
GEM TN-93-346 

GEM Electronics Design Review -
SSCL 

February 24, 1993 

Abstract: 

Agenda, attendees, and presentations of the GEM Electronics Design 
Review Meeting held at the SSC Laboratory on February 24, 1993. Goals 
are to present the design requirements, conceptual design, R&D issues and 
preliminary cost, schedule and manpower/resource plans for the GEM 
electronics subsystem to GEM management and selected outside reviewers. 
The presentations and review should be a midcourse correction for the 
GEMTDR. 
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GEM ELECTRONICS DESIGN REVIEW 

Wednesday, February 24, 1993 

SSCL Room Bl25 

GOALS: PRESENT THE DESIGN REQUIREMENTS, CONCEPTUAL DESIGN, R&D ISSUES AND 
PRELIMINARY COST, SCHEDULE AND MANPOWER/RESOURCE PLANS FOR THE GEM ELECTRONICS 
SUBSYSTEM TO GEM MANAGEMENT AND SELECTED OUTSIDE REVIEWERS. THE 
PRESENTATION AND REVIEW SHOULD BE A MIDCOURSE CORRECTION FOR THE GEM TDR. 

Reviewers: 1. V. Radeka, BNL 
2. P. Lecomte, ETH, Zurich 
3. Person from Lecroy Corp. (Farr/Lecroy) 

(Outside reviewer) 
(Outside reviewer) 

DRAFT AGENDA (see notes below) 

9:00 
9:20 

10:00 
11:00 

Overview of GEM Electronics 
Silicon vertex front end 
IPC front end 
Calorimeter front end 

Marlow 
Mills/Hahn/Cooke 
Musser/O'Connor*/Britton 
Parsons/Rescia/Sippach 

12 :00 Lunch 

13:00 
14:00 
14:40 
15:20 
15:50 
16:10 

Muon front end 
Calorimeter trigger 
Muon trigger 
DAQ 
Rack Design and Placement 
Grounding and Shielding 

Marlow/Wixted/Varner/Pinsk'~ 
Cleland/Crosetto 
Atiya/Liu 
Bowden 
Freeman 
Lau 

16:30 Review committee executive session 
17:30 Committee and GEM management meet for preliminary findings and 

discussion. Electronics group principals may need to be present. 

18: 00 Adjourn 

Notes: 1) First person listed after each each talk is responsible for time and 
topic assignments for the additional speakers. 

2) *Paul O'Connor will cover all IPC and csc preamp work in his talk. 
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Presentation by: 

Sangkoo Hahn 
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Silicon Tracker Electronics 

(Cost, Schedule, R&D Issues 
+ 

Bipolar Chip Design) 

2-22-93 

Sangkoo Hahn 

Los Alamos National Laboratory 
Box 1663, MS-D448 

Los Alamos, NM 87545 
(505) 667-2507 
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Agenda: -
1. Sangkoo Hahn 20 min -System Overview 

Cost and Scheduling 

Bipolar Chip Development -
2. Bradley Cooke 15 min 

Systems Design 

Digital Architecture -
3. Gary Richardson 5 min 

Multi-Chip Module Development .. 

-

-
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Siliicon Tracker Electronics 
Design Requirements 

Operation in High Radiation Environment (5MRad total dose) 

0.8 Tesla Magnetic Field 

Single Bunch (16ns) Time Resolution 

Single Sided Strip Detector Operation 

Operation With 1 Bcm Strip Length Detector 

Digital Level 1 Buffer on Detector {up to 4 ~ts) 

Single Channel Occupancy .001-.01 for 1033.1034 

Electronics Noise Rate < Rate From True Hits 

Power per Channel < 2 mW 

) 

• 

,. 
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Silicon Tracker 
Electronics System 

Architecture 

~ilicon Strip Sensor Slgna 

t 
Bipolar Ampllfler/ 

ShaperJComparator 

' CMOS-1 J 
Digital Buffer 

andCompresslon 
Cable 

'' Harness 

-CMOS-20 
Controner --

tt 
Clock and Trigger 

Optical Data Unk Distributor 

I 

--

I 

~Voltage (62MHz ,125m Multi-Mode Fiber} 

l 
nd I 
Power -• 

I Clock ; 
I 

I I Input FIFO 

Level1 t ' 

I 
I 

Level 2 Buller I Level2 
I 

Dm Acqulelllon System TrlggwS,.t•m 

• • • • 

Slow Control 

" System 

Lev•l3 
end 

M•uStonoge 

• • • • 
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System Components 

Front End Electronics: 
• 

Multi Chip Module 
Bipolar Chip 
CMOS-1 
CMOS-2D 
CMOS-2A 
Optical Data Link 

(chip support and interconnect) 
(Analog amplifier and comparator) 
(Level 1 Bufferin(J and Data Compression) 
(Data Transmission and Housekeeping) 
(Analog Housekeeping) 
(Data Transmission to DAO) 

Data Acquisition: 

Rack based system for receiving F/O data 
Level 2 Buffer 

Services 

Cable Plant on and off detector 
Bias and Low voltage Power Supplies 
Slow Control System 
Test Stations 

. . 

) ) ) 



SUBSYSTEM: Electronics 

WBS No.: 50.02. 2.1 

wes Descripl.: Si-Tracker 

wes QTY: 2091 (incl. 5% spare) 

WBSUM: MGM 

WBS No. Item 

50.02.2.1.0 Bipolar 
50.02.2.1.1 CMOS-1 
50.02.2.1.2.1 CMOS-20 

..... 50.02 2.1.2.2 CMOS-2A 
!\:) 

50.02.2.1.3 Mulli-Chip Module 

50.02.2.1.4 Fiber Optics 

50.02.2.1.5 Power Supplies 

50.02.2 .1.6 Cables 

50.02.2.1. 7 Test Slation 

50.02.2.18 Dala Acquisition 

50.02.2.1.9 Clock Distribution 

50.02.2.1.10 Slow Control 

Sub Total 

• 

• • • • 

SSCL GEM DETECTOR 
SUCCESS COST ESTIMATING INPUT FORM 

Labor Material DGA 
375,753 1,291,860 533,636 
475,002 1,282,080 667,691 
272,376 201,439 108,978 

199,926 156,588 103,389 

255,000 794,580 304,378 

227, 177 702,710 204,575 

80,039 72,000 21,285 

211,178 450,465 132,329 

220,051 92,000 43,687 

201,352 393,750 119,020 

158,426 154,000 68,734 

194,526 55,000 32,438 

2,870,806 5,646,472 2,340,141 

TOTAL 

• • • 

Item Total 
2,201,249 
2,424,774 

582,793 

459,903 

1,353,958 

1,134,462 

173,324 

793,972 

355,739 

714,123 

381,159 

281,964 

10,857,419 

• • • • 
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SUBSYSTEM: Elccllonics 

) 

SSCL GEM DETECTOR 
SUCCESS COST ESTIMATING INPUT fORM 

(Nole: These numbers were arrived al by using less than optimum labor quantities compared lo 
the SSC9305 case. 2091 MCMs were used in the calculation. 
This is the version given to Dave Lee on 2-11-93. ) 
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OP 

CMOS-1 

CMOS-2D 
I-" 
..;::. 

CMOS-2A 

MCM 

OPTICS 

• 

SSC/GEM SILICON ELECTRONICS 

MILESTONES 

/7~r-----------;~;c;~-;;;l~~------------r------------------------------------------------------

////4J ___ ---LA~OU~·_!R_~1:_~ 
2.Z(",,.(,£',//:l VHDL DESIGN • 

- -- - - . -------I -- ----~~~~-~;Sl~-N --- --,- - - -- - - - ------------------

1 LAYOUT, PROTOTYPE, FAB & TEST I 
1 ---- ;~;L-;;;-;~~l~N-- ---r---- - --- - -- - -------------------

[_ LAYOU'T._ PROTOTY_PE,_ FAB & TEST I ----r------ -- ~c.; ;ESI;~ - --- -,--~-~ 

o/7/,7/,m--m--1 --~~~,.;-;, ;;,,;;GN- - Tmj -MC_M FAB' LADDER ASM • TEST I --
///// ffi I PROTOTYPE, FAB & TEST I 

92 93 94 t t f t f gt 96 

• • 

BP 
SPICE 

LIBRARY 

• 

VHDL 
TECH 
FILES 

MCM A&D 
LAYOUT CMOS 
RULES LAYOUT 

RULES 

• • • 

A&D MCM 
CMOS FAB 
FAB 

• • 

t 
DELIVERY 

• • 
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st-tact• S.clronks lt&D Tolal 

8'poklr D•..topm•nl 

Purchaie Order 

CMOS-1 and 20 O.v.ioplnl'nl 

Purchase Oorder 

AIMr-Oplc1 0.fflopm•nf 

PU'ChaMt Order 

MCM proof.of.pr1nclpt• dewlopm•nt 

Purchase Order 

CMOS-2A 

P1Jchase Order 

l•sf station and Cabl•• 

Purchase Order 

_ ...... )11 I I .... .._.,~.._. I 

SM Tech 

150 

labor Coll 
Man-Vr Rate Total 

11•1 '"' 
5.75 

I 

0.5 150 

0.5 110 

15 

I 150 

1.5 110 

0.25 

0.125 150 
0.125 110 

0.75 

150 

0.75 110 

0.,25 

0.125 150 

0.5 110 

0.,25 

0.25 150 

0.375 110 

,. ......... , .................. >-·- .............. ~ ...... 1--. ' ............ I ) ' 
, 

2/22/93 

110 

l'roc:ur•m•nt ,..., 
($1<) 

m "' 170 

uo .. "" 
1S • 
55 

30 30 Semi-custom foundry lobrlcallon 

"' •• ... 
150 150 

165 ••• .. .ts VHOL design and layout servk:e lor CMOS-I, 20 

" 12 •• 

" 19 

" " 12 12 Connectors. Tranieelven hybrid .. •• 12' 

83 ., 
'3 .. 3 MCMorder 

74 15 It 

" " 55 55 

15 I S fovnry tobrlcalion 

" 12 t1 

" 38 

" " 12 12 Control computer and software 

Page 1 
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SI· hack., BKtronk:• a&Dtolal 

ltpotar Proot-ol-rrtndpl• O.v 

Purchase Order 

CMOS-1P·o·P Prototype 0.v 

P\#'Cho«I Oofder 

CMOS·2D P-o·P Prototype O.v 

fllMr·Opkt O.velopm•nl 

Purchase Order 
MCM P·O·P O.wtopm.nt 

Purchant Ord« 

Cabt•• 

Purchase <:Jder 

Cloc:ll: Dldrlbvlon 

Purchase Order 

• • 

SSC94R03.XLS 

Silicon Tracker Electronics R&D Budget for FY1994 

2/22/93 
SM Tech 

ISO 110 

labor Cod --- lolal 

Man-Yr Rate lolat ($k) 

11•1 11•1 

1.75 ... ... "' ..,. 
" .. "' 

0.25 ISO 38 

0.5 110 55 .. 90 Foundry labrlcoJlon 

1.25 '" 109 2" 

0.5 ISO 15 15 

0.75 110 83 83 

109 109 foundry fobrlcollon ol CMOS-I and 20 .... " " 
0.2.S 150 38 38 

0.5 110 55 55 
O.S75 •• 12 .. 
0.125 150 " " 0.25 110 28 28 

" 12 Connectors, Transceivers hybrid 
0.175 IOI .. "' 
0.125 ISO 19 19 

0.75 110 " " so 50 MCM labrlcolion 
O.S75 .. .. .. 
0.125 150 19 " 0.25 110 " " ,. 35 Aluminum Fie., Coble fobrlcallon 

0.425 74 • " 
0.12.S 150 19 19 

0.5 110 55 55 

• 5 Components 

P•ge 1 

• • f f 4 f f f 
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Si-Tracl{er Electronics Team at Los Alamos 

• 
Sangkoo Hahn: Project Engineering, Bipolar, CMOS-2A 

Brad Cooke: Systems Engineering, Digital Architecture, MCM 

Geoff Mills: Requirements, Specifications, Integration, Test 

~ Maureen Cafferty: Bipolar, CMOS-2A, Cables 

LeRoy Cope: CMOS-20 -1 
' 

Tony Rose: CMOS-I -20 
' 

Gary Smith/Gary Richardson: MCM, 1-Iybrid 

(Post Doctorate Associate): Wafer/Chip Test, Beam Test Support 

Ken Fuller: Fiber Optics (consulting) 

-, 
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R&D Issues 

Bipolar: Sangkoo Hahn, Maureen Cafferty 

• Functional test of AT&T chips: FY93 

• Bearn lest of AT&T chips for functional and radiation hardness: FY93 
i-
o:i 

• Better siinulalion using realistic input charge wavefonns and multiple strips: FY93 

• Mulli-channel (64 or 128) layout including cal injection and housekeeping: FY93,q't 

• Engineering proof-of-principle prototyping and testing: FY93 

• Prototype fabric&tion, test: FY94 

f f f 4 f f f f f f 
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R&D Issues 

CMOS-I, 20: Brad Cooke, LeRoy Cope, Tony Rose 

• Finalization of architecture: FY93 
(in collaboration with SSC Lab) 

• Radiation hardness evaluation of various foundries: FY93 

• VHDL-based design, synthesis, target layout, cost estimate: FY93 

• FPGA implementation of functional blocks: FY93 

) 

• 

• Engineering proof-of-principle prototyping and testing using FPGAs: FY93 

• Prototype fabrication, test: FY94 

'• ,, 

) ) 
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R&D Issues 

CMOS-2A: Maureen Cafferty, Sangkoo Hahn 

• Prototype design: FY93 

• Proof:.of-principle prototyping support: FY93 

N • Fabrication and test of prototype: FY94 
0 

MCM: Brad Cooke, Gary Smith, Gary Richardson, Max Katko 

• Cost estimate 

• Proof-of-principle design, fab., possibly with SVX chip: FY93 

• Prototype fabrication, test: FY94 

f f f 4 f f f f f f 
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R&D Issues 

Fiber Optics: Brad Cooke, Ken Fuller • 

• Radiation hardness evaluation and testing: FY93 

• Engineering proof-of-principle prototyping and testing using FPGAs: FY93 
N 

i-- • Prototype fabrication, test: FY94 

Cables: (TBD person) 

• Low-Z design, layout, cost estimate: FY93 

• Engineering proof-of-principle prototyping and testing using PPGAs: FY93 
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•, 

R&D Issues 

Test Station, Slow Control: (Post-Doc Associate) 

• linmediate need for AT&T chip tests 

• Near-tenn use for proof-of-principle MCM tests 

N 
N • Engineering proof-of-principle prototyping support: FY93 

Clock Distribution: (TBD Person) 

• GaAs-based design 

• Proof-of-principle prototype support and testing: FY93 

• Prototype development: FY94 

• • • • • • • • • • 
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Bipolar Chip 

Design Baseline • 

• ~2.5M Channels of 50 u Pitch, Si-Strip Detectors 

• 5 MRad (Si-equiv) Total Dose 

• 18 cm and 16 cm Strip Lengths 
I\:) 
c..:i 

• 25 ns charge integration time 

• 150 ns double-pulse resolution 

• 1.25 mW per channel 

• Lowest achievable noise, time-walk 



• 

Bipolar Chip 

Development Status 

• Single-Channel Amplifier Design Completed Based on AT&T-V series 

• Proof-Reading of Layout Completed 

~ • Design Release for Fab on Monday, February 22, '93 

• 5-Channel/18 cm/Back-Annotated Circuit Simulation Started Incorporating 
Realistic Charge Waveforms from Oregon U (a set of ~200) 

• • • • • • • • • • 
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) 

Design Issues, Problems 

18 cm Strip Length: 

Multiple Strip Effects: 

) 

Bipolar Chip 

Noise 
Time Walk 
Power 

1, 3 and 5 Strips for simulations 

• 

Realistic Charge Waveform: Difference in Time-of-Arrival between channels 

Radiation Hardness: Harris, LBL, U Penn Data 

Bias Stability: Tough to achieve (State-of-Health Monitor: CMOS-2A) 

\ 

, 
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Noise 

-2700 e- RMS, 
-3000 e- RMS, 

) ' ) 

Bipolar Chip 

near-end injection 
far-end injection 

Interference, detector leakage current effects not considered 
v.,, 18 cm (1.2 pF, 50 ohms per cm), 5 strips 
1--

Time Walk 

27 ns, near-end 
34 ns, far-end 

Leading edge trigger 
8k (not 6k) to 48k electrons input range 
6k equivalent threshold voltage (near-end injection charges) 
5-strips . 

) ) , 

• 
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Bipolar 

Titne-of-Arrival Difference 

~3 ns 

Charge splitting between channels (boundary-crossing induced) 
-10 ns difference in arrival of two wavefronts (Leading edge trigger preferred) 

Radiation Hardness 

• LBL Data 
l /3 of original gain at le = I Ou A for l.2x I Oe 14 protons/cm2 

• P-Base Resistance Change @1.2xl0e14 
I failure out oi 8 
~I 0 % reduction in resistance 

• • • • • • • • • • 
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HFE v .s. IC (NPN 1X) 
AT & T 2003 CHIP #1, TRANSISTOR # 3 

~RADIATION 1-EVJ:I-: 2M RAO c "'~) 
HFE 
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I 

i 
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140 

vce•lv 
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120 

vce•3v 
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100 

. . 

60 
0.001mA 0.01mA 0.1mA 1mA 10mA 

COLLECTOR CURRENT (IC) 

BLUE curve la BEFORE radiation 
RED curve la AFTER radiation 
VCE: collector & emitter volt dlllarenoa 

Pre- & Post-Radiation Gain vs. le 
(One of a few AT&T Trs; Data from U. Penn) 

****** 
HFE 

GRAPHICS PLOT ****** 
SN-1 UHF NPN 5X5r-' '37B -D1~.24-D 
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ifM '""" 1 ,/ \ 

,/ 
,... ... 

/ 
;/ 

! ......-i 
IC decade/div Al 

Pre- & Post-Radiation Gain vs. le 
\Harris Transistors) 

11£ -Ql2 
L1naar etil9ep 
St•rt. • OOOOV 
stop -s.oooav 
Step - .OSOOV 

eon.t.,ts: 
VB -cftl .OOOOV 
VC -a.3 • DOOOV 

• 

....... .:..i-h,1Jc:c1 

. / -r:+.J d..-.c. 
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Bipolar 

Bias Stability • 

Transistor gain change from radiaton damage ( <50% for Ic=50uA, @EOL) 

Toughest problem 

C-' 
"1 Time-walk: worse 

>10 mV DC shift ofthreshold@EOL 

~20% drop in conversion gain @EOL (amplifier alone; worse at detector) 

Need active monitoring for positive threshold setting 

'• 
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•. 

