
GEM IN-92-15 

Central Tracker Cost Estimate 

June 24, 1992 

Abstract: 

A cost estimate of the GEM Central Tracker. 
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CENTRAL TRACKER 

Occuoancv 

t.TJt.<I> cell Occupancy Fraction of Time Dead 
Silicon (%) (%) 

L = 1033 cm·2s-1 0.9-8.0 x 10-4 0.06-0.22 0.6-2.2 
L = 1034 cm·2s-1 0.9-8.0 x 10-4· 0.26-0.96 2.6-9.6 

!PC 

L = 1033 cm·2s· 1 0.0007 $ I 0 
L = 1034 cm·2s- I 0.0007 $ 10 0 

Resolution and Stabilitv 
Silicon microstrips resolution 
Silicon alignment stability 
Pad 
Pad 

Source: 
Updated: 
jng 

chamber resolution 
chamber alignment stability 

K. Morgan/R. Barber 
4/10/92 
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10 µm 
10 µm 
50 µm 

. 25 µm 

4/l0/92 



Si Detector Baseline Parmeters 

Silicon Detector Parameters -Central Reaior Forward Reoion 

Si Microstrip Wafers 3227 5967 
Multi-Chip-Modules (MCM) 1614 3438 
Detector Strips 1.03E+06 2.20E+06 -Strips per MCM 640 640 
MCM Heat load per strip 3mW 3mW 
FO Driver & Receiver Heat Load 250 mW 250 mW 
MCMs per FO Driver 4 4 
Total FO Drivers 403 860 -Total Heat Load 3090 6600 

Central Region Width ± 240 mm 
1st Layer Radius 10 cm . 
2nd Layer Radius 12.1 cm -3rd Layer Radius 15 cm 
4th Layer Radius 17.1 cm 
5th Layer Radius 20 cm 
6th Layer Radius 22.1 cm 

Forward Region Inner Radius 10 cm -
Forward Region outer Radius 26.1 cm 
1st Superlayer Z 26 cm 
2nd Superlayer Z 35.5 cm 
3rd Superlayer Z 50 cm 
4th Superlayer Z 60 cm -
5th Superlayer Z 72 cm 
6th Superlayer Z 85 cm 

.. 

-

-
Page 1 -
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CENTRAL TRACKER 

Il'C Design Parameters 
Parameter Vuantitv 

Beam crossing rate GO Mh:i 
Charged track density/min bias event dN/Ulld4> = 1.2 
Number n1in bias events/crossing@ . 103 4 Lum 16 

Tracks/sec-mm wire @ 1034 Ix 104 s· 1mm· 1 

Integrated· charge/yr-cm wire @ 1034 1.4 C/cm-yr 
Position resolution (pads) 50 µm 
Position resolution (Wires) GOO µm 

Occupancy @ 1034 < 10 o/o 
Wire spacing 2 mm 
Anode-Cathode spacing 2 nun 
Wire diameter 40 µm 
Voltage 3000 volts 
Gas 50-50 C02-CF4 
Barrel channel count 16000 

IPC Array Design Parameters 
Parameter Ouanlitv 

Lorenz angle 12 degrees 
Number of sectors - barrel supcrlaycr 20 
Number of sectors - end cap supcrlaycr 10 
Number of superlaycrs - barrel and cndcap 4 
Number 0 r . ch am bcrs per supcrlaycr 2 
Chamber depth (cathode LO cathode) 4 111111 

Anode wire pitch - barrel and end cap 2 nun 
Anode wire diameter 25 s d s 40 µ111 
Anode wire potential 3 Kv 
B arrcl !PC supcrlaycr length 200 cm 
D arrcl IPC array inner radius boundary 35 cm 
Barrel !PC array outer radius boundary 70 cm 
Endcap !PC 1ninin1um axial boundary 110 cm 
End cap !PC n1:ixi111um axial boundary 140 cm 
Chevron pad width in q, 0.5 cm 
Number of barrel pads 222360 
Number of pads (each cndcap) 87280 
Electronics power dissipation - barrel 13.6 Kw 
Electronics newer dissination - each endcao 5.2 Kw 

IPC Array Stability Re<1uirements 
Parameter nuantitv 

Between supcrlaycr modules in q, 25 µ111 
Bel ween superlayers modules in % 100 µ111 
Between endcaps and barrel in q, 25 µm 
Between endcaps and barren in z 100 µm 
Maximum supcrlaycr module deflection 1000 µm 
Module transverse flatness 160 µm 

·or· 20 um over adiacenl oads 

Source: 
U p<late<l: 
Jng 

K. Morgan/R. Barber 
4/10/92 

Page 9-16 4/ l 0/92 

.... ----·-···· - ._ .... --· ·-.~---- ..... ---- - -



CENTRAL TRACKER 

IPC Radiation Len11th Bud2et 

Layer Material 

Hardback 
Graphite/Epoxy (skin) 
Graphite/Epoxy (corrugated core) 

Graphite/Epoxy (skin) 
Upper Chamber 

Chevron cathode pads (0.5 mil alum.) 
Foam insulator (10 mil) 
Signal plane (0.5 mil alum.) 
Mylar insulator (2 mil) 
Outer cathode plane 
Mylar insulator (2 mil) 

Lower Chamber 
Chevron cathode pads (0.5 mil alum.) 
Foam insulator ( 10 mil) 
Signal plane (0.5 mil alum.) 
Mylar insulator (2 mil) 
Outer cathode plane 
Mylar insulator (2 mil) 

Gas Envelope Windows 
Upper chamber (5 mil mylar) 
Lower chamber (5 mil mylar) 
Subtotal per superlayer: 

% due 10 hardback: 
% due to pad material: 
% due 10 insulator material: 

Module sides (anode supports, .. etc): 

Average of module side effects: 
Superlayer I: 
Superlayer II: 
Superlayer Ill: 
Superlayer IV 

Average of electronics: 
Superlayer I: 
Superlayer II: 
Superlayer Ill: 
Supcrlayer JV 

Grand Total 

Source: 

- or - at 12 dc2ree Lorenz anl?le 

K. Morgan/R. Barber 
4/ 1 0/92 

Thickness 
(cm) 

0.0508 
0.0508 
0.0508 

0.0013 
0.0254 
0.0013 
0.0051 
0.0013 
0.0051 

0.0013 
0.0254 
0.0013 
0.0051 
0.0013 
0.0051 

0.0127 
0.0127 

Updated: 
jng Page 9-19 

Lrad 
(cm) 

25.00 
25.00 
25.00 

8.9 
150.0 

8.9 
28.7 
8.9 

28.7 

8.9 
150.0 

8.9 
28.7 
8.9 

28.7 

28.7 
28.7 

... -------·------

%Lrad 

0.203 
0.203 
0.203 

0.0146 
0.0169 
0.0146 
0.0178 
0.0146 
0.0178 

0.0146 
0.0169 
0.0146 
0.0178 
0.0146 
0.0178 

0.0443 
0.0443 
0.891 
68.44 
9.84 
21.72 
5.13 

0.8 
0.65 
0.55 
0.47 

1. 2'.! 
1.0 

0.85 
0.75 

9.82 
10.04 

4/ l 0/92 
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5 SOCl 
5.2 SSCL De1ectors 
5.2.2 (D.4 

5.2.2.5 Physics Research 

S.2.2.5.0 Construciion 

S.2.2.5.1 Research and Oevelapmenl 

5.2.2.5.2 Conc11p1ual'Prellminary Design 

s.2.2.s.2.1 Cenb•I Track.r Cone.pl I Pr.,im Da11lgn • • • 
s.2.2.s.2.1.1 Siiicon Tracker 0 0 0 

5.2.1.1.1 Silicon MKhanical • LANI.. 0 • • 
5.2.1.1.2 Silicon O.lector • Or-eon • • • 
5.2.1.1.3 Silicon D•l•ctor • Moscow Stale (W1.ters) • • • 
5.2.1.1.4 Siticon Ei.ctronics • LANL 0 • • 
5.2.2.5.2.1.2 IPC luc:kw • • • 
5.2.1.2.1 IPC Mechanical • • • 
5.2.1.2.1.1 Volo 0 0 • 
5.2.1.2.1.2 LAHL • • • 
S.2.1.2.1.3 Michigan • 0 • 
5.2.1.2.1.4 Washinglon • • • 
5.2.1.2.1.S Indiana 0 • • 
5.2.1.2.2 !PC E~1onlcs • • • 
5.2.1.2.2.1 Indiana 0 • • 
5.2.1.2.2.2 BNL 0 0 • 
5.2.1.2.2.3 C>ak Ridge 0 • • 
5.2.1.2.2.4 SLAC 0 0 • 
S.2.2.5.2.1.2 , .. , e .. m ... SSCL 0 0 • 
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0 0 0 • 
0 • 0 0 

0 0 0 0 
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5 SOCl. 
5.2 SSCL Detectors 
5.2.2 <BA 
5 2.2.5 Phpicl AIMucti 
5.2.2.5.0 Consiruction 

5.2.2.5.1 Re>saardl and o ..... 1opmen1 
5.2.2.5.2 ConceptuaVPreflrinaty O•lifn 

s.2.2.s.1.1 CW.tral Tr•d!.• R ... ucll .nd 0-.1 • • • • • • • • • "" 
s.2.2.s.1.1.1 Siiicon Trackw • • • • • • • 0 • "" 5 1., 1.1 Slicon Mechanical - LANI.. • 0 • • • 0 • 0 • "" 5 1.1. 1.2 Slticon 0.1eao1 • 0t99on • 0 • • • 0 0 • • • 
51.1.1-3 Sificon De1edoc • Moscow Stale (Wafers) 0 0 0 0 • 0 0 0 0 .. 
5.1.1.1.4 Silcon Ei.ctionica • LANL 0 0 • 0 • • • 0 0 2111 

s.z.2.s.1.1.2 IPC Trac:k• 0 0 0 0 0 0 0 0 0 "" 
5.1.1.2.1 l'C Mochan<al 0 0 0 0 • 0 • 0 • "' 5.1 .1.2.1.1 v.i. 0 0 0 0 • 0 0 0 • <ll 

5.1 .1.2. t.2 I.AHL • • • • • 0 • •• • ,.. 
5.1 .1.2.1.3 Mil:higan • 0 0 • 0 0 • 0 • .. 
5.1 , 1.2.1.4 Wahington • 0 0 0 • 0 0 0 • • 
5.1 .1.2.1.5 lndana • 0 0 • • 0 • 0 • 100 

5.1 .1.2 .2 IPC Elltc:ttonics 0 0 0 0 • 0 0 0 0 "" 5.1 .1.2.2.1 lndiWil 0 0 0 0 • 0 • 0 0 230 

5.1 .1.2.2.2 BNL 0 • 0 0 0 0 • • 0 "' 5.1 .1.2.2.3 oak Fidg• 0 0 0 0 • • • 0 • '" 5.1 .1.2.2 . .4 SLAC 0 • • 0 • • • 0 • -
S.2.2.s.1.1.3 T•t e .. m •• SSCL 0 0 • • • • • 0 • ... 

• 0 • 0 • 0 • • • • 
• • • • 0 • • • • • 

..... 1 



GEM CENTRAL TRACKER R&D BUDGET 
WBS Description 1992 1993 1994 TOTAL K$ 

5 ssa.. 
5.2 SSCL Detectors 

... 
5.2.2 GM 
5.2.2.5 Physics Research 
5.2.2.5.0 Construction 
5.2.2.5.1 Research and Development 
5.2.2.5.2 Conceptual/Preliminary Design -

TOTAL 7,773 
5.2.2.5.1.1 Central Tracker Research & Development 3,301 3,350 6,651 
5.2.2.5.2.1 Central Tracker Concept I Prelim Design 1, 122 1, 122 .. 
x.1.1 Silicon Tracker 550 2,043 1,865 4,458 

x.1. 1 .1 Silicon Mechanical 270 893 704 1,867 

x.1.1.1.1 LANL 270 893 704 1,867 -
x.1.1.2 Silicon Detector 1 0 20 20 50 

x.1.1.2.1 Oregon 0 0 0 0 

x.1.1.2.2 Moscow State (Wafers) 10 20 20 50 

... 
x.5.1.1 Silicon Electronics 270 1, 130 1, 141 2,541 

x.5.1.1.1 LANL 270 1, 1 30 1, 141 2,541 

x.1.2 !PC Tracker 530 1,058 1,285 2,873 ... 
x.1.2.1 !PC Mechanical 105 398 495 998 

x.1.2.1.1 Yale 0 1 73 250 423 

x.1.2.1.2 LANL 60 140 140 340 

x.1.2.1.3 Michigan 45 45 45 135 -
x.1.2.1.4 Washington 0 0 0 0 

x.1.2.1.5 Indiana 0 40 60 100 

x.5.1.2 !PC Electronics 425 660 790 1,875 -
x.5.1.2.1 Indiana 11 0 110 140 360 

x.5.1.2.2 BNL 175 175 175 525 

x.5.1.2.3 Oak Ridge 140 225 225 590 

x.5.1.2.4 SLAC 0 150 250 400 ... 
x.1.5.5 Test Beams 42 200 200 442 

x.1.5.5.1 SSCL 42 200 200 442 

6/9/92 
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CENTRAL TRACKER COST ESTIMATE 

BROUGHT TO YOU BY 

THE CENTRAL TRACKER DESIGN GROUP 

Compiled by Harley Pretty 
Yale University 

Physics Dep1rlmenl 
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GE~ Iver I) 

WBSNo llem Engineerino & Design EOl&A '" eClion OJA Proc/Fab A.ssemn lnslallalion Tolals 

labo1 "'" Tolal ....... Labor "'" Tola! Material Labor Ra1e Subtot Mal. Total Labor Raio SublOI Mat Tolal Labor Malerial Sublotal Conlin. Talal K$ 

m" k$/mvr kS " m" k$/mvr kS k$ m" kS/mvr k$ k$ k$ m" k$/mvr k$ k$ k$ k$ k$ k$ k$ k$ 

1 I 2 3 S Pholo Masks 0 0 ""' 0 ,.. , .. " 
,., 

1.1.23.6 Protolyp• Assembly 0 0 117 0 117 117 ,. 
"' 

1. 1 .2.3.4 A.t1.mbly ••• • • • ,, 
" "' 

.., 
'" "' m "' 175 

1.1.2.3.4. 1 Cenlraf Region ladder Asurrti.,. • • 1.0 " 55 Ill • " "' 110 " ,,, 
1 12 3 4.2 Forward R99ion ladder A.aaerrb~ • • l.l " ... "' • . .. "' 

.,, Ill '" I. I 2 3 4.3 Tecllng (EleClronlcs) • • • • 0 0 0 0 0 

t' 1.2 3.4.4 Assembly Tooling • • • .. • 0 •o .. 12 l2 

I. 1.3 Exletnal Coollna Sv1tem u "' 211 .. I.I IOJ " 151 1.1 .. .. 15 " "' "' "' '" ... 
1.1.4 Gat Svalem ••• "' 57 II '·' " II " ••• .. II II .. " '" " 111 

1.2 lnleu1ol1tlna Ptd TfKktt 11.7 " ltSS "' '·' " Ill 2114 I0.7 " "' • m ISH "" lH4 145! '"' 
1,2.1 IPC SUMr\IYlf modUl1a 7.0 .. "' "' ••• " " 17Jl ••• " "' 2 '" "" 1171 JIU 115' .... 
1.2.1.1 9Hfll modvl• '·' " '" " 

,, 
" " '" '·' " "' 1 "' "' "" 15" "' lHI 

1.2.1.1.1 SUPERLAYER 1 ... II 71 JI ,, " " 111 ••• " " I " '" "' '" ... "' 121.1.1.1 Anod1 wire 0.1 " • ·1 0.0 0 0 2 0 0 • J 7 J 10 
. 

121.1.1.2 Al\Od1 wire 1uppol1s 01 " • I 0 I 0 0 • J 7 J 10 

121.1.13 Anod• wl1 lerrtination 1tript 0.1 " • I 0 ' 0 0 • ' • ' II 

12 11.1.4 Cont cathode plane 0.0 " l I 0 10 0 0 l II .. ' " 121.1.1.S Gas window 00 " ' I 0 I 0 • s ' " l " 121.1.1 & C.lhode r:i-cf pfane 01 " • I 0 ll 0 0 • l9 .. " .. 
12 1.1.1.7 G1.,,hile epoxy corrposite hrdbdl. " " • I 0 " 0 0 • " .. " "' 121.1. 1.8 Et'ldplates 0.1 " • I 0 20 0 0 • 21 " IO ,. 
'21.1.1.9 Gas connectorw 01 " • I 0 10 0 0 • II " • " 1.2 1.1. 1.10 LV (sivn•~ connedors 01 " • I 0 10 0 0 • II " • " 1.21.1.1.11 HI/ f•nod•l connecto111 0.1 7J • I 0 10 0 0 • II " ' " 121 1.1.12 "~""""' ~·. misc. hard 0 0 0 ' 0 0 0 ' l l ' 
1.2 1.1.1.13 Module us8!Tbly 0.3 " " ' 0.3 " " 0.9 " " I " " • .. " Ill 

1.2.1.1.2 SUflERLAYER H ••• " 7J II ,, 
" " lll ••• " " I " '" "' '" ... 511 

12 1.1.2.1 Anod•'ffile 0.1 " • I 00 0 0 ' 0 0 • 3 7 J 10 

1.2.1.1.2 2 Anode wire 1uppo111 0.1 7J • I 0 I 0 0 • 3 7 ' 10 

1.2.11.2 3 Al'IOd1wile1..-rrinal slrP, 01 7J • I 0 1 0 0 • ' I ' II 

12.1.1.2.• Cont c.lhod1 plane 0.1 7J • I 0 " 0 0 • II " ' " 121.1.2.S Gaswil\doo.tt 0.1 7J ' I 0 I 0 0 • • " ' " 1.2.t.1.2.& C11hode ped pfane . , " • I 0 " 0 0 • " .. " .. 
12.1.1.2.7 Graphitt epoxy corrposite ludbdl. 0.1 " • I 0 " 0 0 • " .. " 117 
1.21.1.2 8 Endpbles 0.1 7J • I 0 20 0 0 • 21 " 10 " 1.2 1.1.2.9 ta• c:omedorw 0.1 7J • I 0 10 0 0 • II " ' " 1.21.1.2.10 LY (sign•~ connedoni 0.1 7J • I 0 10 0 0 • II " ' n 
1.2 11.2 11 HY !anode) COM•ttDrll 0.1 " • I 0 " 0 0 • II " ' " 1 2.1.1212 Aignmenl pin1. misc. Mrd 0 0 0 ' 0 0 0 ' l l 7 

1.2.1.1 2.13 Moduli usetrbly OJ " " ' O.J " " 0 0.9 " " I " " • II " Ill 

1.2.1.1.3 SUPERlAYER Ill .. " 71 II ., " " lll .. " " I " '" "' "' ... "' 
1.2.1.1 3.1 Anode wile 0.1 " • I 0.0 0 0 l 0 0 • ' 7 J 10 

Pascl 

• • • • • • • • • • • 



) ) ) ) G,__)--..,TJ(vu I) ) ) ) ) 

-was No. "~ Enoineerinn & Oe1lnn EDIM lnstJection O/A ~IF ab Asse lnSlallalion - To1al1 

Labo1 ""'• Toi al M&S laho1 """ Total Malarial Labor Raia Sublot Mal. Total Labor """ Sublol Mal, Tolal l.t>or Maler ill Sub101a1 Conlin. Tolal K$ 

mvo k$1mvr kl kl mv• kSlmvr kl kS mY< k$/mvr kS kl kS mvr k$/mvr kl kl kS kS kS kS kS •• 
1_2. 1.1.3 2 Ano:fe wire 1uppot11 0.1 ,, • I 0 I 0 0 • ' ' ' IO 

1.2 1.1.3.3 Anode ..,ir• terminal 11,P. 0.1 ,, • I 0 ' 0 0 • ' I ' II 

1.2.1.1.3 .. Cont ctilhoda plaM 0.1 ,, • I 0 " 0 0 • II " • 22 

1.21.1.3.5 011wthctow 0.1 ,, • I 0 I 0 0 • ' " ' 19 
1.2.1.1 3' C.thod• pad plane 0.1 ,, • I 0 " 0 0 • " .. .. .. 
1 2 1.1.3 7 Grapt\M epD•J oorrposlle htdbdt 0.1 ,, • I 0 " 0 0 • " " " IJ7 

1.2. 1.t.3 a End plat" •• ,, • I 0 " 0 0 • " 
,. 10 ,. 

1.21.1.311 G11 OOMedOfl 01 ,, • I 0 " 0 0 • II " • 22 

I 2 1.1.3 10 l V (slgnalt cormeaon •• ,, • I 0 10 0 0 • II " • n 
1.21.13.11 HV !•node) comedon OJ " • I 0 " • 0 • II " • 22 
1.2.11.3 12 Aifnmenl !*11, mile. hard • 0 0 l 0 0 0 ' ' ' ' 1.2.1.1.3.13 Modut9 ass.mb~ O.J " " ' O.J " " 0 09 " " " " ' .. " 112 

1.2.1.1.4 SUPERLAYEA IV ... " " " 1.3 " " 111 ••• " " I 31 w "' "' 141 511 
I 2.1.1.• 1 Al'Oda.n 0.1 " • I 00 0 0 ' 0 0 • ' ' ' IO 

1.21.1 . .t.2 Anoct. WW. luppoltl 0.1 " • I 0 I 0 0 • ' ' ' 10 

1 2 1.1.•.3 Anod. wh lerrrinal 1trps 0.1 " • I 0 ' 0 0 • ' I ' II 
t.2.1.1 A .. Conl caf'lod• plane •• " • I 0 IO 0 0 • II " • 22 

1 2.114 5 o-- OI " • I 0 I 0 0 • ' " ' " 1.2.1.1 . .4.I Calhode pad pl.,. 0.1 " • I 0 " 0 0 • " .. " .. 
1_2_1_1.41 Ou11phll• epo.xr mrrposite hrdbdt OJ " • I 0 " 0 0 • " .. " IJ7 
1_2.1.1 . .4 I EndplatH 0.1 " • I 0 " 0 0 • " 

,. .. " 1.2.1.1..4.1 G• flOMeCIOtt 0.1 " • I 0 IO 0 0 • II " • n 
1.2.1.1_,_10 LVtslgnalt conn.cton 01 " • I 0 IO 0 0 • II " • 22 
1.2.1.1.•.11 HV (anod-t ~- 0.1 " • I 0 IO 0 0 • II " • 22 

1.2. 1.1.4.12 Algnmen: pin1, mile. hucl 0 0 0 l 0 0 0 ' ' ' ' 1.2. l.1_, 13 M.,.,._anent>!y OJ " " ' O.J " .. 0 nr " " " " ' ., " 112 

1.2.1.1.5 Tooting ind n111ur11 u ,. " ' ... .. • " '·' " I I I " " " JI " 1.21.15_1 Anoct. wire wind . ...om. •• " ' ' 00 .. ' IO 0.0 0 0 0 ' " " • JO 
1.2.1.1.5.2 Oluftg ftldUl"el Ol " IS 0 0.0 .. ' " 02 " I I " " " " .. 
1.2.1J ENDCAP MODUlEI J.I " "' " ... 51 • 115 u 111 "' • "' ... "' ,, .. "' 1111 

1.2.1.2.1 SUPIAlAYER I 1.1 " " " ... I I Ill ... " .. • .. 115 "' "' Ill "' 1.2.1.2.1.1 Ancxho .,;,, •• " ' I 0.0 0 0 ' 0 0 ' ' I ' II 
1 2. 1.2. 1.2 Anodti wir-1 suppot11 OI " ' I 0 " 0 0 ' " JO 12 " 1_2 1.2.1 3 Anodto '"'• l•rn 1trp. ., " ' I 0 ' 0 0 ' ' I ' 11 

1.2.1.21.4 eor.tlnuous cmhode pllne OI " ' I 0 IO 0 0 ' II " • n 
1.2.1.21.~ G•Mndo.- OI " ' I 0 I 0 0 ' • " ' 19 

1.2.1.2.16 c.thocl1 Jl9d pane 0.1 " ' I 0 •o 0 0 ' ., .. II .. 
1.2 1.2.1.7 Orliflhlle epoay con-p h•cbac:k 0.1 " ' I 0 51 0 0 ' " " " " 1.2. 12 11 Endplatn 0.1 " ' I 0 " 0 0 ' " " 10 ,. 
1.2.1.2.1.1 0• connedOJI 00 " • I • IO 0 • • II IS • " 1.2.121.10 LY ( ..... ft conM<iors 00 " • I 0 IO 0 0 • II IS • " 1.2 1.2.1.11 HY Cenod., OOMIClon 00 " • I 0 ' • 0 • • IO • " 1_21.21.12 Alipl. pkts, misc. '*'dware 0 0 0 ' 0 0 0 ' ' ' 1 
1 2.1.21.13 M-.a.u:ermty 02 " " • 0 ... " .. •• .. • 10 ,. 

" 
1.2.tl.2 SUPEAlAYER M l•MM ••I) .., " " .. ... I • Ill ... " .. • .. "' 

,., 
"' UJ "' 

1.2.1.2.3 SUPEALAYEA In l••m1 11 I) .., " " .. ... • I Ill ... " .. • .. 115 "' "' Ill '" 



GEMC' ~r 1) 

WBSNo hem Enoilleerino & Oesinn EDl&A Inspection OJA Proc/Fab Assemblv lns1a11a1ion lo, 
l8b01 ''"' Total M&S Labor Raio Toi al Material L•bor Rale SublOI Mal. Total Labor Ra\O Sublol Mat Tolal Labor Material Sublolll Conlin. Total KS 

m" kSlmvr kS ,, m" k$1mvr kS kS m" kS1mv1 k$ k$ kl mY< kS/mvr kl kl kl kl kl kl " k$ 

1.2.1.2.4 SUPERLAYER IV (•eme .. 1) '·' " " .. 0,0 0 • ... 1.4 " .. • .. 115 101 m ll7 .., 
L2.1.2.5 Tooling •nd llI1uree u " .. • 0.1 " • " 

., 51 u • .. " " 71 " IOI 

I 2. I 2 5.t Anode wire •ind. madUne 0.1 " ' 00 " 2 IO Ol 51 I I 20 IO JO 12 •1 

12.12.52 Gturig fidUfet 0.1 " ' 0.0 " 2 " 0.2 51 • I 20 " " .. 62 

1.2.2 IPC Su ...... rt •trudure 1.7 9J ISi J '·' " 5 " u 51 12 I 12 "' II "' IOI m 

1.2.2.1 Endc•p •tctlon ... " ... • I.I " 5 SJ ., 51 ll • 12 1'1 " "' II "' I 2 2.1 1 Inner support ring 07 " " 0 o.o " 2 " 0.1 51 • • " 23 " .. 125 

'2 2 1 2 O~ttf support ring 0.5 " " 0 0.0 " 2 23 0.1 51 • • .. 23 " 21 " 1.2 2 1.3 Radial •V\111 o" " " 0 0.0 " I ' 0.1 51 • • " ' " 22 " 
1.2.2.3 Kinematic Mountl I Al•chrnenle •.I " 12 3 25 12 21 " u " 1 2 2 2 1 Mom11 I IPC erdeaps lo b=anel OI " 12 J 25 12 21 " 16 " 1.2.222 MOl#"ll1 /Barrel 10 C.brin-eler 00 " 0 0 0 0 0 0 0 0 

1.2.3 IPC Coollno incl 0.t SV1lerrw. u 105 211 .. '" ... " ... 0.9 80 .. 2 " '" 151 "' 11 "' 
1.2.3.1 !PC Coollng Syet-.n ... ... " " 0.2 .. 15 " 

., IO II ' II Ill " 221 " '" 1.2.3.1.1 Engin-irlg end Oetign 10 IO) " 19 91 .. 116 ll 129 
12.3.1.2 lnspeetion I Aclrrin 0.2 .. 15 15 0 IS 2 .. 
1.2 3.1.3 PrOQJremerit " 0 " " ' .. 
1.2.3 1.3.' 44 kW Relridget"a~on Unill " 0 " " • " 1.23.1.3.2 .U kW Heat E11.c:hanQ9f 0 • 0 • • 0 • 
12.3.13.3 Conlrol System 15 0 15 15 l " 1.2 3 1.3 4 Vat.In, Manilolds, s.risors, Gages, T\bing " ·o " " ) 21 

1.2.3.1 4 Asse!T"bly 0.2 " 10 2 II IO 2 II I 12 

1.2.3.2 IPC o .. sy11ern ll ... 11• 21 ., .. " " ., .. )I JI 177 " lll " "' 1232.1 EnglnMring and Oetign I.I "' ... 21 II< 21 Ill )I 1'6 

1.2.3 2.2 lnspectior'l I Aclrrin 0.) "" )2 )2 0 32 ' .. 
'2 3 2.3 Proa.11en-enl Jl 0 " " I ... 
1232.3.1 Mui Flow Rall Conlrdl&r • 0 • • I 5 

12323.2 Con-pM .... • 0 ' • I 5 

1.2.3.2 3 3 Ccitrp.r•" Conlroll91 9 0 9 9 2 11 

123234 Tubing, Bladd91,Scubber,Hea1 EJ:calvig91 ... II 0 II ti • 22 
1 2.3.2.4 A. IS erri:>ly 0.7 .. )I )I 0 )I l " 
1.2.4 IPC Allnnment Swlr1n1 1.0 " " '" 0 " "' "' 117 '" 
1.2.5 IPC PtotntYne ... " • 0 0 • • I • I 

0 

1.3 Su--orl Structure 2.1 "' '" " 0.1 " ll ... u I • I ••• • I 311 ,.. "' Ill ... 
1.3.1 S•-Of"t Fram• ,, .., 

"' " I.I 100 II Ill u " I • ... • • "' ... "' "' '" 1.3.1.1 EnginMrinO and Design '" 101 210 lO '" so llO ., ... 
1.3 1.2 lngpectton and Admln 0.1 100 II 11 0 II ) .. 
1.3.1.l Proeurament 0.0 0 0 0.0 0 138 0 0.0 0 0 0 131 Ill " "' 1.3.1.3.1 Suppor1 f\ngs .. 0 .. .. • 20 

1.3 1.3.2 S11ing1rs " 0 " " II .. 
Page4 

• • • • • • • • • • • 



) ) ) ) ) ) ) ) ) 

I 
oe •.. _ ~f'ITJ l...,r o 

WBSNo ll•m - Enc inHri"" & Oes1nn EOl&A. lnS1'18cilon OJA. P1ac/fab As.sernblu lnstalla1ion Totals 

labor .... Total M&S Labor Raio Tolal Male1tal LabOI' Rate Sub tot Mal. Tola I , ..... .... Sub tot Mat. Total , ... , Matedal Subtotal Conlin. T°'al KS 

m'1 k$/mvr •• •• m" k$/m~r •• k$ -· k$Jmvr k$ k$ •• mu k$tm~r •• kl •• •• •• •• k$ •• 
1 3 1 3 3 ...... 10 0 ID 10 ' 11 

1.3.1.3. Bulld'laad1 " 0 " " ll ,. 
I 3 1 3.5 K"mem11ic Mounts ' 0 ' • l II 

1 3 1 4 Assembly u " • I 0 • l II 

1.3 .2 Polvelh~lene Shield OJ " " ' ••• .. 1 .. 27 51 " ' " 0 ... a .. mP ..... ... INUMI ' I ••• INUM! • • • • • I I 

1.5 A.ttemblv at SSCL luoholel ... " Ill S1 .. " "' Ill ••• " m " "' "" "' 1314 .. I "" 
1.5. I SI A•••mblv and Checkout 1.1 t1 IH 11 IJ 11' I .. "' ••• " 272 I 171 "' UJ "' "' "' 
1.5.1.1 SI Tracker Aatembt)' ... " " II ... 11• " 52 J.I " I .. • 16' "' 71 "' 10 "' 
1.5 .1.2 SI Tncbr Checkout OJ "' 21 J ... 115 .. " u " "' I IOI '" " '" " "' 
1.5 .2 lPC A•Mmbfv and Checkout OJ ... " I J.0 SI l5J • 2.5 SI Ill I Ill "' • JU 111 "' 
1.s.2.1 Pr•A•tembty Checlout L5 51 111 51 I 0 Ill • Ill JI "' 
1.s.2.2 A11embly OJ " • ... • • 2.5 SI Ill • Ill 151 • 151 " m 

. 

