the noise voltage at the amplifer output node injects aoise currents into
adjacent channels through feedback capacitances.
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FRUWALENT NOISE

SIMPLE MOPEL ¢
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Custom Bipolar Integrated Circuit Designs for the Front-End Electronics of the Silicon
Tracker Subsystem for SSC-GEM Detector

Sangkoo F. Hahn and Maureen M, Cafferty
1 Los Alamos National Laboratory, Los Alamos, NM 87545

Abstract

Extremely high radiation background (up 10 5 MRad over
a 10 year lifetime), 8 large number of channels (3.2 M), high
speed, low noise requirements (1250 elestrons RM3), and low
power consumption (1 mW/channel), present a formidable
challenge for front-snd electronics of the Silicon Traoker
subsystem for the $3C-GBM (Gamma, Elesiron, Muen)
Detector. Simulation results from the bipolar designs for an
analog integrated cirguit to process sharge Inputs from stlicon
sirip detectors are presented using ATRT and Harris
transistor models,

1. INTRODUCTION

The decision was made ecarlier that a bipolar 1C
technology was to be used for the processing of the charge
signals from the Si-srip detectors (o meet the noise, speed
and power requirements. The main function of 1he bipalar IC
is 1o make an unamblguous logic decision of either hit or no-
hit per every beam-crossing (with a period of 16 ns) for every
channel based on the amount of charge collected from the
strip deectors. Due (0 the low occupancy of less than 1%, the
dead-time of the circult operation between events can be as
much as 150 ns. The design features and the mqlor
simulation results are described.

- 11, DESIGN FEATURES

The preamp uses the familiar cascode configuration with
an input transistor geometsy of threo times the area of the
minimum geometry transistors to reduce the nolsg from the
base spread resistance, The feedback resistor and capacitor
set the shaping time of 30 ns. The feedbuek resistor iy made
as Jarge as possible for minimum noise contribution while
remaining small enough to maintain reasonably constant blas
conditions, which ars sensitive to transistor gain ohanges,
over the Ilfetime of the system.

The intermediate amplifier ia & minimum component
stage which is very sensitive to the bias level at the base of
Q22, The resistors, RS and R6 are adjusted for maximum
possibis gain without pushing Q22 into ssiuration. This
maximizes the signai to nolsc ratio from this stage (Figure 1),

The shaper/bascline restorer stage has a ciosed loop gain
of about eight, for the signal, with a signal swing of about
40 mV for a 6000 electron input charge. The baseline
restoration circuit causes some noise degradation but has a
crucial role of stabilizing the DC bias level of the input node

105

to the gomparator, Without the restoration, the drift of the
DC leysl would present a serious control problem to the
cirouit opemilon (Pigure 2). The comparator design is
siralghtforward with a diffsrential-pair input stage followed

by carrent-mirror amplifiers for current output (Figure 3).

EROM
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Fig. I Preamp & Intermediate-stage amplifier
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Fig. 3 Sohematio for semi-custom layout utllizing the AT&T ALA110 tils array

HI. SIMULATION RBSULTS
A. AT&T Tile Array ALAL10

Simulations were performed using models from the
ATAT CBIC-VY process. A design based on the ALA110 tile
array models will be submitted o ATET for semi-custom
fabrication, and the chip will be tested when available. The
schematic and the pinouts are shown in Figure 3. The lile
array is for small-scale applications and contains minimum
area geomelry (ransistors of 32,5 x 47.5 um which are too
large for the final design. The final design will be based on
smaller geometry transistors.

Simulation results using MicroSim's PSPICE were
obtained for charge inputs from 6GOO electrons to 48000
electrons, The current source simulating the waveform out of
a 300 um thick PIN diode {1] ia shown in Figure 4,

129 e ——
!
100
f #00.0n l\ 1
800, On F]
o N
e \t - 1
aa ——
! Ton T™e *v E ' R
Figure 4

Simuations were run for strip longths of 6 cm, 12 cm, and
18 cm with nominal transisior current gains for beginning of

life and low current gaing for assumed end of life
performancas, The strip detector was simulated using lumped
slomants with three stripa and throo amplifiers in paralel as
shown in Figure 3 [2] to reflect ooupling effects belween
adjacent channeln,

STRIP DETECTOR EQULY, CIACINT § CM SECTION
AODITIONAL SECTIONS ADDED FOR 12 CMt AND 18 CM :
M e RE e N4 ma 1N
[ 4 - 1' 1.’ 2 r E - 1 1'
ml [l Tom] Jas] Tom] Val o
0 fnfa fudn fafdn fnda e fim 3 :
-7 7 s b 4. 7 [} ©2
1 4 1 T, r i &/ m rhn
u YREentjevhent vt ouevn evhevm Yevie & [rRASSRE. :
~ Ao yy
o
A » ™ e i ] -

N S
Figure §

Simulation resulis between using ATET mibcircuit models
for {he resistors and capacitors and uging ideal resistors and
capacitors were virtually identical, but the noise performance
was  about 8% worse for the subcircuil resistors and
capacitors, The simulaton times for thres amplifiers .
utilizing all subcircuit models were much longer than
practical, therefore, ideal resistors and capacitors were used
In all subsequent resulta.