Bipolar 
Conclusions 

• Difficult to achieve noise performance better than 3000 e RMS (far-end) 

• Hard to meet the (time walk)+ (time difference) goal of <16ns 

• EOL performance even worse 

~ • I can only strive for the best possible 

Future Direction 

• Prototype design and layout for 64 or 128 channels with bias controls and charge 
injector 

• Beam test ofthe'AT&T chips for functions and radiation hardness 

• More realistic simulations using charge waveforms from U Oregon and 5-strips 

• • • • • • • • • • 
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GEM SILICON-TRACKER READOUT ARCHITECTURE 

SYSTEM OPTIMIZATION: 

REQUIREMENTS 

- COST 
- SPEED 
- RADIATION TOLERANCE 
- POWER DISSIPATION 
- RADIATION LENGTH 
- LIFE CYCLE 
- DELIVERY DATE 

RESULTING SYSTEM FEATURES: 

CONSTRAINTS 

- BUILDABILITY 
- TESTABILITY 
- RELIABILITY 
- MODULARITY 

- EVENT DRIVEN CIRCUITRY (P0 PROPORTIONAL TO OCCUPANCY) 

- RESET FREE ARCHITECTURE (SELF CORRECTING CIRCUITRY) 

- PHASED CLOCK ARCHITECTURE (RELIABILITY) 

- < 5% OF CMOS NEEDS TO RUN AT 60 MHz (YIELD, POWER & RELIABILITY) 

- IN-SITU TESTABILITY AND CALIBRATION OF SYSTEM 
• 

-" - SELF-CONTAINED, SEGMENTED CIRCUITRY (RELIABILITY) 

- RECONFIGURABLE (FO BW, TRIG. APERTURE, COMPRESSION, CIRCUIT BLOCKS) 

- 39 



Si I MCM 
INTERCONNECT 

~Si /MCM 
INTERCONNECT 

----+---F /0 

'----+---COAX' 

~-----..._--SPACER 

,-----Si 

'------ RA IL 

'------Be 

!1---------COOLI NG RI NG 

GEM SILICON TRACKER. DETECTOR ASSEMBLY VER I I 
8.C. I G.R. I M.J.K. MCDL. SST-11. GEMLB 

LOS ALAMOS NATIONAL LABORATORY,SST-11,MCDL,MS044B,PO BOX 1663,LOS ALAMOS.NM 87545. 2/9/92 
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----- ,_ ____ >----- )-. .. ---····· ) ) ) ) ) 

~ ,_. 

JJmm 

750u 

1500u SO. MILL FIDUCIAL TYP. 

2000u SO. LASER FIDUCIAL TYP. 

750u SO. X 375u HIGH MSCC CAPACITOR TYP. IOOpf (MSI INC.) 

SID 
:OD' :oo :oo 
l!ll 6.2mm 1 

x 
5.85mm! 

r;JI TYP. 

IOmm x 
5.65mm 

TYP. 

ANALOG DIGITAL 

CLOCK AND TRIGGER. 
COAXS MOUNTED LAST 

[!)] 
CMOS2D 
7 .5mm 

x 
IOmm 

D"' 
,,~oo: 

oo: 
OOJbdDD: 

1 6.2mm Iii! 
x 

5.85mm 
TYP. ,8 

IOmm x 
5.65mm 

TYP. 

ANALOG 

LED MOUNTED 
LAST 

'---- EDGE CONNECTOR 
MOUNTED LAST 

CAPACITORS MOUNTED LAST 

1"41--------------61mm --------------e-l 

APPROX. 2:1 SCALE 

NOTE: 

, Si SUBSTRATE TH I CKNESS TBD. 

I. 375u MIN. SPACING BETWEEN: 
MILL WALL TO CAPACITOR, 
CAPAC I TOR TO CH IP, 
CHIP TO CHIP AND 
CHIP TO MILL WALL. 

2. CHIPS TO BE SAW CUT. 
TOLERANCE TBD. 

D 
D 

-;~ 

I~ I '~~' I lj1~ 
APPROX. I: I SCALE 

GEM SILICON TRACKER. PRELIMINARY DESIGN LAYOUT. 
B.C. I C.R. I M.J.K. MCDL. SST-II. GEMLJ. 

LOS ALAMOS NATIONAL LABORATORY.SST-I l,MCDL,MSD446,PO BOX 1663,LOS ALAMOS.NM 67545. I 1/16/92 
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CMOS-1 CMOS-1 CMOS-1 CMOS-1 CMOS-1 
"TOP" 

0 BCRO BCLO BCRO BCLO BCRO BCLO BCRO llCl.O . BCRO llCLO I _ 0 

~---1 BCL BCR BCL BCR BCL BCR BCL BCR BCL BCR f---J 

Uli Uli Uli UD Uli 
I BUS I 

TRIGGER--~ UlflJlJu 
~ F /o our .,, !LEDi"" frDMl E 

1 

H 0 BUS 
CMOS-2D 

H 0 BUS 

R E 

R E CLOCK "" 
flSLfl_ft D 1.-------BUS --] 

0 nn nn nn nn nn 0 

L,1ecL BCR BCL BCR BCL BCR BCL BCR BCL BCR f----' 

"BOTTOM" BCRO BCLO BCRO BCLO BCRO BCLO BCRO BCLO •- nrno new·-

ICMOS-1 CMOS-1 CMOS-1 CMOS-1 CMOS-1 

/ - - - - --- -- -- - -- - - -"" 
640-CHANNET. ANALOG JN 
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I I 
I 

~I I 1 s 
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~ (.'.) I-x DATA-DRIVEN STORAGE BANK z _J 0::: 

0 u I- :=i' 

• u ml r-
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"' 
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PADS & 

- DDS BANK 7 --
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I- 0::: f-
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I- 0 
(/) I 0::: f-

DDS BANK 4 0::: 
(/) 0::: w 
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DDS BANK 3 z LL 

CL LL 0::: 
) (/) 0 2 ~ 0 er 

0 u c -; I <( DDS BANK 2 0 0) <l 

)I CL u Q. 

DDS BANK 1 

DDS BANK 0 -
PADS & TEST 
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DIGITAL STORAGE AND COMPRESSION 

GENERAL SPECIFICATIONS: 

- 60-62 MHz CLOCK 

- RADIATION (PER YEAR) (LEE & WATERS) 

i) HADRONS: FLUX= 1.5 X l 013 I cm2
, 0.4 MRADS (Si)@ l 0 cm 

ii) NEUTRONS (BACKSCATIER BORON-POLY): < l 00 KeV FLUX= 3.3 x l 0 12 /cm2
, 

> 100 Kev FLUX= 1.9 x ~ 012 /cm2 

iii) GAMMA: 0.1 - 0.5 MRADS 

- SEU TOLERANT (CIRCUID, LATCH-UP RESISTANT (DEVICE) 

- NUMBER OF ASSEMBLIES (l /2 LADDERS)= - 2000 

- STRIP-DETECTORS/ASSEMBLY/SIDE= 640/3.3 cm (PITCH= 50 microns) 

- MEAN OCCUPANCY/ASSEMBLY/SIDE/16 ns = 0.2%@ 1033
, 2%@ 1034 (r=lO cm) 

- MAXIMUM TRIGGER RATE (LEVEL l) = 100 KHz 

44 
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DIGITAL STORAGE AND COMPRESSION 

FEATURES: 

- LEVEL 1 TRIGGER (PROGRAMMABLE LATENCY 128-256 X CLOCK) 

- EDGE TRIGGERED LATCH -- RISING OR FALLING EDGE (RELIABILITY) 

- PROGRAMMABLE TRIGGER APERTURE (0 - 4 X CLOCK) 

- CONSECUTIVE TRIGGERS = 2 - 4 

- CONCURRENT POINTER DATA DRIVEN STORAGE (> 95% EFFICIENCY@ 1% 

- OCCUPANCY, N
0
=3.0) 

- MEAN CLUSTERING or 8/16 COMPRESSION (25X - 5X EFFICIENCY FOR 0.1% - 1% Occ.) 

- MEAN COMPRESSION DELAY: CLUSTER"' 1 µs, 8/16 =0.5 µs 

- FO LINK BANDWIDTH = 60 MHz PER 1 280 CHANNELS 

- RESET FREE ARCHITECTURE 

- PHASED CLOCK ARCHITECTURE 

- SEGMENTED CIRCUITRY 

45 



CONCURRENT I:JOINTER 1'RACl<lN G DATA Dl\l V E:N S'l'Ol~AC: 11
: 

JN 

CLOCK 
~-LA_·1c11 ] 

~o---~ 

en i REG7 

COUNTER REG5 

REG5 
-

'l'f~IGGER 

I 
REG4 

REG3 

WP 

' COMPARATOR REG2 RP 

REG1 -

-

RE Go 
OUT , 

• • • • • • • • 4 • ' 



-

-

IN 

SET I . 

b~1 
RE.ft<>--....;.+-----l;~~>-....!:===~=:Q n: I 

DEU.Y ~ 

B X N BIT 

DUAL PORT 

RESETo---14 
STATIC RAY 

CLOCKo---11 

1----..J RESET 

WRITE READ 
0 1 2 3 4 5 e ?JO 1 2 3 4 5 8 7 - .... 

I 
I 
I 
I 

!I .. .. 

-

WRITE ENABLE ... -•f--------..J 
1 f----1-----....I 
0 f-__ ...._....,. __ -..J 

-

=-n 
~ 

-• 
1 

0 -.. 
DI!ISJ.81.1 READ 

TRJGGERO-·--ill I 
I 

°' I 2 I 

i i 
I 
I 
I 
I 

t.... ___ _,.,..., 

- ' I . 
I I -, 

I H++-!1,-Hl+------,.JJc....- i 
,..._1 ___ .. ~~~ .... _~l...1.11..1.-'i:....L·~~----_-~--r=;::-::::::::=======~ 

~ >\ CLIC 

P-- RESET 
B-BIT 

COUNTER 

47 

g 
=i 
• .. 

"' n .. ., §;; 
!1 

n 
c .. c ' z .. .. ::; 
" = 

n 
c " c ' z .. 
;I ::; 

" 
ti 
M ~ .. .. 

• !!! .. .. .,, 
5! z .. .. = 

" .. 
t .,, 
" !i .. .. = 

!HIM RP -
'-- -

I 
'f----<> OUT 



8/16 SUFFER 

HY3RID 8_: 6/CLUSTE:~ COM?r;::ssoR ARCHiTt:CTU~:: 

I 
I 
I 
I 

7 6 5 

i j ) 
i1si14j13\12l11 )1c! 

-- - -- -

i 28-SIT INPUT 

4 3 

) ) 
9 I 8 I 7 I 6 

l l 

2 0 

) j j 
5 3 i , 0 

8-BIT BUS : 
I 
1~'-"""°--""':::.....::"""-_::,.~,...::._;:,,..~:.L:.-">."'--.::0...::-2'.Z-:::.-<;_;:,..::::...-""':::.....::>.L.._;:,,...::...., 
I 
,~~~~~~~~~~~ I 

1-----------------------~- ______________________________ J 

SCL 

0 
'"tl CIJ ;o c Ci "' ;o 

"' =i () 

-< 0 
z 

l"'1 ...., 
0 z ;o 

() 0 
N 0 r 

"' 0 r 
l"'1 l"'1 

0 ;o ;o 

I ...., 

CLUSTER 

BLOCK 
OCTAL COUNT 

l'"IFO 
1------------------------------------
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

-------------------------------- --r 

HEADER 

I I ! 1 I I I I i 1 I -------8-BIT HEADER 

HEAD::R MARKER 

DATA ' I I 1 1 I I I I 101 ----8-SIT DATA 

WP RP 

t-----~~--+-i; 1:1 ~ ~ 
5 0 

4 11 
3 0 

2 0 
1 0 

0 1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

10 
@] 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I I I I 
I ~ I 

L------------------------------------------------------------------------1 
I I DRIVER r;i !rl ~ \ 

66666666 r r 6 

8-SIT SUS = 
48 

-

-

.... 

-

-



-
CLUSTER COMPRESSION SLOCK -

-..__ 8-BIT BUS / 

-

OCTAL COUNT IN 

HEADER 

EDGE 
COUNTER 

I I I I I I I I I 1 I 
-~5 6-BIT COUNT 

READY 

HEADER MARKER 

- EDGE 

I I I I I I I I lol 
7~r 

-· SINGLE HIT 

8-BIT BUS 

-

OFFSET 
COUNTER 

x x 

N-1 x x 

N-2 0 1 

5 x 0 

4 1 1 

3 x 0 

2 x 0 

x 0 

0 1 1 

::0 
r'l 
)> 
0 
-< 

49 

SINGLE. HIT 

WP 

~ 
0 

0 

0 

0 

0 

0 

r'l I z -i )> 
co 
;-
r'l 

BCL 

RP 

~ 
0 

0 

0 

0 

0 

1 

10-BJT 
SHIFT REGISTER 

HP 

~ 
0 

0 

0 

0 

0 

0 

BCR 



-
... 

0 -...... 
0 0 

\ • 
\ 0 m c:::: 

\ LU II \ I- b ' Vl l.O z \ ;::, ....-
' _J .......... 

\ u co co 0 .. 
\ 0 

""'" 
\ I 0 

\ I 0 l.O 
\ I .......... 
' I V> 

\ t: 
\ 

""' 
... 

\ 
\ co l.O 
' 0 • 

\ 0 l.O 
\ 0 ...-
\ .......... 
\ V> ... 
I ~ \ u \ 

\ 
~ 

rt! 
\ I.-

0 I-\ 0 
\ - .. 

\ 0 

' >-\ u \ 

' z 
Ln ' <( . 

' N .. - Ln 0 c... II ' 0 \. 0 :::> Vl II ' 0 u c.. ' u 
~ u ' u 

' 0 
0 
0 
0 

0 0 0 0 0 0 o· 
-.:t' N 0 co co ~ NO 
...... .... .... 

(S.118) ..Lno G3SS3}:fdV\JQ:) 
50 .. 



-

co 
("') -0 
~ 

I l..O 
I ........... 
I Vl -
I 'V c:: 
I 

"""' I ("') c::: ., l..O 
w I • 
I- I l..O 
en I ...-
;:) co I ........... 
...J ...... LI'\ I Vl -(.) ex:> LI'\ I N ~ ,.... 

II 0 ("') u 
VI II n:s u c... I 

~ 

~ u I I-I 
I 
I ...-
I 0 0 

I 0 , ("') , • , 0 , , II , 
>-I 

I u 
I c:: 

I ex:> n:s , 
N a. , , 

:l , , u , 
u I - I 0 I -I co w , , N Vl , -, 
0 , - , , z 
b 

'V z 
0 0 0 0 0 0 0 0 ON 
0 0) ex:> ....... co I.() 'V ("') N ...... 

(S.118) .Lno 03SS3~dll\IO::>. 
- 51 



4 

CJ'1 
N 

HDI MULTICHIP TECHNOLOGY 

• 
* PERFORMANCE· HlGHEST ELECTRICAL PERFORMANCE DUE TO SHORTEST INTERCONNECT DISTANCE, 

CONTROLLED IMPEDANCE. 

*THERMAL PERFORMANCE - PLACEMENT OF CHIPS UNDER THE POLYMER INTERCONNECT MINlMIZES THE 
THERMAL PATH AND SIMPLIFIES PACKAGING ISSUES. 

*HIGH DENSITY - A CHIP PACKING DENSITY OF 90% CAN BE ACHIEVED, MINIMIZING SUBSTRATE SIZE. 
CIRCUITY ROUTING DENSITY, 50 MICRON PITCH. 

*RELIABILITY -PASSED ALL MIL-STD-883 ENVIRONMENTAL, MECHANICAL AND RADIATION HARDENED 
SCREENS FOR CLASS "S" REQUIREMENTS. 

* REPAIRABILITY - MALFUNCTIONING CHIPS CAN BE REPLACED BY REMOVING THE HDI OVERLAY AND 
REPROCESSING. 

* HIGH YIELD· THE LASER VIA AND PHOTO PATTERNING PROCESSES PROVIDE HIGH YIELDS. 

Los Alamos __ 
Spare Srienre & Terhnolo~v 

• • • 4 • • • • • • 
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GEM HD I MCM 
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r-- FLEX I BLE TABS 

SUBSTRATE 
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SCALE 1 : 1 
S IZE: 61MM X 33MM 

LOS ALAMOS NATIONAL LABORATORY, SST-11 , MCOL , MSD448 , P 0 BOX 1663, LOS ALAMOS , NM 87544 2/ 1/ 93 
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Presentation by: 

P. O'Connor 
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Noise 

For Gx /x • .01, need c:sclO ... 006 

oa- (.006) (30 fC) .. 0.17 fC .. 1100 e· 

m 
For 1000 e·, c0 .. 40 pF, 

CFET + Cstray • 15 pF, tm • 25 ns (CR-RC4) 

I e" < o.48 nvfttz I 
(Req< 150) 

) 

Input device gm > 52 ms (FET), 39 ms (BJT) 

) 

le > 1.0 mA (BJT) ... but need to consider parallel noise of ~ 1 o uA 18 

i(j x W/l > 27A (I) for MOSFET In strong Inversion 

PLUS 

30% - 50% from preamp other devices 

noise of Rg, Rsub 

2nd stage noise 

) 

~ 

Co= 120pF 

tm .. 500 ns 

8n < 0.87 nv(ti'z 
( Req <480) 

gm .. 35 mS (FET) 

ldxWIL>12A 
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Results of Preamp/Shaper Test Chips Designed at BNL 
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IC6A Device #7 PASH2 
Peaking time adjusted to 700nsec 
Cinj=2pF Von=lSmV (1.SOV through 40dB otten) 
Peaking time ac:tusted to 700nsec 
Cinj=2.07pF Von=lSmV (1.50V through 40dB atten) 
AD811 Op Amp Goin= 2 
192: .36m V_PA: -1.63 VBl: 
IB3: 5.36m V_SH: 1.224 VB2: 
IBIAS: 8()J V_IBlAS: 1.019 VB3: 
Tp (5-100%: 620 nsec 

Cd Cd+Clnl Vout Vnolse S!!:stem SNR 
0 2.07 0.6765 6.6 0.54· 103 

49.9 51.97 0.6696 8.02 0.54 84 
99.9 101.97 0.659 9.91 0.54 67 

147.7 149.77 0.6601 12.1 0.54 55 
pF pF Vp-p mVrms mVrms 

u 

Cinj: 2.07E-12 

Qin: 3.llE-14 

0.903 VBlAS: 
-1.162 
-0.458 

Goin ENC 
21.79 3.02E-16 
21.57 3.71E-16 
21.22. 4.66E-16 
21.26 5.69E-16 

mV/fC C 
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~------------------- Research Instruments Section ..__ 

• 

The Goals ... 
*Test the radiation hardness of the Harris A VLSI-RA 

process 

*Make a memory good to 9 bits in this process 

*Make the ntemory read-ti1ne <500ns 

* Have power dissipation -lOn1 W /channel 

* Have depth => 128 cells 

oml 

• • • 4 • • • • • • 
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"'1 
en 

What we are planning to submit ... 