1.5.2.2.1 8Hr.t Pad Tucker A.aeembty OJ ... " • ••• • • • IJ SI .. I " " • " " "' I 5.2.2.1.1 Suppor1 structure assembly 00 0 0.0 0 OJ " " ll I~ 0 ll • 21 

1.5 2.2.1.2 SuJ19rtap1 I module insl•bllon 0 0 0.1 " ' ' ' 0 ' l , 
1.5.2.2.1.3 Superfay., It rnodlAt irlsl ... lion 0 0 0.1 " ' ' ' 0 ' l , 
1 5.2.2.1.4 Suptr\ayef IN module 1A1l1lla1ion 0 0 I 0.1 " ' ' ' 0 ' l , 
15.22.1-5 .sup.rlayer IV modute inst•Nation 0 0 01 " ' ' ' 0 ' l , 
I 5 2 2.1.I Gas connection 0 0 .. " ' ' ' 0 ' ' , 
1.5.2 2.1.7 HY (•nods) connedkm 0 0 0.1 " ' ' ' 0 ' l , 
1.522.1.e l V (et.etronk:s power) coMedion 0 0 0.1 " ' ' ' • ' l , 
1.5.2.2.1.1 t V (1lgn11) conned ion 0 0 0.1 SI ' ' ' 0 ' l , 
I 5 2.2 1.10 Coolil\f COMKlion 0 0 01 " ' ' ' 0 ' l , 
1.5 2.2.1.11 FIMiroptic connection • 0 O.I " ' ' ' • ' ' 

, 
1.5.2.2.2 Endcllfl P•d Tr1ckw A•tembl)' ... • • ... • • I u 51 .. • 61 .. • .. ,. .. 
I 5.2.2.2.1 Suppor1 structure u .. mbly 0.0 0.0 0 0.2 " 10 10 10 0 10 • .. 
1.5.2.2 2.2 Superlaiyer I module insedallon 0 0.1 " ' ' ' 0 ' l , 
1.5.2 2 2.3 Supe1lay11 H module in&lallatlon 0 0.1 " ' ' ' 0 ' l , 
1.5.2.2.2.4 Superlayer 1n module 1nctan1Uon 0 0.1 " ' ' ' 0 ' I , 
1_5_2.2 2.5 Svperlay11 IV modute klsl•H•lion 0 01 " ' ' ' 0 ' ' , 
1.5.2.22.6 Gas connection 0 0.1 " ' ' ' 0 ' ' 

, 
1.5.2.2.2.7 HY (anode) connection 0 01 " ' ' ' 0 ' l , 
152.22.8 t V (elet11onlct pO'lr•r) connection 0 •1 51 ' ' ' 0 ' I , 
1.5.2.2.2.t l V (slgnal) conned ion 0 0.1 " ' ' ' 0 ' 2 ' I _5 2.2.2.10 Cooling cannKtion 0 •1 " ' ' ' 0 ' 2 , 
1-5.2.2 2.11 Fb11oplic connection 0 •1 SI ' ' ' • ' ' , 
1.5.?.3 Poel·AU•mbly Sy•l•m Checkout ••• 51 " 51 • 0 21 • " II " 
1.5.3 9111PC ln1 ..... 11on •nd Checkout ... " " " ••• "' "' I .., .. .. II 100 , .. .. "' 

,. 
'" 



OEMCENTJ In• I) 

WBSNo 11em Ennineerlno & Oesian EDl&A In Deciion Q/A Proc/Fab Assembly lnslallation To1al1 

Labor ..... Total M\S labor Raio Total Malarial Lobo< Ra1e Sub1ot Mal. Tolal labor "'" Sublol Mal. Total labor Malarial Subtolal Conlin. Total KS 

mY1 kS/m111 k$ k$ mV< kS/mvr k$ k$ mYI k$1mvr k$ k$ k$ mY1 kSlmvr k$ k$ k$ k$ k$ k$ k$ k$ 

I 5 3.1 Proceclo.•• '·' " " " ... 238 "' • 0 ... " ... .. 2ll 
I 5 3 2 IPC Barr9' lnlo SUflPOl'f 0.2 .. • • ll ' • 13 ' 17 

I 5 3 3 SI Trk:kerin10 PC 0 0.2 .. • ' 12 ' ' 12 ' " I 5 3 4 Lil and Rot"• 0 0.1 " • l ' • ' ' ' II 

1 5] 5 IPO Cab!• and Manlold1 0 0.1 ,. ' ' ' • ' I • 
I 5 3 Ii SI Coolif\;. Pow•. Signal 0 0.4 .. 20 20 20 • 20 ' " 1 5.J.7 End~ ir.1.n 0 OJ " I • 12 • • 12 ' .. 
1 5 3 8 End Cap cablM and Manlokfl 0 0.2 " I • I • • 2 II 
1.5 3 9 Beam lube 0 0.1 .. • I 1 • I 1 2. • 
I 5 3 10 Beam Tube wekt, kl.itl•l,bllkecnA ... 0 02 .. 12 I " 12 I 13 ' 11 

1.5.4 ARnnmtnl • ' 0 OJ 1$ " 
,. 

" " " " II .. 
0 

1 5 4 1 Prelrrinary SillPC Opiical AliglVTl&nl ' OJ .. ID ,. .. ID " " 11 12 
1.5 4 2 FW.11 Oplieal Aligl'lmltnl 0.1 .. ' ' ' 0 ' I 1 

1.5.5 Ctllbnllon and B••mT1sl1 0.1 Ill II 0.1 .. • II OJ " JI II " " 20 " " II 

1.6 Deltctor ln1t1ll1tlon ldownhoJel 1.0 "' ... .. 1.0 " IOI I 0 ••• .. 273 •• 372 411 "' "' Ill Ill 

1.6.1 Detitet01 ln•l•ll•llon Proceduni1 1.0 112 ... 21 1.0 " IOI • 0 "' 21 "' " 303 

1.6.1.I Deleclor ln11111 ProcedutH u " .. 11 0.9 llO .. • uo 11 141 .. 191 

161.l.1 Trad!., lnslabliion Prooedur• 01 100 12 ID •• 100 80 • " ID "" 31 Ill 
I 6. 1.1.2 T18dlw lnt1alalion h•dware D•ign ., .. " 1 OJ .. • • 31 1 .. " " 
1.6.1.2 Support sy11 tn11111 Proc•dur .. ... "' .. ti 0.2 "' " I • 1' 11 .. 2f 111 

I 6.1.2. 1 Uliity Hooli;-14! 01 100 I 2 • I ' IO ' 12 

1.6.1.2 2 Po....er Hook-up 01 100 I 2 • I 2 ID l 12 

, 6 1.2.l Signal C;tile Hook-up 01 100 I 2 • I ' to ' 12 

1.6 1 2 4 Calibration 02 llO 22 • • 22 • 26 I " , 6 1 2 5 CoolO~ 01 Ito " 2 • 13 2 .. ' 20 
1 6 1 2 6 Safely Syterra Testing Verilicallon 0.2 100 " • " • 16 ' 21 

1.6.2 1n11111111on fDownhole) 0.1 I " 1.0 0 I • H " 
,., 

" m 242 109 m IOJ .,, 
1.6.2.1 D .. ecl.Of ln11111 (downhote) JI • t.1 ,. 

" 51 .. " " .. " "' 
1 6 2 1 1 Ttallsfef C.rt to • " • " " " " I 6 2 1 2 Dry Run Mock Md T•roe11 & lns1all • 0.2 " • ' ' • ' • ' 12 

I 6 2.1.3 Moun! lo T11u1sler Cal'I • 0.2 .. I u " • u 23 1 ,. 
I 6 2.1 4 Alf rick Tra,.Jef (tyt lo be 1~ by SSCL) • 0.1 11 II II II • ti ' " I 6 2.1 $ Hal lnslall;otion • 01 "' 12 12 12 • 12 • 16 
16 2.16 Polplhylenii lnslalt • 0.1 " 2 ' ' • 2 I ' 
1.6 2.2 Support Sytl•m ln•t•ll ldownhole) II • u 71 2U J7 "' "' " "' ,. 321 

I 6 2 2 1 aw .... Pc cooling. ou Hook-up ID 0 O.J .. II ID " II 20 " II .. 
1.6 2 2 2 Safety Sys1eJN kc\I • •• 160 • • • • • I ' 

• • • • • ' • 
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ELECTRl 3 EST6110 

CENTRAL TRACKER ELECTRONICS COST ESTIMATE 

10-Jun-92 Comoiled bv Yale University· Cenlral Tracker Oeslan Grou 
WBSNo. Thi• EnalnHrlno & Dulan EDl&A Ins• ..... Ion I Admln Proc/Fab lnslalatlon I Assemblv Totals 

Labor Rale Total M&S labor Rat• Total Material Labor Rat• Subtot Mal1 Total Labor Mal' I Subtot Cont. Total KS 

5.2.2.0.5 GEM ELECTRONICS 

5.1 Tracker Eleclonlc::s 34 12 2764 '12 s 100 531 13335 11 SI ,., • 307 3115 13,47 17132 0673 24504 

5. 1. 1 Slllcon Electronlca 14 115 14'6 302 s 100 531 0613 2 9J 220 • 220 2224 6915 ,139 2791 11936 

5.1.1.1 Bipolar 2.75 105 290 62 1.25 100 125 1525 0 0 0 0 0 41S 1587 2002 480 2482 

5.1.1.2 CMOS-1 3.5 103 361 73 1.2 104 125 1250 0 0 0 0 0 486 1323 1809 63l 2442 

5.1.1.3 p.406-2 2 108 215 42 0.7 90 6l 370 0 0 0 0 0 278 412 690 242 932 

5.1.1.4 i.o.I 1.35 107 145 lS 0.85 100 85 960 0 0 0 0 0 230 995 1225 319 1544 

5.1.1.5 Fiber Optics 0.7 110 77 23 0.15 100 15 830 I.I 95 IDS 0 IDS 257 "3 1110 m 136.S 

5.1.1.6 PoWOf Supply 0.4S Ill " II 0.2 100 20 100 0.2 80 16 0 16 " 111 198 38 236 

5.' .1.7 Cabling 0.6 IDS 63 II 0.1 100 ID 06S 0.2S 96 24 0 24 97 676 77l 3S6 1129 
5.1.1.8 Slow ConlTol 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

5.1.1.9 Test Stallons I.IS 104 120 18 0 0 0 150 0.2 •o 16 0 16 136 168 304 116 420 

5.1.1.10 Data Acquisition 0.1.S IOS .. IS 0.1 100 ID 562 0.4 100 40 0 40 139 m 716 229 94S 

5. I. 1. 11 Clock Dls1ribulor o . .s.s 100 " 12 0.25 100 25 201 0.2 9S 19 0 19 99 21l 312 Ill 443 

5.1.2 IPC Electronlc• It.I " 1291 310 • • • •722 ' • 363 • 17 1061 7032 ... 3 3175 12561 

5.1.2.1 Design I Documenlatlon 0.5 118 S9 0 0 S9 0 59 12 71 

5.1.2.2 Protolypa 11.s .. 1111 290 910 1111 1262 2380 1119 3499 

5.1.2.3 Production 0.7S 161 121 0 S75l 17 121 5752 5173 2672 .,., 
5.1.2.4 Installation and Tosti,,,, 0 80 0 0 0 9.01 •o 363 363 0 363 73 436 

Page 1 
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Super Summary 

CENTRALTRACKERSUMMARY 
K$ 

5.2.2.5.x.1 TOTAL CENTRAL TRACKER COSTS 56247 

5.2.2.5.0.1 CENTRALTRACKERCONSTRUCTION 48474 
Central Tracker 23969 
Electronics 24505 

5.2.2.5.1.1 CENTRAL TRACKER RESEARCH AND DEVELOPMEN" 6651 
Central Tracker 2930 
Electronics 3721 

5.2.2.5.2.1 CENTRAL TRACKER CONCEPT I PREUM DESIGN 1122 
Central Tracker 427 
Electronics 695 -

-

6/10/92 



-GEM CENTRAL TRACKER R&D BUDGET 6/22/92 

WBS Description 1992 1993 1994 TOTAL K$ 

5 SSCL 
5.2 SSCL Detectors 
5.2.2 CBA -
5.2.2.5 Physics Research 
5.2.2.5.0 Construction 
5.2.2.5.1 Research and Development 
5.2.2.5.2 Conceptual/Preliminary Design 

-TOTAL 7,773 

5.2.2.5.1.1 Central Tracker Research & Development 3,301 3,350 6,651 
5.2.2.5.2.1 Central Tracker Concept I Prellm Design 1, 122 1, 122 

x.1.1 Siiicon Tracker. 550 2,043 1,865 4,458 -
X.1.1 .1 Silicon Mechanical 270 893 704 1,867 

x.1.1.1.1 LANL 270 893 704 1,867 

x.1.1.2 Silicon Detector 10 20 20 50 -
x. 1.1.2. 1 Oregon 0 0 0 0 

x.1.1.2.2 Moscow State (Wafers) 1 0 20 20 50 

x.5.1.1 Silicon Electronics 270 1, 130 1'141 2,541 -
x.5.1.1.1 LANL 270 1, 130 1, 141 2,541 

x.1.2 IPC Tracker 530 1,058 1,285 2,873 

.. 
x.1.2.1 IPC Mechanical 105 398 495 998 

x.1.2.1.1 Yale 0 173 250 423 

x.1.2.1.2 LANL 60 140 140 340 

x.1.2.1.3 Michigan 45 45 45 135 

x.1.2.1.4 Washington 0 0 0 0 -
x.1.2.1.5 Indiana 0 40 60 100 

x.5.1.2 IPC Electronics 425 660 790 1,675 

x.5. 1.2.1 Indiana 11 0 11 0 140 360 -
x.5.1.2.2 BNL 175 175 175 525 

x.5.1.2.3 Oak Ridge 140 225 225 590 

x.5.1.2.4 SLAC 0 150 250 400 

-x.1.5.5 Test Beams 42 200 200 442 

x.1.5.5.1 SSCL 42 200 200 442 

6122192 
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LEVB.11 REPORT 
WBSNo. .... E-;. .. &O EOl&A Jn riection <YA ProclFab A lnstaltalion Tolals ...... .... TOlal IA&S l ..... Raio Total Matet"ial l•b« -Sublol Mal. Total l .... .... Subtol Mal. To1al l"'°' Materi&I Sub101al Conlin. Total KS 

m., .,,._., k$ k$ m" kS/mvr kS k$ m" ... _, kS k$ k$ m" kS/myr kS k$ k$ k$ k$ k$ k$ k$ 

"' CEH!""-TIW><ER 39.1 07 3189 801 23.7 02 2173 1388 33.2 54 1713 113 2488 5.3 .. 327 1U U1 8152 9913 18138 5134 23969 

'.1 Silicon Tracbf 22.3 100 2232 ••• 4.8 •• 469 5958 13.0 .. .. , 803 1444 1.2 .. 54 .. 80 3595 70-41 10136 311• 13820 

12 .... Pad Trackef 11.7 oo 1055 179 1.9 61 "' 2124 10.7 39 •11 • 421 0.0 0 0 0 0 1588 2308 3894 1452 5347 

1.3 o:.-.. Structure 2.8 105 295 56 0.1 97 13 184 0.2 0 8 0 8 0.0 0 0 0 0 318 240 ••• 128 ... 
... 

-~ 0.0 0 0 0 0.0 0 0 0 o.o 0 0 0 0 0.0 0 0 0 0 0 0 0 0 0 

1.5 Aau-i.. al SSCL 1•-i.Aioo.1 2.0 93 182 52 4.9 87 428 122 9.4 55 517 78 503 0.0 0 0 0 0 1125 240 1374 481 1138 

1.6 OeleclOf ln111aHation ldownhote\ 1.0 102 104 48 1.0 .. 100 0 0.0 0 0 0 0 4.0 88 273 •• 372 478 U7 ... 1H 813 

1.7 Delec:lor. Pro-11Mnl 0.0 0 0 0 11.0 95 1050 0 0.0 0 0 0 0 0.0 0 0 0 0 1050 0 1050 420 1470 

5.1 H 34.0I 11 1271.(11 II s.o I 101 I 53111 13335 1111.ol 513 I 513 II I I I I II 38851139"71 17132 I 1873 I 2•sos I 812 53 0 

..... 1 



lEVa II AEF'ORT 

WBSNo """ EnninM & Deskin EDl&A In riection Q/A PfocJFab ........ Installation Toi ala 
labor .... To1al M&S labor ''"' Total Malerial l>bo< .... ~ublol Mat. To1<1I l"'°' Raio Subtol Mal. Tolal labor Material Subtotal Cantin. Total K$ 

m•• k$1mvr k$ k$ m•• kS/'"'"' k$ k$ mvr kSJmvr k$ k$ k$ mv• kS/mvr k$ k$ k$ k$ k$ k$ k$ k$ 

•.1 CENTRAL TRACKER 73.a 90 6633 1413 28.7 94 2711 21721 44.2 53 2368 803 3049 5.3 82 327 114 441 12037 23930 35968 12507 41474 
. 

1.1 Silicon Tracker 22.3 100 2232 ... ... 98 488 !5958 13.0 45 ... 603 1444 1.2 .. 54 15 .. 3595 7041 10836 318.( 13820 

1 2 lnte,.,...lat....,. Pad Tracket 11.7 90 1055 179 1.9 " 116 2124 10.7 39 417 4 421 0.0 0 0 0 0 1588 2308 3894 1452 5347 

1.3 Su rt Strvctu1• 2.8 105 295 56 0.1 97 13 184 0.2 0 • 0 • 0.0 0 0 0 0 318 240 558 128 084 

14 Beam P....., 0.0 0 0 0 0.0 0 0 0 0.0 0 0 0 0 0.0 0 0 0 0 0 0 0 0 0 

1 5 AsserrblY at SSCL ""'hole\ 2.0 03 182 52 ... B7 426 122 9.4 55 517 78 593 0.0 0 0 0 0 1125 249 1374 461 1838 

I 6 D•lklOf lnatallalion (downhole) 1.0 102 104 .. 1.0 .. 100 0 0.0 0 0 0 0 4.0 .. 273 •• 372 478 147 425 188 813 

1.7 Oet•clOJ Pro I Manaoemi1nt 0.0 0 0 0 11.0 95 1050 0 0.0 0 0 0 0 0.0 0 0 0 0 1050 0 10!50 420 1470 

5.1 Electfonlcs 34.0 " 278.( 612 5.0 108 534 13335 11.0 53 583 0 583 3885 13947 17832 8873 24505 

Pall' I 

• 4 • f f f 
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GEMCL l-h) 

LEVB. Ill REPORT 
WSSNo. .... ~-r. .. rinn & o-111n EDl&A lnl P&dion OJA Proc/fllb 

·~ 
Installation To1a11 l- Raio Tot•I M&S l- Raio Tolal Material l- Raio Sobtol Mal. To1al Labe< Raio Sublol M.>I. Total Labo< Mat1t._I Sublotal Conlin. Total Ks. 

'"" 1r.11m .. r kS k$ mV< kSfmvr "" kS .... kllmvr kS kS kS .... kS/mvr kS kl kS kS kS •• .. kS 

' I camw. llW><ER 39.8 97 3819 801 23.7 .. 2173 1386 33.2 .. 1713 883 2468 5.3 62 327 114 441 1152 9983 11136 5834 23969 

1.1 Mcort Tract. 22.3 100 2232 468 4.8 98 468 5958 13.0 65 841 803 1444 1.2 .. 54 15 .. 3595 7041 10836 311• 13820 
t' 1.' SI M9cll Structure I. Cooing 17.4 .. 1717 368 3.6 .. 348 2823 1.0 '84 628 120 748 0.0 INUM 0 0 0 2893 3111 5105 1803 78011 
1.1.2 Slk:on Detector 2.3 104 241 .. 0.9 •• 84 3131 3.5 55 195 483 678 0.0 0 0 0 0 519 3681 4180 1212 5392 
1.1.3 ExtWMI Cooling Splem 2.0 109 211 40 0.2 103 25 158 0.0 0 0 0 0 1.2 .. 54 15 69 297 213 510 133 ... 
1.1.4 GMSptom o.• 101 57 11 0.1 95 11 45 0.4 .. 11 0 11 0.0 0 0 0 0 86 50 141 37 178 

1.2 Pad Tracklir 11.7 90 1055 179 1.9 61 111 2124 10.7 39 417 4 421 0.0 0 0 0 • 1581 2308 3894 1452 5347 
1-2.1 ll'C~- 7.0 .. 518 136 1.4 47 .. 1732 ••• 30 3 .. 2 368 0.0 0 0 0 0 1023 1170 2893 1158 4049 
1.2.2 WC S'4lflOlt Slr\ldUfe 1.7 .. 150 3 0.1 51 5 70 0.2 51 12 0 12 0.0 0 0 0 0 173 .. 254 101 355 
1.2.3 IPCCooliot andGM Systomo 2.0 105 211 40 0.5 104 47 114 0.9 so 41 2 .. 0.0 0 0 0 0 291 150 455 78 533 
1.2 ... 

IPC Alignmenl -
1.0 93 93 0 0.0 0 0 200 0.0 0 0 0 0 0.0 0 0 0 0 .. 200 203 117 410 

1.2.5 iPC"'- 0.0 93 0 0 0.0 0 0 0 0.0 0 0 0 0 0.0 0 0 0 0 0 0 0 0 0 

1.3 i'll:I-.... Slrvcture 2.8 105 295 58 0.1 97 13 114 0.2 0 • 0 8 0.0 0 0 0 0 311 240 556 128 H4 
1-3.1 -·- 2.5 107 270 50 0.1 100 11 138 0.2 42 8 0 0 0.0 0 0 0 0 2H 109 478 111 597 
1.3.2 .................. 0.3 12 28 8 0.0 80 2 .. 0.0 • 0 0 0 0.0 • 0 0 0 27 51 7t • 87 

1.• -- 0.0 • 0 0 0.0 0 0 0 0.0 0 0 0 0 0.0 0 0 0 0 0 0 • 0 0 

1.5 llSSClHlnlV\IAI ••• 93 112 52 ... 87 ... 122 9.4 55 517 76 593 0.0 0 0 0 0 1125 249 1374 481 11131 
1.5.1 SI -mb~ Ind Cl!- 1.1 92 100 22 1.3 114 ... 112 ... .. 272 0 272 0.0 • • 0 0 511 133 852 234 885 

1.5.2 IPC,..,,,.., and Checkout 0.3 100 •• 0 3.0 51 153 0 2.5 51 128 0 12• 0.0 0 0 0 0 311 . 0 311 111 422 
1.5.3 Sil1PC kli.gtllion and Cltllclraul 0.5 85 .. 25 0.5 238 119 0 1.7 .. .. .. 100 0.0 0 0 0 0 244 .. ... 74 351 
1.5.4 Alignm•n1 o.o 0 0 5 0.0 0 0 0 0.3 75 15 50 •• 0.0 0 0 0 0 .. 55 70 .. .. 
1.5.5 calllration and Beam T •sts 0.1 110 11 0 0.1 80 8 ID 0.3 81 .. 10 28 0.0 0 0 0 0 37 20 57 .. 81 

1.6 ONc:IOI IMtallalian /downltoS.) 1.0 102 104 48 1.0 99 100 0 0.0 0 0 0 0 4.0 68 273 .. 372 478 147 •125 118 813 
1.5.1 Dad« lnstalalion Procedwn 1.0 102 104 28 1.0 .. 100 0 o.o 0 0 0 0 0.0 0 0 0 0 205 28 233 70 303 
1.8.2 IMlalation (OowMole) 0.0 0 0 20 0.0 0 0 0 0.0 0 0 0 0 3.8 87 242 .. 331 242 109 351 105 457 

1.8.3 o.tKtctf AllgnrMftl o.o 0 0 0 o.o 0 0 0 o.o 0 0 0 0 0.4 0 31 10 41 31 10 .. 12 53 

1.7 o.tKtor Pr ....... .._. ... .,,.. ... 0.0 0 0 0 11.0 95 1050 0 0.0 0 0 0 0 0.0 0 0 0 0 1050 0 1050 ... 1470 
1.7.1 Sllcon TracMr 0.0 0 0 0 4.0 90 360 0 0.0 0 0 0 0 0.0 0 0 0 0 380 0 360 144 504 
1.7.2 IPC Tracker 0.0 0 0 0 4.0 •• 380 0 0.0 0 0 0 0 0.0 0 0 0 0 360 0 360 144 504 

1.7.3 Subsy•..n tn199ration 0.0 0 0 0 3.0 110 330 0 0.0 110 0 0 0 0.0 0 0 0 0 330 0 330 132 402 

5.1 
_ .. 

33.8 82 2714 612 5.0 108 530 13335 2.0 110 220 220 1.0 40 313 0 313 3115 13947 17132 8173 24505 
5.1.1 SIEomon<o 14.0 105 1411 302 5.0 108 538 6813 2.0 110 220 220 2224 1915 1139 2798 11937 
5.1.2 f'C Es.c:tmnica 19.1 .. 1211 310 1722 f.O 40 383 ... 1141 7032 1413 3175 12151!18 

fapf 
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L EVEl.. nl REPORT ~ 

( 
WBSNo. Hom Ennn .. · • • EDl&A lnioection OJA Proc/Fab Auemb• lnalallation Tolals ....... Raio Total M&S labor .... Tolal Material l•bo< ""• Sub101 Mal. Total Labor Ra•• Subtol Mat. TO!al Labor Material Subtotal Conlin. Total KS 

mVI k$/l'l\Yf kS k$ m" kStrnvr k$ k$ m" kS/rnv; kS k$ k$ mVI kS/mvr k$ k$ k$ k$ k$ k$ k$ k$ 

<.1 CENIAA. T1W:KEA 73.8 90 8833 1413 28.7 " 2711 21721 35.2 57 2003 113 2686 14.3 .. 690 114 80• 12037 23930 35968 12507 48474 

1.1 Silicon Trackw 22.3 100 2232 466 ... .. 468 5956 13.0 65 841 603 1444 1.2 .. 54 15 89 3595 7041 10836 3184 13820 

1.1.1 Sf Mtch SUUCIUra & Cooing 17 ... 09 1717 368 3.6 98 348 2623 0.0 884 828 120 748 0.0 INUMI 0 0 0 2893 3111 5805 1803 7608 

I .1.2 Slicon Oeteclor 2.3 104 241 48 0.9 99 84 3131 3.5 55 195 ... 878 0.0 0 0 0 0 510 3681 4180 1212 5392 

l.t.3 Ext•n'1Coo"'9- 2.0 10• 218 •o 0.2 103 25 158 0.0 0 0 0 0 1.2 •4 54 15 89 297 213 510 133 842 

1.1 ... -- 0.8 101 57 11 0.1 95 11 •5 0.4 44 18 0 18 0.0 0 0 0 0 .. 58 141 37 178 

1.2 lnlanxilal;,... Pad Tracker 11.7 .. 1055 179 1.9 61 116 212<4 10.7 39 417 4 421 00 0 0 0 0 1588 2308 3894 1.t52 53<47 

1 2.1 IPC SUperlayer mocld• 7.0 85 598 138 1.4 47 63 1732 9.8 38 38< 2 366 o.o 0 0 0 0 1023 1870 2893 1156 4041 

1.2.2 IPC Support strudure 1.7 93 158 3 0.1 51 5 78 0.2 51 12 0 12 o.o 0 0 0 0 173 81 25• 101 355 

I 2.3 IPC Cooling and Gas Sysi.ms 2.0 105 211 40 0.5 104 47 114 0.9 80 41 2 42 0.0 0 0 0 0 299 158 455 78 533 

1.2.4 IPC Aignrr.nC SystarM 1.0 93 .. 0 0.0 0 0 200 0.0 0 0 0 0 0.0 0 0 0 0 93 200 293 117 410 

1.2.5 IPC Pfolotypt 0.0 03 0 0 0.0 0 0 0 O.o 0 0 0 0 0.0 0 0 0 0 0 0 0 0 0 

13 •• Structura 2.8 105 295 56 0.1 97 13 104 0.2 0 8 0 8 0.0 0 0 0 0 318 240 558 128 ... 
1.3.1 

_, ..... 
2.5 107 270 50 0.1 100 11 138 0.2 .. 8 0 0 0.0 0 0 0 0 289 ... 478 119 597 

1.3.2 Poly•hylane Shield 0.3 92 28 8 O.o ao 2 48 0.0 0 0 0 0 o.O 0 0 0 0 27 51 79 • 87 

... ..... 0.0 0 0 0 0.0 0 0 0 0.0 0 0 0 0 0.0 0 0 0 0 0 0 0 0 0 

1.5 Asurnw 11 SSCL mnhole\ 2.o 93 112 52 4.9 87 ••• 122 9.4 55 517 76 593 0.0 0 0 0 0 1125 249 1374 461 1836 

1.5. I SI Asaani>ly Md aiackout 1.1 .. 100 22 1.3 114 ,.. 112 •. 8 50 272 0 272 0.0 0 0 0 0 518 133 652 234 885 

1.5.2 IPC Assembly and Checkoul 0.3 100 30 0 3.0 51 153 0 2.5 51 128 0 128 0.0 0 0 0 0 311 0 311 111 422 

1.5.3 SV1PC lnlegral.lon and Checkout 0.5 85 41 25 0.5 238 119 0 1.7 49 .. " 100 0.0 0 0 0 0 20 41 285 H 359 

1.5.4 Alignmant 0.0 0 0 5 0.0 0 0 0 o.3 75 15 50 65 0.o 0 0 0 0 15 55 7o " 80 

t.5.5 Cali>ratlon and Beam Testa 0.1 110 11 0 0.1 80 8 10 0.3 81 " 10 28 O.o 0 0 0 0 37 20 57 .. 81 

1.8 Oetaclor Installation ldownhole) 1.0 102 104 48 1.0 " 100 0 0.0 0 0 0 0 4.0 68 273 99 372 478 147 625 188 813 

1.6.1 D•lactor Install.lion Proc.::tura• 1.0 102 104 28 1.0 .. 100 0 0.0 0 0 0 0 o.o 0 0 0 0 205 28 233 70 303 

1.6.2 lns1alladon (Downhols) 0.0 0 0 20 o.o 0 0 0 0.0 0 0 0 0 3.8 87 242 19 331 242 109 351 105 457 

1.6.3 Oeledor Alignrnsnt O.o 0 0 0 0.0 0 0 0 0.0 0 0 0 0 o.• 0 31 10 41 31 10 41 12 53 

1.7 D•tedor Proiecl Manaoamant 0.0 0 0 0 11.0 95 1050 0 0.0 0 0 0 0 0.0 0 0 0 0 1050 0 1050 420 1470 

1.7.1 Silicon Tradcw 0.0 0 0 0 4.0 90 360 0 0.0 0 0 0 0 o.O 0 0 0 0 360 0 380 14' 50• 

1.7.2 IPCTradt« 0.0 0 0 0 4.0 90 360 0 O.o 0 0 0 0 o.o 0 0 0 0 360 0 360 10 504 

1.7.3 Subsyslam lntegrilion 0.0 0 0 0 3.0 110 330 0 0.0 110 0 0 0 0.0 0 0 0 0 330 0 330 132 462 

5.1 Electronics 33.8 82 2764 612 5.0 108 538 13335 2.0 110 220 220 9.0 40 363 0 363 3885 13947 17832 6873 24505 

5 1.1 Si Electronics 14.0 105 1466 302 5.0 108 538 6613 2.0 110 220 220 2224 6915 9131 2798 11937 

5.1.2 IPC Electronics 19.8 •• 1298 310 6722 9.0 40 363 363 1661 7032 8893 3875 12588 

fap i 
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Silicon Tracker 

6/22/9~ .;hart1 

CENTRAL TRACKER COST ESTIMATE 
% of Total Costs with Contingency 

Project Mgt 

Page 1 

IPC Tracker 

Support Structure 

Assembly 
Installation 

) 



EDl&A 

37.73% 

• • 

6/22/92 chart2 

CENTRAL TRACKER COST ESTIMATE 

% of Total Project Cost without Contingency 

13.60% 
Assembly 

Page 1 

• 

2.43% 
lnstalation 

• • 

Proc I Fab Mat'I 

46.24o/o 

Note: Contingency is 24"/. 

• • 



Subsystem Integration 
Mgt -IPC Tracker -e::=: 

Mgt - Silicon Tracker ~
Detector Alignment 

Installation (Downhole) 
Detector Installation Procedures 

Calibration and Beam Tests 
Alignment 

Si/IPC Integration and Oieckout 
IPC Assembly and Checkout 

Si Assembly and Checkout JI••• 
Polyethylene Shield 

Support Frame JI•• 
IPC Alignment Systems 

IPC Cooling and Gas Systems )I• 
IPC Support structure 

IPC Superlayer modules 
Gas System 

) 

6/22/92 chart3 

CENTRAL TRACKER COST ESTIMATE 
Level ill Components with Contingency 

External Cooling System l::.~ ........ ~--~~---~· Silicon Detector J 
Si Mech 

0 1000 2000 3000 

Page 1 

4000 

K$ 

5000 6000 

, 

7000 8000 
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R&D% 

EDl&A% 

Contingency % 

Analysis Summary 

CENTRAL TRACKER COST ESTIMATE 
ANALYSIS 

with electronics 

R&D 6651 -
Construction 25211 

= EDl&A 10757 -
Construction 25211 

= Contingenc:i: 12507 = 
Const & EDl&A 35968 

Construction • Proc/Fab Mat'/ + Installation + Assembly 

6/22/92 

-

-
.. 

26% 

43% 

... 
35% 

-
-
-
.. 

... 

-
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R&Do/o 

EDl&A% 

Analysis Summary 

CENTRAL TRACKER COST ESTIMATE 
ANALYSIS 

without electronics 

R&D 2930 -
Construction 11293 

- EDl&A 6843 -
Construction 11293 

Contingency % • Contingency 5834 -
Const & EDIA 18136 

Construction = Proc/Fab Mat'/ + Installation + Assembly 

6/22/92 

26% 

61 o/o 

32% 



SILICON TRACKER - MECHANICAL 
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1.0 Silicon Tracker Mechanical Design 

The Silicon Tracker baseline design contains over 8,800 Silicon Wafers which 

are distributed radially and axially about the accelerator interaction region. Our current 

Tracker design has an overall length of 2 m and an outside diameter of .7 IT). The Silicon 

Microstrip Detectors are arranged in the volume into three distinct groupings in the 

tracker; the central or barrel region and two forward planar regions. The total number 

of Silicon wafers in the Central region is approximately 3,000, with 2,900 wafers in 

each fr.rward region. The Tracker specifications demand that each of these wafers be 

precisely located relative to each other and located relative to the interaction region. It is 

also Imperative that the alignment of the wafers relative to each other be exceptionally 

stable over long periods of time. Sources of instability that will be minimized include: 

thermally induced strains from heat generation sources such as electronics, dimensional 

changes with thermal shifts, ~trains induced by non uniform thermal loading, material 

property changes due to radiation effects, long term creep, dimensional changes due to 

moisture or other environmental effects, external vibration sources, and external 

induced strains. 

Figure 1 shows shows The Silicon Tracker Baseline design. The Central Region 

contains 6 layers of Silicon Ladder assemblies, extending 240 mm axially on each side of 

the interaction region. 
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The radii of each layer as indicated on the figure ranges from a minimum of 1 oo 
) mm to a maximum of 221 mm. The Forward region contains 12 similar Silicon Ladder 

assembly layers at each end. These layers are assembled together into 6 superlayers. 

The Central and Forward region layers are placed so that a single trajectory from the 

interaction region will intercept 3 superlayers c!own to an eta coverage of 2.7. A Metal 

Matrix Composite Space Frame supports and positions the Central and Forward region 

subassemblies. The entire Tracker is sealed in a Gas Enclosure to contain the Butane, 

which is the coolant used to remove the heat generated from the electronics. All of the 

signal r,ables, power cables, and cooling lines will penetrate the enclosure at the ends. 