Typical signals at the input of the compmtor for. 12 cm
sirip length, near end injection are shown in Figure 6 while
the comparator outputs are shown in Figure 7. Note that the
time-walk is measured at the failing edge of the comparator
output waveform to take advantage of the psecudo zero-
crossing time pick-off effect.
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The simulation results are summed up in Table | for
beginning of lifetime and end of lifetimo. Small signal
smplitude, time walk, and naise results are shown for 6 cm,
{2 cm, and 18 cm detector strip Iengthl le amplitude wag
measured for. the 6000 olectron input. Time waik was
measured for 6000 to 48000 electron inputs. with a
comparator threshold level set to 60% of the small signal
swing for each detector strip lerigth. The noise was
calculated at the input ta the comparator.

B. Harris UHF

Simulations were also performed using models for Harris
UHF small geometry transistors for 12 cm and 18 ¢m detector
strip lengths.

The neise for the 12 ¢m far-end was 2340 electrons nnd
2210 electrons for the dedr-end. The time walk was 13.7 ns
* for the far-end and 10.2 ns for the near-end with the
threshold level equal to 5000 clesirons (no 6000 efectron
irigger).

‘The nolse for the 18 cm far-end was 3550 electrons and
2710 electrong for the near-end. The time walk was 9.1 ns
for the farrend (no 6000 or 12000 electron trigger) and 9.0 ns
(na 6000 electron trigger) with the threshold level equal to
6230 elecirons.

ﬁ.&h_
T
™.
@_ﬂﬁ I
soM] 10 1.4 18.4 2.4 Fr )
Table 1

IV. CONCLUSION

A preliminary design for the front-end electronics for the

~ Sificon Tracker subsystem for the SSC-GEM (Gamma,

Electron, Muon) Detector has been simuiated and will be
subsnitted to AT&T for s¢mi-custom fabrication.

‘The results show excellent beginning-of-life performance
and acoeptable end+of life performance (10 year lifetime, 5
MRad tota) dose) for required time walk (<16 ns), with the
given power (1 mW) for a 12 cm detector strip leagih, but
clearly degraded performance at 18 cm lengths.
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Study of Pad Chamber Perforance

Yen-Chu Chenl'z, Melin Huang® Alezei Sumarokov!

L fnstitute of Physics, Academia Sinica, Taipei, Taiwan 11529, R.0.C.

2Departmen£ of Physics, Nutional Cheng-R'ung Untversity, Tainen, Teiwen 70101, R.O.C.

Abstract

A simplified pad chamber geometry with a width 2.5 mm along the anode wire
direction is used to study the pad chamber performance. From this study it is found
that 40 pzm hit position resolution and 1.8 ¢/TeV momentum resolution are achievable

-2

when signal over noise ratio is 200 and with 103#¥em~?sec™?! luminosity.
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Appendix 3.1
Study of Pad Chamber Performance

Alexei Sumarokov', Yen-Chu Chen®?, Melin Huang?

! Institude of Physics, Academia Sinica, Taipe:, Taiwan, 11529, R.O.C.
3 Depariment of Physics, National Cheng Kung University, Tainan, Taiwan, 70101, R.O.C.

R

We employ a simple geometry to study the pad chamber performance so as to inves-
tigate the dependence of hit position resolution on Signal/Noise ratio and the two-track
resolution. After simulating, we found that the hit position resclution can reach 50 pm
when Signal/Noise ratio is about 300 and the two-track resolution can be as good as about
0.5 cm , the size of one pad.