"D" Chip 

* 8xl28 memory chip \Vith readout (interdigitated decode, 

4 channels VWVR, 4 channels VWCR, 

5.049mm x 5.895mm) 

"S" Chip 

* 8x128 me1nory chip \Vith readout (block decode, 

4 channel VWVI{, 4 channels VWCI{, 

5.049m1n x 5.8951111n) 

"T" Chip 

* Test pieces chip 
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~------------------- Research Instruments Section 

Parameters that affect read-time 
* Frequency response, phase margin --> settling ti111e 

* Phase margin, slew rate --> reset time . 

* DC gain --> precision 

For the topologies chose11 .. 

*Settling time affected by output pole (high bus capacitance) 

* Bandwidth determined by input gm/C 
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~-------------------Research Instruments Section -. 

Some areas studied for optimization 
have included ... 

* Input bandwidth vs. switch size (process depenclent) 

* Droop rate vs. switch size and radiation dose 

* Output bandwidth vs. bus loading 

* Output stability vs. spatial location 
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~------------------- Research Instruments Section 

• • 

The opamp characteristics .. 

Amolifi_er IeL4B 

Bandwidth llMHz 

Phase margin -60° 

Slew rate > 20V /µs 

IPCSC 

llMHz 

-60° 

>20V/µs 

Power 9.4111W 6.7111W 
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~-------------------· Research Instruments Section ~ 

• 

ltttegral nonlinearity simulations 
(ipc4b, cv2a) 

ipc4b, cv2a, OMRad, plot t=600ns 
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~-------------------Research Instruments Section ~ 

We fabbed IPC4B in 
Orbit's 1.2µ nwell p1·ocess .... 

~I (5 units measured) 

* Input offset = -0.366m V, cr = 1.42111 V 

* Unity gain risetin1e = 22ns 

* Slew rate= 20V/µs 

* Open loop DC gain = 10-lSK 
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..,,,,------------------- Research Instruments Section --. 

To summarize the 
expected performance .... 

*Power dissipation - lOmW/channel 

*We can make this 9-11 bit writing by adjusting the access 
time 

* The 10-bit read time should be - 500-600ns 
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~------------------- Research Instruments Section __ 

The status ..... . 

* We have finished both design reviews 

* We are presently finalizing changes 

(Includes modifying tech file and distributing to BNL) 

* The order has been placed 

* We will get quotes on packages when the rest is done 

, 
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~------------------- Research Instruments Section ......___ 

In summary 

* We are almost ready to submit to Harris 

* We have simulated out the wazoo, but continue 

(wazoo = 10 hubba ) 

* The simulations appear to support a 10-bit 1nemory 

* We need to begin to converge towards a final configuration 
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Analog Memory Control Requirements 

• Use of virtual bu1fering ud simultaneous Read/Write requires AM to 
be supplied with Addreues u well u Cloc:b. 

l • Addresses will be generated off the AM ~ with on-chip address 
decoders used to maintain the amall SC pitc:l. 

• The design philosophy for the AM Control au es the desire to: 

1 Minimia Noise Introduced into Analog Environ· 
ment 

• No on-chip communication between Read ad Write logic; avoids c:rosa
ing analog layout. 

I • Reduce ppmber and rate of change of ccmtrol linesl 

- Send ReM AsWmn N* 'CTia11y (uftll 6 Jines). 

- Derive Write Address bit 0 from coanter on AM chip (saves 1 line, 
reduces communication frequencz to 30 MHz, simplifies external 
control). 

- Prevent significant randomizing in sequence of Write Addresses. 

- Use on-chip Write Address accumulate and send Incremental Ad-
dress (saves 2 lines, provides reduction in rate of change of existing 
lines). 

2 Maintain Fault Tolerance, Flexibility 

• Programmable removal of dead AM cells. 

• Programmable trigger sample pattem. 

3 Use Commercially Available Technology 

• Design AM Control with GA, FPGA. 

103 



Analog Memory Addressing 
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ot available cells 

Read 

Finished 

Buffer 

Read I.oqic 
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Design of Low Noise Cable Driver 

I. Introduction 

In the GEM detector, liquid ionization will be the technology for the calorimeter. 

The signal from the calorimeter is amplified by a preamplifier inside the liquid and 

transmitted to the shaper and ADC via a long cable. Since the preamplifier can not drive a 

long cable, an IC cable driver is proposed to deliver the signal to the front end board. This 

report presents the initial results on the design of the driver done at the SSCL. 

2. Low Noise Differential Cable Driver 

Figure l is the block diagram of the electronics up to the front-end board, which is 

suggested by Dr. Veijko Radeka and Sergio Rescia from Brookhaven l\'ational 

Laboratory. The signal from the detector will be amplified by the preamplifier, which is 

located inside the detector. The output signal from the preamplifier will be passed on a 4 

meters long 50 n cable to a linear cable driver just outside the calorimeter cryostat. The 

linear cable driver is responsible for transmitting the signal over a 30 meters long 100 n 

twisted pair cable to the front-end board for further processing. Both input and output of 

the driver are AC coupled. A l Mil resistor connected from the input of the driver to its 

output is used to detect the proper DC offset of the preamplifier for diagnosis purpose. 

Based on the preliminary specifications of the calorimeter from BNL, the cable driver 

specifications are listed in Table I. 

0. .. 
"' 

1M 

33p 

L=3-4m 
50 50 e.1u ze - 1ee 

0.1u 

0.1u 0.1u 50 L= 30 m PREAMP 

Figure 1. Block diagram of the preamplifier and driver electronics. 
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Table 1. Specifications for the Cable Driver 

Parameters Specifications 

Input Impedance: > 1 KQ 

Output Impedance (differential): JOOQ 

Maximum Input Dvnamic Ran!!e: 3V 

Rise Time at Input (10% - 90%): < 15 ns 

Maximum Differential Outout: ±3 v 

Equivalent Input Series Volta!!e Noise: < 2 nv/JH;. 

Integral Nonlinearitv (±2 V): <0.02% 

Fall Time at Outout (10% - 90% ): <400ns 

Ouiescent Power Consumotion: <JOO mW 

From the specifications, we can derive the key circuit characteristics as follows: 

1) The cable driver should have a small signal rise time less than 8 ns. This requires 

the small signal bandwidth to be in excess of 44 MHz. Since this circuit requires 

negative feedback, the bandwidth of the amplifier should be 3 to 5 times the 

above value to ensure the adequate transient response. 

2) The large signal slew rate (for the rising edge) should be greater than 400 V/µs. 

3) The driver is of single-ended input, differential output. Taking into account the 

line termination, actually a voltage divider, the gain of the cable driver should be 

±2. 

Because of the low noise requirement, the conventional 4-resistor feedback, in which 

a series resistor is inserted at the input, is not suitable for this application. Since its 

voltage noise directly contribute to the input noise, a resistor in series with the input 

should be avoided. A better performance can be expected from the circuit shown in 

2 
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Figure 2, where VBB is the bias voltage for the gain stage. It uses a series-shunt feedback 

configuration, which is a good topology for achieving both fixed gain and low noise since 

the feedback signals are not directly applied to the input. It also provides the low output 

impedance needed to drive low resistance and capacitive loads. The gain of the driver will 

be determined by the ratio of the feedback resistance to the emitter degeneration 

resistance (Rll/ R3 and R12/ R4). The input differential pair achieves single-ended to 

differential conversion. The emitter degeneration resistance (R3 and R4) of the input pair 

will determine the input dynamic range. High linearity can be achieved by increasing the 

loop gain of the feedback path, since the negative feedback will reduce the distortion by a 

factor equal to the loop gain. However, too much gain will decrease the bandwidth of the 

amplifier. Therefore a compromise has to be made to meet both linearity and bandwidth 

requirements. Following the differential input amplifier is the gain stage of the driver. 

VAC 

"' 

c 8 

>---i~- Vout+ 

R1 01 02 R >--.--if-- Vout-

R12 

R11 

11 

Figure 2. Simplified schematic of the cable driver circuit. 
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3. Circuit Operation 

The first step in implementing Figure 2 is to search for the appropriate process 

producing transistors with the desired characteristics. Since the source impedance is fixed 

to 50 Q, bipolar transistors can be used in the input stage to achieve both low noise and 

high gain because the current noise is negligible compared to the voltage noise. For this 

application, we look for transistors which have high current gain f3, low base resistance rb 

and high cut off frequency fT. The base resistance is in series with the input and it shows 

up as the voltage noise at the input. The high current gain will reduce the input base 

current, which in tum will reduce the input current noise. The reason for high fT is that the 

high frequency noise will be far out of the operating frequency band because the upper 

frequency comer, where noise starts to increase with frequency, is proportional to fr/ Jr,. 

In addition, a high cut-off frequency is a requirement for high speed applications. For 

these reasons we picked Harris Semiconductor's HFA3XXX series transistor array as one 

of the preferred technologies to design this cable driver. We found that the Tektronix's 

QuickTile process does not supply pnp transistors that are good enough for this 

application. 

Figure 3 shows the actual .implementation of the simplified circuit in Figure 2. 

Instead of the resistive loads, the differential input stage uses active loads. This makes the 

whole input stage behave as current mode amplifier when the differential input stage is 

connected to the second stages, which are in common emitter configuration. Because the 

output nodes of the input stage have very small voltage swing, the Miller effect is 

minimized. This way the high frequency performance is improved. In constructing the 

current sources and current sinks, attention was paid to their noise conuibution. The 

latter is decreased by using emitter degeneration. However, too much emitter 

degeneration deteriorates the high frequency performance of the active load. A tradeoff 

has to be made between low noise and speed. Following the input differential stage is the 

main gain stage, a the common emitter configuration. The output stages are of the 
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conventional push-pull type. Feedback is taken directly from the outputs and applied to 

the emitters of the input pair. Since the driver is operated under large feedback, circuit 

stability is obtained with Miller compensation. The capacitance of the compensation 

capacitors is chosen to result in a phase margin of 50°, which is the compromise of speed 

and power consumption. In order to reduce the DC power consumption and maintain 

adequate fast large signal response, dynamic biasing is utilized in the second gain stage. 

A small positive feedback is taken from the other polarity output through a small capacitor 

to the base of the active load of the second stage. It helps to remove the base storage 

charge when a signal transition is fast and large. When a very fast and large signal is 

applied to the circuit, one of the transistors in the second gain stage goes into cut-off. The 

base storage charge in the output npn transistors will need to be removed in order for it to 

switch off. In the mean time, the base of the output pnp transistor needs to source current 

to pull down the output. All these charges will have to flow through the second gain 

stage's active load. The injection of the charge into the base of the active load from the 

positive feedback will momentarily increase the flow of current in the collector and 

achieve faster switching. The amount of the feedback is determined by the size of the 

capacitor and the resistor connected to base of the active load. 

One of the objectives in this design is to get the lowest noise possible. With the 

present circuit configuration, noise comes mainly from the input stage, the active loads 

and feedback resistors. In addition, the DC biasing of the input stage is also important. A 

large bias current will increase the transconductance of the first stage, therefore it will 

reduce the input referred noise voltage produced by the collector shot noise. However, 

this will also increase the power consumption. The biasing is chosen to guarantee an 

adequate slew rate combined with low power consumption. Decreasing the emitter 

degeneration resistance of the differential pair will increase the gain of the input stage and 

thus decrease the noise contribution from the active load and the feedback resistanors. 

However, the small value of the emitter degeneration will reduce the dynamic range of the 
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input stage. To maintain the gain of driver, the feedback resistance will also have to be 

reduce, which will load the output stage at both DC and transient operation. Too much 

DC loading will increase the power consumption of the circuit. This is another trade-off 

to be made and requires intensive computer optimization. 

4. Simulation results 

In the simulation, SPICE models for the high frequency transistor arrays from Harris 

Semiconductor are used. The npn and pnp transistors have a very low noise figure of 

about 1. 7 dB. The designed circuit was intensively simulated and optimized to achieve the 

desired specifications. The final values for the individual components are shown in Figure 

3. 

The driver has an average gain of + 1.9988 and -1.9920. Figure 4 gives the small 

signal frequency response of the driver. It has a bandwidth of about 210 MHz for the 

positive output and 200 MHz for the negative output. The low frequency roll-down is due 

to the DC blocking capacitors. Figure 5 is the output noise measured at the receiver. The 

input referred noise is about 2.9 nv/JHi.. An alternative configuration for the input 

stage is under exploration and could further reduce the input referred noise. 

The open loop gain of the driver is of much interest. To simulate _the loop gain of 

the driver, the loops are broken at the emitters of the input transistors. To account for the 

loading of feedback, the equivalents of the feedback resistors are placed at the points 

where feedback is broken. The circuit is then used to find out the loop gain. Figure 6 and 

Figure 7 show the simulation result for both the positive and negative outputs. The driver 

has a loop gain around 65 dB for the positive output and 60 dB for the negative output 

respectively. The phase margin is 62° for the positive output and 57° for the negative 

output. Therefore the circuit has the necessary stability. 
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Although the driver circuit has a bandwidth around 210 MHz, its large signal 

behavior is mainly limited by the slew rate. The slew rate of the circuit is about 600 V/µs 

for the rising edge and 200 V/µs for the falling edge. This is the result of the compromise 

between power consumption and speed. If necessary, the speed can be im proYed hy 

sacrificing the power consumption, or vice versus. Figure 8 shows the transient response 

of the driver circuit when driving it '-"ith a pulse of 3 V magnitude. The circuit has a delay 

of 1.25 ns for the positive output and 1.66 ns for the negative output. The output 

waveform has about the same rise time as the input. 

To study integral nonlinearity, ideal models for the preamplifier and the shaper are 

used in the simulation. Therefore, the slewing effect of the shaper can be taken into 

account in the whole front electronics chain for the integral nonlinearity. The shaper is 

CR' - RC' S-G type with a peaking time around 24 ns for o response. Figure 9 is a 

typical result of the wave form at the input and output of the driver as well as the output 

at the shaper response to o impulse. Figure 10 is the response of the circuit to a triangle 

input current pulse assuming a drift time about 400 ns to simulate the real liquid Kcy:µonA r 

detector signal. Examining the peaking at the output of the shaper, we found that the! 

driver passes the input rising edge very faithfully from the input to the output. On the 

falling edge, there is some attenuation due to the DC blocking capacitors, which is 

inevitable. Therefore, the output peaking of the shaper is almost at the same time (only 

about 0.3 ns difference) for the input signal from 50 µ V to about 3 V. The maximum 

output of the shaper is then measured for the calculation of integral nonlinearity, which is 

shown in Table 2. Vin is the voltage at the input of the driver, V "'""'is the output at shaper 

which is located at the other end of the receiver. We assume an ideal receiver in this 

simulation. The integral nonlinearity is calculated as half of the maximum deviation from 

the line connecting the point of 10 mV and 2 V. divided by 2 V. The integral nonlinearity 

is found to be less than 0.013%. 
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One of the problems that needs to be addressed is the effect of process variation on 

the performance of the circuit. For a typical bipolar process, the process variation will be 

up to ±20% for resistors and ±IO'lc for capacitors around their nominal values. To make 

sure the design will produce a working chip the first run, these variation should be taken 

into account in the simulation. Process variation information is provided by the ASIC 

vendor. For the UHF! process from Harris Semiconductor, the variation is -21 'it to 

+37% for the resistors, and -13'7c to 17% for the capacitors. The variation in the 

transistors is not available for the moment so their contributions will not be accounted for 

this time. Since the driver circuit has very large feedback, variation in the transistor gain 

should not post a serious problem. In the design process, worst cases are studied for all 

the possible extremes. We then optimize the circuit so that it works for all the variations 

due to processing. The circuit now performs very well in the key characteristics, such as 

the slew rate, noise, and integral nonlinearity. Even for the largest simulated deviations 

maximum gain varies less than 0.68%. Variation of the phase margin is typically less than 

5°. There is more than 45° safety margin in closed loop. However, this variation is 

constant once the chip is installed and it can be properly calibrated in the system. We also 

studied the variation of the delay of the driver. It varies up to ±0.4 ns. Fortunately, 

around the maximum of the shaper output, the pulse height changes slowly. Therefore 

delay variations do not introduce much difference in the magnitude if the signal is sampled 

right at peak. But this should still be corrected by some form of calibration in the system 

design. 

The temperature variation is also considered. Since the SPICE model from Harris 

did not include the parasitic temperature effects, we only studied the temperature influence 

on the transistors and the resistance. The simulation was performed on the whole 

preamplifier, driver, and shaper chain. Since the preamplifier and shaper circuits are ideal 

models, they will not contribute any temperature drift. It is found that the change in the 

gain is less than 0.02% for temperatures ranging from 25°C to 85°C. As the temperature 
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Table 3. Specifications and Simulation Results 

Parameters Specifications Simulation 

Input Impedance: > 1 KQ >50KQ 

Output Impedance (differential): lOOQ lOOQ 

Input Dvnamic Ran2e: 3V 3.1 v 

Rise Time at Input (10% - 90'i!-): 15 ns 15 ns 

Maximum Differential Outnut: ±3 v ±3.1 v 

Equivalent Input Series Volta!!e Noise: < 2 nv/.fij;_ 2.9 n v I .fij;_ 

Inte!!ral Nonlinearity (±2 V): <0.02% < 0.013% 

Fall Time at Output (10% - 90%): <400ns 30 ns 

Quiescent Power Consumption: IOOmW 140mW 

drift occurs very slowly, the blocking capacitors take care of DC drift and the output 

signal should not be affected. Further study on this problem will be done once we 

establish a proper process to obtain all the necessary information, such as the parasitic 

temperature variations of the transistors. 

4.4 Summary 

We have designed a differential low noise driver based on Harris Semiconductor's 

UHF! process. The initial design shows a very promising circuit topology which is 

capable of achieving most of the specifications or being close to them. Table 3 is a 

summary of the cable driver's specifications and the simulation results. A refinement of 

the design will be carried out once a proper process is selected for fabrication. As for 

now, we are proceeding to make a prototype board using Harris Semiconductor's Array 

transistors to measure some of the key performance of the driver. 
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General CSC System Requirements 

The CSC readout electronics must: 

• Measure the charge on each strip with sufficient accuracy 
that the electronic contribution to the position resolution is 
rendered negligible. 

• lYieasure single-hit times with a resolution that is better than 
one bunch crossing time (16.7) ns. -

• Provide a reduced set of accurately timed signals as input 
to the Level 1 muon trigger. 

• Identify and reject random backgrounds induced by neu
trons and other debris not associated with the muon track 
of interest. 

• Conform to the timing and readout-rate requirements of the 
GEM Trigger/DAQ system. 

• Be suitable for chamber mounting. 