To meet the high resolution requirements, the individual wafers must meet the 

following mechanical location tolerances: 

Si!jcon Detector Tolerance CjrcumterenHal Radjal Longjtudjnal 

Assembly Placement Toleranc~ 

100 µm 50-200 µm 100 · 250 µm 

Assembly Optical Inspection Precision 

1µm 25 µm 50 µm 

X-Ray Calibration Measurement Precision 

1 µm 25 µm 50 µm 

Long Term Relative Stability Tolerance 

5 µm 80 µm 250 µm 

The Assembly Placement Tolerance is the requirement for assembling the wafers 

into a subassembly. Each wafer will then be inspected to the Assembly Optical Inspection 

Precision requirements. The entire Tracker assembly will be mapped with a highly 

collimated X-Ray source to the X-Ray Calibration Measurement Precision listed. In 

order to maintain a high resolution the Tracker subassemblies must meet the Long Term 

Relative Stability Tolerance. At this point, Long Term is not well defined. The Tracker 

will be built with a 5-1 O year operational life, but occasional recalibrations are 

expected throughout its life. These calibrations may be in situ or at the surface facility. 
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Silicon Tracker Design Requirements 

Silicon Wafer Stability 

Silicon Wgfer Tolerance Circumferential 
Assembly Placement Tolerance 

100 µm 
Assembly Optical Inspection Precision 

1µm 
X-Ray Calibration Measurement Precision 

2-3 µm 
Long Term Relative Stability Tolerance 

Thermal Requirements 

Wafer Operating Temperature 
System Operating Temperature 
Thermal Stability 
Electronics Heat Load 

Analog & Digital IC 
LED Transmitter 

5 µm 

Electronics Operating Temperature 
Total Heat Load 
Heat Flux 

... 

Radial Longitudin@I 

50-200 µm 100 - 250 µm 

25 µm 50 µm 

25 µm 50 µm 

80 µm 250 µm 

< 5° c 
0° C, 1 ATM 
± .1° - ± 1° c 
2 mW/strip 
150 mW each 
35°CMax 
- 10 kW 
1.8 WI cm2 

) 
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Si Tr W&.·~· ameters 

liill!<!!D lci!i<kM fi1£i!m!!l!!C:i 3/20/92 

Radius cm Wafer Area# C Wafers #l Wafers Tot # Wal. Total Wafer are< I ElecMCM # stri~ Elec # C Rings # Su[!. Rings 
2xR/3.0 Length 1Cx#Lx2 SI # 3.3x6.1/1e4 #Wal/2 #MCMxC10 

Central Region Barrel (12 cm Ladder) (2 wafer/MCM) 

Outer Ring 22.1 6X3.3 46 8 741 1.49 370 236985 
20 6X3.3 42 8 670 1.35 335 214466.1 4 

Middle Rin{ 17.1 6X3.3 36 8 573 1.15 287 183368.5 
15 6X3.3 31 8 503 1.01 251 160849.5 4 

Inner Ring 12.1 6X3.3 25 8 405 0.82 203 129752 
10 6X3.3 21 8 335 0.67 168 107233 4 

Central Region Sub Total 3227 6.50 1614 1.03E+6 12 0 
35% 43% 

Forward Planar Region ( both sides) 
I. Radius 0. Radius IC Wafers# l Wafers Tot # Wal. Wal. Area #ElecMCM #strip Elec # C Rings # Sup. Rings 

cm. cm. 2xOR/3.1 1or 2 ltx2sp-laye!-I R•2)x8/1 e4 • (~ #C.Walx8 #MCMx640 
1a 10 14 28 1 227 0.26 227 145283 4 
1b 14 26 53 2 843 1.28 422 269812 4 2 
2a 10 14 28 1 227 0.26 227 145283 4 
2b 14 26 53 2 843 1.28 422 269812 4 2 
3a 10 14 28 1 227 0.26 227 145283 4 
3b 14 26 53 2 843 1.28 422 269812 4 2 

'· 
4a 10 14 28 1 227 0.26 227 145283 4 
4b 14 26 53 2 843 1.28 422 25g512 4 2 
Sb 14 26 53 2 843 1.28 422 269812 4 2 
6b 14 26 53 2 843 1.28 422 269812 4 2 

Forward Region Sub Total 5967 8.73 3438 2.20E+6 40 12 
65°/o 57% 

Tot•I• 9194 15.22 5051 3.23E+6 52 1 2 
(Meter sq. of SS Silicon) 

7.61 Sq. meters Frontal Area 

Page 2 
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Silicon Tracker Heat Loads 

Si Tr Ware 
' ' 

ameters 

# Elec MGM # strip Elec Heat load/StriE LED Heat Load 
#Waf/2 #MGMx640 3mW/strip 250[TIW/4 MC\1 

Central Region Barrel (12 cm Ladder) (2 waler/MGM) 

Outer Ring 22.1 
20 

Middle Ring 17. 1 
15 

Inner Ring 12 .1 
10 

Central Region Sub Total 

Forward Planar Region ( both sides) 
I. Radius 

cm. 
1a 1 0 
1b 14 
2a 10 
2b 14 
3a 10 
3b 14 
4a 10 
4b 14 
5b 14 
6b 14 
Forward Region Sub Total 

Totals 

• 

370 
335 . 

287 
251 

203 
168 

1614 

#Elec MGM 
#G.Wafx8 

227 
422 
227 
422 
227 
422 
227 
422 
422 
422 

3438 

5051 

236985 711 23 
214466 643 21 

0 
183368 550 1 8 
160850 483 16 

0 
129752 389 13 
107233 322 10 

1032654 3098 101 

#strip Elec Heat load/Stri~ LED Heat Load 
#MGMx640 3mW/strip 250mW/4 MGM 

145283 436 14 
269812 809 26 
145283 436 14 
269812 809 26 
145283 436 14 
269812 809 26 ., 
145283 436 14 
269812 809 26 
269812 809 26 
269812 809 26 

2200007 6600 215 

3232661 9698 316 

Total Helli Load 10014 

Page 4 
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R & D and Construction Schedule 

The GEM Silicon Tracker Construction Sc:hedule shows the major R&D. 

prototyping, fabrication, assembly, and testing schedule elements. Some of the time 

elements are broken down into additional subtasks, while many others will need to 

broken down in more detail. The beginning of the schedule is set up with the completion 

of the LOI, with the ending of the schedule determined by the task duration and 

dependencies. The early critical path items are the electronics and silicon microstrip 

detector R&D. 

As a minimum the Silicon Tracker will require a 2 year Silicon wafer R & D 

effort followed by a 5 year fabrication and assembly schedule. The Task nmelines are 

grouped to show the critical Path items and the major subassembly items. The A Crjtical 

.E.a.1h grouping shows the 2 years of wafer R&D starting in 92 and finishing in 93, with 

the wafer production occurring 'in 94. In parallel to this effort is the Electronics R&D 

and production. Both components are required to start the ladder assemblies in mid 95. 

It is assumed that enough components will be available mid way through production to 

start the assembly. The Ladder. assemblies are followed by the Central and Forward 

Region subassemblies, followed by testing of each subassembly. This will allow us to 

ship these major subassemblies in early 96 to the SSCL tor the final assembly. 

The Silicon Tracker will be assembled then systematically inspected and tested. 

A lengthy period of at least 9 months will be required to do signal calibrations and X-Ray 

mapping of the Silicon Tracker after it is assembled. This schedule has that task 

occurring after the Silicon Tracker is assembled to the IPC Tracker in 97. By mid 98 

the Central Tracker assembly will be ready for installation into the Detector Hall. A 

period of at least 9 months will be required to do the systems hookups, final tests. signal 

calibrations, and initial commissioning. This leads us to a completion date of early 99. 

Additional task groupings are: B Silicon Wafers (these are tasks mainly 

associated with assembly concepts), C Cooling Rings, D Kinematic mounts, E Shell 

Cylinders, F Gas Enclosure, G Space Frame, H Alignment Systems, I Cooling Systems. J 

Support Structure. 

The minimum design and R&D tasks associated with the 2 year Silicon Wafer R&D 

are broken down In more detail. A one year joint R&D effort between the manufacturer 

and Los Alamos will be required prior to starting the wafer fabrication. 

3/2192 
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Silicon Wafer R&D 92 - 94 
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Silicon Wafer detail drawings and specifications have been sent out to several 

qualified vendors for cost estimating and fabrication planning. We will continue to meet 

with prospective vendors throughout 1992 as the final design and specification evolve. 

The final configuration of the Silicon Tracker will have to be frozen shortly after the 

July PAC review to finalize the system requirements and generated the final detail 

drawings and specifications. There will be a final competitive bid for the Silicon 

microstrip fabrication and the contract will be awarded by January 1993 to start our 

one year of joint R&D. 
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Single Sided Detectors 

The radiation resistance of single-sided detectors were tested in the LAMPF beams 
and found to operate satisfactorily up to 7 x 1013particles/cm2 [Kap]. Studies by 
the Silicon Tracking Subsystem R&D program have demonstrated that single-sided 
detectors can be operated up 6 x 1013 particles without serious loss in pulse 
height[Pit]. These studies have shown that type inversion occurs at - 2 x 1013 after 
which an increase in voltage is needed to obtain depletion of the silicon detector. 
The maximum voltage that can be applied to the detectors before breakdown 
determines the radiation level that can be tolerated. At a fluence of 6 x 1013 the 
detectors require a depletion voltage of about 150 volts. See figures 3.1.3.1 and 
3 .•. 3.2. A variety of studies have shown that the neutron fluence limit of single
sided silicon detectors is > 1014 where again the upper limit depends on the 
depletion voltage required [Lin]. Studies of the radiation resistance of double-sided 
detectors have recently been completed by several groups and their conclusions 
show that double-sided detectors have comparable radiation tolerance as the single
sided detectors [Sai]. A recent report on AC coupled strip detectors using the 
FOXFET transistor structure demonstrated that it is stable in terms of noise and DC 
characteristics up to 1 Mrad photons[Laa]. The accumulated work on the radiation 
resistance of single sided silicon detectors suggests that the required technology for 
the GEM silicon detectors is close at hand and the risk is low. 

1 Lee 5/22/92 



1 .1 Silicon Wafers 

A nominal wafer size of 33 mm x 61 mm was chosen to maximize the use of a 1 o 
cm diameter silicon wafer. Two such wafers will be produced from one 1 o cm diameter 

disk. The baseline design at this time is 2 layers of single sided NC coupled Totally 

Depleted Silicon Microstrip Detector with the following specifications: 

Electrjca! Specifications 

Mechanical Dimensions: 

Thickness: 
# of Strips: 
Strip Pitch: 
# of Readouts: 
Readout Pitch: 
Substrate: 
C(interstrip): 
C(coupling): 
Depletion Voltage: 

Break Down Voltage: 

Leakage/strip: 

Leakage/Wafer: 

Metalization: 
Polycrystalline Si Res: 

Radiation Hardness: 
Strip faults/Wafer: 

Passivation Layer: 

Refer to Drawings 

300µm ± 15µm 
640 
50 µm 
640 
50 µm 

SK-GEM12-001 B 
SK-GEM12-0028 
SK-GEM12-007A 

n type, high resistivity silicon, 4-8 Kn 
> 5 x C(backplane) < 1.5 pf/cm 
> 1 O x C(interstrip) 
60 Volts max. prior to irradiation 
140 Volts max. after 5 MRads of irradiation 
150 Volts min. prior to irradiation 
180 Volts min. after 5 MRads of irradiation 
10 nA max. prior to irradiation 
90 % strips s 2 nA prior to irradiation 
3.5 µA max. prior to irradiation 
(assume 90%@ 2 nA + 7%@ 10 nA + 3% 
@ 100 nA) 
Aluminum 
< 500 Kn 
(max 5% change after 5 MRad irradiation) 
5x1013 neutrons/cm2 ; 5 Mrad 
Maximum of 3% of the strips (19 strips)due 
to a combination of Capacitive coupling 
faults or P-N Junction faults. No more 
than 3 faulty strips in 1 O adjacent strips. 
Expected yield:# active strjps % of wafers 

99% 50% 
98% 30% 
97% 20% 

5/8/92 
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One side of the layer contains axial (x- layer) strips at a 50 µm pitch while the opposite 

side contains strips at the same pitch but tilted at a 5 milliradian stereo angle. Figure 3 

defines the basic features of a typical x- layer wafer. The thickness of each wafer is 300 

µm and a maximum width of 33 mm with 640 strips. The strip pitch of 50 µm was 

chosen as a lower limit for ease of wire bonding. Even at this pitch it is expected that the 

wire bonding pads will be staggered as shown on the drawing to conform to -standard wire 

boning machines. Elongated pads or double pads may be eventually incorporated if the 

need for redundant wire bonds arises. 

A single or double guard ring with wire bonding pads near the corners would 

enclose the microstrips. The back plane of the wafer is coated with 2000 - 3000 

Angstroms of gold as the conductor for the bias voltage application. Optical alignment 

fiducials are placed at each comer outside of the guard ring and at the midsections 

between the corners. Features as small as 2 µm wide can be placed on the wafer with a 

location tolerance to the strips of a few microns or less. The wafers in the central region 

are rectangular in shape while the forward region shapes are trapezoidal with a 

maximum width of 33 mm. This uniformity in the width, for both the central and barrel 

regions, allows us to standardize the electronics packaging design as a cost saving 

measure. The strips on the forward region wafers maintain a constant 50 µm pitch and 

do not taper in with the edges; another cost saving measure. The 5 milliradian stereo 

angle produces a .624 mm wide dead region 12 cm from the. readout end, which is covered 

by overlapping each adjacent wafer. 

5/8/92 
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Si Del. Cost Summary 

Silicon Microstrip Detector Cost Summary 

• 

Manufacturers 

A B c 

SS Punch Through 
99% strip yield 800 $ea 750 $ea± 250 
98% strip yield 500 $ea 
97% strip yield 400 $ ea•t 

SS Polysilicon 
99% strip yield 1000 $ ea ± 250 
98% strip yield 
97% strip yield 520 $eat 200 $ea 

DS Punch Through 1250 $ea± 250 
99% strip yield 
98% strip yield 
97% strip yield 

DS Polysilicon 
99% strip yield 1500 $ea± 500 
98% strip yield 
97% strip yield 1625 $ ea 

Prototyping & Dev 107 K$ 62 K$ (SS Poly) 

Production Time < 1 yr+ Dev 2 - 4 yrs + Dev. 

• 50% > 99%, 30% > 98%, 20% > 97% 
t Includes Contingency 

? 

NOTE: This is proprietary information. Handle in Confidence!! 
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~ay 11,1992 

To: Ron Barber/LANL 

Fr::.m: Connie Lazarua/H&Jnama~"u Corporation 

H .. m .. n:at.5u Corpora.ti:>n appreciates. your continued interest in o•Jr 
Single Sided Silicon Strip Detectors. aaaed up'ln our meetings and 
conversations rega:·d!ng these detectors for the GEM Project, .,..., 
can give you ball park estimates for the development and 
productions costs. 

l:S1n&le sided st:-ip detector: Punch through type. Sl00,000 per 
photu::ask, assu111in1& ·there are 4 mas ks=S400, 000 total for 
development costs only. This cha:·ge would include the phot'lmask:, 
init.ial development, Engineering, teat tools( probe), 10-20 pc :!'or 
evaluation, soall modification in desia:n ot the photoraask and 
contingencies. 

Z: Same ll'5 a.bove, except for pol;silicon type. Approxima.tely 2'.)% 
nigher than puncht:iru I per pbotomasl!;. This &ssume_s 4 ma.sks _11nd 
includes all aspects as above for punchthru includin¢ continaencie~. 

3: Double sided polysilicon type: Approximately 2.Sx hilher than 
P.unchthru per photom11.sk, 

The relative costs of these types in producti~n are baaed upon 
the punchthru type as a s~anaarcl. We basicall~ feel that ~• can 
meet the S400 per detector <:ost. Tha polyiailicoc ty-pe would be 
approximately 40% hiaher ic ~oat thiln th• punohthru and th• DSSO 
would be approximataly 4x higher in coat. 

Pleaae note that a~l estimates inoluda oontin1ecc1es and can 
change, ba~•d upor. ~peoiiioation ohangee 1 ~uantities and 
delivery. 

Pleaae do not heeitate ~o call if you have any t~rther questions, 
we will be happ:r to ,.,,,,i .. t you. 'I e:'tpeot M·r. Ys111amcto to ret·..irn 
to the U.S. 8ometime in late July of this year. 

Id . j) 
l/iW»~~ 
Connie Laza.rua 
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LOW VOLTAGE 
12-5 V CCI 

POWER 

1 . 2 Silicon Ladder Assembly 

Two Silicon Wafers are bonded edge to edge to form a 12 cm long ladder that will 

be read out at one end. In the forward region some of the ladder lengths may be single 

wafers as short as 4 cm. In the central region the two ladders are bonded end to end and 

back to back to form a 24 cm long ladder assembly. As shown in figure 4, the electronics 

are mounted at each end where the strips are read out. The edges of the Silicon Ladder are 

struct1•rally reinforced with thin Graphite Epoxy rails to increase the transverse 

stiffness of the assembly. Fundamental to this design, is the plan to carry the 

fabrication, assembly, and testing of the individual components in parallel as far as 

possible. This will provide a little relief in the schedule since these are in the critical 

path, but most importantly this will allow for individual component testing prior to final 

assembly commitment. 

WIRE 60NO 

HYBRID 

33.00 

ANALOG IC ~:>f--l__J\ 
JIGITAL IC 

SIGNAL 

LED AMPLIFIER 
FO RECEIVER 

3.3 X 6.lcm Si WA~ER 

2 LAYERS EACH 
300 IAICRON THICK 

Fig 4 

_. ..... a.. 
1·1>"• 

SX 2X 6. -.o 

The first step in the assembly is to perform the end to end mechanical bonds of the 24 cm 

ladder then proceed to the wire bonding. The Silicon wafer strip surfaces are expected to 

be very thin and delicate, this drives us to do the wire bonding prior to bonding back to 

back, otherwise the wire bonding pressure would be transferred to the lower facing 

causing possible damage. 

The analog, digital and hybrid assembly would be assembled and wire bonded on 

this platform prior to testing. This assembly will also contain the ribbon cable which 

delivers the electronics power, timing and calibration signals, and bias voltage for the 

wafer. We have chosen to attach the cable to the side of the electronics subassembly for 

several reasons: the cooling ring locally provides adequate wafer transverse stability. 

312192 



ease in the routing down to the ring bus, and keeping the ends free for the final wire 

bonding to the wafer assembly. 

The major components of each electronic subassembly are: five 128 channel 

Analog IC chips, 5 Digital IC Chips, a Hybrid circuit assembly and a LED signal 

transmitter, all mounted on a field plate. Listed below are some of the required thermal 

and structural design specifications: 

Maximum Ladder assembly distortion 

(including gravitation effects, thermal distortion 

Maximum Electronics Operating Temp. 

Maximum Wafer Temperature 

< 100 µm 

and externally induced strains) 

35° c 
s•c 

Several options for stiffening the wafer in the transverse direction have been 

considered, to minimize the lateral deflection and increase the natural frequency. Small 

thermal gradients, gravity, cooling ring induced strains, and exter~al vibration are 

potential sources that contribute to the wafer distortion. The ladder assembly stiffness 

will be increased by the addition of thin graphite/epoxy side rails, which will be edge 

bonded to the wafers. The graphite/epoxy rails may be as high as 4 mm with a thickness 

of .4 mm, and bonded the full length of the ladder except at the cooling ring attachment. 

The rails will be constructed of graphite/epoxy matrix with a closely matching CTE to 

that of silicon, and will be structurally symmetrical about the neutral bending axis to 

minimize unbalanced thermal distortion of the wafer. Rail interference with adjacent 

wafers may occur in packaging the wafer and electronics on the cooling ring at small 

lorenze angles; particularly in regions of the wire bonding. This may necessitate the use 

of lower height rails. 
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Sjljcon Ladder Assembly Snecificatjons 

General Adhesive requirements: 

Volwne Resistivity: Minimum of 1013 0-cm 
Thermal Conductivity: High K: 28 (BTU in/ft2hr"F) 

Cure Rate and Temp: 

Removal: 

Compatibility: 

Radiation Hardness: 

Operating Temperature Range: 

Operating Life: 

Mechanical Properties: 

1. Wafer Bonding 

1. Surlace preparation and cleaning: 

2. Adhesive Bond Thickness: 

3. Excess adhesive: Top: 

Bottom: 

Sides: 

Fast cure tiines of 1- 10 minutes 

Low Temperature < 50" C preferred 

Removable with Si compatible solvents 

Impurity levels low enough to be compatible with 

Ladder components, L Butane & Radiation. 

Stable to 1014 neutrons/cm2; 10 Mrads 

Minirnwn -15°C; Maximwn 50"C 

Up to 8 years 

50 µm ±25 µm 

+ 100 µm above wafer surlace 

No excess on the bias side 

+ 200 µm on each side 

4. Bias side Alignment: 

5. Strip to Strip alignment: 

Max offset 10 µm 

Wire Bond joint:/O µm true position 

12 cm Bond joint: 10 µm true position 

100 µm max. 

=
~----;;~-! ---- ~ 

6. Bonded Assembly flamess: 

7. Bias side wire bond: 

8. Inspection: 

2. Electronics MCM Bonding 

1. Adhesive Bond Thickness: 

2. Adhesive Arca: 

3. MCM Application: 

-- - - -

2 wires minimum 25 µm 0 (placed to one side) 

Visual defect inspection 

Optical fiducial mapping to 1 µm precision 

High Voltage test to 100 volts 

150µm ±50 µm 

100% coverage over the critical (conducting) area; no 

voids. 

Not to exceed a maximum pressure of ___ psi to 

protect the Si microstrip detcetor. 

- - - - -



4.Adhesive Therm. Cond: 

5. MCM alignment: 

6. Inspection: 

3. Wire Bonding 

1. Wafer to Wafer WB: 

2. Wafer to MCM WB: 

3. Wire Type: 

4. Faulty Wire Bonds: 

5. Inspection: 

4. Back to Back Bonding 

1. Adhesive Bond Thickness: 

2. Adhesive Area: 

3. Pressure application: 

4. Adhesive Therm. Cond: 

5. Alignment: 

6. Inspection: 

5. Rail Bonding 

1. Adhesive Bond Thickness: 

2. Excess adhesive: Sides: 

3. Rail Placement: 

4. Inspection: 

High K: 28 (BTIJ in!ft2hr"F) 

__ µm ± 25 µm to the wafer end 

5% ulnasonic inspected to verify critical adhesion 

640 wire bonds; 25 µm 0 wire 

640 wire bonds; 25 µm 0 wire 

No more than 3 per row of 640 (.5%) 

High Voltage test to 100 volts 

Wire Bond Visual inspection 

Wire Bond Continuity test 

Elec. MCM Test 

75 µm ±25 µm 

100% coverage over the critical (conducting) area; no 

voids. Strips over the remaining area. 
Not to exceed a maximum pressure of ___ psi to 

protect the Si microstrip detector. 

High K: 28 (BTIJ in!ft2hr"F) 

Side Datum: 10 µm true position 

End Datum: 10 µm true position 

Visual Inspection 

75 µm ±25 µm 

Max. 200 µm fillet on each side 

Centered± 500 µm 

Visual Inspection 

6. Final Ladder Assembly Testing 

Mills and Hahn 
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SMALL BUSINESS INNOVATION RESEARCH PROGRAM 
PHASE I-FY 1992-1 

PROJECT SUMMARY 
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Precision Workcell for Large 
Particle Detector Assembly 
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Dr. Jayant S. Karmarkar, President 

rECHNICAL ABSTRACT !Limit to space provided.l: 

APPENDIX 
COE USE ONLY 
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This project will establish the feasibility of implementing a positionally (e.g., 5 microns) and 
rotationally (e.g., 50 microradians) precise robotic workcell suitable for precision assembly 
(e.g., placement) of particle detector elements (ranging in length from 1 cm to 12 cm and in 
width from I cm to 3 cm), on an appropriate carrier (e.g., planar, cifcular, ell!ptic) or 
subassembly fixture, to fabricate high-energy, physics-related particle detector subassemblies 
suitable for insertion into the superconducting super collider (SSC) facility and other high energy 
physics R&D facilitie!; workcell can be a DOE-owned, contractor-operated resource. 

The feasibility study of the proposed precision workcell to be performed in Phase I will also 
_, include a semiautomated/operator-aided mode. The critical design tradeoffs necessary to 

perform this feasibility study will be supported by a set of precision assembly experiments on 
Innovative Configuration, Inc. 's (!Cl's) precision, vision-aided autonomous/robotic workcell 
with a current capability of placing chips (e.g., 2cm2) with positional (e.g., 10 microns) and 
rotational (e.g., 500 microradians) accuracy, to quantitatively establish performance and 
functionality requirements pertaining to (a) detector /carrier fiducial related image processing, 
(b) precision placement, and (c) other (e.g., glue-dispensing) process step end-effec:crs. 

.. 

This experimental benchmarking work will also provide a basis for (J) defining :~e pro
cedural/process details, (2) quantifying the associated placement thruput, and (3) assess1r.g 
the related accuracy/cost tradeoffs. 

KEY WORDS t8 maximum!: Digital vision-aided apparatus 
Precision robotic workcell 

Shared assembly resource 

ANTICIPATED RESULTS/POTENTIAL COMMERCIAL APPLICATIONS as described by the applicant. ,~,m1t :o s~ace c::·.: 

The results of the proposed work will include (l) the detailed hardware design of a ::rec:s1on 
robotic workcell suitable for assembling high-energy, physics-related particle detectors to a 
specified precision and thruput, and (2) the supporting experimental data to justify tr.e 'ar:cus 
design tradeoffs. This class of precision vision-aided robotic workcells will be useaole for 
assembling detectors suitable for conducting experiments at SSC, FermiLab, SL..>.,C, 3"C CER~ 
facilities. Another realted workce!I applciation is the process of populating bare -·.1:1-c-:::i 
modules (MC Ms) with electronic chips and tape-automated bonded (TAB) componer :s. ~·c: :a: :e 
for implementing SSC detector data collection, algorithm processing, and displa)· e:ec:~:r.:c 
subsystems • 
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Silicon Tracke~ peye'ocment 

:i:nitial Q-.ies-;ions: 

;,re the Edges o! the Wa!ers toleranced closely enough to the Die 
pattern t::<:t outside surfaces :an be wsed for lccating? 

can an :rr.ert, cera:m1c or Poly1m1de l:>e use<l. as a vacuu.'11 chuck to 
'..01:1. the waters? 

.'\::"e there e::eee on the Wefers that can not make contact with the 
Cl:l.1:<:lt? 

Ara all WafGra Coul>lo Poliahod? 

What :!.s: '!:ha allc;ra!::la conta?llination !cir these ~afers? Particles per 
square ce~ti~eter. 

r.ow did ~os Alanos achieve t.~e iero fillet on t~e botton side of 
the Bon·:i? 

At e..~ initial :r..ook it seems that tr.e Syste~s to perform t~e 
Bond/Wire bend Frocess should be separate Systems. This is requi:-ed 
s:.nce the ?arts will need Adhes1ve curing time. Separate Syste:ws 
w:.11 Frovide bUff!l::::.n;; between the procasses. It 1 t is req•J!red 
tna-:. tl:a syst?r.s l:>e 1ntegra-:ed into one, they woula nave to ::e 
orqe.n!zed. lr.tc s:il::systems with curing !!utters. Si.nee curing will !::e 
required, entirely seperate 5ystens would be preferable. Xeteri~l 
Ra:;~ling would ze cone thrcuql:l. the u~e cf Curing trey3 or 
CC.~:IC:";.te.:s • 

EdgQ Bonging 

l l. Sti.:.=.y Pixtu:re de;;ign fro111 Los J<lamos for Developed c:o:;c.,pt ar.::l 
reprccuOQ Bond results ~it..~ adhesive of choice fron St<.:dy. 

2). :esi;n, build, and test Fixtures to do the same. Study :Sond 
results usir.q ~ixtures and adjust accordinqly. Zero fille-: ~n 
the bottom ot tha bond will most likely be an issue !::;r 
Autc:nation. 

3 ) . 

4 ) • 

!nvestiqate :rethods of A'J.tomatinq the Edge Bond, A<.:-l:c,-,~-;;;;1 

Fixcurinq er Microposi tionir.q are :m.11ecliate possil:>i:it1es. 

I::ve:stigate P::e-Bond. and Pcst-Eond. Inspection. 

oevise a cur~~g station I Sutter. 

905.3 Soq:.itl Driv•, S:.ti!s :<C-3 • Apics, Californill .95003 • Teltphor.1 408/6BS-1567 • T,Jt[a:s: 40B.6~B-i ;~5 
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Wire B9ndinq. A separate Subsystem. 

l) • Wire Bonding would be best done through ene use or an existing 
wire .bon::.ar. The pre:e:rence would l::e to u:se an indu,,try 
standard Wire ~onder Head and Integrate it into the Handling 
a:!:! Vision system tor lorig t:.-evel end. positicr:ir:g. 

S..ck to pac:lc Sending. A separate S~-Syste~. 

l). 

2). 

3) • 

4) • 

5). 

6). 

Investigate Ad!:esive application TechniQues for la:r9e areas. 

Study Bond effects and ~ethods of zero void bonding with the 
aid cf clear Quartz cf glass Wafers. 

:;)e!;ign ,B•Jild and test Fixo:ures to aid in !lack to Ba-::Jt 
Bonding. 

Investigate !1ethces cf Autonu•tinq the Bac.k to liaek Sending, 
Aut.smptesi Flxturing or Mi=ropoei.tionin.g ara I:mm•diata 
po==ibilities. 

Davi~• a curir.9 Station / Bu:f:far. 

Investi;ate Void Inspection Techniques. 

Rail Sondinq. A separate Sub-Syste~. 

l). Use k."lo,.,.ledge rrom Edge 5ona1ng S't:Udy t.o Cl.eve lop Ra::.1 !lo:;<:!in<i. 

2). Au"t:omate Rail ~or.:!linq thl:ougn Automated Fixturing. 
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1.3 Central Region Subassembly 

The Silicon Ladder assemblies are grouped into superlayers consisting of two 

Ladder layers. There are 3 superlayers radially, in the Central Region which are 

separated by Graphite/Epoxy support cylinders (refer to GEM Silicon Tracker working 

Layout). Each superlayer is segmented into either 24 or 12 cm long Shell Assemblies, 

which are multiples of the ladder lengths. By standardizing the components, the 

additional cost of custom sizes is eliminated. There are a total of 12 Shell Assemblies; 3 

formir.• the inner super layer, 4 forming the mid super layer, and 5 forming the outer 

super layer. Figure 9 is a detail of one end of a typical Shell Assembly. The ends of the 

24 cm long Ladder assemblies are mechanically bonded to the inside and outside diameter 

of Graphite/Epoxy Cooling rings. In addition to providing the mechanical support for the 

Ladders, the hollow cooling ring provides the passage for the wick coolant distribution, 

and the external surface will contain the signal readout and power,distribution bus. 

The cooling ring wall thickness and cross sectional height must be minimized from 

a radiation length consideration, but must be structurally stiff enough to provide adequate 

~CG IC 
0101 f"'L IC 

.,..,l!lllllD 
1..£0 ..,......1,•Pt 
ro JIECll.'fP 

Fig 9 

stability to the ladders. A cross section of the cooling ring is shown in Figure 1 O. The 

design requirements for the central region of the Tracker require a very low profile 

cooling ring with a minimal radial spacing between super layers. The current ring 

design is based on a wall thickness of .4 mm and height of 2 cm, with outer radii of: 12. 

15, and 22 cm. Detail structural analysis has yet to be done to verify the structural 

stiffness of the design. 
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Fig 10 

The material of choice is molded graphite/epoxy for many reasons. The 

Graphite/Epoxy composite formulation will have to match the CTE of the silicon wafers to 

prevent inducing undesired thermal strains in the detector. The material also provides 

high stiffness at low radiation lengths and is reasonably priced. Fabricating the rings by 

compression molding with a chopped fiber epoxy filler is one cost effective method of 

producing this complicated, high precision, muti-surfaced geometry. 

The Ladder assemblies will be tilted as much as 9° from tangent to allow for 

adequate wire bonding and power cable routing clearance, as shown in figure 11. Shown 

in the figure are two super layers separated by a graphite/epoxy support cylinder. The 

Ladders are bonded to the top and bottom of the cooling ring and overlapping at the edges. 

The minimum edge to edge overhang is set by overlapping the inactive regions of the 

wafer, the inactive region due to the stereo strips, and 5 strips to assure detector 

coverage. The minimum overlap is 1.9 mm with a tolerance of ± 100 µm, established by 

a maximum overlap of 7 strips and a minimum of 3 strips. The actual overlap will be 

established for each layer by keeping the nominal wafer width constant. 

Mounted on the outer edge of the cooling ring will be a compact laminated power 

and signal distribution bus. This small area will contain the 2 - 5 Volt electronics power 

supply, 50 Volt wafer bias supply, 7 Volt LED power supply, Digital and Trigger signals, 

thermal instrumentation, transmitting and receiving FO cables, in situ alignment FO 

3/2J92 
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Fig 11 

cables, and grounding plane and shielding. The ribbon cables attached to the Ladder 

electronics will be routed down in between the overlaps and connected.to the power bus. 

The design of the ribbon cable to bus connector will require substantial R&D to develop a 

low radiation length, multi-connector, detachable connection. 

The current baseline design incorporates the use of one LED or less per Ladder 

assembly end. The minimum bend radius for the 250 µm 0 fiber optic cable is 5 cm R., 

which will require a series of gradual bends from the LED into the cooling ring. 
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programmed compoelt• Inc. 

TOOLING COST ESTIMATE !CATE: 02/03192 
CUSTOMER: LOS AL.AMOS NATL LABS 
PART NAME: COOLING RING, SI TRACKER(390mm) IOUOTE: 33e8 
PART NO: 89Y2791°'4E1 PREPARED: G WALKER 

MA TERIALB: ~TT UNilCI Li.511 1u1AL SCP l"CT I 
era! 
EA~ 

iA 

lftcH 
. !AOH 

cCw 11.AgH 
MOLg FAllRICATluN 1.0 !ACH 1HIOO 11000.00 
J .,.__, MOL.C SUHl'A 1.0 EAIO~ 400.00 450.00 

- MA1um:n• TuTAI. 
.... ~ 

~,.u,uo --.-- --
::2f'iA.ATlcNS: TECH !R.TK MACH n,C, MA(LS. 

ORAl'TINQ & OAAWINQS 40.0 

~liCK U.cc n.o.r.. 
0 OISiON SPUT 11.00 11HO.OO ! 

ADCITIONAI. iNCiR.& O.C. 
TOTALS--- - ~:.;....~ .. ~.1-'·ACiO.,- ~:v·t~:;·;_ -·: · ~··~*:;; ;J ~-:1"1 "~::~.l~:. 1,{:.:::_-·1!1 tt~. 