Considering two tracks passing through the pad chamber, we uce two wayps o cbtains
bit pesitions. The first one is the cantar of gravity with SIN correction 2zd the second
ore is non-linear fit. The center of gravity is a very efficient way to obtain hit position.
However, there is a systematic error one need to take care, that is, the hit position
calculated by the center of gravity is different from the real hit position systematicaly. If
the track hits at the edge or at the center of one pad, the difference is close to zero; but
when the track hits at the 1/4 of 3/4 of one pad width, the difference is largest. The shap
of this difference versus hit position looks like a sine wave. In using the center of gravity,
one thus should calculate the SIN correction first and use these data to correct the value
calculated by the center of gravity. The 50 um accuracy was achieved at Signal/Noise
about 300. Here, we used Gaussian distribution to simulate the noise. Fig.(la) aad
Fig.(lB) are the resolutions of two tracks calculaied from the center of gravity with SIN
correction. The secord one, non-linear fit, is the fit of four parameters, 2 x0 and 2 gt,
where x0 and qt are the hit position and the total induced charge of one track respectively.
After non-linear fit, the resolutions are shown in Fig.(22) and Fig.(2b) respectivly. As
shown in these plots, the track resolution is greatly improved from about 130 pm to 60
pm after non-linear fit is applied.

With the fit, we next calculate the R.M.S. and FWHM of the track resolution in
several delta x bins. Each bin is the same size as half pad. The result is shown in Fig.3,
where star sign(*) and circle sign(o) represent R.M.S. and FWHM respectively. When
* the two-track distance(dx) is greater than 1.25 cm, the resolution is as good as about 50

um. However, it is getting worse when dx is below 1.25 cm and is higher than 200 um

when dx is less than 0.5 cm.

We finally turn into the study of efficiency. Ten thousand events were thrown uniformly
with respect to two-track distance as shown in Fig.(4a). After reconstruction, about eight
thousand events survived and the distribution with respect to dx is shown in Fig.(4b).
From Fig.(4b), one can see that the efficiency is close to 100 % when dx is greater than
about 1.5 cm and the efficiency is down to 50 % when dx is about 0.5 cm.

From the current study, we would say that the track resolution can be 50 pm at
Signal/Noise ratio about 300 and the two-track resolution is about 0.5 cm with 50 %
efficiency. We still try to develop another algorithm to improve the two-track resolution.

112

} oo
ol

R

4,
O
iy G




0.i. A emple gtometny

. 4 %/mmw eackh witd rodive 3% 95§ ,
£5. 401, 56960 and 64 378 om Mf:ec&'va%_

Fack ac?,!ondm w Qa ﬂafer/‘_z/ver' of Two
pad chambers arperelld &y 2 om.

= L? Ca's}s"'."" Fno e Aoiad 4
ég,[) ofl s 7 x /0.-&

113



0.2 Semulation of c}large distribulien on pads
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Correction of Center of Gravity
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Track and Momentum resolution
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2.1. Calewlalion of Momemtum
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Acadermia Sinica
Taiwan

GEM CT Simulation

o Physics goals of the central tracker

o Geant CT Simulation program

e Pad chambers study ( plane geometry, efficiency, momentum resolution )

¢ CT Geometry ( 8MD, Pad chambers )

e Calorimeter, muon system - interface to FAST1 |

o Hits, Digitizations, Pattern recognition | .
. Single particle, pile up, Higgs event ( momentum resslution ) '

o Material budget: SMD, PAD chambers, electronics, cables, cooling system, g'aé
enclosure ' :

¢ Higgs study, efficiency of electron reconstruction

o Higgs to vy
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2 Phy.sics Goals, Design Parameters, and Detector
Performance

2.1 Physics Goals of the Central Tracker

The physics goals for the central tracking in GEM can be divided into two

categories. The first are those features that are required to support the primary
objectives of GEM, namely the detection of gammas, electrons and muons at high p,.

Some examples of these are:

@ Identify the primary vertex of an event of interest, so that it can be
separated from other pileup events in the memory time of the
detector. '

o

® Separate electrons and gammas using the presence or absence of a

charged track pointing to an electromagnetic shower in the
calorimeter,

. @ Provide track information for e,u or ¥ isolation cuts, and to help with

rejection of conversions and Dalitz pairs.

@ Help with electron-hadron separation by providing a momentum
measurement that can be compared with the energy rdeposition in
the calorimeter.

@ Help with rejection of background by matching the muon momentum
measured in the central tracker with the momentum measured in
the muon chambers. ' :

® Determine the electron sign up to 400 GeV/c.

The tracker should be able to fulfull these goals well at the design luminosity
of 10%cm?s?. These capabilities should also survive to luminosities up to 10*cm™s™,
These minumum goals do not require full pattern recognition, but can be met by
‘looking for hits in the tracker in a specific road extrapolated from the calorimeter or

t

the muon system.
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LDRM specifications
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“1PC MODULE ASSEMBLY
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