• Be inexpensive on a per-channel basis. 
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-
Electrical Specifications for the CSC Readout 

Sys. Section Parameter Value Notes 

Readout Equivalent Input Noise < 1500 e- rms 1 

Pulse Peaking Time 400+100 ns 2 

Overall System Gain 0.4 fC/Count 3 
-

Dynamic Range 10 bits 4 

Cross Talk < -50 db 

Readout Rate 100 kHz 5 

Readout Latency < 100 µs 6 

Trigger Input Threshold 16 fC 7 

Timing Jitter <4nsrms 8 

Time Walk < 4ns 9 

General Temperature Range 20 ± 5 °C 10 

Power Per Channel < 100 mvV 11 

Rad. Hardness: Ionizing tbd 12 

Rad. Hardness: Neutrons 1014cm-2 13 
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Notes: 

1) A level of 2000 e- (0.32 fC) equivalent input noise produces an ADC "pedestal width" 
of 0.8 counts. Noise level applies to 100 pf input capacitance and 400 ns shaping time. 

2) Peaking time for "semi-gaussian" shaping. Transfer response of system is given by 

H( ) sr 
s = (1 + sr)"+l 

where nr = peaking time and n is the number of integrations. The most likely choice 
is n = 4, since n = 2 leads to a long uncancelled tail. 

3) Ratio of input Charge to ADC least count. This value depends on such things as the value 
of the feedback capacitor in the charge-sensitive preamplifier, the gain of the shaping 
amplifier, the ballistic deficit factor, and the least-count sensitivity of the readout ADC. 
For preamplifier-only designs, the required conversion gain is 5 m V /pC ( 10 m V /pC 
desirable). 

4) Ten-bit range will keep a larger fraction of the Landau tail on scale and will allow 
operation over a wider range of chamber gas-gains. 

5) This is maximum average rate of Level 1 accepts. 

6) Maximum time between Level 1 accept and availability of data at readout output port. 
In data driven architectures, this drives the ADC conversion speed. 

7) This will depend on the effective gain of the timing path and the input offset of the 
comparator used to generate the logic pulse. 

8) Time jitter for fixed input amplitude of 40 fC. 

9) Variation in comparator firing time over a range of input pulses between threshold and 
10 times threshold (20 times threshold if an 8 fC threshold is used). 

10) Ambient temperature range over which a.11 other system specifications must be met. 

11) Total power for on-chamber electronics divided by total number of channels. Includes 
on-chamber readout and trigger sections. 

12) The muon electronics a.re situated outside of the calorimeter and therefore a.re expected 
to experience only low radiation levels. This remains to be verified. 

13) Calculations are in progress. The stated value assumes a neutron :fl.uence scenario of 
F.,. = l06 cm-2s-1 at £. = 1034cm-2s-1 for ten SSC-yea.rs. 
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Neutron Rates 

• Currently very uncertain 

• Product of three factors 

where • 

The efficiency 

en = detection efficiency 

F~ = :fiuence 

A= strip area 

the fl.uence (TN C\Z. - C\ I ) 

the area · 
A =·lw !:::: 300 x 0.5 = 150 c~2 

• ~· • • • a"•• • •. " •• 

yielding a rate per strip ( as511ming €~ .:_ 0.53 of 

0.75<R<75kHz 

note that the correspondlng rates per unit area are 

- ·. -· .· .•.. 
-. 
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24 FEB 93 
CSC Anode Electronics Design Review 

1) Introduction to Baseline 2 for TDR 

• Anode Electronics Requirements 

•Comparison of New and Old CSC Configurations 

• Summary of Anode Channel Counts 

2) Anode Readout Architechture 

• CSC Readout Overview and Chamber Interface 

• Signal Processing and Readout Path 

• BX Timing Discussion 

3) Summary 

• Administrative Schedule 

• R and D Schedule 

• Prototyping Schedule 
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Requirements for the GEM Muon System: 

• Provide a precision coordinate measurement in the muon's bend direction 
with a precision of 100 µm in the barrel and 75 µm in the endcaps. 

• Provide a mechanism for monitoring global alignment to a precision of 25 
µm. 

• Determine the non-bend coordinate (z in the barrel, r in the endcaps) with a 
resolution at the few cm level. 

• Provide Level 1 trigger information with sufficiently fine spatial granularity 
to identify muons with transverse momenta up to 50 GeV /c and sufficiently 
good timing resolution to allow assignment of a given signal to the correct 
proton bunch crossing. 

• Be of a design compatible with economical mass-production techniques. 

CSC Anode Readout Goals: 

• Beam Crossing (BX) Timing 

• Polar Angle Determination 

• Local Anode Pattern Recognition, Background Supression 

-. Resolution of Multi-hit Ambiguity 
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Geometric Transition 
22 FEB 93 - GSV 

BARREL BARREL 

SL3 11m11m11mm 4-planes ( 4) SL3 --·6-planes (6) 
"Shingled" 

llmllmllmm 4-planes ~ Ttled Staggered ( 6) 
SL2 4-planes (8) -~;;~ SL2 6-planes 

(Maximum Lorenz 
correction) 

Tiled or Staggered ( 6) 
SL 1 • 6-planes 

SLl ===== 4-planes (8) 4-planes 

ENDCAP 

4-planes 

8-planes J. 
- lanes 

8-planes 

4-planes 

SLl SL2 
(8) (4) 

END CAP 

6-planes 

-~==-~ 6-planes 

8-planes I laneS 6-planes 

8-planes-r 

SL3 SLl SL2 SL3 
(4) (8) (6) (6) 
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la) 
b) 

2a) 
b) 

3al 
b) 
c) 
d) 

4a) 
b) 
c) 
d) 

Sa) 
b) 
C) 
d) 

csc 2nd Coordinate Electronics Channel Summary 
============================================== 
Barrel Channel/Board Count 18 FEB 93 - GSV 

8/8/4 Geometry 

#mods mod. active #z-ch #z-ch #PCBl total #PCB2 total total 
/sec total edge(mm) /pl/s /sec /sec. PCBl /sec. #PCB2 #z-ch 

1 
1 

1 
1 

2 
2 
2 
2 

2 
2 
2 
2 

2 
2 
2 
2 

48 3213.44 
48 3041. 65 

48 3213.44 
48 3041.65 

96 2367.13 
96 2283.44 
96 2201. 05 
96 2195.59 

96 2367.13 
96 2283.44 
96 2201. 05 
96 2195.59 

96 3308.68 
96 3274.35 
96 3271.13 
96 3273.77 

32 
30 

32 
30 

24 
23 
22 
22 

24 
23 
22 
22 

33 
33 
33 
33 

128 
120 

12B 
120 

96 
92 
BB 
8B 

92 
92 
88 
BB 

132 
132 
132 
132 

8 
8 

B 
8 

6 
6 
6 
6 

6 
6 
6 
6 

8 
8 
8 
8 

384 
384 

384 
384 

576 
576 
576 
576 

576 
576 
576 
576 

768 
76B 
768 
768 

4 
4 

4 
4 

3 
3 
3 
3 

3 
3 
3 
3 

4 
4 
4 
4 

192 
192 

192 
192 

28B 
28B 
28B 
288 

6144 
5760 

6144 
5760 23808 

9216 
8832 
844B 
844B 

288 9216 
288 8832 
288 8448 
2BB 844B 69B88 

3B4 12672 
384 12672 
384 12672 
384 12672 50688 

------------
TOTAL Channel Count: 144384 

NOTE: In Barrel all Supermodules 4 layers only, wires ganged in groups 
of 40 (10 cm). 

Definitions: 

TOTAL PCB Count: 

PCBl 

1536 
4608 
3072 

PCB2 

768 
2304 
1536 

9216 4608 

Supermodule Layer 

Inner 
Middle 
Outer 

PCBl - 2 layer signal carrying board with blocking caps. Spans 4 gangs 
on each of 4 anode planes. Right edge connector mates to PCB2 
Dims.: -12cm width (of tongue) x 20cm depth (width of 4 csc layers). 

PCB2 - 8 layer signal processing board. Handles 32 channels nominally. 
Dims.: see diagram (baseline 40 cm x -10 cml 
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csc 2nd Coordinate Electronics Channel Summary 
============================================== 
End cap Channel/Board Count 18 FEB 93 - GSV 

8/4/4 Geometry 

#r-ch # of #PCBl total #PCB2 total #PCB3 total #r-ch 
# pl. /pl/s secs. /sec. PC Bl /sec. PCB2 /sec. PCB3 /sec. #r-ch 
----- ----- ----- ----- ----- ----- -----

la) 8 17 24 s 120 s 120 136 3264 
lb) 8 19 24 s 120 s 120 1S2 3648 

2a) 8 29 24 8 192 8 192 232 SS68 
2b) 8 32 24 8 192 8 192 2S6 6144 18624 

3a) 8 30 24 8 192 8 192 240 S760 
3b) 8 31 24 8 192 8 192 248 S9S2 

4a) 4 23 48 6 288 3 144 92 4416 
4b) 4 24 48 6 288 3 144 96 4608 20736 

Sa) 4 21 48 6 288 3 144 84 4032 
Sb) 4 22 48 6 288 3 144 88 4224 

6a) 4 34 48 9 432 s 240 136 6S28 
6b) 4 3S 48 9 432 s 240 140 6720 21S04 

----------
TOTAL Channel Count: 60864 

NOTE: Modules in layers 1-3 have wires ganged in groups of 20 (S cm) and 
modules in layers 4-6 have wires ganged in groups of 40 (10 cm). 

TOTAL PCB Count: 

PCBl PCB2 PCB3 Supermodule Layer 
-----------------

0 624 624 Inner 
1200 1008 384 Middle 
2736 1440 0 outer 

----- ----- -----
3936 3072 1008 

Definitions: 

PCBl - 2 layer signal carrying board with blocking caps. Spans 4 gangs 
on each of 4 anode planes. Right edge connector mates to PCB2 
Dims.: -12cm width (of tongue) x 20cm depth <width of 4 CSC layers). 

PCB2 - 8 layer signal processing board. Handles 32 channels nominally. 
Dims.: see diagram (baseline 40 cm x -10 cm) 

PCB3 - 4 layer signal carrying board with blocking caps. Same 
fun~tionally as PCBl, except spans 8 anode planes and mates to 
two PCB2s. 
Dims.: -12 cm width x so cm depth. 
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SL3 r 

SL.2 I 

SL1 I 

CSC 2nd Coordinate Electronics Channel Summary 
Barrel Channel/Board Count 16 Feb 93 - GSV 

a I b I c I 

a I b I c I 

a I b I 

Side View 

d 

d 

V30deg #modulei #modules actiVe #Z-Chl #Z-Chan/ #PCB11 total #PCB21 total total 
- nhi /sector total ednelmm nvsec sector sector PCB1 sector PCB2 #Z-Ch. 

1a 4 96 3213.44 32 768 44 1.056 22 528 18432 
1b 4 96 3041.65 30 720 40 960 20 480 17280 

2a 4 96 2367.13 24 576 32 768 16 384 13824 
2b 4 96 2283.44 23 552 32 768 16 384 13248 
2c 4 96 2201.05 22 528 32 768 16 384 12672 
2d 4 96 2195.59 22 528 32 768 16 384 12672 

3a 4 96 3308.68 33 792 44 1.056 22 528 19008 
3b 4 96 3274.35 33 792 44 1 056 22 528 19008 
3c 4 96 3271.13 33 792 44 1 056 22 528 19008 
3d 4 96 3273.n 33 792 44 1.056 22 528 19008 

:otal Modules a"' TOT AL Barrel Channels 164'"' 

~OTE: In Barrel all Supermodules 6 layers only, wires ganged In groups of 40 (1 Dem). 

..Definitions: 

Total PCB Count: 

PCBt PCB2 
2016 1008 
3072 1536 
4224 2112 

TOTAL: 9312 4656 

SL# 
1 
2 
3 

(I Mer) 
(Middle) 
(Outer) 

PCBt: PCB1 is a two layer signal carrying board with blocking caps. It spans 3 gangs of wires on each 
of 6 anode planes. A right-angle edge connector mates to PCB2. 
Dims.: -8cm wide (width of tongue) x 20cm deep (depth of 6 planes). 

- PCB2: PCB2 is an 8-layer signal processing board. It handles 36 channels nominally (this corresponds 
to 2 PCB1 inputs) and spans 60cm of actiVs chamber area. 
Dims.: -40cm wide (to allow 2 PCB1 matings) x 15cm deep (actiVe area of signal processing). 
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Endcap csc Layout H Baseline n Version h.4 -- Towers -- 81616 24148148 

Nomenclature: 
active coverage 9.75° to 27.71° 

20.00 core thickness= I ZU.UUlmm 

o.os m 

0.15 I m 

3 

I 

16 

3 

' 10,000 

' o.oos 

-

1
'1~· 92 S2 R2 

/ / , SI dR 
.(/ ql,81 .. R 

-'- t \I I 

z JI-
Note: modules (a) occupy even-numbered sectors 

modules (b) occupy odd-numbered 1cctor1 

Layout: 

(b) modules shaded 

SW I 7-Feb-93 

.......... 
/ 

/ 

4 ----
3 -----

, 

6 

s 

,..... 
-..1 
~ 

in-tower intermodule space = 
intertower space = 

anode ch modularity = 

anode ch overlap= 

slrip ch modularity= 

slrip ch overlap = 

neulron Du• (Hz/crn"2) 

neutron efficiency Nsctn/2 mo type (a) and Nactn/2 are type (b) _ 

~====================J 

gap= ' Total ch counts: single strip oc:c. 

llUPl llU'.ill mll!llb m GI Zll l:!U nl Ill n2 D2&111 R1 B2. !IR Sl. S2. l.miizl Mm.II! llih l!..llilb l!..uh kh..l!!. ~ 
mm m m m m deg deg m m m m m /pl/sctr cm /pl/sctr /sec /sec 

Inner modules 
la) 8 S.00 0.221 6.001 6.22 6.11 2.46 9.1S 1.90 17.01 24 I.OS 1.87 0.82 0.28 O.SI 80 S.D 18 15,360 3,456 186 2,0SO 
lb) 8 S.00 0.22 6.64 6.86 6.1S 2.46 9.1S 1.90 17.01 24 1.16 2.07 0.91 0.31 0.56 96 5.0 18 18,432 3,456 206 2,265 
21) 8 S.00 0.22 6.27 6.49 6.38 1.92 16.61 1.40 27.71 24 1.90 3.35 l.4S 0.51 0.89 144 s.o 30 27,648 S,760 41 3,620 
lb) 8 S.00 0.22 6.91 7.13 7.02 1.92 16.64 1.40 27.71 24 2.10 3.69 1.59 O.S6 0.98 160 S.D 33 30,720 6,336 45 3,971 

Middle modules 
31) 6 7.00 0.181 10.88j 11.06 10.97 4.86 2.46 9.1S 1.90 17.01 48 1.88 3.36 1.47 0.26 0.47 64 s.o 30 18.432 8,640 IOS S,IS3 
3b) 6 7.00 0.18 11.44 11.63 11.S4 4.79 2.46 9.1S 1.90 17.01 48 1.98 3.S3 I.SS 0.27 0.49 64 s.o 30 18,432 8,640 111 S,418 
4a) 6 7.00 0.18 10.65 10.83 10.74 4.36 1.93 16.S3 1.40 27.71 48 3.19 S.64 2.45 0.43 0.76 96 10.0 24 27,648 6,912 22 8.587 
4b) 6 7.00 0.18 11.21 11.39 11.30 4.28 1.93 16.5S 1.40 27.71 48 3.36 S.94 2.58 0.45 0.80 96 10.0 27 27,648 7,776 23 9,020 

Outer modules 
Sa) 6 10.00 0.201 1s.10I IS.90 15.80 4.83 2.46 9.1S 1.90 17.01 48 2.71 4.83 2.12 0.38 0.67 64 10.0 21 18,432 6,048 72 10,602 
Sb) 6 10.00 0.20 16.30 16.50 16.40 4.87 2.46 9.1S 1.90 17.01 48 2.82 5.02 2.20 0.39 0.69 64 10.0 24 18,432 6,912 1S 11,00S 
6a) 6 10.00 0.20 IS.45 15.65 IS.SS 4.81 1.92 16.67 1.40 27.71 48 4.66 8.17 3.51 0.63 I.I I 96 10.0 36 27,648 10,368 15 17,542 
6b) 6 10.00 0.20 16.05 16.25 16.IS 4.8S 1.92 16.69 1.40 27.71 48 4.84 8.48 3.64 0.66 I.IS 96 10.0 36 27,648 10,368 IS 18,200 

Iola! ares of strip cathodes (m•2) 4255 Total=: 276,480 84,672 
Iola! volumo of chambers (m•3) 21.3 
Total number of modules 480 
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#of #of 
SUnhi nlanes sectors 

1a 8 24 
1b 8 24 
2a 8 24 - 2b 8 24 

3a 6 48 
3b 6 48 
4a 6 48 
4b 6 48 -
5a 6 48 
5b 6 48 
6a 6 48 
6b 6 48 

CSC 2nd Coordinate Electronics Channel Summary 
Endcap ChanneVBoard Count 19 Feb 93 - GSV 

active #PCB1 total #PCB2 total #r-Ch. 
ednelmm /sector PCB1 /sector PCB2 /sector 

820 5 120 3 72 16 
910 6 144 3 72 18 

1 450 10 240 5 120 29 
1-590 11 264 6 144 32 

1470 10 480 5 240 15 
1 550 10 480 5 240 16 
2450 16 768 8 384 25 
2580 17 816 9 432 26 

2120 14 672 7 336 21 
2200 15 720 8 384 22 
3510 23 1104 12 576 35 
3640 24 1152 12 576 36 

TOTAL Endcap Channels 

total 
#r-Ch. 

3072 
3456 
5568 
6144 

4320 
4608 
7200 
7488 

6048 
6336 

10080 
10368 

~· 

- NOTE: In the Endcap SL 1 contains 8-layer Supermodules with wires ganged in groups of 20 (5cm). 
In this case the PCB2's are overlapping. SL2 and SL3 (middle and outer SL's) are 6-layer 
Supermodules and have wire ganglngs of 40 (10cm). 

Total PCB Count: 

PCB1 PCB2 
768 408 

2544 1296 
3648 1872 

TOTAL: 6960 3576 

Definitions: 

SL# 
1 
2 
3 

(Inner) 
(Middle) 
(Outer) 

PCB1: PCB1 Is a two layer signal carrying board with blocking caps. It spans 3 gangs of wires on each 
of 6 anode planes. A right-angle edge connector mates to PCB2. 
Dims.: -Bcm wide (width of tongue) x 20cm deep (depth of 6 planes). 

PCB2: PCB2 Is an 8-layer signal processing board. It handles 36 channels nominally (this corresponds 
to 2 PCB1 Inputs) and spans 60cm of active chamber area. 
Dims.: -40cm wide (to permit 2 PCB1 matings) x 15cm deep (active area of signal processing). 
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.. 

.. 