40.0 T11CH ... , ,.__40 
SFl,TK 1:S.TI 

1i,11 ~II 
12.98 
111.11 l ll'IJ.fll 

i11.n ~GI 2a ~ 
LABOA iit .. --· ·--~· ·- ···--· ····--- -·· OVRHO 1.11 , 
SUI 2A .43 

-tt'" 1>,.,.,d faic ira"amlt!AI m.,.,o 7117'1 
·--·· '1f 

MATliRIAL.8 
. n ... •·; ~ 7~-M ·- ..... . "'n 11-. !J J.; 1:1C C COSTS 11110.00 
• I' ... 
-·JO ~ ~71-.:tlJA'rtn SUS 1<M44.4:1 

•'(.."JO~/t/~7-;._., .nl'-"/'1/./){17/,../(I?{. ... "" O.iJOO g11v.aa 

~ :5UDi 1Hll1.~1 

. IT 1:1.1 i: llll&41 
PAGl!401' 4 T1,1TAL ... ~;-~'sj'·- . ~ ·' ... -.. -.. -... . 
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I. programmed compoalte1 Inc. 

TOOLING COST ESTIMATE (DATE: 02/03192 
CUSTOMER: LOS ALAMOS NATL LABS -
PART NAME: COOLING RING, SI TRACl<ER(510mm) IOUOTE: 3388 
PART NO: 89Y279104E1 PREPARED: G WALKER 

MATERIALS: QTY UNITS COST TOTAl. "" P FCT t 
aal 
I.ACM 
EACH 
l!ACH 
11\uH 
EACH 

ODC .. .. ... 
MOL.O FABRICATION 1.0 EACH 14800 14cuu.OO 
TEFLON COAT MOl.C SURFACES 1.0 EACH 850.00 .....u.oo 

EACH 
MATUOCC TOTAL.----- --- --- 15150.00 
OPliRA TION&I: Ti CH SR.TI< MACM o.c. ;NGR MATl.S. ... 

OlllAFTINC3 l OFIAWIN<!S 40.0 
DRAWING CHECK 12.00 o.c.c. 
EN\jlNct:RING CESIGN Sl"l.11 18.00 1151150.00 

ACCITIONAI. ENCll''l.A Q.C. 
TOTALS--- - =;r.:~P'~~~;ar . ~:'.~~i'1'~ff.~ -:~·~~-~-t.~!~:,· ,~a.o . .:.~:~·=·;'i ~t~ :·_~~~:rte.o .. ~ 

40.0 TECH 8.91 358.40 
SR.TK 13.78 
MACH 12.98 

12.0 Q.C. till 18.81 189.72 
18.0 iN<iR 20 320.00 

L.ABOR 881.12 
OVRHC 1.ee 1e28.S1 
ISUl!I 2494.4S 
MATERIALS 
OOC COSTS 151~.oo .. 
SUB 17G44.43 

\:I 6. " g.,, .... tl.J~i.3./ g 

<>ul3: l::'1llllll. 19 
PROl"IT 0.12 2878.18 

PAGi40114 TOTAL. --- .f .. ~:t:<~~3~·, -
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l<ETEMA 
programmed composites Inc. 

TOOUNG COST ESTIMATE !DATE: 02/03192 
CUSTOMER: LOS ALAMOS NATL LABS 
PART NAME: COOLING RING, SI TRACKER(750mm) !OUOTE: 3368 
PART NO: 89Y279104E1 PREPARED· G WALKER • 

MAT&FUAl.8: QlY UNIT8 C08T TOTAL. $llP =T 

""' !ACH 
IAC:H 
EACH 
~A~H 

~H 
"Cl'! !ACH 
MOLD FABRICATI' 1.0 EACH 111750 111750.00 
TEFLON COAT MOLC SURFACES 1.0 IACH U0.00 160.00 

I.ACM 
MATIJODC Toi AL---------- - ---- 110100.00 
OPEFIATIONS: TECH Sl'l.TI< MACH Q.C. . ENGFI MATLS. 

DAAl"TING 4 Ol{AWINQS 40.0 
DFIA~CHiCK 12.00 o.o.c. 
''"'r.:I tl'llNGI 11 11.00 :KlNlU.00 

ADDITIONAL. l!NQl'l.6. Q.C. 
TrnAL. ---- /ff i .; ... :.:.··::::..t.n·_n: r·:: .. _.-·~:-~·~'.Y} ~ j~: ·: .. :::· . .'·· ·: :·.: ~ ;·_;i·~~a:. ,•'': ', ! : ~ ~ ,•'.,_. •R,••; : <',, 15,0 

40.0 T"'"H B,Q1 351.40 
SA,TK 13.78 
MACH 12.;a 

12.0 Q.C. 1111 11.11 1811.72 
18.0 ENGFI IO 310.00 

LAIOl'I ese.12 
OV~HD 1.lilS 1628.31 
!Ul!I 2494.43 

" MJ:lJ;lf 

- 0CCCOST8 20900.00 

sue 23094.43 
r. 6.A 0,,. .... ,.,,77,04 
<SUS! 31'.Hl .47 

PROFIT 0.1'1 87$.1..N 
PA<illi 4 Ofl 4 TOTAL.- - ~\t>''.t'.:AA1i~~' 

-



Los Alamos National Laboratory 
Los Alamos.New Mexico 87545 memorandum 

DATE: January 9, 1992 1Q Bob Reid, MEE-13, MS 1576 

FIOI: Leander Salzer ~ ..... smPITEW'HOIE: E549n-9666 

SYMBOi.: MEC-5-92-007 

sUSJecr: COSTrrIME FOAM MOLD ESTIMATE 

Below is the cost estimate in hoUIS for machining Aluminum and Delrin foam mold cooling 
ring components. 

Hours· 
1) Material cost 

2) Oversee manufacturing of mold components 25 

3) Hour estimate for central ring components 181 

4) Hour estimate for forward ring components 135 

5) Testing mold 12 

6) Hour estimate for molding one pan (MST-6) 12 

Attached to this memo is supporting documentation for the hourly estimate of the central 
and forward region mold components. 

LS:glc 

Attachment a/s 

Cy: Robert D. Day, MEC-5, MS E549 
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' ' 
'· MAClilNING DOCUMENTATION 

Central Region Forward 
Hours Hours 

1) Order stock, material 4 4 

2) Prepare for machining 
Saw 6 6 

3) Rough machine before stress relieve 4 4 

4) Stress relieve 2 2 

5) Base Ring 
Lathe 2 setups s s 
Vertical Jig bore Drill & tap 8 8 

6) Top Ring 
Lathe 2 setups 6 6 
Vertical Jig bore Drill& tap 8 8 - vertical mill Milling op. 4 4 

7) Seal Ring 
Lathe 2 setups 8 8 
Vertical Jig bore Drill & tap 4 4 

I Vmica!Mill Milling op. 4 4 -
8) Retainer ring for seal ring (inner) 

Lathe 2 Setups 3 3 
Vertical Jig bore Drill 2 2 

9) Retainer ring for seal ring (outer) 
Lathe 2 Setups 3 3 
Vertical Jig bore Drill 2 2 

10) Alignment ring 
Lathe 2 Setups 6 6 
V crtical Jig bore Drill& tap 2 2 
vertical Mill Mill 6 6 

11) Cavity insert (Dclrin) 
Lathe 2 Setups 4 6 
Vertical Jig bore Drill & tap 4 4 
Grind special milling cutters 4 0 
CNCMill Programming 8 0 
CNCMill Milling contour 16 0 

12) Top inner mold (Delrin) 
Lathe 2 Setups 4 6 

- Vertical Jig bore Drill& tap 4 4 
CNCMill Programming 8 0 
CNCMill Milling conti>ur 16 0 



-
Machining Documentation 2 

13) Seal ring (inner Delrin) .. 
Lathe 2 Setups 4 4 

14) Seal ring (outer Delrin) 
Lathe 2 Setups 4 4 

15) Miscellaneous 14 12 .. 
TOTAL HOURS 181 135 
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\.s.I Forward Region Planar Subassemblies. 

Design details of the Forward Region Planar Subassemblies are not as well advanced as the 

Central Region designs. The design specifications for wafer stability, operating 

temperature, wafer overlap, signal and power cable routing are basically the some, so 

the same design philosophy will be incorporated. Figure 13 shows the major features of 

the Forward Region Assemblies. The wafers will be tapered from a maximum of 33 mm 

wide dov·1 toward the centerline, with ladder lengths of 4,6 or 10 cm. In future, a more 

efficient layout of the tapered geometries on the 1 o cm 0 production wafer will probably 

allow us to use a slightly longer wafer. Identical electronics packages are mounted at the 

readout end of the wafers. Structural support for the ladders will come from an inner 

and outer ring constructed of low mass graphite epoxy with 3 interconnected spokes at 

120• apart. Kinematic mounts would be installed at the ends of the spokes and attached 

directly to the Space Frame. 

Fig 13 

FAONTEf'<> ---t I 
ELECTRO< I CS 

T APEPEO WAFERS 

Sl.PPCAJ SPOKE 
JelZO" APART 

SI GNAt- d. F'OwE!=' 
OISTRleuTION eus 

The Forward Region assemblies are grouped into super layers in a similar manner 

as the Central Region. A minimum number _or different inner and outer radii are 

preferable to minimize the construction costs. The axial placement of the layers is 

established_ to maintain 3 super layer intercepts by any ray originating at the IA. 

Ladders would be alternately bonded to the cooling rings front and back with a 5 strip 

overlap at the edges. The outer edges of the Ladder Assemblies would be bonded over the 
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cooling ring in much the same manner as the Central Region Ladders. However the inner 

edges would be attached to small radially flexible members that would allow for 

differential thermal expansions due to small mismatches in CTE. Design concepts for the 

Forward Region have been established, detail thermo·mechanical models will confirm the 

design concept and help refine the many design details. 
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\.'5 Support Cylinders 

Each Shell Assembly will be supported off of a graphite/epoxy cylinder, designed 

with an ultra-light truss core design. The baseline design thickness is .635 cm, the 

diameter and length vary with the 3 shells as shown in figure 12. The laminate thickness 

chosen is 8 layers of .001" thick plies to minimize the radiation length. At this truss 

core thickness, the optimum core geometry is between 45• and 65°, in order to minimize 

the static deflection. 45° is chosen as a baseline design to initiate fabrication drawings 

and cost estimates. The Shell Assemblies will be kinematically mounted to the cylinders 

at 6 locations. Three kinematic mounts loca1ed 120• apart will be attached to the Shell 

Assembly cooling rings at each end to structurally isolate the assembly from thermo

mechanical strains induced by the cylinders. The kinematic mount transition from the 

ring to the cylinder may require small discrete openings through the Silicon Ladder ends. 

These openings would also serve as a path to route the the power and signal distribution 

bus from the ring to the exterior of the shell assembly. 
< 

Considerable design effort will be required to develop a low radiation length, 

compact kinematic mount that can be blindly assembled into a cylinder. 
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\ • ~ Truss Space Frame 

The Central and Forward Planar Subassemblies will be installed into a low mass, 

highly stable space frame that is capable of maintaining their relative alignments for long 

periods of time. The design requirements for this space frame include: Butane vapor 

compatibility, Radiation compatibility, thermal stability, low creep, ease of assembly and 

instal11tion. Aluminum Metal Matrix Composite material adequately meets the requirements. 

The material has a high elastic modulus with an acceptable radiation length, it has no 

moisture sensitivity, and can be modified to a near zero coefficient of thermal expansion. 

Figure 15 shows a design concept for supporting the Central and Forward Subassemblies. 

2'5C1 .00 
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i----'356 • 00 ---I 

Fig 15 

The design is an open frame with hexagonal c:oss-sections coMected by 

longitudinal stringers. The frame is constructed of thin walled l" 0 tubes bonded into 

various types of connectors. The design must include the ability to assemble and 
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disassemble the frame for maintenance access to the center of the detector. The centtal to 

forward region taper has been eliminated in favor of the truncated cylinder design, for cost 

and assembly advantages. 

A near zero CIE frame is required to minimize the thermal distortion due to the cool 

down of 20° C from assembly to operation. This will minimize the motion of the Ccnttal 

and Forward subassemblies relative to one another. In addition, the subassemblies will be 

kincmatically mounted to the frame to isolate them any thermal distortions. Y ery little 

detailed design of the Space Frame will be done until the general Tracker configuration is 

well understood. No structural analysis has been done to date to verify the design. FEM 

analysis will be required to determine the tube diameter and wall thickness, maximum load 

deflection, vibration modes and natural frequency, and mounting points. 
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con:lposlt:e specfalt:tes,. Inc. 

Los Alamos National I..abcntor:Y 
P.O. Box 1663, MS ES33 
Los Alamos, l'icw Mexico 87545 
Aun: Ms. Cathy GnstawwMr. T'un Thompson 
Fax.SOS-667-3559 

Dear Cathy, 

April 2, 1992 

Per your ?'".quest. DWA is pleased to provide you with it's Rough O?m of Magnirode 
quotllrioa for the fabricarion of nominal l" OD Gnphite-Aluminum tubes and 
SiC/Aluminum 5mllgs per Los Alamos providi!d drawings fer iM Ga.'d Spa.:e fraz:ce. This 
quomion is ~on cmrent technology unlj-;ed by DWA IO U.br:icata l ". 1.s· a.nd. l" 
diame11:r i;raphite Ali=inum !Ub:s. This quotarion is to be used f'or budgt!Wy purpo~a 
only. 
B~ on 1" diarn=ter tubes the pricing is as follows: 

Gr:i.phlrc Tube: $186.0CO.OO 
SiC,/Al fittings: 14.8 QQQ 00 

Total ROM Esc $334,000.00 

DW A estimate& at l"ast a five month prognim to deliv• both GEM tubeo and fittings. The 
tube& could be dcliv~ at a rate of 15 to 20 per month afta a 6 to 8 week mrt·up, ·Arilc 
die fittings would tako six months from billet fabrication to final machining of the filting3. 
The~ scb.edules uc strictly csli.m&tc3 lUld possibly could be beat. 

In n:viewi."lg lhc GEM quot&li.011 u well u the quowicnl prtMdcd to (un oa the: SDC 
f-:unc, I have dc==inc:d that a subsmm:ial cost savinp to LA.NL cm be =to:i by 
fabri='.ug rlic Gt-Al mbcs and SiCp'Al fitli.r.gs ftJr both sp;u;c; frmlcs at tbe 5mllC Cine. The 
comparison is as follows: 

Fittings 

Total 

~ 

S317k 

~ 

S441k 

~ 

SI86lc 

148k 

$334i: 

Cgmbtned Effgrt 

$4S7k 

2Uk 
S672k 

Saviap to tb.e proeram: $103k 

si.11i9 sapeR.toR. 

f8l8J 99s-1r,04 

stR.eet: cna-csc.ooRt:n, co. 91311.Ji~s 

f:.ax(919) 709-1846 -celex ..,10~00 i6~7 
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I :1 Gas Enclosure 

A gas enclosure system will be required to contain the Butane vapor and prevent 

external gasses from contaminating the butane coolant. Unlike the previous structures, 

the gas enclosure will be designed for strength rather thaii stability. The space frame 

attachments will penetrate the gas enclosure at the ends and attach directly to the 

mounting bulkheads. Figure 16 shows the enclosure design that must meet the radiation 

1--------2000.00------ ELECTRONICS FEED THRU 

080.00L 

0 700.00 ~==t:-:::-~-::::-:::-=-:::-:::-=-=:::-::-::-=:::-=-=-=-=-=-=-==-:::-:::-=-::::-f 
f 

20.00 BERYLLIUM INNER ENCLOSURE ENO ENCLOSURE 

OUTER ENCLOSURE 

Fig 16 

MATERIAL OPTIONS: 
I. GRAPHITE EPOXY IP75/954·31 

QUASI ISOTROPIC LAYUP 10'/•4S'/90'1 
2. HEXCELL HFTG·327·3/16·4.0 

GRAPl-!ITE/POLYEMIOE HONEYCOMB 

length requirements and be capable of withstanding an atmosphere of external and 

internal pressure. At operating conditions the pressure will be regulated by the cooling 

system at close to atmospheric pressure. Relief valves and controls will be added to the 

system to ensure the pressure does not exceed the enclosures maximum working 

conditions. 

The outer shell enclosure will be constructed of a single sandwich Truss Core 

design to minimize the stiffness, with graphite/epoxy materials to meet the radiation 

length requirements. A structural design to withstand the outside pressure will require 

the cylinder to be stable against buckling. This may require the addition of 

circumferential stiffeners to increase the strength of vessel. The inner enclosure will be 

constructed of all Beryllium to minimize the radiation length or an Aluminum 

/Beryllium combination to minimize the cost. Removable ends will allow access to the 

ends of the Tracker where the utilities and signals pass through the gas enclosure. 

A secondary gas enclosure is required as a buffer zone for any potential butane gas 

leak. The double wall truss core design will allow for a layer of flowing Nitrogen gas that 

will contain a Hydro Carbon sensor. Any leak of the primary gas enclosure will be sensed 

312192 



'· ( 

and contained in this secondary enclosure. The end enclosures will sealed with double o

rings, having the same Nitrogen gas system between the o-rings. In addition, all of the 

feedthrus will penetrate through the ends with double o-ring seals. 
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IC&i5MA 
, ,. PROGRAMMED COMPOSITES, INC. • 380 CUFFWOOD PARK. BREA. CA 92621 

6 May 1992 

Los Alamos National Laboratory 
P.O. Box 1663 
Los Alamos, NM 87545 

Attention: Ron Barber 

Reference: LANL Letter MEE-12-19-171 

Subject: ROM COST ESTIMATES 

Dear Ron, 

PCI-LTR: 298-92 
In reply refer to: Q #3488 

Ketema/PCI is pleased to provide this ROM price quotation in re~ponse to your request 
The truss core option estimates are detailed below. A cost estimate for the Hexcel core 
option has not been included because it represents an option that would require 
machining from a solid block of core. Ketema/PCI has determined that the core could 
not be formed to the required radius, therefore, it is deemed an unacceptable option. 
The truss cost estimate is as follows: 

1) Enclosure Assembly with Truss Core Design 

2) Flat End Cap 

3) Domed End Cap 

1 each at 
1 lot Tooling at 
1 lot NRE at 

TOTAL 

1 each at 
1 lot Tooling at 
1 lot NRE at 

TOTAL 

1 each at 
1 lot Tooling at 
1 lot NRE at 

TOTAL 

NI 

$143,000 
$80,000 
$20.000 

$243,000 

$25,000 
$7,000 
$~ 

$37,000 

$42,000 
$17,000 

$.2..QQQ 

$65,000 



Ron Barber 
1 PCI-LTR: 298-92 

Page Two 

TERMS: Net 30 days. FOB Brea, CA. 
DELWERY: Due to core delivery, allow 40 weeks ARO for hardware delivery. 

NOTES: 

1) Quotation assumes some sub-scale development prior to award by Ketema/PCI, 
funded by lANL. 

2) PCI suggests additional 36 each Tooling holes in Item 3 Stiffening Ribs for purpose 
of maitaining alignment. 

We look forward to working with LANL on this project. In the event that we can be of 
additional assistance, please contact the undersigned. 

Sincerely, 

~ ~ ,, ,,,._~~,, .. ~ce-dJc~ ttJ,......;._ . 
1,,.JJ Ray Button -·--cs 
u Customer Service Manager 
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=io ,,5-1100 ~MD ADVISE REC£P1taKIS1. 
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JC&1EMA 
' .. PROGRAMMED COMPOSITES, INC. • 380 CUFFWCOD ?ARK. BREA. CA 9262l 

6 May 1992 

Los Alamos National Laboratory 
P.O. Box 1663 
Los Alamos, NM 87545 

Attention: Ron Barber 

Reference: LANL Letter MEE-12-19-171 

Subject: ROM COST ESTIMATES 

Dear Ron, 

PCI-LTR: 298-92 
In reply refer to: Q #3488 

Ketema/PCI is pleased to provide this ROM price quotation in r~sponse to your request. 
The truss core option estimates ·are detailed below. A cost estimate for the Hexcel core 
option has not been included because it represents an option that would require 
machining from a solid block of core. Ketema/PCI has determined that the core could 
not be formed to the required radius, therefore, it is deemed an unacceptable option. 
The truss cost estimate is as follows: 

1) Enclosure Assembly with Truss Core Design 

2) Flat End Cap 

3) Domed End Cap 

1 each at 
1 lot Tooling at 
1 lot NRE at 

TOTAL 

1 each at 
1 lot Tooling at 
1 lot NRE at 

TOTAL 

1 each at 
1 lot Tooling at 
1 lot NRE at 

TOTAL 

... 
A siJ.Csid:lary ol ia:ra..1A 

$143,000 
$80,000 
$20.000 

$243,000 

$25,000 
$7,000 
$2.00Q 

$37,000 

$42,000 
$17,000 

$.MQQ 

$65,000..--

-
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\ ,°I Alignment Systems 

Mechanical design, alignment systems and assembly procedures must be 

closely coordinated to build a high resolution silicon tracking system. Concepts for 

GEM detector alignmenVassembly procedures have just been started. Critically 

important and c,hallenging is the alignment monitoring system for the calibrated 

detector. A useful alignment system should monitor detector alignment shifts after 

assemrly, during transport and installation, and between calibration runs. The 

resolution of the monitor should be sufficient to determine when another calibration is 

needed. If the rigid body assumption about the subassemblies is valid, and if the 
-

alignment monitor has sufficient dynamic range, then after an initial calibration run, 

the monitoring system can be used to correct particle track information and eliminate 

the need for continuous time consuming calibrations . 

A concept for a continuously monitoring system is shown in Figure 21. 

TRAHSllT/1"ECEIVE '.o. a.N:l..ES 

v, INER S>€1.L. ASSY 

OUTER SI-EU. ASSY 
_J_ 

..,.,,,,. ........ 
, .. ,,.,,. .. , ...... 

, .... -- : '\ ,.. ' .. 
,."' I \ .... ' ' ,.. ' \ ,,.,,.... \ \ 

;"" \ I .. - \ ' ,... \ I 

•,,t.~_,. ... ,, .. ,,."'"' \, ~ .... j. 
',, /: .......... _~, 

--........ r. 
-----.-.· -· ----,•' -· 

v, 

AECEIVINJ l"ll!ER 
00• 1000 111 ICAl>I ------

T'AANSWITTIPG ''eER' 
QJ e.2 Wt CR:H 1iAL r 1..:U 

Fig 21 

The 3-D positions of one subassembly relative to another, and the position of the silicon 

detector to the outside world, are monitored with a rad-hard, compact non-intrusive 

fiber optic motion sensor. As shells are attached to the space frame, fiber optic motion 

sensors will also be attached to every rigid body subassembly to monitor relative 3 · D 

outside the detector. At the present stage of development of fiber optic motion sensors. a 

3/2J92 

-

-
.. 

.. 

-
-

-
-
-
-

-



-

-

motion sensor is needed for each degree of freedom to be monitored. With 4 monitors on a 

rigid assembly all motions except translation along the beam axis and rotation about the 

beam axis are monitored. Using this t!!Chnique, detector alignment status can be 

continually monitored from initial assembly through transport and installation, and 

during operational use between calibrations. 

A simplified schematic for a motion sensor system is shown in Figure 22. For a 

few mm between fiber and object the response is on the order of 8 mv/µm. The 

measurement resolution is .O? microns. Calibration can be carried out on a test fiber 

away ·rom the detector. Installation should be relatively easy, if it is planned into the 

detector from the beginning. Since all the active hardware is outside of the detector 

volume, the system will be very robust. The several mm spacing between fiber and 

object used for published results is smaller than needed for detector applications, but 

similar results for 2.5 cm spacing and 1 micron resolution, and many 

mm of dynamic range have been demonstrated. The response curve_:shape is similar for 

the larger spacings between the fiber and object. The position of the peak response can be 

adjusted by choosing an appropriate receiver fiber diameter. 

The fiber optic motion sensor is now a research device, not commercially 

available; research is needed to develop the concept for the detector application and test 

and calibrate it during prototype tests. Other than this technique there is no known, easy 

technique to continuously monitor the alignment status of the detector during transport 

and between calibrations. 

312)92 



' '-~-

,___, 

Intensity 
Monitor 

,----- . -
Compute 

1.0 

-~ a.a a. -~ 
0 - 0.6 (Q 
c.J ·--a. 
0 0.4 
~ 
:> ·--(Q -C) 0.2 a: 

0 
0 

Diode 
Laser 

Photo 
Diode 

Detector 

.Amplifier 

Operating 
Point 

0.5 

Transmit/Reeeive 
Optical Fiber Bundle 

. --~ Measurement I · 
·- Object 

L 

· Surface 
Roughness 

I 
I 
I -

I 
~ 

~L 
I 
I 

1.0 1.5 2.0 

Distance (mm) 

Fig22 

-

-

-
-

-

-

-
-

-



- M ~ 

~ -: .., ... .... ~ ... J !.: :0000;~~~0000~·~~00000 0000000Sooooooo$~~00 - - .. -
·~ M 

~ • 
aM ~ 

.... 
!!~ 
.. JI 

~ "'! .... • "" ~ N ~ooooga~~oooo~-~~o~ooo oooooooioooooooi~~oo "" - ... _ -
... . 
JM !oooo~gggooood!~~ooooo~oooooooioooooooooooo :i M 

! !:I "": "" .... .... N 
;oooo~i~$0000 ... :~~000000000000000000000$~~00 

l~ •000000000000000000000000000000000000000000 

.. " • ::EM 

j~: 
l~ 

•OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO .. I L@ 
~!:I = • 
! ~ • 

• M ~0000000000000000000000000000000000000$~~00 
~M "" ' - -
.. " • ::EM 

' -
-J -

1 j .. ~0000000000000000000000000000000000000$~~00 < JI M ~ -. ~ H • ii ; iii 
~3 ;; 

~ 

! ~ -' :l'"''"' dd 

il: ! !! ii 

l~J ~ ~000000000000 ... :a~oooooooooooooooooooooooooo 

it~ ~ E iii E i = 
j J:~ H 

~ ! .., .., 
~ a :; d00 

M~ • ... ·s .. =oooo~gsgoooo:~~~oooooooooooooooooooooooooo WM 
::E ::E 

-~ l: .! .. !oooo2$aioooooooooooooooooooooooooooooooooo 

!! E 

.. . . = <!iEil j -= ~ l 
] ! ~ ::l aada 

-

:. I .. .. 
" 

M 

I i 
I ~ Jo .. 

ft~ 8 
II. ~ 

! J J < 
~j 

8 .. - "l i • J < M !1-q 
t ,a 

il - " J' J ~ .JI ] .. si·'J• 11! 
IJ'!~ Q 

r~ ~ ~J.i 1-1~ .. ~~ 5 
i' l l3 l'"'"f jJJf "l.~ I -1 I I ~!§l!JJ J1i~ j .. 
~ <lie> M ~ ,_ ,_ 

- =! "'!~ 
H 

::! 3 
~ 

- -' " "' ::f -...: ; ;; 3 ~ 
.... 

~j ~ ~ 

::f -...: ; -- -; 
; ;; ;; 6 ;:; a 0 ;:; a 0 0 



( 
Ol!Mllll 

&tim1~ Riill: l'aclon Rhk~i.itet 11 C.ODlin•_,,.,. 
wBS no. , .... No. Uniu T Tcdmlcal ""' Scl><duk Tecluiical Coit Scbodulc II 

JI 

11.1.1.1.1 .U.•llllJ Oplkal AIJ&a.w•I SJlk•• ' ' • .... ,, .. "' '"' ( 0 ... ... ... ... 
( 0 ... ... ... ... 
( 0 ... "' ... ... 

01.1.1.1.1.1 &aia-t.1 ani1 Daip ... , .. ... ... 
01.1.l.l.l.l.I Oplieal Sy1 Detip ... , .. ... ... 

( 0 ... , .. ... ... 
iotl.1.1.1.ll lupcaio11 Tooliaa Dai111 ... ... ... ... 

( 0 ... ... ... ... 
( 0 ... ... ... ... 
( : ... ... ... '"' ( .... ... ... ... 

!01.1.1.1.1.1 -QIA ... ... ... ... 
fOl.1.l.1.1.2..1 PtOQIR:Qla:ll ... ... ... ... 

( ' ... ... ... ... 
lo1.1.1.1.1.u Syswa. T•liilt ... . .. ... ... 

( 0 ... ... ... ... 
( 0 ... ... ... ... 
( 0 ... ... ... ... 
~ ' ... ... ... ... 

' ... ... ... ... 
01.1.1.l.1.l ............... ... ... ... ... 
01.1.1.1.1.1.1 Shell Auy hupoaioo Sy»taa ... ... ... ... 

( AulO C.oUim.alOn ... ... ... ... 
I CCDlm11c:n ... ... ... ... 
C UP lnlcrfClfWl14Cf ... ... ... ... 
C Oplk&I Toolill& ... ... ... ... 
O OpU<alTobla ... ... ... ... 
o A1tanbly runir. ... "" ... ... 
' ' ... ... ... ... 

01.1.1.1.1.l.2 Trada' Macmbly lnapectioa Splall ... "" ... ... 
(l llicodoliu ... ... ... ... 
< OpU<al Too ... Fnmo ... ... ... ... 
( Al.-ably P'11i.n. ... •, ... ... ... 
[ ( ... ... ... ... 
' ( ... ... ... ... 
' ( ... ... ... ... 

fot.l.1.1.1.<I Oplieal S)"lall Al..:ably ... ... ... ... 
( SbcU Auy ln1p Srta11 ... ... ... ... 
( Tnd.cr Aay hnp Sp ... . .. ... ... 
l Tutina/Yaifu:aliou ... ... ... ... 
[ 0 ... "" ... ... 
( 0 ... ... ... ... 

• • • • • • • 



) ) ) ) ) ) ) 

OEM 1Rl I CGnn1 

WBSNo. 1 .... AdmiailintioA &•inccrici• Oe.i•• ... ""' IA Proc./ 11•b. A&scnablv la1WlaliD11 ..... """ ..... """ ..... ... ..... """ ..... ... .... ... 
M••"b y, ...... y, Moo .. y, ...... y, Moo .. y, ... ... y, M- y, ...... y, ...... y, Moam y, M~ .. y, Moo .. y, 

11.t.1.LI A••blJ OpUtal .Ulp••I s, ..... 
c c 
c ' c ' 01.1.1.1.1.l &&i-riaa • Daip 

Ol.l.1.1.l.J.l Opkal .,. """" 
I ' 01.1.lJ.l.l.2 tupcaioa Toolilla O.i1• 

' : ' : ' ' 01.1.l.l.1.'2 -Q/A 
Dl.l.l.l.1.1.I -c ' 01.1.lJ.l.l.2 Spwa.T•lilll 

' ' 
' ' : ' ' ' 01.1.l.l.l.J -Ol.l.1.1.1.l.l SMll ANy IAlfOC'im s,.._ 
( AllliD Collima&Qft 
ccco ....... 
C HP ....,cromCll« 
0 OpLlcal Too&ID1 
I OpkalT•"' ................. 
I I 

01.1.1.1.1.1.2 TIKkcr AuaDWy...,... Syaam ........... 
I OpkalT-&fnmo . ................ 
I ' 
I I 

I I 

1<>1.1.1.1.1.4 lop&kal Sp..a Aaacmbly 

' SlMill AM'f latp S)'llGll 
0 Trad.er ,.._'I hup Syt 
c: TaliD&1Vcrifica&i011 

' c 
c ' 



.. 
" ::i ~ 

~ ~ 

00~ 
~ - " d 0000 .; ;q ; ~ ~ ;q 0 • - ~ oooSooooooo~oooooooo::i~ooo 

J~ ~ -
d 

~ 'ii :a a 
.. 3 ~ 

oooa~~~~~o iJ: ~o .. ~ 00~ • _; ~ 0 

.. 
00~0000000~00000000~~000 

.. 
Jii :i a 000 .............. 0 ood ~~~o 00~0000000~000000000~000 

~~ 
~ 

ooo~:ii~~:::l?:loo 
.., N 0 ,_ ao 0 ....... - ~ 0 ooooooooooooooooooo::i~ooo .. 

'" ~~ 
•OOOOOOQOO OQ 0000000000000000000000000000000 

:ill -• 
~ill •00'000000000 0000000000000000000000000000000 
a~ 

.. .. 
I Le 

"ll 
j • 
J • • 

"" ~~ 
:00000000000000000000000000000000 ? 0000::!~000 

.. M :l " ;>; ~ -" -! j ll ~a 000000000000000000000000000000000 ooo:;:i~o aa 
<~ 

~ i ., 
:n1 :C ~ i;; .. 

~ ~ -.. ., ~ 
ad 

" -l;" : ii iii . ~ 
;>; 

~$~ 
~ 

000000000 oo;l~:!;! Q 000000000000000000000000 ~OQ .. 
. . ' ~ Ei!'!i •• . 

" '! 
] J ! 

.:! e 
., 6 ! !! ~ • dddd 

~~ 
4 ., ~ ~0000 .. .,,,...,..,..,000 .. ci ~ ::! 0 " " 000000000000000000000 

" ;>; ;>; 
.. 