Comparative 22 FEB 93 - GSV .. 
Channel and PCB Count Summary 

.. 
Barrel Endcap Barrel Endcap 
8/8/4 8/4/4 TOTAL 6/6/6 8/6/6 TOTAL 

-
• 

Channels 144k 61k 205k 164k 75k 239k 

PCBl 9216 4944 14160 9312 6960 16272 -
PCB2 4608 3072 7680 4656 3576 8232 

Supermodules 1344 432 1776 960 480 1440 -
-

-
176 



-

-

- Strips 

csc 
6-plane 

Supennodule 

Cathode 
Readout 

CSC 2nd Coord. Readout 

I 6/6/6 and 8/6/6 Geometries I 

PCB2 

Cal Timing Strobe 

36Channel Data us 
18Cal 

Signal 

18 
Processing 

Board 

REF 

177 

20 FEB 93 - GSV 

Supermodule LI --Mother Trig. 

board 

L2 -- Trig. 



• 

~ 
"1ANODE 
CICWIRES 

8-LAYER 
PCB 

• • 

L-.:J L f-\1 \JUUL LLLL I I \UI \J L t__,,._J 

CJ CJ CJ,..----
(\ (\ 

• • • 

~COOLING 
WATER 

• • 

BRASS PINS 

WIRE SUPPORT OOARDS 

ANODE SIGNAL 
TRANSMISSION BOARD 
(80 WIRES X 4 LAYERS) 

I 

16 PIN CONNECTOR 

• • f 



I-" 
....:I 
c.o 

) \ 

Signal Processing Specifics 
20 FEB 93 -GSV 

I For 6/6/6 and 8/6/6 Geometries I 
.................. ,- - - --- - ----- - - - - ----- - - --- - - - - - ---- - - - - - ---- - - - - - - - - - --

I 
I 
I 

18 !@ 
. I 

-, 18Channel 
• I 

Anode Gangs 1 
I 

Pre·Amp/ 
I Shaper 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 

!@ 18 . I 18 Channel 
,. -. 

Anode Gangs 1 
I 

Pre-Amp/ 
I Shaper 
I 
I 

111 / 
' 

30ns -
---

1~ I -
--
-. 

l! It , 

i--

30ns 

111/ 

' 

I 
I 
I 

Possible Integrated 
I 
I 
I 

FunctionaJitv I". I 
I 
I 

6 I 

~ Data way I 
I 

36Channel -
SCA/ADC @ 

Control -
@ - ASIC 

(ALP/DCC) 
36Channel 
Timing -Discriminator 

L36 

e I 

Hit Tower 
I 
I 
I 

36 Channel I 

AND/OR Address I 
I 

Timer 
I 
I 

I Timing Strobe; 
I 

I I 

-................... L. -----------------------------------------------------• 
PCBl PCB2 - Signal Processing Board 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Data I 
I . -, 
I 

Control : 
-- I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 

Supermodule 
Motherboard 

------------------J 

• 



• 

...... 
00 
0 

Signal Processing Specifics 
12 FEB 93 - GSV 

I For 8/8/4 and 8/4/4 Geometries] 
PCBl,PCB3 
••••••••••••••••••••T - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -1 

I I 
I I 
I 

I@ 30ns / @ 
I 
I 

16 l6 - I 

I 
I . 16Channel 32Channel I , 

I 
I 

Anode Gangs I Pre-Amp/ 400ns r-- Timing 
I .._ I 

Shaper Discriminator 
I 
I 
I 
I , I 

H' 
I 32 @ 

I 
I 

I : Data . Control 
l"" -

e ASIC I 

~ 
tontrol 

32 Channel - (ALP/DCC) l"" . 
.;:;. SCNADC 

--
1~ , • 

16 
@ - e ..}.. 

. 16 Channel 30ns , 32 Channel I 

-------------------. 

Supennodule 
Motherboard 

I 
I 
I 
I 
I 
I 
I 
I 

Anode Gangs Pre-Amp/ I AND/OR Timi(lg Strobfl 
Shaper 

16 
Timer 

I 

j I 
···················- - - - - - - - --- - ---- - - ------ - - - - - - - - - - - - - - - - - - - - - - - --- - - - ---_, 

PCB2 • Signal Processing Board 

• • • • • • • 

I 
I 
I 
I 

•------------------~ 

• • • 



-v--

-v-

---v-

-v---

-v-

-

Timing 
Discr. 

~ 
~ 

~ V' 
!'-. 
~ 
I'-.. 
/ 
;--
/ 

> / 

Single Projective Tower 

Simpler 20 FEB 93 • GSV 
3-of-4 AND/Fast OR of 6 

I 

2 \ 
s 
-

I 
•r2 ...... 

6 -
~ - - ~24mamn. --

I ~/_/ '"5 
6 ~ 

-
2 
s \ 
6 J 

_n_,Dly ' _n_ 
I • I 

_rL : 
I Dly. I 

_rL 

__n_:Dly.: __n_ 
~Timmi -_, 

EN .!!:!;. 
- r I> - -

' I 
I Dly. I '----

.JL_:Dly.: SL_ 

_rL:Dly.: _rL 

181 



~ 

--v-

---v-

-v--

~ 

-

Timing 
Discr. 

~ 
/ 

> ./ 

~ / 

> / 

~ / 

~ 
/ 

-
.. 

Single Projective Tower 

20 FEB 93 • GSV 
3-of-4 AND/Fast OR of 6 .. 

1_ 

2 
s J 

I -
~ 

2 ...... .. 
6 ~~ -- 1-~ 24osncm.. 

t)--ITJ -- -2 

s B .. (") 

6 • ...... DR 

_n_~--u:- r> Q 

- n -
_fL_~--U-. I- DR 

Q 

v 

l"'I 

_fl_ .. 3 :-L§" • I- DR 
y 

Q 

- L.Lk- .............. 
\_ ..... ~ ~ 

.. 
(") ioL../ 4 I- DR .. 

• 
Q 

'--- -
(") 

...fl__ sis-• I- DR 
.f\r. Q 

v 

(") 

_fL_ 6:-1...F - DR 
Q 

• v 

-
182 .. 



!--" 
00 
w 

Side View 

µ Track 

(non-bend coord.) 

) l ) ) 

3-of-4 AND/Fast OR of 6 Timing Diagram 20 FEB 93 - Gsv 

Begin Falling Edge 
. ~ Sensing 

µPassagJ l t '-----+!-------

' 1 ' t{ I I~---Layer 1 

Layer2 ! I t{ . 

W I._! ----t"J---~ 
i "( ~---... ~---+---r----+i------1{1 Uncorrelated ~' ----+r --------

Layer3 

Layer4 
i , Background . 

Layer5 I y{ j I t_ 

Layer6 

AND 
decision 

AND 
jitter 
window 

w t{ I I \!/ __ _ 

t=O 

Fixed ~lay @. ; 
Mappmg . ..--. ----.

1 t{ f Edge ~---
, ~apping 1 Sensing . , . .mlliilili Space i 

i :~b._l_e--1..---------
Begin Level Sensing l _ 

--Time Delayed 
I ,,,. ' / 

t = "24ns" ~ 
max. drift time Simple OR-ing Scheme 

i Begi; Falling Edge 

i Sensing 

~ 
Aip-Aop Scheme 



RD-5 Timing Results 
22 FEB 93 - GSV 

:;.... Leading edge disc. with fixed threshold - 150rnV 

~ llns rrns per plane 

~ 6.Sns rrns for OR of 4 planes 

~ Not the best possible: 

-.;a=-~ Improvement with higher HV 

-.;a=-~ Lab tests show 30%improvement with 

Constant Fraction Discrimination 

:;.... In terms of 16ns BX tagging, looks promising: 

~ Building Prototype Electronics 

~ Realistic Background Testing 
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CONCLUSIONS 

Design Specifications 

• Rapidly bringing this comparatively immature technology up to speed 

• Outstanding Anode Electronics Design Issues: 

- Wire ganging 

- Noise tolerance 

- ADC resolution 

R & D Issues 

• A LOT to be studied, A sampling: 

• Cost Efficient Multi-hit Resolution 

• Optimal Timing Scheme 

• Signal Fan-in Density issues 

Preliminary Cost 

• Conservative estimate prior to Baseline 2 

• Next iteration with Baseline 2 will be ready for 10 :tvIAR meeting 

Schedule 

• Timing Electronics studies with RD-5 Chamber 

• Summer 1993 Prototype Chamber Electronics 

_• Prototype Electronics - to be coordinated. 

• Production Electronics - to be coordinated. 

Man Power /Resources 

•To be coordinated with rest of CSC Electronics Group: BU,BNL,PNPI,PU, UH,etc. 
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CALORIMETER LEVEL 1 TRIGGER 

-
1. Specifications 

2. Trigger Sums 

3. Noise considerations 

4. Discriminator performance 

5. System description 

• Block diagam 

• Description of modules 

• Location of modules 

6. Trigger latency 
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CALORIMETER LEVEL 1 TRIGGER SPECIFICATIONS 

• Latency: 

- Total latency S 2000 ns 

- Cable/fiber runs ~ 1270 ns 

- Peaking time for hadronic shapers ~ 150 ns 

- Assumption for gleeal level 1 logic: 70 ns 

• Synchronism: Level 1 trigger data must be made avail
able for each bunch crossing (pipelined architecture). 

• Minimal set of primitives: 

- Numbers of hits above several threshold values: 

* isolated EM clusters 
* isolated hadronic clusters 
* jet clusters 

- Global data, digital values: 

* Missing transverse energy 
* Total transverse energy 

• Programmable. 
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EM cell EM = 6X6 EM cells 
( .027x.027) 

(.16 x .16) 

D 
HAD cell " 

.... ~.~ 
1 ..:.... . ..• 

', 
<.Osx.Oa) ? 

- D 
SP = 4x4 HAD SPEM = 2X2 EM 

(.32 x .32) ( - 3 2 x - 3 2) 

I 

' . 

JET = 2x2 SP 

(.64 x - 64) 
-- -
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LIMITATIONS DUE TO 
PILEUP AND THERMAL NOISE 

• Assumptions: 

- EM thermal noise from BNL test 

- Hadronic thermal noise from Kistinev estimates 

- Pileup noise density formula: 

PP= 380(A11A</>)0
·
76

( ~)!MeV /y'Ils 

• Single sample amplitude resolution (tm = 40 & 70 ns): 

/f;.. 
Trigger tower O'sample( Ge V) 

Type !l11!l4> 10·· io·· 
EM 0.16 x 0.16 0.19 0.56 
SP 0.32 x 0.32 1.1 2.5 

JET 0.64 x0.64 2.6 7.0 

• Amplitude resolution from optimal filtering: 
4),. 

Trigger tower uE(GeV) 
Type AT/A</> 10"" io~· 

EM 0.16 x 0.16 0.19 0.52 
SP 0.32 x 0.32 1.0 2.4 

JET 0.64 x0.64 2.4 6.5 
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TIMING PERFORMANCE 

• Discriminator is Turko-Smith design · 

• Tested for calorimeter signals in BNL LKr test (7 /90) 

• Experimental timing resolution (before corrections): ::::::1 
ns for 15 GeV signals 

• Timing resolution for discriminator for tp=40 & 70 ns: 

'f 'A 
Trigger tower E u.(GeV-ns) 

Type A11A<P 10~ io~ 

EM 0.16 x 0.16 11 33 
SP 0.32 x 0.32 100 234 

JET 0.64 x0.64 248 656 

• Timing resolution from optimal filtering: 

~}. 

Trigger tower Eut(GeV-ns) 
Type A11A<P 10°0 10"' 
EM 0.16 x 0.16 5.0 6.7 
SP 0.32 x 0.32 60 80 

JET 0.64 x0.64 132 175 

• To achieve required timing accuracy for jets of :::::: 30 Ge V, 
digital filter is required. 
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GLOBAL SUMS AND TIMING FILTER 

• To establish crossing for a jet, require 25-30 Ge V thresh
old 

• Probability for an out-of-time jet in 400 ns ::::; 5 

• Following suggestion of F. Paige (PN 91-1), sum only 
energy in jets. 

• Errors introduced by jet filter: 

Source of error u(Er) u(E= .. ) 
(GeV) (GeV) 

Geometry 0 3.3 
Threshold (25 GeV) 40 21 
Pileup (5 Jet Sums) 13 10 

Jet noise (n::::; 2) 5.3 7.5 
Total 42 25 

• Comparison of linear vs. filtered sum: 

Condition O'E(GeV) Eu1(GeV-ns) 
10~ 10°• 10"" 10"' 

Linear sum (OF) 54 128 760 1000 
Filtered sum 42 45 - -
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Ll SUM 

• Location: Front end electronics racks (1 per crate) 

• Functions: 

1. Form analog sums of different floors 

2. Equalize average gains 

3. Discriminate all sums (7 levels) 

4. Perform beam synchronization and nearest neighbor 
isolation logic (FPGA) 

5. Provide monitoring data for analog waveform 

•Inputs 

- Analog sums from EM and hadronic front end boards 

- Discriminator signals from nearest neighbors 

• Outputs 

- Discriminator signals to nearest neighbors 

- Analog/digital SP signals to Jet Sum boards 

- Isolation logic EM and SP signals to Edge Count logic 
(via optical link) 

- Analog waveform monitoring information (via optical 
link) 
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JET SUM/FILTER 

• Location: Front end electronics racks (1 per 4 crates) 

• Functions 

1. Perform analog addition of 4 SP signals 

2. Digitize and store samples each 16 ns 

3. Perform optimal filter algorithm to obtain Jet energy 
associated with crossing 

4. Provide monitoring of analog waveform 

• Inputs 

- Analog signals from Ll Sum 

- Discriminator (timing) signals from Ll Sum 

• Outputs 

- Jet energy and timing data (via optical link) 

- Analog waveform monitoring information (via optical 
link) 
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EM EDGE COUNT 

• Location: ER 

• Functions 

1. Receive EM and SP isolation logic data over optical 
links 

2. Perform cluster counting for each of 8 categories of 
hits 

• Inputs 

- Optical fibers from 4 Ll sum boards (5 channels, 4 
bits/ch each 16 ns) 

- Data from neighbors for cluster counting (backplane) 

• Outputs 

- Isolation logic SP data to SP Edge Count 
- Data to neighbors for cluster counting (backplane) 

- 8 sums (cluster count) to adder 

- Digital signal for monitoring channel 
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GLOBAL SUM 

• Location: ER 

• Functions 

1. Receive Jet energy data over optical link 

2. Form Jet ET, ETX, ETY for global sums, and make 
board-level sums 

3. Provide "discriminator like" data for edge counting 
through table lookup 

• Inputs 

- Optical fibers from 4 JET sum boards 

• Outputs 

- Data to JET edge count modules 

- 3 global sums (ET, ETX, and ETY} summed over 4 
channels 

- Digital signal for monitoring channel 
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ADDER 

•Functions 

1. Add digital data to form global sums (12 or 16 bit 
configuration) 

2. Add digital data to form EM, SP, or JET cluster 
sums (4 or 6 bit configuration) 

•Inputs 

- Digital data from global sum, edge count or adder 
module 

•Outputs 

- Digital sums to global level 1 module or follow-on 
adder 
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LOCATION OF LEVEL 1 LOGIC 

• In experimental hall: 

- Ll Sum (1 per front end crate) 

- Jet Sum/Filter (1 per four front end crates) 

• In electronics room: 

- Edge count logic 

- Global sums 

- Adders 

• Features: 

- No copper connections between experimental hall 
and ER. 

- All analog signals are carried over cables :S 5 m in 
length. 

- All low level analog signals are discriminated in place. 

- Failures will remove only that particular segment 
from the trigger. 

- Remote monitoring of waveforms (at 16 ns sampling) 
available over trigger links. 
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TIME BUDGET FOR LEVEL 1 CALORIMETER TRIGGER 
ET ETX ETY 

CABLE VMEUNIT 
EVENT IAETERl ns/m TYPnc 

TOA at CH ( 5m@ 3ns/m) 

cable ID Int Amp 12 6.6 

lmarmadlata Amplffler • 5 

CalJle ID Rac:l<B • Readout (X) 40 5 
. 

Readout Boards • 10 

cable ID L 1 SUm 0.5 5 

L 1 Sum Board (Sum+Shapa+Dlsc+Drv) 216 

Cabla ID Jal Sum/Fllfllr 5 5 

Jet Sum/Fll18r (Trans.Alfllr + Ontlcal Xmll.) 152.5 

Optlcal Aber ID ER (Global Sums) (Y) 80 5 

Global Sums (I ""ic + Adda< S"""' 1 +2) 103 

cable ID 12·Blt Adder 1 5 

12_BltAdda< Board (S-3-+4) 48 

cable ID 12·Blt Adder 0.5 5 

12 BltAdda<Board(S..,,..5+6) 48 

cable ID Global Laval 1 l..oaic 3 5 

Global Laval 1 Loaic • 100 

ER Xmll. Board (Optical Canv.+Xmtt). 10 

IOntical Aber from ER 120 5 

Optical Racaivar (Rae.+ Elac.Canv.) • 10 

TOTAL 

• - Not Unkad ID anolhar Wo-t 

216 
ETV3.>CLS 

... 

TYP 
t T ... 

15 15 

79.2 94.2 

5 992 

200 2992 

10 3092 -
2.5 311.7 

216 527.7 

25 552.7 

152.5 705.2 

400 1105.2 ... 
103 1208.2 

5 1213.2 

48 12612 

2.5 1263.7 

48 1311.7 

15 1326.7 
... 

100 1426.7 

10 1436.7 

600 2036.7 

10 2046.7 

... 
2046.7 

-

... 

... 

... 



TIME BUDGET FOR LEVEL 1 CALORIMETER TRIGGER 
JET SUMS 

CABLE VME UNIT 
EVENT IAETERi nslm TYPrv 

TOA al CH C 5m@ 3ns/m) 

C8ble ID Int Amp 12 6.6 

lnllrmedlala Amolifiar • 5 

Callle ID Racial • Readout CX) «> 5 

RaadoutBoaJda• 10 

Cable ID L 1 5um 0.5 5 

L 1 Sum Board CSum+Shape+Dlsc+Drv) 216 

Callle ID Jet Sumlflllar 5 5 

Jet SumiFiltar (Trans.Flllar + Opllcal Xmlt.) 152.5 

Optical Flbar ID ER /Global Sums) M 80 5 

GlobalSUms 55 

Callle ID JET Count ""'ic 1 5 

Jet Count ""'le 95 

CalJle ID Jet ,_Bil Adder 1 5 

JET' Bit Adder Board CS"""' 1 +2) 24 
Ceble ID JET 4 Bit Adder 0.5 5 

JET 4_811AdderBoardCS"""'3+4) 24 
Ceble ID Global Lsvel 1 I ~;,, 3 5 

Global l.8vel 1 I nntc • 100 

ER Xmlt. Board /Optical Ccnv.+Xmlt) • 10 

Optical Fiber fram ER 120 5 

Op1ical R- IRec.+ Elec.Conv.) • 10 

TOTAL 

. • Nol Unklld ID anottter Worksheet 

217 
JETV3.XLS 

TYP 
I T 

15 15 

792 942 

5 992 

200 299.2 

10 309: 

2.5 311.7 

216 5Zl.7 

25 552.7 

152.5 7052 

40D 11052 

55 1160.l! 

5 1165.2 

95 1260.2 

5 12652 

24 1289.2 

2.5 1291J 

24 1315 .• 

15 1330.j 

100 1430.7 

10 1440.7 

600 20«>.7 

10 2050.7 

2050.7 



TIME BUDGET FOR LEVEL 1 CALORIMETER TRIGGER 
SP SUMS 

CABLE VME UNIT 
EVENT METERI ns/m TYPoc 

TOA at CH ( 5m @ 3nstm ) 

cable ID Int Anm 12 6.6 

lntllllnadlatll Amplifier • 5 

C&blelD--~ (X) 40 5 -- 10 

cable ID L 1 SUm 0.5 5 

L 1 Sum Board (Sum+Shape+Dlsc+DIV) 211 

L1 Sum T,_far ID Nelahbon; 5 5 

L 1 Sum Board (l.nalc + Ontical Xmft) 105 

Optlcal Fiber ID ER (COUnl l..tx!lc) (Y) 80 5 

EM Count l..tx!lc •(Optical Rec.) 45 

cable ID SP Count l..tx!lc 1 5 

SP Count l..tx!lc 95 

cable ID SP 4-Ellt Adder 1 5 

SP4_ElltAddarlloard (StaaG 1+2) 2A 

Cable ID SP 4 Bit Adder 0.5 5 

SP 4 ElllAddar Board {Slaalo 3+4) 2A 

cable ID SP 4-Ellt Addar 0.5 5 

SP 4 Ellt Addar Board (S-e 5+6) 2A 

Cable ID Global l.JMll 1 l..tx!lc 3 5 

Global Leval 1 l..tx!lc • 100 

ER Xmll Board (Optical Canv.+Xmft)" 10 

Optical Fiber from ER 120 5 

Optical ~ar (Rec.+ Elec.Canv.)" 10 

TOTAL 

" • Net Unkad ID another Wo-1 

218 
SPV3.XLS 

... 

TYP 
t T 

15 15 

79.2 94.2 

5 99.2 

200 299.2 

10 309.2 .. 
2.5 311.7 

211 522.7 

25 547.7 

105 652.7 

400 1052.7 -45 1097.7 

5 1102.7 

95 1197.7 

5 1202.7 

2A 1226.7 

2.5 1229.2 -
2A 1253.2 

2.5 1255.l 

2A 1279.7 

15 1294. 

100 1394.l 

10 1404. 

600 2004.7 

10 2014.7 

2014.7 ... 

-

-



TIME BUDGET FOR LEVEL 1 CALORIMETER TRIGGER 
EM SUMS 

CABLE VMEUNIT 
EVENT lllETERl ns/m TYP llC 

TOA at CH ( 5m@ 3nslm) 

Cabla ID Int Amp 12 6.6 

lnllnnlldiale Ampllftar • 5 

Cabla ID Radel • Readout (X) «> 5 -- 10 

C&ble1DL1 SUm 0.5 5 

L 1 Sum Boord (SUm+Shape+Dlsc+DN) 211 

L 1 Sum Trans far ID Nelnhbono 5 5 

L1 Sum Board (U>nlc + 0""""' Xmlt) 105 

IOnllcol Fiber ID ER (COunt lnalc) (VJ 80 5 

EM count tnalc 120 

Cabla ID EM 4-Bil Adder 1 5 

EM 4 Bil- Boerd (StaoA 1+2) 24 
Cabla ID EM 4_Bil Adder 0.5 5 

EM 4 Bit A- Board (StaoA 3+4) 24 

Cabla ID EM 4-Bil - 0.5 5 

EM4 Bit-BoerdlStaoA5+6) 24 
Cabla ID EM 4-Blt Adder 0.5 5 

EM4 Bit-Boerd(S"""'7+6) 24 
Cable .. Global l.JMll 1 Lonie 3 5 

Global l..8V8I 1 Lnaic • 100 

ER Xmlt Board (Ontioal Conv.+Xmtt) • 10 

Optical Fiber from ER 120 5 

Optical RllC8ivar (Rec.+ Elec.Conv.)" 10 

TOTAL 

• • Not Linked ID another Worl<shaet 

219 
EMV3.XLS 

TYP 
t T 

15 15 

79.2 94.2 

5 992 

200 2992 

10 3092 

2.5 311.7 

211 522.7 

25 547.7 

105 652.7 - 1052.7 

120 1172.7 

5 1177.7 

24 1201.7 

2.5 1204.2 

24 12282 

2.5 1230.l 

24 1254.l 

2.5 12572 

24 1281.2 

15 1286.2 

100 1396.2 

10 1406.2 

600 2006.2 

10 20162 

2016.2 



TIME BUDGET FOR LEVEL 1 CALORIMETER TRIGGER 
AVERAGE FOR SUBSYSTEM 

ELECTRONICS 
33o/o 

220 

CABLES 
17°/o 

FIBER OPTIC 
50% 

... 

.. 

.. 

.. 

.. 

.. 
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Programmable Digital Level-1 Trigger for Calorimeter 

Cost estimate 

with 

Drawings 

WBS No: 50.04.1 

223 



WBS number 

50.04 
50.04.1 
50.04.U 
50.04.1.2 
50.04.1.2.2.2 
50.04.1.2.2.2.1 
50.04.1.2.3 
50.04.1.2.4 
50.04.1.2.4.1 
50.04.1.2.5 
50.04.1.2.5.1 
50.04.1.2.5.2 
50.04.1.2.S.3 
50.04.1.2.5.6 
50.04.1.2.6 
50.04.l.l 
50.04.1.3.2 
50.04.1.3.2.1 
50.04.1.3.3 
50.04.1.3.4 
50.04.1.3.4.1 
50.04.1.3.5 
50.04.1.3.5. l 
50.04.1.3.S.2 
50.04.1.3.5.3 
>0.04.1.3.5.6 
50.04.1.3.6 
50.04.1.3.7.3 
50.04.1.4 

(\J 
(\J 
~ 

• 

Descrintion 

riaaer 
,eve! 1 Calorimeter 
~nlm/documentalion 

•retofvnc 
nw voltalle in-detector 
owerSuooly 
;abln and rmtical fiben 
'ctive eomnonents 
D-Flowchip 

'rinted circuit board 
JD-Flow board 
Jntical to electrical board 
rig swn, ADC, elec • nnt 

sum board 
~-detector crate comnlcte 
•reduclion 
· .nw vol fall• in-detector 
'ower suooly 
;abln and Ootical Fiben 
'ctive eomnonents 
JD-Flow chip 
'rinted cin:uit board 
D-Flow board 

:>ntical to electrical board 
rill sum, ADC, elec - oo 

OlnerllV sum board 
"ln-detector crate complete 
~•ck slot 
lnstallalion & test 

• 

SUMMARY .XLS 

Enai eerinaJDesian Material tion/ Administrati ab 
i.abor Material otal Services i.abor Materia rota I material 

0 0 
0 0 

17250 17250 0 
203352 0 203352 61500 0 0 0 187000 

0 0 
0 10000 0 

2200 2200 2000 0 
0 0 

86252 86252 40000 0 150000 
0 0 

11000 11000 500 0 2000 
28250 28250 2000 0 6000 
30450 30450 2500 0 7000 
28250 28250 500 0 2000 
16950 16950 4000 0 20000 
44600 0 44600 346140 0 0 0 1745000 

0 0 
6600 6600 5000 0 
4400 4400 110000 0 

0 0 
0 0 800000 
0 0 
0 0 15000 
0 0 375000 

20100 20100 125000 0 500000 
0 0 30000 

13500 13500 4500 0 25000 
0 101640 0 
0 0 

Page 1 

• • • • 

Assembly Installation Totals 
.Abor Materia fotal .abor Material rota! Sub Total DOA otal 

0 0 0 0 
0 0 0 0 
0 0 17250 7935 25185 

0 0 0 0 21500 21500 473352 217742 6!11094 
0 0 0 0 
0 0 10000 4600 14600 
0 0 4200 1932 6132 
0 0 0 0 
0 15000 15000 291252 133976 425228 
0 0 0 0 
0 0 13500 6210 19710 
0 2000 2000 38250 17595 55845 
0 2000 2000 41950 19297 61247 
0 500 500 31250 14375 45625 
0 2000 2000 42950 19757 62707 

0 7000 7000 0 210500 210500 2353240 854458 3207698 
0 0 0 0 
0 0 11600 5336 16936 
0 0 114400 29744 144144 
0 0 0 0 
0 20000 20000 820000 377200 1197200 
0 0 0 0 

5000 5000 0 20000 9200 29200 
0 62500 62500 437500 201250 638750 
0 125000 125000 770100 169422 939522 
0 3000 3000 33000 15180 48180 

2000 2000 0 45000 20700 65700 
0 0 101640 26426 128066 
0 50000 50000 50000 13000 63000 

llverall Totals: 2893842 1093135 3986977 

• • • • • 



) ) 

SUBSYSTEM: El~ctw0ics 
1 WBS No •• 5U. 4.1. 

wes Descrlpt.: Design/documentation 

WBSOTY: 1 

WBSUM: MY 

Functional ActM 
L . - - -
j r;1rcle One If entire 2 Malarial & Services 

form pertains to only 3 lnspectlon.'Admlnlstratlon 
one category or precede 4 Procuremenl/Fabtk:atlon 

description /Ines with 5Assembly 
appropriate code 1 -_;) 6 lnstallallon 

COST 

Item Descrlotlon BASIS 

1-Englneer/Physiclst-SSCL BU 

c, 

SSCL GEM DETECTOR 
SUCCESS COST ESTIMATING INPUT FORM 

~st Basis: 1. Bottom-Up (BU) 

2. Speclllc Analogy (SA) 

3. Paramelrlc Study (PS) 
4. Review and Updale (RU) 
5. Trend Analysis (TA) 
6. Expert Opinion (EO) 

Craft/Team •Unit 

Unit Mees Reaourae Productivity 

Qtv IUM) Code MH/UM 

025 MY SSC02 1,772 

lea: Place asterisk at the end of Item descriptions If relational. 

c.n 

Estimated By: Dario Crosetto Date Estimated: 1/19/93 

) ) ) 

RISK DGA 
Factors Percenta11e 

Technical 5 5 4% 4% 20% 
-~ ·-

Cost 10 1o/o 10% 

Schedule 8 2% 16% 

• 

Crall/ 

Team Mafl Total Total Total 

Rate/HR Unit Cost Labor Mat'I Direct 

38.94 17,250 0 17,250 

SUBTOTAL 17,250 

DGA 46% 7,935 

TOTAL 25.186 

Sheet: 



N 
N 
a; 

( 

Progro.Mrio.ble Digito.l Level-1 Trigger Physico.l Lo.yout 
WBS No.: 50.04.1 

" > " '\ >. ':, '\ '\ ':, ' ':, '\ ':, ~ Time <ns> I 6 't I 't 

11'\ITOA at CH ,1 151 15 

@ Cable to Int Amp 66 81 

@ Inter. Ampl. 5 86 .---'-~-, 

© Cable to platf. 200 266 
(40 mt' 

\!) {max 5mt i .. 
ii 

.r·" 

@ Sum Ampl. 5 271 

@ Shape Ampl. 218 4891 I ' I JI 'ff1ill 

{Z) FADC out 20 509 
1 
'I '=' ':,/, , 

1 

® Electr. to Optical 21 530 

~ \ '>'-I/ H(j IC\ Optical Fiber 400 93oj 5=: R .-.:. 
~ {80 mt) 

@ Optical to El.ctr. 21 951 :,:· .. ·~:., ::_. ·. ~~.·,-·;, /l-....i • 

@ Digital Proc. "-00 1451 1
• • •.•• '·. '\~· / (30-Flow' " . · . '· . ' . "-@ Cable to L-1 GI 251476 ,·.. , ·.. . ... '· '\ / 

(5 mt) ··. . .. '\ , 

.. 
E 

('I) -. ' ' ., ~ Global L-1 log. 1821658 ·,. · ·,. · ·. ·<' "- / 
~ I' . . . . . ' . ,, / , , y 

3 Electr. to Optical 
2116

7
9 > . '·,.,··,·,.·'.·."-~/_.:/-./ /:·// /~ , 

~Optical Fiber •' CI00:!21ii .. . ', ·, .' 0 /. / / · ./ // 
"-:;// ,(120 mt . . -,_ '·, .,v . ,/ . @ Optical to Eleetrl 23 230~ [) ' · ' "-

• • • • • • • • • • 



) ) ) ) ) 

-·--

Progro.MMo.ble Digito.l Level-1 Trigger Logica.l Lo.yout 
'JBS No.1 50.04.1 I [ D. Crosetto - 19 Jo.n. 1~3 

_; _, _, _, 
a. d d d 
E s... s... u u Progro.l"'ll"'lo.lole Dlglto.l u 
<[ OJ OJ .µ s... .µ 

.... <; <; a. +> o.rro.y processor a. 
c Cll _, _, CJ u <3D-Flow) CJ 
0 +> a. a. Cll 

d E E 0 
_, 0 a. <t <[ u w Muon 

-0 ~ +> +> 
c Cll CJ) CJ) <t 0 u 
0 s... E c c s... +> CJ) s... 
Vi 0 s... "f a. .s::. +> 0 +> 
;j Ill Cll Ill u .p ...J u _, c +> E d d Cll Cll 0 Cll c :I .s::. _, _, a. ..... _, 