I.~ 1.,.. .g .. ~ !ooooa~a~~~ooooooo a o o o o a 000000000000000000 

1-: ; a ! EiiEi!'!ii I I .. ~ ~ 

§. 
·;;JI! ::! "'! ;::i '"! l"f"" t=l :::. .:! .:! • Oc;jOOOQ 

J -
?. • 

.!!o 
a 

l ~ • ; - A jj .. • l • l j a • JI 
l ... • I ! :r-a 

! :It A ~ B .! - ii 
rjj j Iii? .. ~ - 1 11.!!~J 11 .;. .5 < - < ::!. ;i 

l "1 ·! • f A 
• J.~1~~u l Jlr 0 .. Jj ~ lJ~ii&? .. .. a I • 1 B 1 j . j. 3 

& .! ... • I'. !~!!!!!!!! :ollll !~ &? ~ ~ .!! ~ Q ~ 

-
.., '.l 

.., 
~ 

- .., 
~ ;i ;:; .., ... ..; ~..; ~~~ • .., ..; ~~ .., ~ ..-§ ..; z : ~j ~ 

.. ... ~ .. ... ""'! .. -! -! .. 
~ -I: .; ;; a a;;; a ; a c:: 0 0 00 0 0 

-



.. .. ... ... ~ ~ .. .. ... .. ~ lo .. .. ... .. lo lo .. .. ... .. 10!1f:ll.l rt·i·1·rr1c .. .. ... ..., (q":MO Wfqw::ll O:I t) UDPOP() 0C rt·i·1·rr1< .. .. ... ..., A1qutMrv ~ 0:1 t-i·1·rru .. .. ... .. Jo lo .. .. ... "° .. no1-. lo .. .. ... "° -•VoS"lo .. .. ... ... •f'IOW Al!ftllltllf lo .. .. ... ... .. ..... mvlo .. .. ... "° •"!IQ e:J!UOID'IB lo .. .. ... "° tn119'10$ ..., "P"MJ lo .. .. ... ... '"''.:Miid pelfs rt't·a·rru .. .. ... ... 0 lo .. .. ... ... 0 lo .. .. ... .. 0 lo .. .. ... ... mmom ~a Oil otl lo .. .. ... .. ftDf GD!W fr.J!tcio otl lo .. .. ... "° 
~19'1» .,, .. , OtllfUI rn!lllc> otl 

~ .. ... ... ... igfCl"OOd:otl .. .. ... ... • $ ooo't) Plqw-3 t qi!"" U~ :ipd() JOql.:I DC rtt.·1·1·r1ci .. .. ... "° ... .............. t·t·1·1·rrn ... .. ... .. 0 • .. .. ... ... 0 • .. .. ... ... 0 • .. .. ... ... 111!1•.L -...cs t"t't"l'l"l'IC .. ... ... ... 0 • .. ... ... ... •m- l't·t·1·rru .. .. ... ... VfO~"'I t"t·1·rru .. .. .. ... 0 lo 

"° "° ... ... n lo 

"° "° ... ... lo lo 

"° .. ... ... DOpuhill( JOtw1t(J t'f't'1'1'1'14 

"° .. ... .. Jo lo .. "° ... ... •lino •..<s •U!•mo.ld pal!S r1"t·1·1·1·1j .. .. ... .. Jo lo .. .. ... .. llf!-OJOt»PQ l'l't"l'l'l'lt .. .. ... ... ••1no ,_,~ha l't'l'l"l'lt .. .. ... .. lo lo .. .. ... .. lo lo .. .. ... ... lo lo .... ... .... ""' t ' ' ••'s ••JJ011•M innifo ,..J.,., r1·11·11 

" ··-" ~ ......... ··~ 
l~!Ut{~.l ~n~:is ·~~ 

JW3!Ulpll ,L h!UO 'ON ""'' 'OU SUM 

"""""" ••• Jll!lf llOPtJ l!J!ll 21WUIJ1'if 

'11UOJ' lll.L wao 

( ( ( 



-

;: -
~ .. 

• i:! ~ ·! .. ;: a .s i .. 
- 8 
~ ::t -;: 

~ .. 
J! ~ 

A 

1 ;: 
Ji -

::t 

-
- ! .. 

I ;: 
3 
3~1t-~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

~ ::t 

;: -
... 

.. 

-
-



-

-

-

-

-

-
' . '-·' 

::H! 

;:; 
a~ .. 
~ ll 

-" .. 
i.i~ 
.. JI .. 

'! ll 
"' 
! ll 
'3" 
~~ 

i I:' • 
:I l .. ll 
-~ .. ;! 

'" ll 

! ~ 

"" ~~ 

"" "' ~ . 
11 ll 
~JI . ~ 
~ii 

! ~ 
~ l ll 
£ "' 

< ! ll 
·i • • e " .. ~ 
J J ! 

.!! e 

M -!I .. ·5 ll 
2 :s 

I! JM .!! .. ~ 
I~. i 
,! ~ ! 
Ji .!! • 

j 

• z 
~ 

~ 

• i; 
0 ooooi~oOOOO•OOOOO~OOOOOOOO ::oo 00000000000 

~ 

• c; 
l:i 

~ - -;oocio o'i~oooa 0 - 0 0000 ~ooooaooo ::00000000000 0 0 

~00000""00000000000~00000000000000000000000 

• 
0 ti~ 00000•00000000000 ooo: 

"' 0 
0 0 0 :ooooooooooaoo 

" 

•OOOOOOOOOQOOOOOOOOOOOOOOoooooooooooooooooo 

• 

•OOCOOOOOOOO 0000000000~00000000000000000000 

• 

• 
:: 0 000000000~0000000000000000 ::oo 0~000000000 

• 

• oo::oo ooaoooooaoo ~o 000000000000000000000000 

!:; 
si ~ 

i;I 

5 ~a 

ill :;! 

•O 0 0 0 00000000•00000000 000000000000000000000 

: i 

• d 

~00000""00000000000000000000000000000000000 

;oCooo;!~ooooooo 0000000000000000000000000000 

c; 
!9 li ::1 • 

" -dl 
~ o.,; 

i I 1 • 
~ 

,. 
1 J .!! ~ 11 

.., -• 1 .• 
~ - l ... - ~ j' ill Ji ~ ~ . 

!:! ::l ::! 
:! j j ~ j ~ ..; 
; 6 6 0 6 6 



( ., 
01.1.1.9 .:. ... tfiD& 

__ ./ 

&tim•IC Risk l"aaon Ri1k cnll• al c.,.;,, 
WBS DO. '""' No. um. T•- Tochnica! Cm1 Schedule TcchniC11! c •• Schcdla1c ••• 

' 

....... , Slt.lppS.1 I SWp.e.t EO 1 I ' ... .. .. "' '"' ' ' . "" o .. '"' °" ' ' "" o .. '"' °" ' ' "" o .. '"' °" io1.1.1.t.1 i!D&ineaiDJ Jlld DaiaD "" o .. °" °" ' ' "" o .. '"' °" IOt.1.1.t.1.1 Pacbac Dalaa "" o .. °" °" ' ' "" o .. °" °" : ' '"' 0 .. °" °" : "" o .. °" °" : °" o .. °" Ot.• 

' "" o .. °" '"' ' ' "" 0 .. "" °" lo1.1.l.9.1.l -Q/A "" o .. °" '"' ' ' "" 01' °" °" 
' : "" "" '"' °" : "" o .. '"' °" ' "" o .. °" °" 1111.1.u.u - °" o .. °" '"' I ShippiAt Contaimn "" o .. °" "" 
' ' "" o .. °" °" 
' ' °"' o .. °" °" I : "" 0 .. °" '"' 
: 

"" 0 .. °" '"' ' "" o .. °" °"' ' "" o .. °" "" lo1.1.1.t.l.4 ""'""'" "" o .. °" °" ' ( "" o .. °" "" , ......... I "" o .. °" '"' ' : "" o .. °" "" : °" o .. °" °" ' °" o .. °" °" 
' c °" o .. °" °" c ' °" o .. °" °" c ' °" o .. °" °" c c °" o .. °" °" I : °" o .. °" °" I °" o .. °" °" I I °" o .. °" °" ' ' °" o .. °" °" 
' ' °" o .. °" °" ' ' °" o .. °" °" I ' °" o .. °" °" 

Pagel 

• • • • • • • • • • • 



) 

( 
) ) ) ) ) ) ) 

Ol.1.1~ .aJPi111 

, 
WBSNa. . ... AdmlalHnlioa l!n•iMUill• Del" ... '" /A Prue./ f•b. .......... ln.ullatioll ..... ... . ... End .... . .. . ... End ..... ' Ea• 

,,., .... 
Moom y, M- y, M•d y, - y, Mon"' y, Mo ... y, MoaOb y, Mo•"' y, M"""' Yr -I Monda y, Moooh y, Monm y, 

•1.1.1.1 s .. .,, ... 
' I 

: 
I 
I 

01.l.l.Sl.I &ainccria.1 1114 0a1111 
I ' 01.l.l.f.t.l Pacba•Oai&• 
I ' I 

: : 
I ' I ' 01.1.1.9.l.2 lupoclil:eQ/A 
I ' I ' 
' I 

' ' 01.1.t.!l.l.l """"'-" . 
I Sblppia& CDal.aihcn 

' I . 

' I 

' I , 

' I 

' I 

' I 
01.1.1.9.l.4 ........ ly 

I ' I Pacta1ina 
' I ' I ' I ' I ' ' ' 

' I 

c I 

' I 

' I 

: I 
I 

' ' ' 
' ' 

t'11c l 



--

Cooling System 

The mechanical stability and locating requirements, as specified in the mechanical 

design section of this report, requires the highest attainable isothermalization of the 

entire detector array. Furthermore, the Silicon Detector leakage current requirement 

dictate a reduced operating temperature, specified at this time to be o 0 c. The system 

pressure should not deviate sig.nificantly from 1 atmosphere to prevent the need for a 

containr"ent structure that can tolerate large pressure differentials. These electronics 

are located at one ·end of the silicon wafers. The power per strip is 3 mW and there are 

1280 strips per wafer. In addition, each wafer has a 150 mW LED. Total power per 

wafer end is then 4 W. The total number of Electronics packages in both the barrel and 

forward regions is 4840. The total thermal load is then 9.7 kW. The system must also 

meet all state and federal safety .requirements. 

The silicon is supported by and mounted to composite ring structures called cooling 

rings. These cooling rings are lined with a capillary wicking structure that 

incorporates a low impedance circumferential ftow artery. A volatile liquid is fed into 

the artery and distributed through the wick structure by capillary forces. The liquid 

evaporates in response to the electronics heat load. The fluid loop is closed by 

transporting the resulting vapor to a condenser using the small pressure differential 

that exists between the silicon tracker containment vessel and the condenser. The 

condensed liquid is fed back to the detector array through a liquid distribution system. 

Butane or isobutane will be used as the coolant because of the desire to operate the 

silicon at near 0° C and at 1 atmosphere pressure. 

In the interest of minimizing system mass, the design goal is to supply the 

circumferential artery with liquid from the liquid distribution system at a single point. 

Thus, the gravitational pressure drop is a major contribution to the total pressure 

difference between the liquid and vapor. This total pressure drop must be sustained by 

the capillary pumping capability of the wick structure. The smaller system diameter 

reduces the gravitational term proportionately. The maximum pore size must be less 

than 11. 7 microns as opposed to 5 microns. 

The current configuration of the cooling rings and silicon wafers separates the heat 

loads from the cooled surface by about 3 cm. This requires that the electronics run 

hotter than the cooling ring and the silicon by up to 45 and 30 °C, respectively. 

depending upon the materials of construction and the final layout. Design changes are 

being considered in an effort to bring the coolant and the evaporating surfaces closer 10 
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the heat.sources. These efforts include changing the spacing between the electronics and 

the cooling ring or moving the wicks out of the cooling rings and onto or at least closer to 

the electronics. 

Design details hinge in part on the development of the optimum wick structure for 

liquid distribution and design options that improve the thermal coupling between the 

electronics and the wetted wicks. A suitable wick structure must be developed and 

incorporated, liquid and vapor line sizes must be finalized, the condenser must be 

designed, a suitable start-up and shut-down procedure must be developed, and system 

componE''lt testing must be. performed. 
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- 01.1.3 Sources of Est 

Cooling System Estimate Sources 

Item Quantity Source Cost Estimate Total KS 
$ 

30 KW Raf UnltHansan Raf Mach. 1 Hansen Raf Mach. 35000 35 
. 'Scaled from 14.6kW unit) 

Butane Cond-.nsar 1 HO & M Cusl Condan~ 5000 5 

Exl Piping ' 80.593 

38 gal/min pumps 2 Prince Pumo Co. 800 1.6 

1" Brass ball hand Valves 20 AlbQ Valve & Fittina 117 2.34 

1 • 2 wav Solenoid valves 5 Skinner 125 0.625 

1 /2" Pressure relief valves 10 Albq Valve & Fitting 34 0.34 - Check valves1 psi cracking 8 Albq Valve & Fittina - 86 0.688 
200 m Tubina 1· 200 Parker (Alba) EJ 5 

Feed Thru 1 6 EJ 10 
Condenser Secondary Containment 1 EJ 15 
Butane Charge Vessel 1 EJ 2 - 16 Coaxial Supplv Lines 16 EJ 8 
16 Vapor Return Lina Valves 1 6 Astava 1 6 
16 Coaxial Liquid Lina valves 1 6 Astava 1 6 

8 Manifold Blocks 8 Noraran . 0.5 

48 Pilot Solenoid Valves 48 Norg ran 2.5 

Monitoring & Control System 21.474 

Computer HP • 98581 CX 1 Hewlett Packard 7750 7.75 

Controller - HP - 3852 1 Hewlett Packard 3854 3.854 

Thermo Couple Cards 2 Hewlett Packard 1410 2.82 
Voltaae output Cards 1 Hewlett Packard 1410 1.41 
Step Motor Controller 1 Hewlett Packard 1410 1.41 

Pressure Transducer Cards 2 Hewlett Packard 1410 2.82 
Flow Measurement Cards 1 Hewlett Packard 1410 1.41 

-
Control Equipment 53.5 

100 Thermal Sensors -type T 100 Oman a 15 1.5 

20 Pressure Gaaes- Elec. Trans. 20 EJ 1000 20 

10 Flow meters • Rotomater 10 EJ 1000 1 0 

Condenser Vacuum Sv11tem 1 Centorr Vacuum Sys. 15000 1 5 

Accumulator 1 EJ 7000 7 
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01.1.4 Sources of Est-Gas Sys ... 

. 

Gas System Estimate Sources - ... 

Item Quantity Source Cost Estimate Total KS 
$ 

TOTAL 40.43 
16 Channel Sensor Electronics . 2 Gas Tech 2500 5 
Butane Sen~ors 

. 

1 6 Gas Tech 500 8 
02 Sensors 1 6 Gas Tech 800 12.8 
Secondary N2 Lines 100m EJ . 5 ... 
Coaxial Line enclosures 1 6 EJ 0.5 
N2 Heat exchanaer 1 EJ 1 
Pressure Gages 5 EJ 500 2.5 
2 flow meters 2 EJ 500 1 
Thermal sensors 20 Omega . 15 0.3 -Pneumatic Valves 5 EJ 200 1 

Check Valves 10 Albq Valve & Fitlino 86 0.86 
Pressure Regulator 2 EJ 400 0.8 
Pressure relief valves 5 EJ 100 0.5 
Hand Valves 1 0 Albq Valve & Fittina 117 1. 17 -

... 

... 

... 

... 
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Silicon Electronics Design Overview 

The detector electronics subsystem is conveniently divided into four functional blocks; the front-end 
electronics, fiber-optic data link, power disnibution and slow control, and data acquisition as shown in 
Figure I. The following describes the functions and implementations of each functional block. 

Front-End Elecrronics 

The Front-End elctronics subsystem provides the following functions: 

• to provide ule' bias and ground connection to the snip deiectors. 
• to collect the charges from eal:h snip detectors and to shape the signal for discrimination. 
• to produce a logic pulse when the signal exceeds threshold level for each channel per each beam 
croS>.mg_ 
• to buffer and process (compress) the logic bit pattern of multiple snips for read out. 
• to send the bit pattern for a specific beam crossing event>to the Fiber Optics after 
receiving niggers. 
• to perform housekeeping functions such as monitoring voltages, currents and temperatures. 

The 640-channel silicon strip detector unit is served by a Multi-Chip Module (MCM) which 
contains five pairs of custom integrated circuits and a custom CMOS chip common to all five pairs along 
with multiple discrete components. Each pair of custom integrated circuits handles 128 channels of the snip 
detectors for a total of 640 channels, and is composed of a Bipolar analog processing chip and a CMOS-! 
chip for data buffering and compression. The third chip type called CMOS-2 serves all five CMOS-! chips 
for control of data flow and also provides the housekeeping function for the MCM. The MCM also includes 
decoupling and current limining components for detector biases and the integrated circuit chips. 

Fiber Optics 

Fiber Optics link the Front-End Electronics with the external world. and is consisted of two separate links; 
one for the data readout and another for clock/nigger inputs. There is one data readout link per MCM, but 
each clock/nigger link serves 16 MCMs. The CMOS-2 chip on the MCM sends the data to the Fiber Optics 
driver which modules the LED current. Current estimate indicates the readout bit rate is somewhat less than 
30Mbps. The optical fibers have to penetrate the hermetic enclosure of the Silicon Tracker through special 
connectors. 

Power Distribution and Slow Control 

The Power Disnibution subsystem consists of the power supplies with necessary controls/interfaces and 
safety features (voltage and current limits, interlocks) and the cabling from the supplies to the MCMs. 
Conventional cables of either co-ax or twisted-pair could be used outside the Silicon Tracker enclosure. but 
a customized, high-density flex-type cables are needed inside the enclosure. The power cables also carry 
integral low-frequency conductors for housekeeping controls and signals. 
The Slow Control section will monitor the health status of the system and be responsible for system 
initialization. It will be responsible for updating the on-line database with regard to system status. This 
will require a VME based controller along with a multiplexing arrangement for accessing the 192 control 
busses which exit the silicon tracker volume. 

Data Acquisition 

Residing in the counting house, the Data Acquisition subsystem is the origin and destination of the fiber 
optic link signals interfacing MCM with external world. It receives the Front-End beam-<:rossing data from 
each MCM, and sends it to the central data processing unit. It also sends the clock and trigger signals from 
the deiector hous~ l!l the MCM. 
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Si-Tracker Front-End Electronics Parameters 

Total # of Channels: 3.2M 
#of Channels/MCM: 640 

Total# of MCMs (12cm/MCM): 5052 

# of Ladder Ass'y ( 4 MCMs/Ladder): 1263 

# of Bipolar, CMOS-1 Chips per MCM: 5 per type 
Total # of Bipolar, CMOS-1 Chips: 25260 per type 

# of CMOS-2 Chips/MCM: 1 
Total# of CMOS-2 Chips: 5052 

# of Fiber Optic Link/MCM: 1 
Total # of Optical Links: 5052 

Number of Power Cable Assemblies: 192 

• • • • • • • 
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Cost Estimates Baseline for Detector Electronics 

• 

• 

• 

• 

• 

• 

• 

• 

The cost estimate is based on '92 $ . 

The SST-11 (Space Engineering) group labor rate (fringe t be;nefit) is very 
similar to MEE-12 rates, i.e. $.125M/$0.80M per Staff/Tech Mah-year. 

The· M&S charge of the group is 153 of the labor cost . 

53 of the nominal quantity is used as spare for all chip types, MCMs, cables . 

The cost of prototyping (up to 23 of total # of channels) is included in EDIA 
labor. 

Fabrication of the components will start in l Q FY94 . 

l 2cm strip detectors are to be used for front-end electronics . 

This estimate is quite Success-oriented . 

) 
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Multi-Chip Module (MCM) 

Strip Detector Input 

t t t t t 
1-4---Bipolar 

c:::J c:::J c:::J c:::J c:::J c:::J c:::J c:::J c:::J c:::J 

Decoupling 
CMOS-1, Capacitors 

' 

c:::::J c::J c::J c:::::J c::J 
" 

Do 
CJCJ 

CMOS-2 
CJCJ 

LED 

Optical Fiber 

t t t t' t Optical Out 
Power/Control In 

Fig. 1. Conceptual Layout of Si-Tracker MCM 
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Bipolar Chip 

Available Foundries: Harris UHFl 
AT&T CBIC-U, V 
Tektronix QuickChip 6,7 /Motorola Mosaic V 

Simulation Results w/ Harris-UHFl Process 
1.2 mW/Ch 
1600 electrons RMS noise 
25ns shaping time 
l 50ns recovery 
128 input/output per die 
l 5ns Time Walk from l to 8 fC 

Cost Estimates 

E&D (FTE) Wafer Testing lnsp/Adm(FTE) 
Sta ff I Tech ($Million) Staff I Tech 

1.25/ l.5 0.318 0.25/l .O 

• • • • 

Wafer Fab Assy/lnst 
($Million) 

l .220 0 

• • • 

Cont'y 
(%) 

24 



...._ 

" L -· " 

·---

-

-

~ .. 
>• 

.-:l 
.. -· ·-
•• -· ·-
! •• ·-

•• n 

.-
-~ •• 

• •• ·-
:! 
"" 

• "' •• 

> -· 
·~ 

L • .. 
uo 

~ 

• •• ·-
-•• :i! 

-.. _, 
•• 

:i 

2~ •• 

'" 
~! -· •• •• 

:l 
-•• •i! 

·-•• ., ; • ::i 

• 
ii "• •• 

-a •• 

•• •• 

•• -· "" 

"• -· ·-
:i 

-· UN 

•• :il 

~ 

-· ;;i 

•• -· ·-

-· •• 

-~ • 
• -· •• 

•• ·-

> •• 
·~ 



• 

Support Table 

a. Wafer Procurement 

Cost per Wafer (4") (Qty 400): 
Die Size (goal, using P-coll res): 
Yield (incl. dice w/one bad ch.): 
# of Good Dice per Wafer: 
#of Wafers Needed: 
Cost per Die (w Jo functional test): 

Procurement Total: 

$3500 
6.4mm x 6.2mm 
503 
76 
350 
$46 
$1.221M 

b. Wafer Level Functional Test and Qualification 

Cost per Wafer (incl. setup charge): 
Wafer Testing (350 wafers) Total: 

c. Contingency (3) 

Tech( 16)+Cost (4)+Schedule(8) = 28 

c c ' 

$870 
$0.305M 

' c 
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LOS ALAMOS NATIONAL LABS 
space Engineering Group SST-ll 
M/S 0448 
Loe AlamOQ, NM 87545 

Attention: SangKoo Hahn 

Ref: l~B Channel Pre-Alllp 

Gentlemen, 

?ebruary 5, 1992 

Harris semiconductor, Military and Aerospace is pleased to 
provide a Rough order ot Magnitude (R.O.M.) proposal for the 
Harris FASTRACK design system and analog ASIC circuit 
development. ?reduction pricing is dependent on the final die 
size and test require~ents. 

A!ter our telephone conversation it is assumed that Los Alamos 
will design and layout the circuit using Harris !"ASTRAC!{. 
Harris will provide training, general applications support, and 
PDRiCDR reviews. 

Engineering has determined that our advanced UHF process will 
meet the design goals. A best and worst case die size has ceen 
assumed for production pricing. The final price is highly 
dependant on die size and electrical specifications. It should 
be noted that the quantity and size or the Nichrome resistors 
dramatically e!!ect the die size. Tradeorrs may be required to 
keep the die size reasonable. 

pevelopment NRE 

Cir.;:u1t Oesic;n 

Active Trim Development 

Production t30 x units> 

Probed die ,price 

PBICl!l BtooW!,X 

$ so,oco 

$ 10,000 

·'.' ..;.;..~·~~,.,.,,,-o., ,. 

62.Sl< 
Sg. Mils 

$ 100 

Page l 

, _..,,. _-, :;...'( 

llOK 
sq. Mila 

$ 350 

: : i""" --) 
" ' 

_c:.i:ulf"':nMrit w-."'tr'"\i::i ~J;t"':'TOR P.O. BOX 883 MELBOURNE. FL 32902·~ •O·l-724· 70CXl r"AX 4Q7-729-6eQ 1 TWX 1510'"'9!59~ 
. ~.7'1.'-'·-~-.-...--:,. 
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Should you have any questions regarding the above, please 
contact the undersigned at (407) 724-7364 or Grady wood at (407) 
729-5057. our Sales Representative in your area is Dorothy 
courtin. oorothy can be reachecl at ·csos) 344-9990. 

Very truly yours. 

~~ 
Tom Tomblar' 
Member Analog ASIC Team 

cc: Grady Wood 
Dorothy Courtin 

Harris Analog ASIC Team 
Compass Marketing 

Page 2 

-

-

-

.. 

-
... 

-

-



-. 

-

Reacllng Worlls 

February 13, 1992 

PYoas ATQT Micrcelectrcnioa 
2 Oak Way 
Berkeley Hei9ht•, NJ 07922 

?o 1 Loa Al~oe National Laba 
Boie 1663 
Loa Al~a, NM. 87545 

.A"RaT 
2525 Nortl" ~ Ztl"f St. 
PC. Bax ;3:190 
~eadlllg, PA l9tl1Z-3396 
215 g;g..1011 

R•f Budgetary QUotation for the Development of a Custom CBic-v Linear 
Bipolar Inte<;ratecl Circuit. 

AT&T Microelectronics (AT&T) is pleased to submit to the Loa Alamos 
National Labs (Loa Al&l!loa) thia budgetary quotation for the development of 
a custom cstc-v Linear Bipolar Integrated Circuit. 

Included herein ia AT&T Microelectronic• AGlU!EMEHT FOR 'l'HE DESIGN AND SALK 
OP COSTOM PRODOCTS th• "Agre .... nt" in duplicate. The t•zms and oonditiona 
contained in th• agreement and this quotation govern all tranaactione 
between the parties. 

The design par~ters are aa tollowa: 

Z'd 

l. Technolo9Y1 ~OIDpleaientary Aipolar lnteqrated Qircuit 
(CSIC-V} 
Two t.ev•l Metal 
100 111111 Wafers 

2. Package Type: None 
( Onsa:wed Wafer•) 

__ , 



J. Testing: AT&T will charactari~e wafers based on Wafer 
Acceptance-Tee~ing (WAT Key) of the parameters 
detailed in Appendix A. Three o! tive test 

•it•• 
a.re required to be within these •P•cifications 
for a wafer to be considered good. Wafers 
identified as not meeting thia criteria may only 
be shipped upon mutual aqr•...,,.nt between Los 
Alamos and AT&T. 

Jgdgeta.ry Non-~Bcurring Enqineeriru; CNl\El Charges 

The budgetary Non-Recurring Engineering (NIU:} charges for AT&T tasks and 
obligations in the develop.~ent and manufacture of the integrated circ~it 
is; 

Layout Training 
two daya 

- at Loa Alamo• 

Completion of Syml:lolic Layout• 
- completion of symbolic layout 
- Lnclu~5 DRC'a, connectivity 

check, a.,d array preparation 

Para•itio Netlist Extraction 
- optional 

X.ak Expense 
- $1,500 par ma•k 
- twenty (20) level• 

$5,000 

$15,000 

$1,000 

$30,000 

Prototype Lot Charge $93,750 
- fifteen (15) wafere 
- 100 IM\ wafers 

TOTAL $144,750 

• Assumes two (2) iterations tecause of DRC violations aaaociated with 
!irst design. 

The NR! ch;u:9ea are payabls at th• tollowinq time frat11ea. 

l. Charqe• tor layout traininq, completion of symbolic layout, and 
parasitic natliat extraction $(21,000) are payaQle upcn acceptance of 
the quotation. 

2. Mask charge ($30,000) ia payabl• upon mask order. 

3. Prototype lot charqe ($93,7~0) 'Ls payable upon delivery of prototype 
wafers. 

e·d 

... 
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1u1ntity pricipq 

[U&ntity pricinq for production wafer order• i• aa shown below. 

Quantity 
(Annual) 

150 to 300 

=====~ 

Price 
(U.S.) 

ta.ry ~otation i• c:ontinqent on :.0• AlalllO• aqr-J..nq to purcha.•• a 
300 wafera·ot thi• deaiqn within a twenty four (24) mon~h period 

ptanc:• of prototypes • 

. y aubmittlld l>y s 

G:c:r/ 
che 

~lectronic• 



April 22, 1992 

S. Hahn, LANL 

Re: Wafer Testing for LANL, ·GEM/SSC Project 

Listed below are on~~ estimated costs for testing the wafers you 
will design for GEM/SSC. These estimates are based on your early 
chip description (4/13/92, but only 1/2 of the total wafers) and 
should be revisited when your designs are more firm. 

Test Program Development/Engr Support 
Pr~be cards/load boards 
Data collection/analysis 
Test operations (l hr/wafer) 

Total 

$360K 
$175K 
$ 40K 
Sl20K 
$695K 

The testing will be done on our HP82000 tester. The only test 
costs included are operational and maintenance since we already 
own the testers. If any hardware purchases are·subsequently 
identified, that would be extra, and there will also corporate 
"taxes" that will be added. 

Our projected concerns/risks with this project are: 
1. We have limited experience with probe cards of the pin 

count required for this project. Not only .are they expensive but 
we have no data on repairability or longevity for high volume 
probing. 

2. Achieving a "clean" 5 mv pulse for the analog chip has 
not been demonstrated on our equipment. It appears to be within 
the capabilities of the system, but engineering effort on the 
load board and probe cards will undou.btedly be required. The 
analog wafers will be much more difficult for Sandia to probe 
than the CMOS wafers. ·. 

3. We have only one tester populated to the pin count needed 
for this project, and tester downtime/availability would be a 
concern. We would plan on testing these wafers only ·on second 
shift in order to accommodate required engineering time during 
the day. 

4. In addition to your functional, AC, and DC testing on 
these wafers, it is our experience that some at-speed functional 
testing will be required if you expect to have decent yield in 
your MCM. This drives some of the engineering work on the test 
program/load boards/probe cards. It's possible that if your 
designs have large inherent design margins this may not be 
required, but that's not our judgement or our experience. 

5. This estimate is in FY92 dollars, and costs may be higher 
in the FY95,FY96 time frame. 

If you are interested in pursuing this further, we need to work 
this proposal in more detail to provide a more accurate estimate. 

.. 
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CMOS~ 1 Chip 

128 Inputs I 32 (?) Outputs 
Level-1 Trigger Buffer/ Data Compressor 
Currently Under Architectural Study (Clock-driven and Data-driven); Technical risk 
UTMC process not proven at 60MHz; Technical risk 

Cost Estimates 

E&D (FTE) 
Staff I Tech 

1.5/2.0 

' ' Wafer Testing lnsp/{'dm(FTE)' · 
($Million) Staff l Tech 

200 ;o.2oyl.o ·: · 

Wafer Fab · Ass'y /Inst 
($Million) 

1.0~0 

~' . 

,, 
" ... 

0 

Cont'y 
(3) 

35 
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Figure 4. One of the CMOS-I Architectures 

• • • • • c • 



) ) 

/ 

i--------------------------------1 
I CUC I 

I COUNTER I 
I 

t- I 
I 

i 
I lf 

: 
: 

I 
I 

I 
I 
I 

I 

~TllGl+On' 
TRG2+orr 

I 
I 
I 
I 
I 
I 
I 

I 
I 

I 
I 
I 
I 
L----

1 ~ 
i 
I 
I 

TRJGGlll I 
I 
I 
I 
I 

-----------~-----------------· 

) 

IN 

-=' "j' I-CLIC l 

HOUll 

llOUla 1 
11 . ' n 

CllPI 
0 

~ -
CUP2 0 

t" 

I rt ~-.1 
r OUT REGO 

RECll 

REG2 

REGS 

llEC4 

Figure 1. Data Storage Architecture. 
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Support Table 

a. Wa'fer Fabrication 

Cost per Wafer (6") (400 qty): 
Die Size: 
Yield: 
# of Good Dice/Wafer: 
# of Wafers Needed: 
Cost per Die : 

Procurement Total : 

$2500 
6.4mm x 12mm 
353 
64 
420 
$40 
$1.050M 

b. Wafer Level Functional Test and Qualification 

Cost per Wafer (incl. setup charge): $47 5 
Wafer Testing (420 wafers) Cost: $0.20M 

c. Contingency (%) 

Tech(24)+Cost (3)+Schedule(8) = 35 

• • • 

) 
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un11 s=.w 
TliCHNOLOGIES 
MICROELECTRONICS 
CINTER 

Quotation 1575 Garo.an of ~lie Gods ;.;~ad 
::01oraao Sorin:;s. Coloraco 50907-3-! 
11a,,&•-aooo F•x •719/&94-ao32 

To: 
....--.. 

Loa Alur.o• lllat:ianal ~borat:ory 
SST-ll, MS-0448 
Loa Alamos, NM 87545 

Quotation No. 192-1043 

,' Data: Fabruary 6, l99Z 

TEl'IMS: Net 30-F.O.B. 
Point at shlPfM 

Atten~on: Sangkoo Hahn 

l'let.renoe: Wafer Foundry Se:r:vicaa 

ITIM 
NO. 

l.O 

2.0 

3.0 

·DESCRIPTION / 

device dimenaions af Manufaccure waf&r·•-w 
approximacely'6~~-x 17 
micron radiation harden 
on GDS II format:. 

and 6.4 x lOmm on. UTER, l.2 
process. l.ANL to provide design 

Reticle Generacion 

Five (') wafer procatype lot 

Production wafer lats; 
50-199 wafers 

200-399 wafers 
400-,99 wafers 

Nota•: 
l. This i• a budgecary quocat:ion. 
2. Th• export: of chis product is controlled by the u,s, 

Government. The export: af chis produce or the 
di•clo•ure of relaeed cachnical data to foreign 
nacianals without: the appropriate export license is 
prohibited by law, 

3. U'IMC 1a respons bla for fabricatin wafers at 
conform to i tsLwa!Ar_ai;_t: u i _ti;:&tion as 

·verified by ana"'fysis of on-board procea• co trol 
monicor devices. While multiple devices using the 
l.2 um design rules have been succe&sfully fabricated 
at U'IMC, ic is po•aible that circuie performanca 
problems may be encouneered or that device yielda are 
below generally accepted induat:ry standards for this I 
technology. In thac event, UTMC will provide eeac 
data co LANL but is not: re•ponaible for the co•ts or · I 
schedule delay• incurred by d••ign modifications or 
fabricaeion of additional w&fera. 

Paga 1 of l 

QUANTITY PRICE 

$23,000 

$32,000 

$ 3,200 
$ 2,800 
$ 2,500 

Thia quotation In 1flect tor 30 d1y1 from date • unless otherwise stated prices quoted do not Include a• 
provl1lon for overtime, 1peclal toollna or chanae. 

PLEASE REPLY TO: 

United Technologies Microelectronics Ctr. 

i::/.Z"d 

22144 Clarendon Street, Suite 220 ;!25"'/' 
Woodland Hilla, CA 91367 ly ~ 
Larry Bradfield _.::;!,~~~~~_;:~::..;::::;......;:;;;~~~~-:::: 

;oc A::cn: 818/992- 5399 ~ 9 Ju· 

J. S. T do &-t 
s~~I~ds 010J Jwin w~~t:60 25, 90 g3j 
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mUNITl!D 
TECHNOLOGIES 
MICROILECTRONICS 
CENTER 

Febniary 6, 1992 

Los Al&moa Nation.al Laboratory 
SST·ll, MS-0448 
Loa Alamo•, NM 87545 

Attention: Sangkoo Hahn . · .. ~ 
· • .l·. 

. . 
-·-:-- -~ .,.,, .. .,..·,.:,_...,;. . .-_ .. ~--

United Technologies 
Microelectronics Center, Inc . 

1575 Qa:~n at tne God1 Road 
Colorado Sorlng1. Colorado 80907·341!6 
71 Q/5&4·8000 

Referenc-e: LANL Req\leat for Quotation dated .. 2/4/92" • - · •· 
.· - ~--- : . . 

Subject: UTMC Budgetary Quotation, ·-F92·1D43', requast for. TJafer 
Foundry Services . , . ' 

·~.-· 

Dear Mr. Hahn: 
·~: 

lJ'I'MC is plea.sad to respond t:o t:ha Los Alamos Nationa-1 Laboratory 
request: eo manufact:ure wafers on our radiation hardened_.. llTER,. l. 2 
micron process. Please not:e t:hat: due to stepper limit:ations the 
largest die we.can 111Anufactura on our 1,2".micron. process b .. ~ 

&pproximately"-..l]Jlllll.2/ If you are willing· to uae ow;:,UTDR,, 1,5 micron 
process, we could. acco111111odate your 20mm die size.~:If your design can .if:; 
be shnink to l7lllDI, we e&timate t:hat: it: WP\ll_it__;a~~;~approximat:el)l; 536 ..,,- 1 • _"3'f-/VI 

.wafers co meet: your 30,000 die requirement: with•:a,.._6,4 x 17111111 dev:r<:e. · 
The 6,4 x lOmm die will require approximat:ely,.Z4j!wafera for 30,000. 
die.. . . ~:-\"o--.. .!J. ,:.~ e.:Sf'/ 

I am enclosing a package. of informat:ion on our'IJ'IMC and Foundi:y 
Capabilities. Also, I have included a non·dis~loaure agre_emant (NDA), 
required for furt:her discuaaion of our design rule raquire~nt~ prior 
to wafer manufacture. If you deaira to purs\18 ch_!! effort; please 
fill in th• required information on the NDA and~ to.us for final 
processing. 

If you have any further questions pleas•·do not::.,~aitate t:o call me, 

Yours truly, 

J,S, Tirado 
INFOSEC and Foundry/COT Marketing 

JST:nke ~·-·- '' 

cc: Larry Bradfield 

Enclosure 

S:lNiddS OlOJ :wlJl WCIM :63 C:6- 7•c 23.:l 
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.. 
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CMOS-2 Chip 

32 (?) Logic Inputs+ Analog Monitor Lines 
16 (?') Outputs 
Interface between CMOS-1 and Fiber Optics 
State-of-Health Monitor 
No Detailed Study Performed: Technology risk 

Cost Estimates 

E&D (FTE) 
Staff I Tech 

1.25/0.75 

Wafer Testing lnsp/ Adm{FTE) 
($Million) Staff I Tech 

0.160 0.20/0.5 
•,'' ·) ', ' ''.t 

~ '' .. -. ·." 

Proc/Fab 
($Million) 

) 

Ass'y/lnst 

0 

) 

Cont'y 
(%) 

35 

) 
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Support Table 

a. Wafer Fabrication 

Cost per Wafer (6")(Qty 100): $3500 
Die Size: 
Yield: 

6.4mm x lOmm 
403 

# of Good Dice/Wafer: 88 
Cost per Die: $40 
# of Wafers Needed: 60 

Procurement Total: $0.212M 

b. Wafer Level Functional Test and Qualification 

Cost per wafer: $2.7k 
Wafer Testing (62 wafers) Total: $0.165M 

c. Contigency (%) 

Tech(24)+Cost (3)+Schedule(8) = 35 

f • • • f 

\ 
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Multi-Chip Module 

Carrier of 11 Custom Chips costing up to $1000 · 
Reworkability is a must 

) 

HDl(Cavity with top layer interconnection) or flip-chip (less reworkable) 
Bump preparation cost included 

Cost Estimates 

E&D (FTE) 
Staff I Tech 

0.75/0.6 

Ext Testing 
($Million) 

0.085 

lnsp/ Adm(FTE) . 
Staff I Tech 

0.15/0.70 

Proc/Fab 
($Million) 

0.874 

·· Ass'y /Inst 

0 

) 

Cont'y 
(%) 

26 

' 
\ 
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Support Table 

a. MCM Procurement 

Cost per cm2: 
MCM Area: 
# of MCMs Needed: 
Cost per MCM: 
MCM Cost: 
Bump Prep: 
Procurement Total: 

$12 
l2cm2 
5052x l .05=5304 
$144 
$0.765M 
$0.lOM ($100 /wafer x 1000) 
$0.865M 

b. Functional Test and Qualific;:atlon 

Cost per MCM: 
Total Cost 

c. Contigency (3) 

$16 
$0.085M 

Tech( l 2J+Cost (6J+Schedule(8) = 26 

• • • • • • • 
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Figure 1, IC chips can be attached to an MCM substrate with wirebond, TAB, flip TAB, 
or flip chip interconnect. Each of these die attach technologies have been successful
ly used in MCMs. 
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.-=--'---. 
Repeat 
for each 
layer 

. HDI Process Flow 1 

. ., 

~ 
Mill Substrate, · . 
Deposit and Pattern Aluminum 

. : .. . 

Place and Bond Chips to Substra~e 

Laminate Kapton 

I ' 

~b'jlm;,,,Vil'~ Laser Drill Vias 

c»:,~ l · Sputter Ti, Cu; Electroplate Cu; 
W,:hffltlfflfajii'))l} Spuuer Ti 

I 
f?1C: lW! J · · Laser Expose Photo Resist and 
Y.l?r?Z?,tihn222:i~ Etch to Fonn Conductor Pattern 

§>,,,,,l,,,,,"1! 

-.. .. . 

• 

. ' 

Apply Dielectric Layer -· .. - ' . 

Apply Passivation, 
Pattern Edge Fingers 

• 

.t I 

• • 
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Cables 

4 Basic Types 
16 Different kinds 
More than 2 meters long (too long for conventional fob) 
Aluminum conductors preferred, but has fab/maint. problems 
Cost is for copper 
200 cables outside the tracker 

Cost Estimates 

E&D (FTE) 
Staff I Tech 

0.5/0.1 

External Test lnsp/Adm(FTE) 
($Million) Staff I Tech 

0.05 0.0/0.10 

Proc/Fab 
($Million) 

0.480 

. Ass'y /Inst 
Staff/Tech 

0.1 /0.5 

) 

Cont'y 
(%) 

46 

) 



• 

I '. 

Support Table 

a. Cable Fabrication (including functional tests) 

200 cables x $1200 (max)/cable: 
MCM flex cable ($33 x 5300 cables): 
External Cable ($1000 ea x 200 cables): 
(18 AWG, 12-pair, 500ft) 

Procurement Total: 

b. Contigency (%) 

Tech(22)+Cost (16)+Schedule(8) = 46 

• • • 

$0.240M 
$0.175M. 
$0.200M 

$0.615M 

• • 

\ 
I 

• 
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Double-Sided Silicon Strip Detector 
with Electronic Assembly 

Hybrid 
Connector 

Power and 
Signal Cable 

Cooling 
Ring 

r 

. .I I 

) ) 

) ·. SST-11/0C-I 

\:.s~(/?{:/?i/!)!/(?;:}~s?K!~(,s,~?{~\§§;???~3??{/~:S}§(,;;,~{~///::~}?(,(!. Si Ii con 
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Power/Signal Cabling 
Cross Section 

E G R W G 

)' 
_, 

Gp1 ,t~fi~~~~~X~~~~~~ Gp1 
L1 ~~~~~~~~~~~~~~~~~~~~ L1 
Gp2 Gp2 

L2 L2 

Gp3 Gp3 

o+ 

G =Ground 
A0-A9 = Address/Data Bus 

E =Enable 
R,W =Read, Write Enable 

SSl 11/AC- 7o C • • 

e+ G I e- G v,h G 

Gp = Ground Plane 
HV =High Voltage 
D+ =Digital Voltage 

B+,e- =Analog Supply 
V th = Analog Threshold 

.I I 

I!~@® ~!l@IITiil@® 

• • • • 



"' c.J - "' ;: -.:. en 
en 

.--
',,.--._ 

\ 

.J .J 

~ -.c 
E 
Cl) -. ti) 

T ti) 
I ~ 

'-..._ . Cl) - ' .c 
CtS 

c:~ /c: (..) 

< al 

-

-

-



-. 
( ( "\ 

' 
) ; SST-11/BC-10 

Cable Assembly 

Type C (even N) 

I \I v? (] 
~ L .,_ 

Type D (odd N) 

.I I 

*Reverse Tabs 

;" \I f? (] 
~ L .,_ 
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Fiber Optic Data Links 

Modvlar design approach works best with one optical data link per MCM. 
Total of 5300 links (including spares). 
LED with multi-mode fiber arraangement for up to 40 Mbps data rate. 
In-situ splice (cleave and weld) for best economy. 

Cost Estimates 

E&D (FTE)" Testing lnsp/ Adm(FTE) Proc/Fab Ass'y/lnst 
Staff I Tech ($Million) Staff I Tech ($Million) Staff/Tech 

0.5/0.2 0.050 0.25/0.50 0.780 0.1 /l.0 

Support Table 

Fiber /Connector combinations: $78/ch x 5400 channels 
$65/ch x 5400 channels Transmitter /Receiver: 

Procurement Total: $0.780M : 

Cont'y 
(%) 

233 
(13+3+8) 

) 

) 
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Encoder 

• • 

Driver 

• 

LED 
Laser 

• 

r ' 
( 

Optical Link 

Fibre/Device 
Interface 

Bulkhead 
Connector 

• • 

. )-) 

Out 

Amp Decoder 

.I I 

• • 
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Power Supplies 

Low Voltage Supplies: Tripple output (+ /-1.5V, 3.3V} 
Detector Sias Supplies: 150V 
Over-voltage, over-current protection 
Interlocked with cooling system to prevent accidental turn-on 
Gradual, staged turn-on 
One Low Voltage Supply shared by 10 cables 

Cost Estimates 

E&D (FTE) Testing 
Staff I Tech ($Million) 

0.35/0. l 0.010 

Support Table 

Low Voltage Supplies: 
Bias Supplies: 

Procurement Total: 

lnsp/ Adm(FTE) Proc/Fab 
Staff I Tech ($Million) 

0.10/0.10 0.090 

30 each x $2k/ea =$60k 
200 each x $150/ea = $30k 
$90k 

" Ass'y /Inst 
Staff/Tech 

0.1 /l.0 

) ) 

Cont'y 
(%) 

.1, 193 
(8+3+8) 
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Data Acquisition 

Rec~ive all the data through the fiber optic link,. FastBus Modules 
Buffer the data for readout to the central data processor 
Interface with central data processor 
Interface with Beam-Crossing Clock and Trigger generator 
Distribute the clock/trigger through optical fibers 

Cost Estimates 

E&D (FTE) Testing lnsp/ Adm(FTE) Proc/Fab Ass'y/lnst 
Staff I Tech ($Million) Staff I Tech ($Million) .staff/Tech 

0.5/0.35 0.100 0.0/0.10 0.462 0.0/0.20 

Support Table 
. ._,. '-·· 

Crates and Controllers : $20k/ea. x 6 ea.= $120k 
$3k/ea. x 114 ea.= $342k 
$462k 

FastBus Modules: 
Procurement Total: 

• • • • • 

) 

Cont'y 
(%) 

323 
( 18+6+8) 

• • 
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• 
QJ 
c: ... 
c. 
..::.:: - u ... 
c:c 
cc 
u.. 

-

-

To Level 2 Trigger 

Silicon Tracker 
Data Acquisition 

Architecture 

Fastbus Module (xS7) 
Master Clock and 

Clock PLL and Trigger 
'<!" 
x 

I 

• I -
.... 
QJ .... !!? .... .... .!! QJ 
:::i .~ c:c .... 

:::i QJ co 
N c:c .a u '<!" 

..... QJ x 
QJ :::i ~ 

> 0. 0 QJ .E ....... _J u.. 

to Level 3 Tri gg er 

57 Fastbus Modules 
3 Fastbus Crates & Controllers 

Trigger 

Fiber Optic Link 
to Detector 

Fiber Optic Links 
from Detector 
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Test Station 

Flexi~le Testing of MCMs, Ladders, Shells and Tracker 
Personal Computer Based 
Need two separate units with built-in supplies 
Commercial software whenever possible 
VME/FastBus modules and interfaces 

Cost Estimates 

E&D (FTE) 
Staff I Tech 

Testing 
($Million) 

lnsp/ Adm(FTE) . 
Staff I Tech 

Proc/Fab 
($Million) 

Ass'y/lnst 
Staff/Tech 

0.6/0.55 0.0 0.0/0.0 

Support Table 

Personal Computer with Software: 
Logic Analyzer: 
VME. NIM, FastBus Modules & Crates: 

Procurement Total: 

• 

0.150 0.0/0.2 

. '-" 

$15k ea. x 2 = $30k 
. _ $7.5k ea. x 2 = $15k 

$50k ea. x 2 = $100k 
$150k 

• • 

/ 

.. 

Cont'y 
(3) 

383 
(24+6+8) 

} 
-· 
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Clock Distributor 

One 9istributor per 16 MCMs 
One fiber optic link per distributor 
Interface with Data Acquisition to receive clocks/triggers 
Local Oscillator with Phase Lock Loop 
Missing clock = Trigger 
Hybrid unit using possibly GaAs chips 
Coax cable to send clock/trigger to MCMs 

Cost Estimates 

E&D (FTE) Testing lnsp/ Adm(FTE) Proc/Fab 
Staff I Tech ($Million) Staff I Tech ($Million) 

0.30/0.25 0.050 0.0/0.25 0.150 

Support Table : Procurement Total = $151 k 
Hybrid pkg: $125 ea. x 340 -:- $43k 

) 

Ass'y/lnst 
Staff/Tech 

0.0/0.2 

GaAs Micro Chips: 
Fiber Optic Links: 

$17 5 per Hybrid x 340 = $59k 
$145 per link x 340 = $49k 

) 
/ 

) 
) 

Cont'y 
(%) 

423 
(28+6+8) 
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IPC TRACKER - MECHANICAL 
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GEM BARREL IPC TRACKER 
SUPPORT· STRUCTURE 
3-D VIEW 

t.IODUlE SLIDES 

STRINGERS 

END SUPPORTS 

·· W. EMMET 
YALE UNIVERSTTY PARTICLE PHYSICS GROUP 

· .. 6-MAY-191l2 
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. ~·' 



( 

I 
- I 

I i 

I I 
i. 

-;;i I 

~ .... 

~ .... 
U1 

I ~ 
""") i ~ cF~F~ 

I 
I 

I 

!! I ' ----j----- l 

r-r==~ . i 
I 

~I 

i 

I 
; 

I 
I 

i 
z -
~ 

~ 

~ -
Q 

.J 

<! 

I 

1 



) ) 

GEM IPC TRACKER 
3-D (ISOMETRIC) VIEW OF 
END CAP ARRAY 

"!WO SECTORS OF 
EACH SUPERLAYER 
SHOWN 

) 

FACTS: 
1 ! 4 SUPERLAYERS OF 2 LAYERS EACH 
2 10 SECTORS IN EACH OF 4 LEVELS 
3 EACH L£YEL IS ROTAlID 9 DEGREES 
4 Z(mln)-110 CM; Z(max)-140 CM 
5 R(min)-20 CM; R(mox)-70 CM 

) ) ) ) 

"S' Sl.IDE (GR-EJ'OlC'O 

Ol1TER SUPPORT RING 

w. £MM£T 
Y>U uwr.£ftSllY P.urnct£ l'H\'SICS GROtJ> 
flBU.WI'( 22. 11192 <-- 2) 
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W.B.S.#: 

IPC Componenl Sheet Database 
CENTRAL TRACKER COMPONENT WORK SHEET 
DESCRIPTION: TASK: 

1.2.1.1.x. 1 Anode Wlro CENTRAL TRACKER CONS 
Parameters (weigh1, length, area, numbet, units) 

ilonglh approx 82 km (barrel) @ 78.00t.<m 

Rates 
E&D LABOR 
Oeatil 

E&D Labor Sub-tot 
E,C,J & A MArL 

EDIA M.t'I Sub-tot 
lnspect/Admln 

Ina .ct/Admln Sub-tot 
PROCIFAB 
Contract Labor 

Material 

PAOC I FAB Sutt-tot 
ASSEMBLY 
Labor 

Material 

Assembl Sub-tot. 
INSTALLATION 
l.obor 

Matarlal 

lnstallatlonSub-tot 
SUBTOTAL 
CONTINGENCY 
Risk Factors 

Contingency Sub-tot 

ot•I WBS Component 

divided by 4 super1ayer - 20.5 km per super1ayer 

Tech. 
47.0 

0.03 0.03 

0.0 0.0 0.0 

,;:~:f:o.:.w.::r .:?:~=ttmt :W1tl!\'''' 
0.0 0.0 0.0 

6.0 Tech 4% 
6.0 Cos I 2". 
4.0 Schad 1% 

40% 

0.0 0.0 0.0 

Crafts 
35.0 

0.0 

0.0 

f;:{~~ ~g: 

0.0 
Comments 

0.0 

Total 
PY 

0.1 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.1 

0.0 
0.0 
0.0 
0.0 
0.0 
o.o 

Sub-Tot 
Labor 

4.4 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
4.4 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

0.0 0.0 
0.0 0.0 
o.o 0.0 

0.1 4.4 

Mat'l,Su 
MArL 

1.0 

1.0 

0.0 

1.6 

0.0 

2.6 

2.6 

0.0 

0.0 

0.0 

o.o 

0.0 

1.0 
0.0 
0.0 
1.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
1.6 
o.o 
0.0 
0.0 
0.0 
1.6 

llill.11~] 
t ;!!;~rm 

~j~li~lll1: r; 
0.0 
0.0 
0.0 
0.0 
0.0 

2.6 

2.6 

Data: 
26-Ma -92 

TOTAL 
COMP 

K$ 

4.4 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
4.4 

1.0 
0.0 
0.0 
1.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
1.6 
0.0 
0.0 
0.0 
0.0 
1.6 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
7.0 

2.8 

9.9 

-

-

-

-

-
-
-

-

-

-
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SENT BY:GTE ROD & WIRE ; 5-27-92 ;10:2sAM ; ROD & W!RE-203 432 6125 

TO: 

LOCATION: 

GTE PRODUCTS CORPORATION 
CHEMICAL AND METALLURGICAL DIVISION 

TOW ANDA, PA 18848 

Rod and Wire 

FAX #(717) 265-1440 
VN 8-765-1440 

Public Telephone (717) 265-2121, EXT. 2223 
' 

TELECOpyCOVERSHEET 

.... 
'"" I 

- NUMBER OF PAGES INCLUDING COVER SHEET: 

FAX NUMBER: n2£2:3- Jfd~.;.. ~/.:{,J

;2_ 

MESSAGE 

-

-

-
'-....· 

FROM: 

DATE: VOICE-NET: 



...... .; 

SYLVANIA 
~ll1mlcil1/ Metals 

A.?_1lPJ 
~ I ~ . 

:.. ........ ,=-- .. ..:: -..:::. ::: _,, ,.- .:. 
QTE ?rot1uc11 COr;lOr!tlon 
Hawn SlrMt 
Towanda, f>A 1M44-o.so4 
717 2115-2121 
TWX 610 871.,.661 
Telex 113-1610 

-

-
QUOTATION _., ' [. 

'. 

OA~: . MAY 14 1 1992 

YALE ONIVERSITY 
ATTN1 JOHN SINNOTT 
PHONE: 203-432-3384 

FAX: 203-432-6125 

REFERENCE: !RlJ 
OESCRIPTION 

GP TUNGSTEN WIRE NS-86 4-6% GP 
.OOltt DIA. (l.94 MG. +- 3%) 
1000 MTRS/SPL." · 

. 10J:;t:/.,. ?U.-/ut<-tJw 

4-6 WKS. ARO 

DONNA L. TEETER 
CUSTOMER SERVICE REP. 
(717-265-1422) FAX: 1440 

TERMS: NET 30 DAYS 

FOB: TOWANDA 

QUOTATION O~FEREO ~OR ACC!l'TANCli WITHIN 
00 DAYS UNLESS INDICATE[) BELOW /\NO SUBJECT 
ONLY TO OUR CURRENT CONDITIONS 0' SALE. 
WH!N OllOIRINCl PLl!ASE REFSR TO QIJOTATION 

-

NUMBER: • 

QUANTITY PRICE -
5,135 MTRS. .~400. 00 LO~ 

-

-
$3.00 EA. 

-

-

-



-

-

-
' ' 

-

-

-

~ 

IPC Component Sheet Database 
CENTRAL TRACKER COMPONENT WORK SHEET 

W.B.S. •: DESCRIPTION: TASK: 
1.2.1.1.x.2 Anode Wlro Su r1s CENTRAL TRACKER CONS 
Parameters (weight, length, arM. number, units) 

27. 7 gtunit par supertayer 
length • 200an (banoij 

LABOR 
En r. Desi n Tech. 

Rates 93.0 55.0 47.0 
E&D LABOR 
Oeatil 0.03 0.03 

0.03 0.03 0.00 
E,0,1 & A MArL 

EDIA Mat'I Sub•tot 
lnspect/Admln 

, In• ect/Admln Sub-tot 0.0 0.0 0.0 
PROC/FAB 
Contract Labor 

Crafts 
35.0 

0.0 

Total 
PY 

0.1 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0,0 

Sub-Tot 
Labor 

4.4 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 

0.0 0.0 
0.0 0.0 

Material 

111111 
PROC I FAB Sub·tot 
ASSEMBLY 
Labor 

Material 

Assembl Sub-tat 
INSTALLATION 
Labar 

Material 

lnstlllatlonSub-tat 
SUBTOTAL 
CONTINGENCY 
Risk Factors 

Assi ned Cantin enc 
ESTIMATE TYPE 
Contingency Sub-tot 

obi WBS Component 

6.0 
6.0 
4.0 

40o/o 

0.0 

Tech 4% 
Cost 2% 

Schod 1°/o 

0.0 0.0 

Comments 

0.0 

0.0 
0.0 
0.0 

0.1 

0.0 
0.0 

4.4 

4.4 

Mart.Su 

1.0 

1.0 

0.0 

0.8 

0.0 
1.6 

1.8 

o.o 

0.0 

0.5 

0.0 
0.5 

0.5 

1.0 
0.0 
0.0 
1.0 

0.0 
0.0 

Date: 
26-Ma -92 

TOTAL 
COMP 

KS 

4.4 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0,0 
0,0 
4.4 

1.0 
0.0 
0.0 
1.0 

0.0 
0.0 

0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 

0.5 0.5 
0.0 
0.0 
0.0 
0.8 
0.0 
0,0 
0.0 

0.0 
0,0 
0.0 
0.8 
0.0 
0.0 
0,0 
0.0 
1.3 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 0.0 
0,0 0.0 
0.0 

:~ttl~l,11!~t: 