~lu 
(I) ..... (I) (I) LL w CJ I w 

n n ...J 
,...._ _, 

Co.lorlrlete d 
_g 
0 _, 

l::J 

®~® @ 

~ 

1379 + (ns forwo.rd) 
~~~~~~~~~ -----

621 = (ns return signo.l) 

2000 (ns Level-1 trigger lo. tency) 

o.cceot 
Cpt. to Electrical 



!\:) 
!\:) 

co 

( 

r 
I 
' ! 
' 

.. • • 111 ........... ~ "-" '-"" 

Progro.MMo.lole Dlglto.l Level-1 Trigger 
---- - --- - ··----- - - II 

SCHEDULE 
\./BS No.• 50.0~--- -- -- -l~a ~ ssc ~ i' .iu. 1m 

1/92 1/93 1/94 1/95 1/96 1/97 1/98 1/99 
50.04.1 - L-1 Co.lorlMeter Dlgli:o.l Trigger : 

Proiect MnnnaeMent 
~~el~u Sp~cj 

. . 
l Deto.ll Design I 

[ B~lld 8. Test P-;~t~typej 

I - Pr~ductl~n - ] 

[ AsseMlole ] 

[-- -Tu~t u J 

[ Insto.ll 8. lntegro. te I 

• • • • • • t t t ( 



N 
N 
c.o 

f 

~ 

I 
'----

} 

s I 271 

12111 4111 

:zol 509 

211530 

Progro.MMo.ble D1g1to.l Level-1 -- -- ·--··-

Processor Arro.y versus Co.lortMeter Arro.y 
\./BS No.1 so.04,1r_______ /11. c..o..tto - 19 Join. 1993 

--- ----· - - ---·- . 

llARREL 

x 40t 

END CAP 

lhllAD 

,_.....,._ -
bpi a:I ( 6' &I (....._ti -- , ......... 11~ 

} 

. ---------- -----·. -·-



l\j 

C..J 
0 

. 

SUBSYST~fj"~ HJ~c!'if.B~., .2.2.2.1 

wes Descrlpl: Power Supply 

WBSQTY: 1 

WBSUM: MY 

Functional Actlvhy: 1 EnglneeringDeslgn . 

) c;1rcle One If entire ~ 2 Matertal & Services 

form perlelns to only 3 lnspecllon/Admlnlstrallon 
one category or precede 4 ProcuremenllFabrlcallon 
description tines with 5Assembly 
appropriate code 1 -;J 6 lnstana11on 

COST 

Item Description BASIS 

2-Power supplv BU 

SSCL GEM DETECTOR 
SUCCESS COST ESTIMATING INPUT FORM 

Cost Basis: 1. Bollom-Uo (BU) 

2. Specific Analogy (SA) 

3. Paramelrk: Sludy (PS) 
4. Review and Updale (RU) 
5. Trend Anelysls (TA) 
6. Expert Opinion (EO) 

Crall/Teem •unit 

Unit Meas Resourse Productivity 

Qtv (UM) Coda MH/UM 

20.00 500watt 

Notes: Place asterisk at the end of Item descriptions If relational. 
Notes: Based on the cost of $1 /watt 

Estimated By: Dario Crosello Date Estimated: 1/19193 

I I I I I I I 

RISK DGA 
Factors Percenta 

Technical - ---------- 5 5 4% 4""/o 20% --·-
Cost 10 1°/o 10% 

Schedule 8 2% 16% 

• 

Craft/ 

Team Mat'I Total Total Tolal 

RalalHA Unit Cost labor Mal' I Direct 

500 10,000 10,000 

SUBTOTAL 10,000 

DGA 46% 4.600 

TOTAL 14.600 

Sheet: 

I I I I 



N 
c.:i 
' 
' 

. 

SUBSYSTwf;"~ ~J~~W,8~.~ .3.2.1 

wes Dncrlpt.: Power Supply 

WBSQTY: ---

WBS UM: MY 

Funcllonal Activity: 1 Enalneering/Deslgn 
~ 

} "'rel• One If entire 2 Malerlal & Services 

fonn pertains to only 3 lnspecllon/Admlnlstrallon 
one category or precede 4 Proc:umnenl/Fabrtcallon 
description llnas with 5Assembly 
appropriate code t -;) s 1ns1ana11on 

COST 

Item Descrlotlon BASIS 

1-Senlor Technician-SSCL BU 

2-Material and services BU 

) 

SSCL GEM DETECTOR 
SUCCESS COST ESTIMATING INPUT FORM 

Cost Basis: 1. Bottom-Up (BU) 

2. Specific Analogy (SA) 

3. Paramelr1c Sludy (PS) 
4. Review and Update (RU) 
5. Trend Analysis (TA) 
6. Expert Opinion (EO) 

Crlfl/Tum •Unit 

Unit Meas Resourse ProductMly 

Qtv IUM) Code Mii/UM 

0.15 MY SSC04 1,772 

1.00 

Notes: Place asterisk at the end of Item descriptions If relational. 
Notes: Based on the cost of $1/watt. 

Estimated By: Dario Crosetto Date Estimated: 1/19/93 

• 

RISK DOA 
Factors Percentaaa 

Tachnlcal - -- ------- 5 5 4% 4% 20% 
Cost 10 1% 10% 
Schedule 8 2% 16% 

' 

Cra1V 

Team Mat'! Total Total Total 

Rate/HR Unit Cost Labor Mat'I Direct 

24.83 6,600 0 6,600 

5,000 5,000 5,000 

. 

SUBTOTAL 11,600 

DGA 46% 5,336 

TOTAL 16.936 

Sheet: 



N 
~ 
N 

SUBSYSTEM: Elt;ctr.00lcs 
2 3 WBSNo •• 50. 4.1. . 

wes Descrlpt.: Cables and Optical Fibers 

WBS QTY:----

WBS UM: MY 

L . - - -Functlonal Activity: 1 Englnee~ng/Deslgn 

) 1i1rcle One If enllre 2 Material & Services 

form perlelns to only 3 Inspection/ Administration 
one category or pret:tlde 4 Procurament/Fabrlcatlon 
descrlpllon lines with 5Assembly 
approprlsta code 1 "!) 6 Installation 

COST 
Item Descrlotlon BASIS 

1-Senlor T echnlclan·SSCL BU 

2-Materlal and services BU 

SSCL GEM DETECTOR 
SUCCESS COST ESTIMATING INPUT FORM 

Cost Basis: t. Bottom-Up (BU) 

2. Specific Analogy (SA) 

3. Parametric Study (PS) 
4. Review and Update (RU) 
5. Trand Analysis (TA) 
6. Expert Opinion (EO) 

Cratvreem •Unit 

UnltMeos Resourse Productivity 
Qty (UMI Code Mii/UM 

0.05 MY SSC04 1,772 

1.00 

Notes: Place asterisk at the end of Item descriptions If relational. 

Estimated By: Dario Crosetto Date Estimated: 1/19/93 

• ' • • • • • 

RISK DGA 
I' actors Percentage 

Technical - ---------- 5 5 4% 4% 20% 

Cost 10 1% 10"/o 

Schedule 8 2% 16% 

• 

Craft/ 
Team Mat'I Total Total Total 

Rate/HR Unit Cost Labor Mat' I Direct 

24.83 2,200 0 2,200 

2,000 2,000 2,000 

SUBTOTAL 4,200 

DGA 46% 1,932 

TOTAL 6.132 

Sheet: 

• • • 4 



( . 
c,: 
c.: 

I ) 

SUBSYSTEM: Eli;ctr.o0ics 
3 3 was No •• 5u. 4.1. . 

was Descrtp1.: Cables end Optical Fibers 

was OTY: ___ _ 

WBSUM: MY 

. Functlonal Actlvltv: 1 Enalneerlngllleslgn - - -
J r;1rcle One If entire 2 Matertal & Services 

form pertains to only 3 Inspection/Administration 
one category or precede 4 Procuremenl/Fabrtcatlon 
description tines with 5Assembly 
appropriate code 1 -;) 6 lnstallallon 

COST 
Item Descrlntlon BASIS 

1-Senlor Technlclan-SSCL BU -
2-Malerial and services BU 

) 

SSCL GEM DETECTOR 
SUCCESS COST ESTIMATING INPUT FORM 

Cost Basis: 1. Bottom-Up (BU) 
2. Specific Analogy (SA) 

3. Paramelrfc SIUdy (PS) 
4. Review and Updale (RU) 
5. Trand Analysis (TA) 
6. Expert Opinion (EO) 

CraftlTeam 'Unit 
Unit Mees Resourse Productlvhy 

Qty IUMI Coda MH/UM 

0.10 MY SSC04 1,772 

1.00 

Notes: Place asterisk at the end of Item descriptions If relational. 
Notes: Based on the estimated cost of optical fibers provided by Ante! of $.50/meter. 

Estimated By: Dario Crosetto Date Estimated: 1/19/93 

) 
, 

RISK DGA 
Factors Perciiltaaa 

Technlcal - - --- 5 b 1% l"/o 5% - . -

Cost 5 1% 5% 

Schedule 8 2o/o 16% 

• 

CrafV 
Team Mat' I Total Total Total 

Rate/HR Unit Cost Labor Mat'I Direct 

24.83 4,400 0 4,400 

110,000 110,000 110,000 

SUBTOTAL 114,400 

DGA 26% 29,744 

TOTAL 144.144 

Sheet: 



' 

SUBSYSTEM: El~ctm3ics 2 4 1 
WBS No .. 5U. 4.1. . . 

wes DescrtpL: 3D-Flow Chip 

WBSQTY: 10 

WBSUM: MY 

Functlonal Actlvl ril . - - -J li•rcle One II ent/1'8 2 Malerial & SeMces 

fOrm pertains to only 3 lnspectlon/Admlnlslratlon 
one category or precede 4 Procuremenl/Fabrtcallon 
description /Ines with 5Assembly 
appropriate code 1 ";) 6 lnslaDallon 

COST 
Item Descrlotlon BASIS 

1-Englneer/Physlclst-SSCL BU 

2-EDIA Material BU 

.:: 4-Proc/Fab matertal BU 

::' 6-lnstallation material BU 

SSCL GEM DETECTOR 
SUCCESS COST ESTIMATING INPUT FORM 

Cost Basl Bol lom-Up(BU) 
2. SpecilJc Analogy (SA) 

3. Paramelrtc Study (PS) 
4. Review and Updale (RU) 
5. Trend Analysis (TA) 
6. Expert Opinion (EO) 

Craltlream "Unit 
Unit Meas Resourn Productivity 

Qtv IUMI Code MH/UM 

1.25 MY SSC02 1,772 

1.00 

1.00 

1.00 

Notes: Place asterisk at the end of Item descriptions If relational. 
Notes: Based on Lecroy cost estimate. 

Estimated By: Dario Crosetto Date Estimated: 1/19/93 

• f • • • • • 

RISK DGA 
Factors Parcentaae 

Technical 5 5 4% 4% 20% -- ·-

Cost 10 1% 10% 

Schedule 8 2% 16% 

• 

Craw 
Team Mat'I Total Total Total 

Rate/HR Unit Cost Labor Mat' I Dirac! 

38.94 86,252 0 86,252 

40,000 40,000 40,000 

150,000 150,000 150,000 

15,000 15,000 15,000 

SUBTOTAL 291,252 

DGA 46% 133,976 

TOTAL 425.228 

Sheet: 

• • • • 
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. 

SUBSYST~f;"~ ~J~~\Y.B~., .3.4.1 

wes Descrlpt.: 3D-Flow Chip 

wes an: 4000 

WBSUM: MY 

Functional Activity: 1 Engineering/Design - - -
) r;m:le One If entire 2 Malarial & SeNlces 

form pertains to only 3 lnspectlon.'Admlnlstrallon 
one category or precade 4 ProcuremenllFabrlcallon 
description lines with 5Assambly 
appropriate code 1 ·;) 6 lnstallaHon 

COST 
Item Descrtotlon BASIS 

4-Proc/Fab material BU 

6-lnstallatlon material BU 

) 

SSCL GEM DETECTOR 
SUCCESS COST ESTIMATING INPUT FORM 

Cost Basis: 1. Bollom-Up (BU) 
2. Specific Analogy (SA) 
3. Paremelrlc Study (PS) 
4. RBVlew and Updala (RU) 
5. Trend Analysis (TA) 
6. Expert Opinion (EO) 

Craft/Team •Unit 

UnltMe11 Resourae Productivity 
Qtv !UM\ Coda MIWM 

4000.00 

4000.00 

Notes: Place asterisk at the end of Item descriptions If relatlonal. 
Notes: The final bid among several companies has not yet been placed. 

Estimated By: Dario Crosetto Date Estimated: 1/19/93 

) ) 

RISK DGA 
Factors I Percentaae 

Technical 5 I 4% ' 20% 

Cost 10 1% 10% 

Schedule 8 2% 16% 

' 
Crall/ 
Teem Mat'I Total Total Total 

RatalHR Unit Cost Labor Mat' I Direct 

200 800,000 800,000 

5 20,000 20,000 

SUBTOTAL 820,000 

DGA 46% 3n,200 

TOTAL 1,197.200 

Sheet: 
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Progro.MMo.ble Diglto.l Level-1 Trigger 

3D-Flow Processor chip 
W'.BS No.I SD.04.1.2 .. U I 

UART I m11. II Ila II lln 

I I 30-F'fow Procqaor chip 
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SUBSYSTEM: El~ctm3ics 2 5 1 
WBS No .• -5U. 4.1 •.. 

wes Descrlpt.: 30-Flow board 

WBSOTY: 5 

WBSUM: MY 

) 

SSCL GEM DETECTOR 
SUCCESS COST ESTIMATING INPUT FORM 

) ) 

RISK DGA 
Factors I Percentaae 

Uo (BU) · - - - I I I I ) ... rcle One If entire 2 Malarial & Services 2. Specific Analogy (SA) 1 O 1 % 10% 

farm pertains to only 3 lnspectlon/Adrnlnlstratlon 3. Parametric StUdy (PS) IL_ .. ____ _ B 2% 16% 

Technical F• "" I Activity: 1 Enalneert"9'0eslgn Cost Basis: 1. Bott• 5 I 4% 20% 

one category or precsde 4 Procuremenl/Fabrtcatlon 4. Review and Updale (RU) 
description /Ines with 5 Assembly 5. Trand Analysis (TA) 
appropriate code 1 -!} 6 lnstallatlon 6. Expert Opinion (EO) , 

Craft/Team •Unit Crall/ 
COST Unit M- Reaouraa ProducUvlty Team Mat'I Total Total Total 

Item Descriotlon BASIS Qtv IUMl Code MH/UM Rate/HR Unit Cost Labor Mat'I Direct 

1-SenlorTechnlclan-SSCL BU 0.25 MY SSC04 1,n2 24.83 11,000 0 11,000' 

2-EOIA materials BU 1.00 500 500 500 

4-Proc/Fab materials BU 1.00 2,000 2,000 2,000 

Notes: Place asterisk at the end of item descriptions if relational. 
SUBTOTAL 13,500 

DGA 46% 6,210 

TOTAL 19.710 

Estimated By: Dario Crosetto Date Estimated: 1/19/93 Sheet: 
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SUBSYSTEM: El~clr.1>3ics 
3 5 1 WBSNo •• SU. 4.1 ..• 

wes Descrlpt.: 3D-Flow boerd 

WBS QTY: 1000 

WBSUM: MY 

Functional Actlvltv: 1 Enalnee~nglOeslgn . 

) r;1rc/e One If entire 2 Malerlal & Services 

farm pertains ta only 3 lnspecllon/Admlnlstralion 
one category or precede 4 Pmcuremenl/Fabrtcallon 
description tines with 5Assembly 
appraprlsle code 1 ·7 8 lnstaftallon 

COST 
Item Descrlotlon BASIS 

5-Assembly BU 

4-Proc/Fab materials BU 

SSCL GEM DETECTOR 
SUCCESS COST ESTIMATING INPUT FORM 

Cost Basis: 1. Bottom-Up (BU) 
2. Specillc Analogy (SA) 

3. Paramelrlc Sludy (PS) 
4. Review and Updale (RU) 
5. Trend Analysis (TA) 
8. Expert Opinion (EO) 

CrafUTeam •Unit 

Unit Meo• Resourse Productivity 
Qtv IUMI Cod• MH/UM 

1000.00 

1000.00 

Notes: Place asterisk at the end of Item descriptions If relational. 
Notes: Total shown Is twice the estimated amount calculated from the guidelines provided. 

Estimated By: Dario Crosetto Date Estimated: 1119/93 

• • • • • • • 

RISK DGA 
Factors Percentaae 

Technical 5 5 4% 4% 20% --·-
Cost 10 1% 10% 

Schedule 8 2% 16% 

• 

Croft/ 
Team Mat'I Total Total Total 

Rote/HR Unit Cost Labor Mot' I Direct 

5 5,000 5,000 

15 15,000 15,000 

SUBTOTAL 20,000 

DGA 46% 9,200 

TOTAL 29.200 

Sheet: 

• • • • 
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SUBSYSTEM: El~chJ>Bics. 
3 7 3 WBS No •• 5U. 4.1 ••• 

wes Descrlpl.: Rack slot 

WBSQTY: 242 

WBSUM: MY 

- - -Functional ActlvHy: 1 Englnea~tgn 
) c;1rcle One If entire - 2 Malarial & Services 

form pertains to only 3 lnspectlon.'Admlnlstratlon 
one cstegory or precade 4 Procurement/Fabrication 
description lines with 5Assembly 
approprlata code 1 -;) 6 lnslallallon 

COST 
Item Descrlotlon BASIS 

2-Materlal and services BU 

1-"o 

Estimated By: Dario Crosetto 

) 

SSCL GEM DETECTOR 
SUCCESS COST ESTIMATING INPUT FORM 

Cost Basis: 1. Bottom-Up (BU) 

2. Specific Analogy (SA) 

3. Parametric Study (PS) 
4. Review and Updale (AU) 
5. Trend Analysis (TA) 
6. Expen Opinion (EO) 

Craft/Tum •Unit 

Unit Mus Auouraa Productivity 
Qty IUM) Coda MH/UM 

242.00 

Date Estimated: 1/19/93 

) 
, 

RISK DGA 
Factors Perciintaae 

Technical - ---------- 5 5 1.00% 1.00% 5% -·-
Cost 5 1.00% 5% 

Schedule 8 2.00% 16% 

-
• 

Craltl 
Teem Mat'I Total Total Total 

AatelHR Unit Cost Labor Mat'I Direct 

420 101,640 101,640 

SUBTOTAL 101,640 

DGA 26% 26,426 

TOTAL 128.066 

Sheet: 



N 
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SUBSYSTEM: Eli:c1w0ics 2 5 3 
WBSNo •• 5U. 4.1 .•• 

SSCL GEM DETECTOR 
SUCCESS COST ESTIMATING INPUT FORM 

was Descrlpl: Trigger sums , ADC, electrical to optical 

WBSOTY: 5 

WBSUM: MY 

Functional ActM Cost Basl 
' 

. . . . s: 1. Bottom-Up (BU) 
J 1;1rc/e One If entire 2 Mala~al & Services 2. Specific Analogy (SA) 

form pertains to only 3 lnspecllorVAdmlnlsl1atlon 3. Parametric Study (PS) 
one category or precede 4 ProcuremanllFabrtcatlon 4. Review and Update (RU) 
description lines with 5Assembly 5. Trend Analysis (TA) 
appropriate code 1 -;) 6 lnslallaHon 6. Expert Opinion (EO) 

Craft/Team 111 Unlt 

COST Unit Mell Resourae Productivity 
Item Descriotlon BASIS Qtv IUMI Code MH/UM 

1 ·Engineer/Physlclst-SSCL BU 0.25 MY SSC02 1,772 

2·EDIA materials BU 1.00 

4-Proc/Fab materials BU 1.00 

6-lnstallatlon malerials BU 1.00 

1·Senior Techniclan·SSCL BU 0.30 MY SSC04 1,772 

Technical 

Cost 
Schedule 

Crall/ 
Team Mat1 

Rate/HR Unit Coot 

38.94 

2,500 

7,000 

2,000 

24.83 

11 of $5. 70/chip, 6 chips/board 

pslboard. 

The physical spece on the board Is estimated to be from 2 to 3 square Inches/transmitter. 

Estimated By: Dario Crosetto Date Estimated: 1/19/93 

a • • • • • • • 

RISK DGA 
Factors Percentaae 

5 5 4% 4% 20% --·-
10 1% 10% 

8 2% 16% 

' 

Total Total Total 
Labor Mat'I Direct 

17,250 0 17,250 

2,500 2,500 

7,000 7,000 

2,000 2,000 

13,200 0 13,200 

SUBTOTAL 41,950 

DGA 46% 19,297 

TOTAL 61.247 

Sheet: 

• • • 



) ) 

SUBSYSTEM: El~troelcs. 3 5 3 
WBS No •• SU. 4.1. • • 

SSCL GEM DETECTOR 
SUCCESS COST ESTIMATING INPUT FORM 

N 
~ 
~ 

wes De9crlpt.: Trigger sums , ADC, electrical to optical 

WBSOTY: 250 

WBSUM: MY 

J Functlonal Act~vlty: t Engineering/Design 

2 Material & Services 

Cost Basis: t. Bottom-Up (BU) 
C/rcle One If entire -

form perllllns lo only 
one category or precede 
descrlpllon /Ines with 
ePP'"OPrlate code 1 -y 

Item Description 

1 ·Englneer/Phvsicist·SSCL 

2-EDIA materials 

4-Proc:/Fab materials 

6-lnstallatlon materials 

1 ·Senior Technlctan-SSCL 

3 Inspection/Administration 
4 Proourament/Fabtlcalfon 
5 Assemllty 
61nstallatlon 

COST 
BASIS 

BU 

BU 

BU 

BU 

BU 

Qtv 

0.10 

250.00 

250.00 

250.00 

0.30 

2. Specillc Analogy (SA) 

3. Parametric Sludy (PS) 
4. Review and Update (RU) 
5. Trend Analysis (TA) 
6. Expert Opinion (EO) 

Craft/Teem 
UnltMeaa Rnourn 

(UM) Code 

MY SSC02 

MY SSC04 

Notes: Place asterisk at the end of Item descriptions If relational. 

'Unit 
Productivity 

MH/UM 

1,772 

1,772 

Craft/ 
Teem 

Rate/HR 

38.94 

24.63 

Technical 
Cost 
Schedule 

Mart 
Unit Cost 

500 

2,000 

500 

Notes: Based on the cost of the DAC Motorola MC144111(4'6-bit DAC In 14 pin chip) cost of $2.70/chip, 6 chips/board 
used to control the oflset of each analog Input. 

Based on the cost of the ADC from Analog Device (AD9012) or Sony cost $50/chip, 6 chips/board. 
Based on the written quote from Antel: $500/lransmitter. 
Within 2-3 years the cost should be $100/transmltter. 
The physical space on the board Is estimated to be from 2 to 3 square Inches/transmitter. 

Estimated By: Dario Crosetto Date Estimated: 1/19/93 

) 

RISK DOA 
Factors Percentaae 

5 1 o/o 5% 
1 1 o/o 1 o/o 

8 2% 16% 

Total Total Tolll 
Labor Mat' I Direct 

6,900 0 6,900 

125,000 125,000 

500,000 500,000 

125,000 125,000 

13,200 0 13,200 

SUBTOTAL 770,100 

DGA 22% 169,422 

TOTAL 939.522 

Sheet: 
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SUBSYSTEM: Electr.o0ics 2 5 6 
WBSNo.: 50. 4.1 .. · 