li\11'.~l! 
0.0 
0.0 
0.0 
0.0 
0.0 
2.3 

2.3 

0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
6.7 
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16: 13 S. P. TA'(LOP 8. ASSOCIATES P.01 
,S . .;i., 1 I. 1.\ A r,.Mc, I.;./ rtai ;, <-fl fJ v f (t >.>.o) 
n l4) - G-rr' ,_ lv.. .......... S..,ffO'-'r

~~~~~~~~::m=~ 
l:;!:I i;->-.1' I I?' 

Thermoplastic Pultrusions, Inc. 
P. 0. Box 1624.6105 Nowata Rd., Suita 7 
Bartlesville, OK 74006 
(91 B) 335· 1643 

TO: ATTN: Mr. Bill Emmit 
Yale University Physics Dept., J. W. 

260 Whitney Ave. 

New Haven Cr 0651:1 

We Are _Pleased To Quote On Your Inquiry As Follows: 

Quantity Description 

10 Kevlar/PPS bar, 0.40" x (l.080", per piece 
cut to 78.75", PROTOTYPES 

320 Kt:vlur/PPS bar, 0.40" x 0.080", per piece 
cut to 78.75" 

1 Tooling Setup Charge S.J.,\.1 .. $"',Lt 

Inquiry No. TPI - 92044 

Date 5/1/92 

Terms Net30 

Delivery UPS 

f.0.8. - Bartlesville, OK USA 

P1 ice To al 
fe.,,_ ~ ... ,.-c.a.l.,0t)..M 

le l.)o 6.8900 $68.90 . 

c:.. 4.8900 ) $1564.80 

~t ... """·t-
500.0000 $500.00 

'll'lot.e U,,L( Orr> c,,;,;u...... <:._,~ ' ,_ Ti£'0v·"1 

10 1M7 carbon fiber/PPS bar, 0.40" x 0.080", per (25.5300 ) $255.30 
piccc,cut to 78.75", PROTOTYPES f'-"" V""'• 

320 IM7 carbon fiber/PPS bar, 0.40'' x 0.080", per 20.4700 $6550.40 
piece,cut to 78.75", 1t~ ~~rlL.t.><. 

.)O~'\ 

f1; (it,.., t. t11/ 

Thank You for considering Order Total $8939.40 

Vy Bron™ 
pullrudcd Rods, Bars, and Profiles 

-
... 

-

... 

... 

-

-

-



S. R. TAYLOR 8. ASSOCIATES P.02 -
STANDARD TERMS AND CONDITIONS OF SALE 

,,_ .• ..:'ES: All prioes .ue <toted in U.S. Dollors an<I F.U.JJ. our 
1ac1<11y Unnlcsville, OK. Pricing nn corollnry c<1uipmc"I1t, 
111uling and h;chnology services nrc alwnys quoted il..I\ .~cparatc · 

11ml iudopcmlcnl ilcms and ore v•liJ for 90 day• from lho date of 
c1uo1111inn. Unlcs:. ulh.,rwi~e st:itcd~ quotafinns arc URS~J_ nn 
sl\t11\h11d 1nntclials as selected or engineered by Thcm1oplastic 
.Jlullrusion•, Inc. (Tl'!). 
:!. ·rEllMS: Nu1n1al tcr1ns nre net thirty wi1h a 15o/n intcrciu 
n11c nu a..:counts pnsi due. Any negotiated terms outside o·t tht.'io 
~1;nuh1nl tenns will inchu.lu 11ll cost:; of 1inancjug a\ Lflc c.-urrcnt 
1a1c. 

:1. T/\XES: The :mlUUllt of ony present or future •ales ur use or 
,..,thcr tax in1pnscU or Hr~ing out of ihis tn,Dsnction hy the Unil~d 
Slates, u1· by any s1a1c, or foreign country for which Sell~r •hall 
nuw or hereancr be liable, ur which it n101y be. rct1uirecl to collect 
111111 1111y, cilhcl' on it~ own behalf or on behalf of JJuycr of 
ulhierwise~ sh.ill he ,u.ltfl~d 10 1he pdces of the Innterinis quoted 
h•;iTin, nml >hull h" paicl hy Buyer, whether indudcd iu this 

-1101n1io11 or not. 
-1. l>l.~l.IVEllY: It is c.::1\l11lnted that shipn1ent of VyRro11TM 
pultn1dl)d rod!=:, har!i ~tntl pruJ.11~ CAI\ he. niadc us r~pr~seut~cl by 
u~, hut wi::: do noc gu11rantcc. :atali;.~c.I delivery date:;. Wt; will n1akc 
every effort lo fill orck~rs pron1ptly and un r;ta.ted delivery Ja11.~:1, 

11111 \Ye \vill 1101 be rcspnnsibh: fur clan1nges of any kind dir~ct or 
,...:. 1 •~·~·~1, cnnt;cqucn1iul ur incidental, growing out of2 or in 
\. 1c1u.:e of, delay in <lclivcry for any rc:t.'iorl, or of any 
lfurnull in nlctking dt!livcry due lo strikes, other lt'bor Uifficuhies. 
lire, 01· n11)' c;iusc un:\VOidal>le or beyond 0111· cnn1rul. 1'hc 
sc.·.hcdulcd ship1ni.;:nt date i..; alwnys predicated ou the d:>.tu of 
rei;eipt ur the purchuse order ilt Tia.1·tlesville, OK. Tin1e is not the. 

-~~se11re of this agrccn1cut. 
s. SHIPMENT: All shipments Kre qunted F.OJJ. !Jnrtlesville, 
() K, li\~ir,ht collcL·t tt11t.l un:~ nl Duyer's risk after lc:iving uur pliuu. 
t.:lni111:; f11r loss or da1nugc :ihnuld be n1adc prnrnptly to the 
1.·111-rk:r ltl lhc puinl ur delive(y. lJnlcss the c:irricr is dt ... ~ignnted 

i11."•titi11g hy lhc buyer .• '-''C 11rc authorized hy the Buyer a~ hi:; 
-,,e1~nl. al his risk, lo dc·tcrn1inc n1enns or lranspo11ation and lu 

'elect the c11rri<1r. J\11 other arrangements arc nt Jluyer'sc~pcnsc. 
6. COMPLIANCE WITH I.AW: We certify that these products 
nnd :-;1.·rvi1~1~:> nrc proJuced with the ttpplicable provisions of fair 
L:1hur Stand:ml Acl. os amcndc<I. We f1111her certify that lo lhe 

-lk·sl ol' uur kn1'l\vlcdgc \VC Are conlplying will1 all laws, stale and 
fc.d..:ral, and rcgululiou i~~ued thereunder, which tnay he 

11pplicnhlc 10 the products fumishctl l>y us. 
'/. l.IMITE!l WARRANTY: Unles.• nlherwi.se specifically 
•l<1lcd wammlics nre limited 111 lhc following: All malerial "du 
b\• TPI is gu,1nuJh.~ed against <lcfec1ivc woi-krnnnshi11 nr n1alcri11l 

- for u potiod nf :;ix (6) 1nouth~ afh.~r· dnte of !ihipmcut fcon1 lhc 
· ... ·v, pro ... iclcd the n111tcrial v.•ns not dumo.tgcd in shipn1cnl 

would he covered utulct" s~'tion 5. I[ the Duyer c:luin1s the 
,;1,1·1cdal is dc[c1,;live wilhin the six n1onths period. lhe lluyer 
,;h;ill 1101ify Tl'I immediately in writinr, <11 TP! may inspc.cl the 

- dcfoctive claims or issue shipping imlruction fur r<:luru or 

nuttl:!rial tn 1hc factory. In the t.."Vl.:Ul Ch\! 1na11.:rial is t\Jund 
defective, TI'I shall thereupon correct the ucfcct or defect,;, hy 
reploccmcnl, F.O.D. factory, uf lhQ defective m:ilclial•. The 
liability ofTPt arising out of supplying snid mnterials, or its use, 
whether hy warranty ur olherwi•e, shall 1101 in any c:L•c .exceed 
the cost of the materials involved, anu upou the expir:ili1111 11f 
said six momhs all such Uability sholt tcrminale and TPI :L"tuncx 
no IiuhUity t"or dan1agc.c; nr c.x.pcnses of any charsct1::r incluciing 
those arising nut of the installation, use, or rc!iale uf st11.~h 

1nn.terialii;. 
TBCHNOl.OGY WARRANTY: Due 10 tho m1t111u ni 
development programs anJ considering lhe number of mawri:il 
and pmcess vnriables. it is impossible to insUl'c tho cnmplclc 
suc.:es.• nf any progrnm nr !lpccilic a1>plicali11n. TPI will, 
nuuethclc.oi;s, use its b~st cft'nrts, using o.cc.cp1cd i111h1s1ry 
s.ll:uidnrds and concepts, lu achieve nr s\lrpass the goal!'i or ll1l: 
i;rogrn.ill within the specilicaliou an(I paramulcrn prnvided hy the 
cu:itonter. 
8. ACCEPTANCE OF ORDERS: Orders which deviate frnn1 
our quot:i1ion arc subject to act.~cptance by U6 n1 Tiart!l'~'ivill1.:, < )1(, 

nud 11re not binding on us until !';o acc1..~ph.~d. We \Yiil 1101 IJ~~ 

respOIL~iUle fnr any cnntrttct not signed by an aulhorizcd ag1.:111 or 
the Buyer. Orders arc ucccpleu with th~ understanding. tlrnt th<:y 
uru not subject 111 "'mcellation hy Buyer .. All accepted urdc1~ or 
nthcf cuntracls or con1milmc1ils !or !ht! ~ale:; of uur prn<hu.:t~ 

sh11ll be gnvemcd by the laws of lhc Slate of Okl:ihourn. Tht: 
lnws uf the State of ()klahOU)C\ alsn gnv1.~1·11 the i11terprcf:tlin11 r111 

all contracts. 
9. PERFORMANCE RONDS AND MONIES: Uuc 10 ,w<:nt' 
m1J matter. th&l arc often bcyonu the coutrol nf Tl'! w~ cannot 
n1ukc quotations. or ;.icccpt orders which. 111:.~cessitatc the p11:-;ti11{~ 

of a perfnrm;.mcc bond of n1nnics providlug fnr pcnoltie.<: for !ale 
delivery.· Tilis quntatiun is n1adc \vilh lhl' l111derstan11i11g thill no 
such bond. or ifs equivalent. is or \vill lJc required. Should it 
t.lcvelop that such is required 1hcn this quotnrion slu11l bc.11111! nnd 
voitl. 
10. PATEN'l'S: Duyer agn:cs .to inde1n11iry 'l'PI ugilin~a :1ny 

claims ur liabilhic.c; for alleged patent inrringcnient in rc::p1.~1.·t lo 
product~ m:mufaclured wholly or partially 10 Buyer's d<•sir.n< m 
specificalinns. 
11. MODIFICATIONS: These lcrms nnd conditionx of sillc 
1nay he tnuc.lified or rescinded only by H writ1en h1:;tn11111.:11t 
sigued by :in authorized representative nf TPr. 
12. CHANGE ORD!;RS OR CANCELLATIONS: The lluycl' 
is re."'i.ponsiblo for the cost uf nuy chungcs iu !he 1na.t1.~dals 

nrdcred, 11ny uquipn1eut inodificatiuns reque.o;tc<l, chungos in, nr 
chnngc.oi; thal &ffect the shiprnent schedule, packnging, luadi11g. 
lr:.tnSp0111ltinn. ant.I the CO!iil of express con1n1u11i\·1ttion~. cir. 
associated 'vith 1hc ul'der. Such clnu1g¢s can only Uc 11u1cl~ \•1i1h 
1he consent of 'J'Pl and al a cost agreed to in writing IJy huyl·r 
aud Jlll. ()n.lcr caucellalinn . .; can 011ly he rnat.lc \vith the 1.·1111s1.•111 
of ·rpr and at a cnst which 1·p1 shall cletcnr1int.·. sutfii..~icnt to 
indetnniry it again.st Ins!';. 

THERMOPLASTIC PULTRUSIONS, INC. 
n r\ n ... '" 11~..,,1 1.:.111'\ Nnu::.11:1 lld TI!1rtll'.s.\."ilte. OK 7400Ci • (918) 3J5-184J 
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IPC Component Sheet Database 
CENTRAL TRACKER COMPONENT WORK SHEET 

W.B.S.#: DESCRIPTION: TASK: Pre ered b Date: 

1 .2.1.1.x.3 Anodl1 Wire Term St~ 
Parameters (weight, length, area, number, units) 

Rates 
E&D LABOR 
Deatil 

E&D Labor Sub-lot 
E,D,I & A MArL 

EOIA Mat'l Sub-tot 
lnspect/Admln 

·Ins Admln Sub-tot 
PROC/FAB 
Contract Labor 

Tech. 
47.0 

0.03 0.03 

0.0 0.0 0.0 

CENTRAL TRACKER CONS W. Emeet I h. r 26-Ma -92 

Crafts 
35.0 

0.0 

Total 
PY 

0.06 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.0 
0.0 
0.0 
o.o 
0.0 
0.0 

0.0 
0.0 
0.0 

Sub-Tot 
Labor 

4.44 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.0 
0.0 
0.0 
0.0 
0.0-
0.0 

0.0 
0.0 
0.0 

0.0 0.0 

1.0 

1.0 

0.0 

lies ,FabContracts 
FAS Sub-Tot 
KS Proe 

0.0 

1.0 
0.0 
0.0 
1.0 

0.0 
0.0 
0.0 

TOTAL 
COMP 

KS 

4.4 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
4.4 

1.0 
0.0 
0.0 
1.0 

0.0 
0.0 
0.0 

0.0 0.0 
o.o 0.0 

0.0 0.0 0.0 

Material 

111111 
2.0 

0.0 
0.0 
0.0 
0.0 
2.0 

0.0 
0.0 
0.0 
0.0 
2.0 
0.0 
0.0 
0.0 
0.0 

ASSEMBLY 
Labor 

Material 

Assembl Sub-tot 
INSTALLATION 
Labor 

Material 

lnstallatlonSub-tot 
SUB TOTAL 
CONTINGENCY 
Risk Factors 

otol WBS Component 

6.0 Tech 4o/o 
6.0 Cost 2°/o 
4.0 Sched 1 "/o 

40% 

0.0 0.0 0.0 0.0 

0.0 
0.0 
0.0 
0.0 

0.1 4.4 

0.0 
3.0 

3.0 

0.0 
0.0 0.0 

11111
1
111 tllllll 

0.0 
0.0 

0.0 

o.o 
0.0 
o.o 
0.0 
0.0 
3.0 

3.0 

2.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
o.o 
0.0 
0.0 
0.0 
o.o 
0.0 
0.0 
7.4 

-
... 

... 

-
-

... 

-

-

-



-

-

-

-

-
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lPC Component Sheet Database 
CENTRAL TRACKER COMPONENT WORK SHEET 

W.8.S.#: DESCRIPTION: 
1.2.1 .1.x.4 Contin. Cathode Plane 
Parameters (weight, length, area. number, units) 

Rates 
E&D LABOR 
Oeatil 

E&D Labor Sub-tot 
E,D,I & A MArL 

EDIA Mat'l Sub-tot 
Inspect/ Adm in 

- In• /Admln Sub--tot 
PROC/FAB 
Contract Labor 

En r. 
93.0 

0.00 

0.0 

LABOR 
Desi n Tech. 
55.0 47.0 

0.00 

0.0 0.0 

TASK: 

Crafts Total Sub-Tot 
35.0 PY Labor 

0.00 0.0 
0.00 0.0 
0.00 0.0 
0.00 0.0 
0.00 0.0 
0.00 0.0 
0.00 
0.00 
0.00 

0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 

0.0 0.0 0.0 

0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 

111111 
l:P::ROC:::'."7/ :FA7B:-:Su:-:-b--:.,,...,-,--llff!f ;·)~:.di'O#f .~.}~.~$.~?.: .<::~t{~:a'#fof 

Material 

ASSEMBLY 0.0 
Labor o.o 0.0 

0.0 0.0 
0.0 0.0 
0.0 0.0 

Material 

Labor 

lnstallatlonSub-tot ~t~=O.:nt~=~ H: ti>JVi+ 
SUB TOTAL 0.0 0.0 0.0 
CONTINGENCY Comments 
Risk Factors 6.0 Tech 4% 

6.0 Cost 2% 
4.0 Sched 1% 

Assi nedContin enc 40o/o 
ESTIMATE TYPE 
Contingency Sub-tot 

0.0 0.0 0.0 

0.0 

0.0 

0.0 

0.0 

o.o 
0.0 

0.0 

0.0 

0.0 

0.0 

0.0 
0.0 
0.0 
0.0 

Date: 
26-Ma ~92 

TOTAL 
COMP 

KS 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 

0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 

0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

II 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 0.0 0.0 

0.0 
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IPC Component Sheet Database 
CENTRAL TRACKER COMPONENT WORK SHEET 

W.B.S.#: DESCRIPTION: 

1.2.1.1.x.5 Gas Window 
Parameters (wetght, length, area, number, units) 

Rates 
E&C LABOR 
Oeatil 

E&O Labor Sub-tot 
E,D,I & A MATL 

EDIA Mat'I Sutt-tot 
lnspeeVAdmln 

.. In• ectJAdmln Sub-tot 
PROCIFAB 
Contract Labor 

Material 

PROC/ FAB SUb--tot 
ASSEMBLY 
Labor 

Materiel 

Labor 

Material 

lnstallatlonSub--tot 
SUB TOTAL 
CONTINGENCY 
Risk Factors 

Assi ned Cantin enc 
ESTIMATE 1YPE 
Contingency Sub-tot 

Tot•I WBS Component 

En r. 
93.0 

0.0 

6.0 
6.0 
4.0 

40o/o 

0.0 

LABOR 
Desi n Tech. 

55.0 47.0 

0.0 0.0 

f lllf ti 1111 -· ntrt ~it~~tn~n: 

0.0 0.0 

Tech 4% 
Cost 2% 

Sehed 1% 

0.0 0.0 

TASK: Pre ared b 

CENTRAL TRACKER CONST 

Crafts Total Sub· Tot 
35.0 PY Labor 

0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
o.o 0.0 
0.0 0.0 

0.0 
0.0 

0.0 

0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 

0.0 0.0 0.0 0.0 

0.0 0.0 
o.o 0.0 
0.0 0.0 
0.0 0.0 

0.0 
0.0 0.0 

Comments 

0.0 0.0 0.0 0.0 

0.0 

0.0 

0.0 
0.0 

0.0 

.. ·:~w.~ 

o.o 
o.o 
0.0 
0.0 

Date: 

TOTAL 
COMP 

K$ 

0.0 
0,0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0,0 
0.0 

0.0 
0.0 
0.0 
0.0 

0.0 o.o 
0.0 o.o 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
o.o 

ltll!ltl' 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 

0.0 

0.0 
0.0 
0.0 
0.0 
0,0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0,0 
0.0 
0.0 

0.0 
o.o 
0.0 
0,0 
0.0 
0.0 
o.o 
0.0 
0.0 
0.0 

0.0 

0.0 

-

-
... 

-

-

... 

... 

.. 

-



-

-

-
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W.B.S.#: 

IPC Component Sheet Database 
CENTRAL TRACKER COMPONENT WORK SHEET 
DESCRIPTION: TASK: 

1.2.1.1.x.6 C4thodlt Pad Plane CENTRAL TRACKER CONS 
Parameters (weighl, lenglh, area, numbet, units) 

160 Units div by 4 superiayers - 40 unitslsuperlayer 

Rates 
HO LABOR 
Deatil 

E,0,1 & A MATL 

EDIA M•l1 Sub-tot 
Inspect/ Adm In 

- In• /Admln Sub-tot 

PROCIFAB 
Contract Labor 

Material 

PAOC I FAS SUb·tot 
ASSEMBLY 
Labor 

Material 

Assemb Sub-tot 
INSTALLATION 
Labor 

Material 

tnstallatlonSub-tot 
SUB TOTAL 
CONTINGENCY 
Risk Factors 

Assi ned Contin enc 
ESTIMATE TYPE 
Contingency Sub-tot 

Total was Component 

En r. Desi n 
93.0 55.0 

0.03 0.03 

0.0 0.0 

6.0 Tech 
6.0 Cost 
4.0 Schad 

40% 

0.0 

LABOR 
Tech. Cratts 
47.0 35.0 

0.0 0.0 

Comments 
4% 
2% 
1% 

0.0 0.0 

Total 
PY 

0.00 
0.06 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.06 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 

0,0 
0.0 
0.0 
0.0 
0.0 

0.1 

Sub-Tot 
Labor 

0.00 
4.44 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
4.44 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

4.4 

1.0 

1.0 

0.0 

44.0 

44.0 

0.0 

45.0 

0.0 

0.0 

14.0 

14.0 

0.0 

14.0 

1.0 
0.0 
0.0 
1.0 

Date: 
26-Ma -92 

TOTAL 
COMP 

KS 

0.0 
4.4 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
4.4 

1.0 
0.0 
0.0 
1.0 

0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0. 
0.0 

14.0 
0.0 
0.0 
0.0 
44.0 
0.0 
0.0 
0.0 

0.0 

14.0 
0.0 
0.0 
0.0 
44.0 
0.0 
0.0 
0.0 

0.0 0.0 
58.0 

0.0 
0.0 
0.0 
0.0 

58.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
o.o 
0.0 
0.0 
0.0 
0.0 
63.4 
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FACSIMILE TRANSMIITAL 
SHELDAHL, INC 
1150 Sheldahl Rd 

Northfield, Minnesota 
55057 

r FAX#: 507/663-8667 

COMPANY: / ,t:) . 

SENTilY: ,<} 1,_qf1~ (tQJirUJ... . 
PHONE NUMilER· ".:;-.,.., . , . <Q-'t·-~di3. BS.~ 

~TIME SENT:. 11 , ll 5° !lot--: ~ . ==~~=----DATE: $/}~; tj~ 

-

-

l .. 
I 
' 

.. 

-

... 

.. 
) 

-

-

-

-

.. 
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5 :-.tay t 992 

I..os Alamoa N'ational l.aboratory 
Poat Office Box 1663, Mall Stop E533 
l.os Alamo•. New Mexico 87544 

Attention: R.onBuber 

Subject: 

Dear~n; 

1150 Sholdahl Road• P.O. Sox ~7~ 
No~hfleld, MN 55057·0' 70 

S07/6eJ·6000 ·TWX: 9,c.ses-z•eo 

The e:Jttmated price for the 2 meter l<>ng and '.25 era wide deteciur panel for the 
dcti:ctor l:i IJ 1100 per completed pAnel baaed an= overall procurement cf 160 par.els . 
The follow llMl\.lmptiona have been m.ade tn arr!vinl! at that estimate:' 

ll Over::Lll 2 meter wide panel will be constructed by scamJng (4) l /2 rneter wide 
tnc!Mdual panels toiether. . . . 

2i Each of the !ndivldual panels will be double sided drCUJts wltll the "top slc!e" a..""1 
array of detector pa~ electrically lnte~onnected wttll plated thru holes to th: 
"back side" of signal llne3. Tlle substrate material wtll be Shcld!lh.l'" lldhe•Jve!eb~ 1 
mil polytmide rum wtCll 2000 A copper. -

31 Tile irurumum S1Ze ot ea<:h detector pad will be 3 cm wide &nd 0.5 c..-n long. ~.,...,1,:r.;; 
In 000 detector pacb per panel, me.x!mum (50 row• :u>d 17 coll.Ullrul cf pads) 

4) The minimum spaet betw~ detector p:ads will be 0.010". 

51 The algnal lines traces will be 0.010" wide wtth 0.010" spaces between traces. 

6J On the edte of the 1ndMdual panels 1n which all stgnal !Jncs end (the "ccrmmatl~r: 
cnd'1 the width of the panels will fl.air to approxlIIlately 76 cm to accommoc~te lll 
the pads for the plated thru hole temunattoi:IS. The hales Mil lle ap;ir=a>elv 
0.040" and could mate wtth a high density male pln connector. for e:cur:ple a : 20 
pin·4 rr;;w connector approximately 3· l/ 2" long . 

• 
7) Al" wide haral:laard. stil!cner Will tic bond:d to the termination end to enhance 

St;"ength for the coonector mterconncctton. 

6) 11le !1dc of the panel with the signal Urtea will be protected with a polyim.ldc 
<:overlay. The detector ped side would only be prnt.octed wUh an organic 
•t:!llnproofing to p~t the expoeed copper frcm axldlz!ng. Note: Tl"..i.S Is only J 
temporary proteat::1on and it may be ad<.iSablc to have t!Us panel nick.el er goic\ 
plated It tnhance th• corrosion protection. 

9) lnclud~ final V1Sual and electrical continuity ln~cct!on. 

iOI lncludcs.1eamma; of the Individual panels uslng a halogen-me. thcrmoplasu~ 
adhettve tape pcrrnlttlng a 0.050" olfaet tolerance In the poemon tro:n raw to r"w 
and a 0.030'' tolerance In the "parallclneu·· of the columns In the adjacent pan~.,. 



' \ --· 

~--

~
EachUiliqu. •e tndMdual panel deslgn !pad or array design) will result lll an c:ot!I=t:d 
$7000 for associated jigs and tooll.,g mdudlng pllotom:::aging artWork. numcr.ce.E.v 
c:-.troil~d drill tapes, rule dle:s, and elecmcal tn:lpcction llxturc:i. · 

As menuom:d ecller, c~ quote doc:s not include th• cost ofprotoctt<re plating an t!:e 
e.xposeel copper pads. Ii nickel or gold plating ill requlred tM µtee would lncrease 
slightly. We a.bo hav• tb.e c .. p .. billty of s.oldcnng the hJgh density pl:l c<r..nectors intc 
t.he plated t.hru hol• on the tamu."llllJcn end of the panels (connector cost not lr'.cluded 1n 
thia ... ,imau) and we would Ii.lee to consider the PO!lllibillt:y. of mounting the ci:rcuit Uwi· 
aupport structure. 

Other design tradeotrs !Oclude: 

l] 

21 

Signal lines/space widths narrower th.an 0.010·· wlll !Ilcre~ the cost3 bcca"se or 
decreased yicld.!I. The mtmmum Hnefspaell".g we can p:-:ivtde ~ 0.007". Otic way lo 
offset some of the inereased costs ts to make narrow L.'1diV:dual p..neb (le. ~cnLy 
lO cm wide panels] seamed together to ma.kc the 2 meter kxng par.el. yot tncre"-"" ci..r 
yt::ldS In proc!uctton. 7 m:l 1.lne! and :space:i would reduc• ~l:.e mm.!r:lum detec:.:.r 
pad Wlath to i .e en. 

Pennittlng 1.::s to terminate half t.'1e s1gn:i.l !Jnes en the op]Josite c~c of the par.el 
would ~ow us ta uM 10 mil !In.es ar..d spaces for the slClal line traces yet re:!uce [;;~ 
mi.-umum d•tectOl' P2.d width to 1.5 cm. nl1a would ln=ase U:h der.slty 
(r:aolu tion) of th" detector pads W!thout Increasing the price of the ;iart 
stgnillcantly. 

These should be considered in the ultilr.atc de31gn of the detector panel and we would :U<e 
to discuss thl:m as the design concept evolves. If you nave any quesucru; feel !:rec to c"n 
me at (!507) 663-8532. Thanlc you. 

Sincerely, 

Susan Claude 
Staff Appllc:atlcn& :&:~tt 
Htgh En•111Y Physic• Prt:4Uams 
9h•ldahl. lJ:IC 

cc. K. Conigan 
L. Wallace 
T. Shepler 

-

• 

-

... 

• 

.. 

• 

-

-

-
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IPC Component Sheet Database 
CENTRAL TRACKER COMPONENT WORK SHEET 

w.a.s.#: DESCRIPTION: 
1.2.1.1.x.7 lilPh- 9POa. compl'm:tlk 

Parameters (wetght, lenglh, area. number, units) 
per supertayer (20 units) 

Rates 
E&O LABOR 
Daatll 

E&D Labor Sub-tat 
E,0,1 & A MATL 

EDIA Mat'I Sub·tot 
lnspect!Admin 

Ins ect/Admln Sub-tot 
PROC/FAB 
Contract Labor 

Honeycomb panels (20) 

PROC f FAS Sub.-tot 
ASSEMBLY 
Labor 

Materiel 

Labor 

Materiel 

lnstall•tlonSub-tot 

LABOR 
Tech. 
47.0 

0.03 0.03 

0.0 0.0 0.0 

TASK: 

Crafts Total Sul>-Tot 
35.0 PY Labor 

0.00 0.00 
0.06 4.44 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 

0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 

0.0 0.0 0.0 

0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 

0.0 
0.0 0.0 
0.0 0.0 
0.0' 0.0 
0.0 0.0 

0.0 0.0 
0.0 o.o 
o.o a.a 
0.0 0.0 

SUBTOTAL 0.0 0.0 o.o 0.0 0.1 4.4 
CONTI NG ENCY 
Risk Factors 

Assi ned Cantin en 
ESTIMATE TYPE 
Contingency Sub-tot 

oUll WBS Componfft 

6.0 Tech 4o/o 
6.0 Cost 2% 
4.0 Scheel 1°/o 

40o/o 

0.0 0.0 0.0 

Comments 

0.0 0.1 4.4 

Marl.S 
MAT'L 

KS 

1.0 

1.0 

0.0 

.0 

0.0 
81.0 

81.0 

lies ,FabContracts 
FAS 
KS 

0.0 

0.0 

0.0 

0.0 
0.0 

0.0 

Sub-Tot 
Proc 

1.0 
0.0 
0.0 
1.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
80.0 
0.0 
0.0 
0.0 
0.0 
80.0 

0.0 

illll 
0.0 
0.0 
0.0 
0.0 
0.0 
81.0 

81.0 

Date: 
26-Ma -92 

TOTAL 
COMP 

KS 

0.0 
4.4 
0.0 
0.0 
o.o 
0.0 
0.0 
0.0 
0.0 
4.4 

1.0 
0.0 
0.0 
1.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
80.0 
0.0 
0.0 
0.0 
0.0 ')...2. 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
85.4 

34.2 
119.6 
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DATE: 

TO: 

KETEMA/Programmed Composites, lno. 
380 Cllffwood Park • Brea, CA 92621 

FAX TRANSMISSION SHEET 

S/zgl C{t-

W~\\ t""'W\er- . KoV\.: ~-i oev;. Cat1ti1 
I 

' 
ATTENTION: ·;d~ ' 

. L-AN t.. 

FAX: ( Z.O?) lfS.Z..-bl2S (S'"b6:"'J t..t.1~;5~q 

w; \I/ lt-&-W- ~ ~tr "1 '3ul-u I.. ;;JQ:I, eec.t. 
:r -· £..ewf. i>AAM _1N'ID.r.. 1 ~ c..t P 11"1 ~~w d.. Cemfo?•b 
Tl,~1. week.. tnef"''::J +a ?ft :tf"' "' ~o9&. )Zo>'f\. 
Cost ' es·hMo.t-e foY" the. :t:fc. "rt..,~~ - lb Ye" 11-\!ll"~ . 
We \..\ave £iOY'e. bCAc 1' a,113 il .· +r if.cl. *o be. Vl'\QYC 

@><.o..c.b~o tbo.t \.:iOl.d f!PmfAYO.ble. 

THIS TRANSMISSION CONSISTS OF 1- PAGE(S) FOLLOWING nllS COVER. 

FROM: liw-. l°hoM~~Ot'- - LA NL. 
(714) 671 ·3890 
(714) 671~1625 FAX 

-
.. 

... 

-

-
.. 

... 

-

... 
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Kc JC MA 
' " Pl!OGRAMMEt> COMPOSITIS, INC. • 380 CU!'FWOOD PP,,RK. BREA. CA 92621 

29 March 1992 

Los Alamos National Laboratory 
P.O. Box 1663 
Los Alamos, NM 87545 

Attention: Tim Thompson 
M/S E533 

Reference: Verbal Request 

Subject: ROM PRICE PROPOSAL 

Dear Cathy, 

PCI·LTR.i 231-91 
In reply refer to: 
Quote 11'3423A 

p .1 

We arc pleased to provide updated ROM price quotation for GEM IPC Track~ Central 
Region Barrel Module, SK GEM 12-022, as described .below. 

For comparison purposes, all unit prices are based upon production quantities of 80 
units. This quotation includes Tooling and Non-Recurring Engineering. We hereby 
provide the following ROM prices: 

iJ&J:zJ. !Jtt... Descrlptiqn .I!m 

1 1 each Trass Core Configuraiio11 
~ 2 1 each Graphite Core Configuration 

3 1 each 3/16 Perforated Nomtx Core 4,100 
Configuration 

4 1 each 1/4 Perforated Nomex Core 3,850 

Tenns: Net 30 days. FOB Brea, CA. 
Validity: Sixty (60) days. 
Delivery: To be negotiated. 

Ni 
A aUbg\dlary of JCE'i'EMA 



.--·. 

MH'( 2'3 ''32 112): 15 

Tim Thompson 
PCl·LTR: 231-92 
Page Two 

P.2 

We look forward to working with you on this program. In the event that we can be of 
additional assistance, please contact the undersigned. 

Sincerely, 

Ii?~ 
Ray Button 
Customer Service Manager 

/tt 

-
... 

... 

... 

-

-
... 

-

-

-

... 



MAY 29 '92 rn: 16 ,::: .3 

____ KETEMA [3/16CELL NOMEX PERFORATE !DATE: 05/28/92 
' programmed composites Inc. · 

- ESTIMATE SUMMARY R 0 M ....---------CUSTOMER: LOS ALAMOS NATL LABS QUOTE: 3423 
PART NAME: GEM IPC TRACKER BAREL MODULE RFQ.QTY 20SETS4 

PART NUMBER: SK-GEM12-022 . Pl=IEPARED SY: WALKER 

QUANTITY QUOT"'o·. I 20 lsETs OF 4 :H··.·o····u·Fl·····s···· ·G. ·;:;:i...:1 ;e,;,".t>fe'·'Y~ ~ii~o·•·lT'11~A2''J<(I;,,;;;; 
i; , . nl'\LJ., ·~"rnl.'!\·I=: ·~. ::l~~L:. ,J.·r:i•t·~:(f.,,~w:~~"' 

LIST AVALIABLE TOOLS IF ANY: 2095.5 TECH 9.00 ~liji~fii.11t'sa5ii;~()' 

OVERHEAD@ 2.1380 2.159 2.1380 \jj1\%f/i%1fa~~sf91\ 
-··'. 

G & At ·c o.3978 o.4oe o.3978 1~1r~st2es~fif~ 

-
TOTAL~:~~----'·=~=g~=-~=~j=··~=.$~) 

TOOLS: 297.27 
NON RECURRING (PG 5) ~!~~~'fl~;'$~.? - !TOTAL PROGRAM COST 328575.73 

DELIVERY: WKS.ARO. 
NOTES: NO EDGE CLOSURES INCLUDED IN THESE PANELS 

20 SETS OF 4 PANELS EA• TOTAL 329575.73 80 pcs@ 4107.1 
APPROVALS: 

MANUFACTURING: SALES: - QUALITY CONTROL: CONTRACTS: 

ENGINEERING: MANAGEMENT: 

-



I 1n' --· _ . .._ -·-. -

... 
KETEMA j1/4 CELL NOMEX PERFORATE !DATE: 05/28/92 

_programmed composites Inc. 
ESTIMATE SUMMARY R 0 M 

r-::-~---~~~~--, 

CUSTOMER: LOS ALAMOS NATL LABS. QUOTE: 3423 -
PART NAME: GEM IPC TRACKER BAREL MODULE RFa.aTY 2osETS4 

PART NUMBER: SK-GEM12-022 PREPARED BY: WALKER 

QUANTITY QUOTED: I 20 !SETS OF 4 

LIST AVALIABLE TOOLS IF ANY: -
1. N 

2.lf 

-
INSERT correct overhead & G&A In col E 

LABO TOTAL•. E I fto•vt ;.~. ;;;~~\:ff;;'ki;,;;4:"ifi'5 ... '" com Uo 0.,,.,, . . ,, .. ,.)~\l .. f. •<' , 

-SUB TOTAL: 

MATERIAL 

ODC 

SUB TOTAL: ... 
G &At '@ o.3976 o.4oa o.3976 ~1~1M769ee~21:.' 

SUB TOTAL: 

FEE '@ 

... 

NON RECURRING (PG 5) il!t'·!!4.41$.6$ 
!TOTAL PROGRAM COST 307840.62 

DELIVERY: WKS.ARO. -
NOTES: NO EOGE CLOSURES INCLUOEO IN THESE PANELS 

20 SETS OF 4 PANELS EA .. TOTAL 307840.62 SO PCS@ 3848.0 -APPROVALS: 

MANUFACTURING: SALES: 

QUALITY CONTROL: CONTRACTS: ... 
'NGINEERING: MANAGEMENT: 

-
'··' ,-.. ' ' .-, ,-, • ,-, ·~ I ''.:' • 1 i=: 714 PAGE.004 



-

-

MAY 29 ''?2 10: 18 

KETEMA ~GRAPHITE CORij: 
programme composites Inc. 

ESTIMATE SUMMARY 
CUSTOMER: LOS ALAMOS NATL LABS 
PART NAME: GEM IPC TRACKER BAREL MODULE 
PART NUMBER: SK-GEM12-022 
QUANTITY QUOTED: 1 20 lsers OF 4 

LIST AVALIABLE TOOLS IF ANY: 

1. * 
2. * 

INSERT correct overhead & G&A In col E 

LABO TOT AL: . E coml 

OVEF!IHEAD @ 2.1360 2.159 
SUBTOTAL: 

MATERIAL 

ooc 
SUBTOTAL: 

G &At '@ 

SUB TOTAL: 

DATE: 05/27/92 

ROM 
QUOTE: 3423 
AFO. QTY 20 SETS 4 

PREPARED BY: WALKER 

TOTAL~:~~---'=~~67~.s_oo~~a_2~3 
TOOLS: 297.27 

NON RECURRING (pf":>_ s) hllii®!Ax~a· · ·s· 3 ·; 
\,;ill .. 1s~<:.l,.~~::.~ ,:J •. ,.,< 

!TOTAL PROGRAM COST 372214.51 
DELIVERY: WKS.ARO. 

NOTES: NO EDGE CLOSURES INCLUDED IN THESE PANELS 

SINGLE 9.B" WI 

SET OF 4 PERO 

20 SETS OF 4 PER SET• 80@ 4852.58 EACH TOTAL• 372214,51 
APPROVALS: 

MANUFACTURING: SALES: 

QUALITY CONTROL: CONTRACTS: 

ENGINEERING: MANAGEMENT: 



( 

KETEMA ~TRUSSCORE I 
· , programme composites inc. 

ESTIMATE SUMMARY 
CUSTOMER: LOS ALAMOS NATL LABS 
PART NAME: GEM IPC TRACKER BAREL MODULE 
PART NUMBER: SK-GEM12-022 
QUANTITY QUOTED: 20 SETS OF4 

LIST AVALIABLE TOOLS IF ANY: 

1. # 100.1 SR.TE 

2.# 22.0 MACH 

:33.7 o.c. 
'51.0 ENGR 

DAFT 

INSERT correct overhead & G&A In col E · 

LABO TOTAL: E com! 

OVERHEAD@ 2.1380 2.1!59 

SUBTOTAL: 

MATERIAL 

CDC 

SUBTOTAL: 

G &At '@ 0.3976 0.408 

SUBTOTAL: 

FEE '@ 

F.O 

DATE: 05/28/92 

ROM 
QUOTE: 3423 
RFQ. QTY 20 SETS OF 4 . 

PREPARED BY: WALKER 

TOTAL SET 4PC COST 50479.02 
DELIVERY: WKS.ARO. 

NOTES: 

SET OF 4 PER OWG • 60479.00 

20 SET 4 • 80 @ 9394.47 EACH TOTAL 751557.8 
APPROVALS: 

MANUFACTURING: SALES: 

QUALITY CONTROL: CONTRACTS: 

- ENGINEERING: MANAGEMENT: 

-
... 

.. 

.. 

.. 

-
... 

... 

.. 

... 

... 
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IPC Component Sheet Dalabase 
CENTRAL TRACKER COMPONENT WORK SHEET 

W.8.S. #: DESCRIPTION: TASK: Pro rod b 
1.2.1.1.x.8 End lates CENTRAL TRACKER CONST 
Parameters (weight, length, area, number, units) 

End plate per supertayer 

Rates 
E&DLABOR 
DealU 

E&D Labor Sub-tot 
E,D,I & A MArL 

EOIA M•t'I Sub-tot 
Inspect' Admln 

In• ect/Admin Sub-tot 
PROC/FAB 
Contract Labor 

Material 

PROC I FAB Sub-tot 
ASSEMBLY 
Ulbor 

Material 

Assem Sub-tot 
INSTALLATION 
Lobor 

Material 

LABOR 
Tach. 
47.a 

a.03 a.a3 

a.a o.a a.a 

Crafts Total 
35.a PY 

a.oo a.oo 
a.06 4.44 
a.oo a.oo 
0.00 0.00 
a.oo a.oo 
a.oo 0.00 
0.00 0.00 

a.o a.a 
a.a a.a 
a.a a.a 
a.a a.a 
a.a a.a 

o.a a.o a.a 

a.a a.o 
a.a a.a 
o.a 

SUB TOTAL a.o O.a 0.0 a.a a.1 4.4 
CONTINGENCY Comments 
Risk Factors 

Assi nad Cantin enc 

6.0 Tech 40/• 
6.0 Cost 2°/o 
4.a Schad 1% 

4a% 

1.a 

1.a 

a.a 

a.o 

a.a 
1.a 

a.a 

a.a 

2a.a 

20.0 

a.a 
.a 

1.0 
a.a 
a.o 
1.a 

TOTAL 
COMP 

KS 

o.a 
4.4 
a.a 
a.a 
a.a 
a.o 
a.a 
a.a 
a.o 
4.4 

1.a 
a.a 
a.a 
1.0 

a.a a.a 
o.a a.a 
a.a a.a 
o.a a.a 
o.a 
a.a 

20.a 
o.a 
o.a 
o.a 

a.o 
a.o 

20.a 
a.a 
a.a 
a.a 

a.a a.a 
o.a o.a 
o.a o.a 
a.a a.a 
a.a 
20.a 

0.0 
o.a 
a.a 
61.a 

a.o 
20.0 

o.a 
o.a 
a.o 
a.a 
a.a 

o.o 
a.a 
a.a 
0.0 
a.a 
a.a 
a.a 
a.o 
a.o 

.4 ~5. "( 



W.B.S.#: 

IPC Component Sheet Database 
CENTRAL TRACKER COMPONENT WORK SHEET 
DESCRIPTION: 

1.2. 1. 1 .x.9 Gas Connectors 
Paramatets (weight, length, area, number, units) 

LABOR 
En r. Desi n Tech. Crafts Tola! Sub-Tot 

Rates 93.0 55.0 47.0 35.0 PY Labor 
ElO LABOR 
Deatll 0.00 0.00 

0.03 0.03 0.06 4.44 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 

E&D Labor Sutt..tot 
E,0,1 a. A MA T'L 

0.0 0.0 
0.0 0.0 

Connectors 

111111 
PROC I FAB SUb.otot 

ASSEMBLY 
Labor 

Materiel 

Labor 

Material 

lnstell11tlonSubatot 
SUBTOTAL 
CONTINGENCY 
Risk Factors 

Tot.I W88 C:omportent 

0.0 o.o 

6.0 Tech 
6.0 Cost 
4.0 Sched 

40o/o 

0.0 0.0 

o.o 

4% 
2% 
1% 

0.0 

0.0 0.0 
0.0 
0.0 
0.0 

0.0 

0.0 
0.0 

0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 

111111tl1 lli!ll 