wes Descrtpt.: Energy sum board 

WBSQTY: 5 

WBSUM:MY 

Functional Activity: 1 Enolneering/Deslgn -
) .,,rel• One If entire ~ 2 Malerial & Services 

form pertains to only 3 lnspec11on/Admlnls1rallon 
one category or precede 4 ProcuremenWabrlcatlon 
description /Ines with 5Assembly 
spproprlste code 1 -_:) 6 lns1allallon 

COST 
llem Descrlntlon BASIS 

1 ·Engineer/Phvslcfst-SSCL BU 

2-EDIA materials BU 

4-Proc/Fab materials BU 

6-lnstallatlon materials BU 

1-Senlor Technlclan-SSCL BU 

) 

SSCL GEM DETECTOR 
SUCCESS COST ESTIMATING INPUT FORM 

Cost Basis: 1. Bollom-Uo (BU) 
2. Speclllc Analogy (SA) 

3. Paramelric Sludy (PS) 
4. Review and Updale (RU) 
5. Trand Analysis (TA) 
6. Expert Opinion (EO) 

Crall/Teem •unit 
Unit Meas Resourae Produc11vlty 

Qtv IU"' Code MH/UM 

0.25 MY SSC02 1,772 

1.00 

1.00 

1.00 

0.25 MY SSC04 1,772 

Notes: Place asterisk at the end of Item descriptions If relational. 

Estimated By: Dario Crosetto Date Estimated: 1/19/93 

) 

RISK DGA 
Factors Parcentiiaa 

Technical 5 b 4% 4"/o 20% -- ·-
Cost 10 1% 10% 

Schedula 8 2% 16% 

• 

Crall/ 
Team Mat' I Total Total Total 

Raia/HR Unit Cost Labor Marl Direct 

38.94 17,250 0 17,250 

500 500 500 

2,000 2,000 2,000 

500 500 500 

24.83 11,000 0 11,000 

SUBTOTAL 31,250 

DGA 46% 14,375 

TOTAL 45.625 

Sheet: 



SUBSYSTEM: Electwaics 3 5 6 
WBSNo.: 5U.U4.1 •.• 

wes Descrlpt.: Energy sum board 

WBSQTY: 20 

WBSUM: MY 

Functional Activity: 1 Engineering/Design 

j i,;ircle One If entire 2 Materfal & Se!Vlces 

form pel1slns to only 3 lnspectlon/Admlnlstratloo 
one cstegory or precede 4 Procurement/Fabrlcatloo 
description tines with 5Assembly 
spprop_rlste code 1 -y 6 lnstallalloo 

COST 
Item Description BASIS 

4-Proc/Fab materials BU 

6-lnslallalion materials BU 

SSCL GEM DETECTOR 
SUCCESS COST ESTIMATING INPUT FORM 

Cost Basis: 1. eonom-Up (BUI 
2. Spedllc Analogy (SA) 

3. Parametric Study (PS) 
4. Review and Update (RU) 
5. Trend Analysls (TA) 
6. Expert Oplnloo (EO) 

CrelUToam 'Unit 
UnltMoa1 Resourse Productivity 

Qty (UMI Code MH/UM 

20.00 

20.00 

: Place asterisk al the end of Item descriptions If relatlonal. 

C'? 

Estimated By: Dario Crosetto Date Estimated: 1/19193 

• • • • • • • 

RISK DGA 
Facfora Percentaae 

Technlcel 5 5 401c: 4 .. /o 20% 

Cost 10 1% 111% 

Schedule 8 2% 16% 

• 

Craft/ 
Team M1t0I Total Total Tolll 

Rate/HR Unit Cost Labor Mat'I Direct 

1,500 30,000 30,000 

150 3,000 3,000 

SUBTOTAL 33,000 

DGA 46% 15,180 

TOTAL 48.180 

Sheet: 

• • • • 
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SUBSYSTEM: Electwalca 
wes No.: 5u. 4.1.2.6 

wes Descrlpt.: On-detector crate complete 

WBSQTY: ----

WBSUM: MY 

• 
Functlonal Activity: 1 Englneerlng/D< 

j r.;•rcle One If entire - 2 Material & SeNices 

form pertslns to only 3 lnspecUon.'Admlnlstratlon 
one cstegory or precede 

description /Ines with 
Bpproprlllte code 1 -y 

Item Descrlotlon 

1-Englneer/Physicfst-SSCL 

2-EDIA material 

2-Boards and crate 

6-lnstallation materials 

1-Senlor Tecnhnicfan-SSCL 

~ 
co 

Estimated By: 

• • 

4 Procurement/Fabrication 
5Assembly 
B lnstalalion 

COST 
BASIS 

BU 

BU 

BU 

BU 

BU 

Dario Crosetto 

• • 

SSCL GEM DETECTOR 
SUCCESS COST ESTIMATING INPUT FORM 

Cost Basl Ui P (BU) 

2. Specific Analogy (SA) 

3. Parametric Study (PS) 
4. Review and Update (RU) 
5. Trend Analysis (TA) 
e. Expert Opinion (EO) 

Crall/Team 'Unit 
Unit Meas Resourse Productivity 

Qty IUMl Code MIWM 

0.15 MY SSC02 1,772 

1.00 

1.00 

1.00 

0.15 MY SSC04 1,772 

Crow 
Team 

Rate/HR 

38.94 

24.83 

and serial 1/0 boards to control 

Date Estimated: 1/19/93 

• • • 

RISK DGA 
Factors Percentaae 

Technlcal T• 5 5 4% 4% 20% -- ·-
Cost 10 1% 10% 

Schedule 8 2% 16% 

• 

Mot' I Total Total Total 

Unit Cost Labor Mat'I Direct 

10,350 0 10,350 

4,000 4,000 4,000 

20,000 20,000 20,000 

2,000 2,000 2,000 

6,600 0 6,600 

SUBTOTAL 42,950 

DGA 46% 19,757 

TOTAL 62.707 

Sheet: 
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SUBSYSTEM: Eli;ctr.oaics 3 6 
WBS No .• 50.U4.1. • 

wes llescrlpt.: On-detector crate complete 

WBS QTY:----

WBS UM: MY 

- -Functional Activity: 1 Englnee~ng/Deslgn 

) c;1rcle One If entire - 2 Malarial & Services 
form petteln11 to only 3 lnspecllon.IAdmlnlslraHon 

one c1tegory or precedtl 4 PltlCUrementlFabrtcallon 
description /Ines with 5Assembly 
1pproprlate code 1 -;) 6 lnslellalton 

COST 
Hem Description BASIS 

1-Enalneer/Physlclst-SSCL BU 

2-EDIA material BU 

2·Boards and crate BU 

6-lnstallatlon materials BU 

1-Senlor Tecnhnlclan-SSCL BU 

) 

SSCL GEM DETECTOR 
SUCCESS COST ESTIMATING INPUT FORM 

Cost Basis: 1. Bottom-Up (BU) 

'(SA) 

y(PS) 
ale (RU) 
:TA) 
EO) 

Craft/Teem •Unit 

UnltM- RHCIUrH Productivity 
Qty (UMI Code MIWM 

0.10 MY SSC02 1,772 

1.00 

1.00 

1.00 

0.15 MY SSC04 1,772 

Notes: Place asterisk at the end of Item descriptions If relational. 

Craft/ 
Team 

Raia/HR 

38.94 

24.83 

Notes: Based on the cost of additional VME memory and serial 1/0 boards, and the 30-Flow cylinder rack. 

l\:l 
~ 
c.o 

Estimated By: Dario Crosetto Date Estimated: 1/19193 

) ) 

DGA 
Factora 

Technical 5 5 4% 20% 

Cost 10 1% 10% 
Schedule 8 2% 16% 

-
• 

Mat'I Total Total Total 
Unit Coll Labor Mal'I Direct 

6,900 0 6,900 

4,500 4,500 4,500 

25,000 25,000 25,000 

2,000 2,000 2,000 

6,600 0 6,600 

SUBTOTAL 45,000 

DGA 46% 20,700 

TOTAL 65.700 

Sheet: 
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Progro.MMo.ble Dlglto.l Level-1 Trigger 
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Progro.MMo.ble Dlglto.l Level-1 Trigger 
~,~,,,_, .. , ... ,, 

i 3D-Flow 
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I 
11 

I• o ,I 
.... ··-. ·-- --·· -······-·J 

• 

~ 41nches I '-...... 10.2cm 

• • 
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Progro.MMO.ble Digito.l Level-1 Trigger 
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Pro~~le D~l Level-1 Tl"lgQlrr ' 
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I . 
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' \' Optical Fibers 
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SUBSYSTEM: Electwaica 4 
WBS No.: 5U.U4.1. 

wes Deecrlpt.: Installation & test 

WBSQTY: ----

WBS UM: MY 

Functional Activity: 1 Englneering/Destg1 . - - -
) .,,rc/e One If entire - 2 Material & Services 

form pertains to only 3 Inspection/Administration 
one cstegory or pnlt:tlde 4 Procuniment1"abrtcatlon 
deM:rlptlon /Ines with 5Assembly 
spproprlste code 1 ";) &Installation 

COST 

Hem DescrlDtlon BASIS 

&-Installation BU 

SSCL GEM DETECTOR 
SUCCESS COST ESTIMATING INPUT FORM 

Cost Basis: 1. Bottom-Uo (BU) 

2. Specillc Analogy (SA) 

3. Parametric Study (PS) 
4. Review and Update (RU) 
5. Trend Analysis (TA) 
6. Expen Opinion (EO) 

Croll/Team • Untt 

Unit Meas R-1118 Productivity 
Qtv IUM\ c- MHIUM 

1.00 

Notes: Place asterisk at the end of Item descriptions H relational. 

!\:) 

c.n 
c.n 

Estimated By: Dario Crosetto Date Estimated: 1119/93 

) 

RISK DGA 
Factors Percentaae 

Technlcal 

I _________ I 
5 

I 
l'Yo 

I 5 1cyo 5% 

8 2% 16% 

5 1% 5% 

Crall/ 

Team Mat' I Total Total Total 

Raia/HR Untt Coll Labor Mat'I Direct 

50,000 50,000 50,000 

SUBTOTAL 50,000 

DGA 26% 13,000 

TOTAL 63,000 

Sheet: 
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EM~~ 
IF c >-

THEN 
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@Iil_--' CI 

(HAD) 
Threshold < C em+ Iem : (EM) < Threshold 

THEN 
Check for 
ISOLATION 

4 x 4 simplified trigger tower 
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Algorithm flow-chart 

Phase· 1: 

Phase 2: 

Phase 3: 

Corpus Chrtstt 10/2/92 

no Co.lorll'letry In HEP 

Do.rto Crosetto 

set code 

no 

set code 

no 

set code set code 

output code 
..-~~~~~~~~~...._~~ 

1 t1ro •em• 9\Ull {north 1 z 2) > thre•hold. 
2 two •em• wm (out 2 s 1) > thre•hol4 

' .hacr r-· (north 1 x 2) < threshold 

e "hacr r-· <out 2 z 1> < thruhold' 
111 lnlatlon achined 

32 poulble Jet found 

e.g. A •FEP" may. return a code = 37 (1+4+32) stating: 
I . . 

: 

- a possible electron was found. · 
.. ,, 57 

- -but it 1ras not ~olated fl'om"'the son:-ouztding energy.-. 
- ilnd that cell m~y be part of a 4 x . 4 jet. 
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GEM Muon Irieeer 

Purpose & Means; 

• Identify "true" muons according to their Pt. 
• Pt range: 10-50 GeV/c 
• T\ range : -2.5 to 2.5 Units 

This is attained by purely geometrical means: 
Sagitta of a JO Ge Vic muon is 7.5 cm. 
Multiple scattering and non-uniform field are a potential 
complication. 

• Identify the beam crossing responsible for the generated trigger. 

This is attained by using the short drift time of the Cathode Strip 
Chamber anode wire. 

Objectjves: 

• Form the trigger in about 500 nsec. 
• Reduce the number of connections. 
• Allow programmability for Pt selection. 
• Assist the DAQ in readout in order to reduce rate. 
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-
Irjgger Numerology 

Barrel 

Superlavers 3 
Super Sectors 12 
Sectors 48 ... 
Gaps/Superlaver 6 6 6 

Tl Segments/Superlayer 4 8 8 

Cathode Size (mm) 5.84 8.33 10.7 
No Cathodes in tri1.u!er sel!Illent 2 2 2 -No Channels/readout card 672 672 672 
No trig£er elements/readout card 336 336 336 

-
End Cap 

Suoerlavers 3 ... 
Super Sectors 12 
Sectors 24 48 48 
Gaps/Suoerlaver 8 6 6 

Tl Segments/Superlayer 2x3 2x3 2x3 -
Cathode Size (mm) (radial) 5 5 5 
No Cathodes in trig2er sel!Illent I 1 1 

.. 

.. 
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-

Assocjatjve Memory Scheme 

(Amendolia et. al., Dell'Orso et. al.) 

A content-addressable memory to recognize the appropriate trigger geometry 
patterns. 

Pro 
Few Interconnects (encoded 
addressing) 
Programmable 
Flexible 
Requires few services 

Number of patterns for baseline II 

Minimum momentum Cut (GeV/c) 
10 
20 
30 
40 
50 
60 

Con 
Not "classically" pipe-lined 

Initial development necessary 

Number Patterns 
1618 
1090 
793 
610 
503 
448 
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Superlayers 

· Delta 
, Phi 

I 
I 

I 
I 

I 
I .if 

I ~ 
I G::J 

Delta Phi and Sagitta methods for level 1 trigger 
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Consider a situation 
with 6 allowable 
patterns 

I I I I ----' I I I 

"Three out of Three" 
logic 

Data Buses 

For Example: 
A track with some extra 
hits 

0 \,2 3 --..--
---. 

Hits 
0,1 

0,2 
1,2,3 
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3 Superlayers 
from one sector 

On-Detector Trigger Card 

One 'Card per Super 
Sector 

12 Super Sectors x 8 Eta 
Segments = 96 Cards 

1152 Cables = 
96 Cards x 12 Cables = 
48 sectors x 3 Superlayers x 8 Eta Segments 
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Output Cable: 

All signals are gated with 
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Superlayer 3 

Superlayer2 

Superlayer 1 

Track (Enlarged curvature 
for clarity) 

Load Clock 

PJlodly Encodar 

PJlodly Encodar 

PJlodly Encoder 

Output to Trigger Supervisor & 
DAO 

---~-Number of allowable patterns ____ _. 
will reside in 4 separate IC's 
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On·Camber Component of the Muon Level 1. Trigger . On-Detector Component of the Muon Level 1 Trigger 
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System Requirements 

• Number of Input Channels 

• 

Si 
IPC 
Cal 
µ 

2525 
3125 
3335 
1270 

(may decrease) 

(may decrease) 

Total -10,000 

Up tol2,200 channels supported 

Data rate after Level 1 Trigger 

200-300 KBytes/event X 100 KHz => 20-30 GBytes/sec 

Up to 60 GBytes/sec supported on input to Data Collectors 

Up to 40 GBytes/sec supported by Event Builder 
(scalable in 5 GBytelsec increments) 
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Data and Control Flow 

1) For each Level 1 Accept, trigger summary information is 
transmitted to the Level 1 Trigger EDC. 

2) A Processor with a free event buffer issues a data request to 
the Level 1 Trigger EDC which returns the trigger summary. 

3) The Processor then issues one or more requests to specific 
EDCs or EDC groups for data needed by the Level 2 Trigger. 

4) If the event is accepted by the Level 2 Trigger, the Processor 
issues a request for all event data. 

5) Level 3 processing continues in the same processor. When 
finished, a new event request is transmitted. 

Note: 
Multiple Level 2/3 processes execute on each Processor. 
A process is suspended during data requests, allowing a 
context switch to the next pending process. Data access 
times are comparable to disk access times (10-20 msec). 
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Selective Readout Option 

Only the data needed by the Level 2 Trigger is transmitted to 
the Processor. Data requests are issued by the Processor via 
the Control Network. Requests may designate specific Event 
Data Collectors, or any pre-defined group of Event Data 
Collectors. 

Advantages: 
Reduces bandwidth requirements and cost of Event Builder 
and Event Data Distributors (estimated savings ... $3M). 

Disadvantages: 
Increases latency. 
Increases complexity of Event Data Collectors and Event 

Data Distributors. 
Requires better modeling of Level 2 Trigger. 
Difficult to load balance data flow. 
Increase "real-time" requirements of Processor Farm. 
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Minimal Front-end Interface 

•Clock (62 MHz) 

---- Clock 
+--- Sync (LlA) 

---- Serial In 
--..-. Serial Out 

Power/ 
Power Return 

• Sync (62 Mbps, 31 MHz NRZ, clock synchronous) 

• Serial 110 (20 Mbps, 10 MHz NRZ, asynchronous using 62 MHz 
clock for 3X oversampling, ST ART bit + 16 data bits) 

•Data Out (62 Mbps, 31 MHz NRZ, clock synchronous, START bit+ 
16 data bits) 

Sync signal is interpreted as LlA unless alternate crossing synchronous 
command is sent on Serial In line. 

All signals (except Data Out) are differential copper to/from local fanout 
board which serves 24 front-end boards. Fanout board connects via fiber 
to clock, trigger and control network in Electronics Room. Data Out is 
fiber direct to EDCs in Electronics Room. 
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Shift Register Delay / 
(0-32 Clocks, Trigger Only) 

'-...Vernier Delay 
(0-20ns) 

Clock I Trigger Distribution (Source) 
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64 X 64 Switch (1 crate ••••• S GBytes/sec) 
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- Cost Summary 

Development (NRE) Costs $6.5M 
(Design, Prototype, Assembly, Installation, 
Test, Project Management) 

Production Cost (Components only) $7.5M 
Event Data Collectors ($3.5M) 
Event Builder ($1.0M) 
Event Data Distributors ($1.0M) 
Control Network & Misc ($0.5M) 
Clockff rigger Distribution ($I .SM) 

Total $14M 

By Activity: 

Design and Document 
Prototype 
Production 
Install and Test 

Total 
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$2.5M 
$2.0M 
$9.0M 
$0.5M 

$14M 
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GEM Grounding System 

• Provides facility grounding system to meet National Electrical Code and 
Department of Energy standards. 

• Adopts single point ground principle for establishing signal reference. 

• Uses Faraday shield isolation transformers and fiber optic cables extensively 
for subsystem isolation and keeping conducted electrical noise coupling local. 
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I.!. CEASES TD EXIST AT HIGH FREQUENCIES DllE TD PARASITIC CAPACIT.!INCE. 

5. DIFFICULT TD f'1AINTAIN ONLY Qt{ CON1£CTICX'4. 
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SPECIFICATIONS FOR 
CADWELD PRE-ENGINEERED SRG 

The Signal Reference 
Grid (SRG) shall be 
manufactured from 2 inel' 
wide by 26 AWG gage 
(0.0159 inch thick; copper 
sr.ips on 2 toot centers. 
All crossovers shall be 
joined by welding. The 
SRG shall be tum1shed .i 
to 16 leet wi::a. The 
sections shall be rolled en 
tubes with t!'le outside of 

EP.!CCC PRGDuc·; INC 
Ci..EVel.At~O. OH!O ,,_.'.3S 

!he roll protected tor 
sh1pmen1. 

NOTES: 
1. Other strip sizes are 

a;railable. 
2 Other spa::ing Is 

available. 
:l. Rc9 weight usually 

limbed to about 200 
oouncs gross weign: 
lor convenience 
(1200 SQ. I' ... ;. 

I 
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