Comments 

0.0 0.1 4.4 

1.0 

1.0 

0.0 

10.0 

0.0 
11.0 

11.0 

0.0 

0.0 

0.0 
0.0 

0.0 

1.0 
0.0 

Date: 
2S.Ma -92 

TOTAL 
COMP 

KS 

0.0 
4.4 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
4.4 

1.0 
0.0 

0.0 0.0 
1.0 1.0 

0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

0.0 0.0 
0.0 
0.0 
0.0 
10.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 

0.0 
0.0 
0.0 
10.0 
0.0 
0.0 
0.0 
0.0 
10.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
o.o 
0.0 

0.0 0.0 

0.0 
0.0 
0.0 
0.0 
11.0 

11.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
15.4 

6.2 

21.6 

-

-

... 

-

... 

... 

... 

-
.. 
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W.9.S.#: 

IPC Component Sheel Database 
CENTRAL TRACKER COMPONENT WORK SHEET 
DESCRIPTION: 

1.2.1.1.x.10 LV si connectors 
Parameters (weight, length, area, numb•, units) 

Date: 
26-Ma -92 

LABOR Marl.Su lies FabContracts TOTAL 

E&D L.OOr Su•tot 
E,D,I & A MATL 

EDIA Mat1 Sub-tot 
Inspect/ Ad min 

'"" Admln Sub-tot 
PROC/FAB 
Contract Labor 

Material 

PAOC I FAB Sub-tot 
ASSEMBLY 
ubor 

Material 

Assam Sub-tot 
INSTALLATION 
Labor 

Material 

lnsmllatlonSub-tot 
SUBTOTAL 
CONTINGENCY 
Risk Factors 

Assi ned Cantin enc 
ESTIMATE TYPE 
Contingency Sub-tot 
ollll WBS Compan•nt 

Tech. Crafts Total Sub-Tot 
47.0 35.0 PY ~r 

0.00 0.00 
0.03 0.03 0.06 4.44 

0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 

0.0 o.o 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 

0.0 0.0 0.0 0.0 0.0 0.0 

0.0 0.0 
0.0 0.0 
0.0 0.0 

0.0 0.0 
o.o 0.0 
0.0 0.0 
0.0 0.0 

!lltl!llll ll!l ltl llil1lliil~i 
0.0 0.0 0.0 o.o 0.1 4.4 

6.0 Tech 4o/o 

6.0 Cost 2% 
4.0 Schad 1% 

40% 

0.0 

Comments 

0.0 0.1 4.4 

1.0 

0.0 

0.0 
11.0 

11.0 

0.0 

0.0 

1.0 
0.0 
0.0 
1.0 

COMP 
KS 

0.0 
4.4 
0.0 
0.0 
o.o 
0.0 
0.0 
0.0 
0.0 
4.4 

1.0 
0.0 
0.0 
1.0 

0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 

0.0 0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

~1111111 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 

0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
11.0 

11.0 

0.0 
15.4 



W.B.S.#: 

IPC Component Sheet Database 
CENTRAL TRACKER COMPONENT WORK SHEET 
DESCRIPTION: TASK: Pre ared b 

1.2.1.1.x.11 HV anode connectors 
Parameters (weight, length, area, number, units} 

Rates 
E&D LABOR 
DealH 

E&D Labor Sub-tot 
E,D,I & A MAT'L 

EDIA Mat'I Sub-tot 
Inspect/ Adm in 

In• Admln Sub-tot 
PROC/FAB 
Contract Labor 

0.03 

:[{· 

0.0 

LABOR 
Teoh. 
47.0 

0.03 

0.03 

0.0 0.0 

Crafts Totaj 

35.0 PY Labor 

0.00 0.00 
0.06 4.44 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 

0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 

0.0 0.0 0.0 

0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 

Material 

11::1111 
PROC I FAS Sutt.tot 
ASSEMBLY 
Labor 

Material 

Assambl Sub-tot 
INSTALLATION 
Labor 

Material 

lnstallatlonSub-tot 
sue TOTAL 
CONTINGENCY 
Risk Fllctors 

Assi ned Conlin enc 
ESTIMATE TYPE 
Contingency Sub-tot 

0.0 0.0 

6.0 Tech 
6.0 Cost 
4.0 Sc:hod 

40o/o 

0.0 0.0 

0.0 

4% 
2% 
1% 

0.0 

0.0 
0.0 
0.0 .. 
0.0 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

o.a 
o.a 
a.a 

0.0 o.o 

lli\i 1~1itl 11ll~i~!i! 
#i&lffY t~f0.1l~~ • h\HMliM'; 

0.0 a.1 4.4 
Comments 

o.a 0.1 4.4 

1.0 

1 .0 

0.0 

10.0 

0.0 
11 .0 

11.a 

0.0 

0.0 

a.o 
0.0 

a.a 

1.0 

Date: 

26-Ma ·92 

TOTAL 
COMP 

KS 

0.0 
4.4 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
4.4 

1.0 
0.0 0.0 
0.0 0.0 
1.0 1.0 

0.0 0.0 
0.0 0.0 
0.0 a.a 
0.0 0.0 
0.0 0.0 
o.o 

0.0 
0.0 
0.0 
0.0 
10.0 
o.o 
o.o 

o.o 
a.a 
a.a 
a.a 

a.a 

a.o 
a.a 
a.a 
a.a 
1a.o 
0.0 
0.0 
0.0 
0.0 
10.0 

0.0 
0.0 
0.0 
o.a 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 0.0 
11.a 15.4 

6.2 

11.a 21.6 Tot•I WBS Component .............................. 

... 

... 

... 

.. 

... 

.. 

-
... 
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-

-
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IPC Component Sheet Database 
CENTRAL TRACKER COMPONENT WORK SHEET 

W.8.S. #: DESCRIPTION: TASK: Pro arad b 
1.2.l. 1 .x.12 Al' ins, m11char<M'•• CENTRAL TRACKER CONST 
Paramet~ (weighl, length, area, number, units) 

LABOR 
En r. Desi n Tech. Crafts Total Sub-Toi 

Rates 93.0 55.0 47.0 35.0 PY ~r 

E&D LABOR 
0 .. 111 0.0 0.0 

0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 

E&D L•bor Sub-tot 
E,D,l &A MArL 

EDIA Mat'I Sub-tot 0.0 
lnspect/Admln 

0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 .o.o 

· Ina ect/Admin Sub-tot 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
PROC/FAB 
Conlract Labo< 0.0 

0.0 
0.0 
0.0 

Material 

PROC I FAS sub-tot 0.0 
ASSEMBLY 
Labor 0.0 

0.0 0.0 
0.0 
0.0 

Material 

0.0 

Labor 

Material 

lnstallatlonSub-tot 0.0 
SUBTOTAL 0.0 0.0 0.0 
CONTINGENCY Comments 
Risk Factors 6.0 Tech 4% 

6.0 Cost 2% 
4.0 SChed 1% 

40% 

Contingency Sub-tot 

Tot•I was Carnpon-.it 0.0 0.0 0.0 0.0 

0.0 

0.0 

0.0 

0.0 
0.0 

Proc 

0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
o.o 
0.0 

0.0 
0.0 

Oate: 

TOTAL 
COMP 

K$ 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0. 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 



\. 

W.B.S.#: DESCAIPTION: TASK: Pre 
1.2.1.1.x.13 Module Assembl CENTRAL TRACKER CONST 
Patameters (weight, length, area, number, unrts) 

Assembly Per Super1ayer 

Rates 
E&D LABOR 
Deatil 

E&D Labor Sub-tot 
E,D,I & A MArL 

EDIA Mmt1 Sub-tot 
tnspect/Admin 

En r. 
93.0 

1. Check hback dimensions 
2. Check anode wire sUpports 
3. Check cathode plane supprts 
4. Check cathode pads 

17. Leak Test Module 
18. Ass Olm check 
In• Admin Sub-tot 
PAOC/FAB 
Contract Labor 

Material 

PROC I FAB Sub~tot 
. ASSEMBLY 

0.0 

LABOR 
Desi n Tech. 

55.0 47.0 

0.08 

0.08 
o.os 

o.o 0.2 

Cratts Total 
35.0 

0.02 0.02 0.71 
0.02 0.02 0.71 
0.02 0.02 0.71 

0.08 3.83 

o.os 3.83 
0.08 3.83 

0.1 0.3 13.6 

0.0 0.0 
0.0 

I 
Steps a.a o.oo 
5. Glue cathode pad planes to hback 0.04 0.04 1.92 
6. Glue anode wire supports to hback 0.03 0.03 1.44 
7. Wind anode wires I J 0.04 0.04 1.92 
8.Solderanodewirestowiresupports 0.16 0.16 7.67 
9. Continuity Test I I 0.16 0.16 5.72 

0.00 0.00 
10. Outar(eont)calhodeplanes 0.04 0.04 1.92 
11. Glue Cathode support to hback assy 0.03 o.03 1.44 
12.Glue cath planes to cath supports 0.04 0.04. 1.92 
13. Glue gas wind supports to hback assy 0.02 0.02 0.71 
14.Gluegaswindowtosupports I 0.03 0.03. 1.07 
15. Glue end pieces onto assy 0.02 0.02 0.71 
16. Install Misc Hardare (align pins, ets) 0.04 0.04 1.43 

~t=::it Assy onto hdb~iI~tl
0

il11 ilil. !'11111 !Ill rilili 
Assembl Sub-tot ;~tQ;.'Q:k tt::ct~k? ~tct.ss::~{ ~:=%Q~2a~=/' ::t:0-~:$1:~:::: t:{j_f.~'4$t::· 

INSTALLATION 
Labor o.o o.o 

Material 

lnstallatlonSub-tot 
SUBTOTAL 
CONTINGENCY 
Risk Factors 

Assi ned Contin enc 
ESTIMATE TYPE 
Contlngenc:y Sub-tot 

Tot•I WBS CamPOf!ent 

6.0 Tech 
6.0 Cost 
4.0 Sched 

400/o 

0.0 0.0 

0.0 0.0 
0.0 0.0 
0.0 0.0 

Ifill 
Wi!tlifP 

51.1 

4% 
2% 
1% 

0.S 0.3 1.2 51.1 

-Cate: 

TOTAL ... 
COMP 

Proc K$ 

1111111! 0.0 
0.0 

:::=;: :fti:~:o~o::,~·~=~= 0.0 

0.0 0.0 ... 
0.0 0.0 

0.0 0.0 0.0 0.0 
0.0 
0.7 
0.7 
0.7 
3.S ... 

0.0 3.8 
0.0 3.S 

0.0 0.0 0.0 13.6 

0.0 0.0 
0.0 0.0 
0.0 0.0 -
0.0 0.0 
0.0 o.o 
0.0 0.0 
0.0 0.0 

0.0 

0.0 ... 
1.9 
1.4 
1.9 
7.7 
5.7 
0.0 
1.9 
1.4 ... 
1.9 
0.7 
1.1 
0.7 
1.4 
9.6 
0.0 ... 
0.0 
0.0 
0.0 

37.45 

0.0 
0.0 
0.0 ... 
0.0 

0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 

0.0 0.0 0.0 0.0 
0.0 0.0 0.0 51.1 ... 

20.4 ... 
0.0 0.0 0.0 71.5 





IPC Component Sheet Database 
CENTRAL TRACKER COMPONENT WORK SHEET 

W.B.S.#: 1 DESCRIPTION: ITASK: IPr•oared bv: fOete: 

1.2.1.1 .5.2 IGlui ..... Fixtures \CENTRAL TRACKER CONST 
Parameters {weight, length, area. number, units} 

Rates 
UDLABOR 
Deatil 

lnspect/Admln 

. Ina Admln Sub-tot 
PAOCIFAB 
Contract Labor 

Materiaj 

PROC I FAS Sub-tot 

ASSEMBLY 
Labor 

Meterl•I 

Assembly Sub-tot 
INSTALLATION 
Labor 

Material 

lnstallattonSub-tot 

Barrel Module Gluing Fixtures 

LABOR 
Enar. Oesian Tech. Crahs Totaj Sub-Tot 
93.0 55.0 47.0 35.0 PY Labor 

0.10 0.10 

0.04 0.04 1.88 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.0 0.0 

0.0 0.0 0.0 0.0 0.0 1.9 

0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 

111111 
·:w:~m.t:: : :··~s §~~~rt.A©~. ~® .. tts.z.1 :®:::~~?..::: :m{::~o:~*~ 

Marl,S• 

KS 

0.0 

25.0 

25.0 

'"'lies ,FabContracts 
FAS Sub-Tat 
KS ?roe 

0.0 
0.0 
0.0 

TOTAL 
COMP 

KS 

1.9 
0.0 
0.0 

0.0 0.0 

0.0 

0.0 

0.0 0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
25.0 
0.0 
0.0 
0.0 
0.0 

25.0 

1.9 

0.0 
0.0 
0.0 
0.0 
25.0 
0.0 
0.0 
0.0 
0.0 

25.0 

9.4 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
9.4 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

SUBTOTAL 0. 1 0.1 0.2 0.0 0.4 26.1 25.0 0.0 25.0 51.1 

CONTINGENCY 
Risk Factors 

Assloned Continoencv 
ESTIMATE TYPE 
Contina•ncy Sub-tot I 

6.0 
6.0 
4.0 

40% 

0.1 

Tech 4% 
Cast 2% 

S<:hed 1% 

0.1 0.2 

Comments 

I I I I I 20.4 

0.0 0.4 26.1 I 25.0 0.0 I 25.0 71.5 

-

-

-
.. 

-

-
-

-

-

-



- IPC Compone"t Sheet Database 
CENTRAL TRACKER COMPONENT WORK SHEET 

W.B.S.#: DESCRIPTION: TASK: Pro rod D•t•: 
1.2.2.2.1 Inner Su Rln CENTRAL TRACKER CONST 

,.-,-, Paramell<S (weigh~ lenglh, arM, numbor, units) 
Endcap Sec:tion ol SuPflO" SwclUre 

LABOR TOTAL 
E Tech. Crafts Total COMP 

Ratoo 47.0 3S.O PY 
~· KS 

E&D LABOR 
0.0111 0.0 0.0 0.0 

0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 

0.0 
0.0 
0.0 
0.0 

RO Laibor Sub-tot 0.0 
!,DJ & A MA T'L 

0.0 0.0 
0.0 0.0 
0.0 0.0 

EDIA Mlt'I Sub-tot 0.0 0.0 0,0 0.0 
lnspect/Admln 

0.0 0.0 0.0 0.0 
0.0 0,0 0.0 0.0 
0.0 0.0 0,0 0.0 
0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 

In l9Ct/ Admln Sub-tot 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0,0 0.0 
PAOC/FAB 
Contract Labor 0.0 0.0 0.0 _, 0.0 0.0 0.0 

0.0 0.0 0.0 
0.0 0.0 0.0 

Material 0.0 0.0 
0.0 0.0 
0.0 0.0 
0,0 0.0 

0.0 
PAOC I FAS Sub-tot 0,0 
ASSEMBLY 
Lobor 0.0 

0.0 
0.0 
0.0 

M•teri•I 0.0 
0.0 
0.0 
0.0 

A-mbl Sub-tot 0.0 
INSTALLATION 
Lobor 0.0 0.0 

0.0 0.0 
0,0 0.0 - 0.0 

Material 0,0 
0.0 0.0 
0.0 0.0 
0.0 0.0 

lnstallatlonSub--tot 0.0 0.0 0.0 0.0 

SUB TOTAL 0.0 0.0 0.0 0.0 

CONTINGENCY Comm ants 
Risk Factors 6.0 Tech 4% 

6.0 Cost 2% 
4.0 Sehod 1% 

Ass· ned Cantin en 40% 
ESTIMATE TYPE 
Contfnganc:y Sub-tot 

0.0 0.0 -



W.B.S.#: 

IPC Component Sheet Database 
CENTRAL TRACKER COMPONENT WORK SHEET 

TASK: Pre ared b 

CENTRAL TRACKER CONST 

Date: 

Parameters (weight, length, area, number, units) 
Endcap Sac1Jon ol Support Slrucl!Jre 

Rates 
UDLABOR 
Deatil 

E&D Labor Sub-tot 
E,DJ & A MATL 

EDIA Mllt'I Sub-tot 

Inspect/Ad min 

In ect!Admln Sutt..tot 
PROC/FAB 
Contract Labor 

Material 

PROC I FAS SulHot 
ASSEMBLY 
Labor 

Material 

Assambl Sub--tot 
INSTALLATION 
Lebor 

Mata rial 

LABOR 
E r. Desi n Tech. Crafts 
93.0 55.0 47.0 35.0 

0.0 0.0 0.0 0.0 

Total 
PY 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
o.o 

0.0 
0.0 
0.0 

Su~Tot 

Labor 

o.o 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
o.o 

0.0 
0.0 
0.0 

0.0 

o.o 

0.0 

0.0 
0.0 
0.0 
0.0 

TOTAL 
COMP 

KS 

o.o 
0.0 
0.0 
0.0 
0.0 
o.o 
0.0 
o.o 
o.o 
0.0 

0.0 
o.o 
0.0 
0.0 

0.0 0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 

0.0 0.0 0.0 

0.0 0.0 
0.0 0.0 
0.0 0.0 

0.0 0.0 0.0 0.0 

111 •• ·frf;'~~~t':~~lS[flf---;:-:::-+--;;--::---f--;~~~~~--t-~!~J;---1 .. ::~W.# tf o.o o.o o.o 

o.o o.o 
0.0 o.o 
0.0 0.0 

II 
0.0 
0.0 
0.0 
0.0 

0.0 0.0 

II 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
o.o 
0.0 
0.0 

0.0 

i!ll ~t~l 3i~:i,t J~illii1%1j 1::1lit1 !!'ll'f' 
h1"n"•"ta"n"a°"u"o"n-:;s::-u:;:t>-"to:::1--1ll':,::-'1~~~!tl~c.§~t!:::~:f~,;;:~r.!li:n!1i'0!:1:,t;~~fl,~ ~ ~f{O.;.Qt#:~ 

0.0 
0.0 
0.0 
0.0 

0.0 0.0 

0.0 
0.0 
0.0 
o.o 
0.0 
0.0 
0.0 
0.0 
0.0 

CONTINGENCY 
Risk Factors 

Tot•I was Compon.nt 

6.0 Tech 4% 
6.0 Cost 20/o 
4.0 Schod 1 o/. 

40% 

0.0 0.0 0.0 

0.0 o.o 0.0 0.0 

0.0 0.0 o.o 0.0 

.. 

-

-

-
-

-
-

-
-

-





W.B.S.#: 

IPC Component Sheet Database 
CENTRAL TRACKER COMPONENT WORK SHEET 
DESCRIPTION: TASK: Pr• 

1.2.2.3.1 Mounts/IPC to barre4 CENTRAL TRACKER CONST 
Parameters (weight. length, area, number, units) 
Kinematic Mounts I Attachments of Suppor1 Structure 

LABOR 
En r. Des n Tech. 

Rates 93.0 55.0 47.0 
E&D LABOR 
Ooalil 

Crafts Total Sub-Toi 
35.0 PY Labor 

0.0 0.0 
0.0 o.o 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 

Date: 

TOTAL 
COMP 

K$ 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

E&D Ubor Sub-Cot 0.0 
E,D,I & A MATL 

EDIA Mat'I Sub·tat 
lnspecVAdmln 

In ectl Adl'Nn Sub-1at 
. PAOC/FA.B 

contract Labor 

Material 

o.o 0.0 

0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 o.o 
0.0 0.0 

0.0 o.o 0.0 0.0 

0.0 0.0 
0.0 o.o 
0.0 0.0 
0.0 0.0 

lllClll 
~PA=oc:::::~,~,~AB==~s~.~ ... c:: .. ::--1!61£6¥1~-·. -~W~ ~{~:Q.$.$~ =tm¢~t :d\:q-#J~: ~1'.StQ..1)=~:}':t:;; 
ASSEMBLY 0.0 
Lsbor o.o 

Materlal 

Assembl Sub-tot 
INSTALLATION 
Lsbor 

Material 

lnstalladanSub-tot 
SUBTOTAL 
CONTINGENCY 
Risk Factors 

0.0 0.0 

6.a Tech 4°/. 
6.0 Cost 2% 
4.0 Sehed 1% 

40% 

0.0 

a.a a.a 
a.a a.a 
0.0 0.0 
0.0 0.0 

.... 111111111 riilt 
0.0 0.0 0.0 

Comments 

0.0 0.0 

0.0 

0.0 

0.0 
0.0 

0.0 

0.0 0.0 

0.0 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 
0.0 

0.0 0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 0.0 

Ill 
0.0 
0.0 
0.0 
0.0 

0.0 0.0 

lllllllll 
0.0 
0.0 
0.0 
0.0 

0.0 0.0 
0.0 0.0 

0.0 0.0 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

o.o 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 

0.0 

-

-

-
-
-
-

-

-

-





Assy and Inst Work Sheets 

\J..~.( 
.-it IPC Cooling Sy1tom COMPONENT WORK SHEET 

Parameters (welght, length, area, number) XXIC. Components 

Wf Sub-components 

WBS Number TASK CENTRAL TRACKER CONSffiUC'TlON 

I ~-. Oesian Tech. Crarts '"otal Laba Labar Cos Proc. 

Rates I 135 80 80 42 Man vears K$ KS 
Mechanical Oeaign 0 0 0 

I 0.25 0.15 0.4 45.75 8 
OetaU Drawings and Layouts- 20 0 0 0 

I I 0.38 I 0.38 30.4 7.6 
Electro-Mochanicat Packaging "( 5 mwk) 0 0 0 

I 0.061 o.o3 0.09 10.5 1.8 
1 hennal Analysis (4 mks) 0 0 0 

I 0.08 0.08 10.8 1.6 
E & D Total 0.3Q 0.56 0 0 0.95 97.45 19 
Procurement 0 0 

I 0.02 0.04 0.08 5.9 
Testtng 0/A (3 wl<s .5 Engr, 1 Tech) 0 0 

0.03 0.06 0.09 8.85 
0 0 

lnsoO/A Tot 0.05 0.04 0.06 0 0.15 14.75 
44 kW Aef. Unit 0 0 35 
44 kW Heat Exchanger 0 0 4 
Control System 0 0 1 5 
4 Pumps I 0 0 3.2 
200 m Hose/Connectors 0 0 3 
Al lnternaJ Manifolds 0 0 3 
Tank/Indicators 0 0 1.2 
28 hand valves 0 0 3.2 
7 Solenoid valves 0 0 1 
5 Relief Valves 0 0 0.1 
4 Check Valves 0 0 0.3 
2 Air EHmonators 0 0 0.3 
100 Thermal Sensors 0 0 1.5 
5 Preesure Gages 0 0 2.5 
5 Flow meters 0 0 2.5 
10 Isolation Valves 0 0 1.2 
Travel -2 0 0 2 
Proc/Fab T 0 0 0 0 0 0 78.9 

0 0 
Cooling System Aoaembly ( 5 wka - 2 craft) 0 0 

I I I 0.19 0.19 7.98 
Cocllng System Tests ( 1wk - 2 craft) 0 0 

I 0.04 0.04 1.68 
Testing Equipment 0 0 1.5 

0 0 
0 0 

Travel· 0 0 
Subassy Tot 0 0 0 0.23 0.23 9.66 1.5 
Subtotal 0.44 0.6 0.06 .0.23 1.33 121.88 99.4 

Contingency 

Technical Risk 2 
Cost Accuracy 2 
Schedule Risk 1 

Total Cont. , ,,,. 
TOTAL 

Paga 6 

Fab. 
KS 

0 

0 

0 
0 

Date 

Prop. by 

•at ProclFa 

K$ 

0 
8 

0 
7.6 
0 

1.8 
0 

1.6 
1 9 
0 
0 
0 

0 
0 

0 
35 
4 

1 5 
3.2 

3 
3 

1.2 
3.2 
0.9 
0.1 
0.3 
0.3 

1.5 
2.5 

2.5 
1.2 
2 

78.9 

0 
0 
0 
0 
0 

1.5 
0 
0 
0 

1 5 
99.4 

-

-K. Woloshun 

Total_ Cost 

KS 
0 

53.75 

0 
38 
0 

12.3 
0 

12.4 
116.45 -

0 
5.9 

0 
8.85 

0 
14.75 -35 

4 

15 
3.2 
3 
3 

1.2 
... 

3.2 
0.9 
0.1 
0.3 
0.3 

1.5 -2.5 
2.5 
1.2 
2 

78.9 
0 -0 

7.98 
0 

1.68 
, .5 

0 
0 -0 

11 16 

221.26 

... 
24 3386 

245.5986 

-
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Los Alamos National Laboratory 
Los Alamos.New Mexico 87545 

TO' Ron Barber, MEE-12, MS E533 

FROM, D. A. Neeper, MEE-l3i'.C)N 

SYMBOC, MEE-13:92:259 

suBJecr, GEM OUTER TRACKER COOLING SYSTEM 

memorandum 

°"'"' May 22, 1992 

MAIL sro•ITELEl'Ho•"' J s 1 6 / 1 - 3 a 3 2 

Enclosed is text for the section of the proposal dealing with the 
outer tracker cooking system. You.may use previous estimates of 
labor and parts. However, I suggest that the cost of the 
aluminum tubes Cor conduits) be multiplied by 3x. In the text, I 
am suggesting a conduit that is more complicated than the single 
rectangular tube of previous reports. 

Enclosed are: 

Five.pages of textual description. 

Three roughly drawn figures, referenced in the text. 

Figure 3 is a representation of the cooling flow diagram. Use 
your current diagram; not the representation included with the 
text. If you wish to use an image of the text in your report, I 
will reprint it in other form if you so desire. If you prefer, I 
will prepare an ASCII file on disk. 

cy 
MEE-13 file 
M. Merrigan, MEE-13 
DAN 
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SSC INTERPOLATING PAD CHAMBER COOLING SYSTEM DESIGN 

K. Woloshun 
D. Neeper 

SUMMARY 

j/22/92 

It is proposed to cool the electronics mounting boar·~3 of 
the outer tracker by bonding an aluminum conduit to the side of 
each board opposite the electronic components. The conduit will 
carry a flow of water. The flow rate is adjusted to maintain a 
temperature difference of approximately l°C between opposite ends 
of the boards. Heat transfer analysis indicates that, at any 
axial location, the conduit temperature will be l°C-2°C above the 
local water temperature. The temperature rise of the individual 
elect·;onic components cannot be predicted because details of the 
component mounting are not yet available. The water flow will 
generate significant forces on the .superlayers. These forces 
must be considered in the design of the mounting hardware. 
Future design efforts must investigate the heat transfer from the 
electronics, vibration, and the avoidance of corrosion in the 
aluminum conduits. 

DESIGN REQUIREMENTS 

There are two distinct heat loads associated with the IPC 
detectors.· The first is due to the ionizatron of the fast gas; 
the second is due to the Joule heating in the electronics board 
of each superlayer. The heat load due to gas ionization is 
expected to be only a few watts for all the entire outer tracker. 
Such a small heat load can be carried· 'to the cooling channeis by 
convection, or removed by the flow of the ionization gas itself. 
It can safely be ignored unless the estimate of its magnitude 
increases. The heat generation by electronics is expected to be 
13.6 kW for the barrel region and 5.6 kW for each end region, 
comprising a total of 24.8 kW that must be removed by deliberate 
cooling. The width of the chambers in the barrel varies, with 
the narrowest chambers located in the innermost circumferential 
layer and the widest chambers located in the outermost layer. 
The electronic power dissipation increases roughly in proportion 
to the width of the chamber. The twenty outer superlayers with 
the widest chambers are expected to generate 245 W each. The 
cooling mechanism must be capable of removing this maximum load 
from a superlayer while adding a minimum of radiation length. 
The coolant flow may be reduced for the barrel superlayers with 
less than maximum dissipation, to minimize the flow-induced 
stresses and vibration. The heat load of an end segment will be 
comparable to that of a narrow barrel superlayer. Although the 
electronics boards of the end segments will be shorter than those 
of the barrels, it is presumed that the cooling scheme for the 
end segments can be similar to that for the barrel superlayers. 

For dimensional stability, it is preferred that temperature 
differences.along an IPC, or from one IPC to another, be at most 
l°C. This requirement places severe restrictions on the design 
of the cooling system. If cooling were provided by a flow of gas 
(such as air> through the spaces between superlayers, the 
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OUTER TRACKER COOLING 5/22/92 2 

volumetric flow rate ~nd flow velocity would be impractically 
large. Furthermore, it would be difficult to obtain adequate 
uniform heat transfer from individual electronic components t~ a 
gas coolant. Cooling by two-phase flow in a rectangular channel 
was given a preliminary an~lysis. R-11 CCC1

3
FJ was chosen as the. 

potential coolant because its vapor pressure is close to one 
atmosphere at room temperature. Operation near ambient atmos
pheric pressure would enable a minimal channel wall thickness, 
and thereby minimize the radiation length. In principle t~o

phase flow might consist mostly of the vapor phase, and thereby 
produce a smaller radiation length than would occur with a 
single-phase flow of water. However, these advantages do not to 
outwei~h the simplicity, safety, and absence of environmental 
hazards provided by water. 

BASELINE DESIGN 

Cooling by water flow through rectangular channels in con
tact with the electronics or electronics mounting boards was 
chosen as the baseline system design. If steady-state tempera
ture differences are to be restricted to approximately l°C, then 
the temperature of the water must increase by at most l°C as the 
water absorbs 245 watts while flowing from .one end· of a barrel 
superlayer to the other end. The required minimum mass flow for 
a single, 245-Watt barrel superlayer is 58.5 g/s of water. The 
total mass flow required by the 13.6 kW load of the entire barrel 
is 3.25 kg/s. The total mass flow for the en~ire outer tracker 
is approximately 6 kg/s. The equivalent volume flows are 3.5 
liters/minute (0.93 gal/min) for the single .superlayer, 195 
liters/minute (51.5 gal/min) for the barrel, and 360 
liters/minute (95 gal/minl for the •ntire outer tracker. Water 
flow through the outer tracker will be comparable to that of a 
fire hose! 

The heat transfer to flowing water was examined for various 
conduit geometries, flow rates, and heating loads. A thin rec
tangular channel of water causes a large pressure drop, which 
results in a significant axial force on the barrel superlayer. A 
deep channel has poorer heat transfer characteristics for a given 
mass flow rate, and adds a larger fraction of radiation length. 
The conduit must somehow absorb heat from the electronics board, 
which is 5 cm wide. The conduit geometry shown in Fig. la 
represents a thin-wall aluminum extrusion with three individual 
flow channels, each approximately l cm wide by 2 mm deep. The 
following analysis indicates that this geometry provides a 
reasonable pressure drop and convective heat transfer at the 
required mass flow rate for one superlayer. 

HEAT TRANSFER ANALYSIS 

Table I.presents an analysis of heat transfer from the con
duit of Fig. la to the water, with heat transfer allowed only at 
the top horizontal surface of each channel. In effect, this 
analysis represents the heat transfer in three independent chan-
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nels, each receiving 1/3 of the total heat flux at one fac , with 
the three other faces adiabatic. This representation ignores any 
possible conduction in the t_hin vertical aluminum webs bounding 
the channels. In each case, the superficial flow velocicy was 
chosen so that the water temperature would rise l"C while cbsorb
ing the designated power. In Table I, Power is the total ~hermal 
current applied to the channels; v is the superficial speed of 
the water; AP is the pressure drop along a 2 meter length of 
channel; Force is the total axial force on the conduit due to the 
pressure drop; ~Tw is the temperature difference between the top 
inner aluminum surface and the water; F*Re is the product of the 
Fanning friction factor and Reynolds number; Nu is the Nusselt 
number; his the heat transfer coefficient at the.aluminum-water 
surface; and Re is the Reynolds number. In this rectangular 
geometry, the flow is laminar for R~ < 1800 and turbulent for Re 
> 2100. The force is shown in pounds to present an intuitive 
impression of the mechanical load placed on a superlayer by the 
drag of the water. 

Table I. Heat transfer analysia. 
--------------------------------------------------------
Power v AP Force ATw F*Re Nu h Re 

w m/5 kPa lb •c W/m2°C 

245 0.98 11.98 0.162 1.62 33.76 14.1 2526 3219 

170 0.68 6.32 0.085 2.13 25.67 7.4 1332 2234 

140 0.56 4. 45 0.060 2.73 21.93 4.8 85 4 1840 

Mechanical considerations. The positional stability of the 
superlayers is specified to be in the range 25-100 microns. 
Therefore, even a small displacement due to the forces shown in 
Table I could be significant. The potential vibration associated 
with the water flow must also be investigated. · 

The maximum pressure drop along a conduit is about 12 kPa, 
or less than 2 PSI. With careful design and control, the total 
gauge pressure anywhere in the conduit might be less than 6 PSI, 
which would permit the conduit wall to be as thin as 0.010 in., 
as indicated by Fig. 2. A thin-wall conduit is attractive 
because two walls, each 0.010" thick, provide only 0.6% of a 
radiation length. However, aluminum is very susceptible to cor
rosion when other metal ions Ce.g. copper, iron) are present in 
the water. If a thin-wall aluminum conduit is used, extreme care 
must be exercised to deionize the water, and to assure that no 
metallic components other than. aluminum are employed in the water 
circuit. 

Temperature differences. As shown in Table I, the conduit 
temperature is higher than the water temperature at any axial 
position by 1.6 to 2.7 Centigrade degrees. A conduit removing 
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-. lower i;iower has a greater temperature rise because the anal_·sis 
. presumed the flow rate was reduced in proportion to the power. 

If the maximum flow rate were maintained in all superlayers, then 
the temperature rise would be proportional to the power level. 
The penalty for maintaining a high flow rate in all superlay~rs 
is a larger total axial force on the mounting of the superlayers. 
The force on a superlayer varies approximately as the square of 
the flow rate. In this analysis, we elect to minimize the total 
force, and to reduce the temperature rise by utilizing heat 
transfer at all four internal surfaces of a flow channel, rather 
than utilizing only the top surface. 

F i';ure lb. shows a rugged conduit with aluminum walls l mm 
thick. This conduit also has fins, making the conduit width 5 
cm. The top flat surface of the conduit is designed to fit 
against the electronics mounting board, which is also 5 cm wide. 
This will enable removal of heat from the entire width of the 
board. The thick walls permit heat conduction through the webs 
to the bottom of the flow channels, thereby increasing the sur
face area for heat transfer to the water. A 1-di~ensional 
approximate analysis indicates the following temperature rise 
above water temperature, at various locations of the conduit, 
with 245 Watts applied uniformly to its upper surface: 

Fin: l.54°C; Top, center: 0.94°C; Bottom, center: 0.81°C. 

By virtue of using all internal surfaces for heat transfer, the 
thick-wall conduit has approximately 60% of.the temperature.rise 
of the thin-wall conduit. Furthermore, the thick conduit enables 
heat removal from the entire width of the electronics board. The 
price for these benefits is radiation length: the thin wall con
duit added 0.6% of a radiation length; the 2-mm thickness of two 
walls of the heavier conduit adds 2.2% of a radiation length. 
Table II summarizes these findings. 

Table II. Comparison of conduits at 245 Watts. 

Wall thickness Heat removal width Temp rise Rad length 
mm in. cm •c % 

0. 25 0.010 3 1.6 0.6 

1.0 0.039 5 1.0 2.2 

Other conduit geometries (such as thick fins and ribs, but 
thin top and bottom surfaces> might reduce the both the radiation 
length and the temperature rise. The possible benefits of com
plicated geometries can be revealed by detailed two-dimensional 
heat transfer modeling, but such in.tensive studies will be 
worthwhile only after the distribution of the electronic power 
dissipation is known in detail. 
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HEAT TRANSFER EXTERNAL TO GEM 

About 25 kW of absorbed heat must be removed from the cir
culating water. The cooling sy&tem diagram of Fig. 3 represents 
a conservative design employing a chiller between the primary 
cooling water and the house water. The chiller is not stric~ly 
necessary--its function is to provide a greater temperature dif
ference for heat transfer. The temperature of the house water is 
adequate to remove heat from the primary coolant, provided that 
an adequate heat exchanger is used. About 15-20 gallons/min~ce 
of house water will be required, with or without the chiller. 

UNCERTAINTIES AND REQUIRED INVESTIGATIONS 

The foregoing analysis has presented two schemes. One 
scheme will absorb heat from 3/5 of the _board width with a con
duit temperature about l.6°C greater than the temperature of the 
circulating water, for the superlayer with the highest dissipa
tion. The second scheme will absorb heat from the entire width 
of the board, with a conduit temperature rise of about l.o•c. 
The temperature rise of the electronic components is unknown, and 
will require a detailed heat transfer calculation"9f conduction 
to the conduit and radiative and convective transfer from the 
exposed surfaces of the components to _the exposed (black l sur-. · 
faces of the nearby cooling conduits. 

If the cooling conduits are aluminum, a study must define 
purity requirements of the primary water, and the possible 
elimination of all non-aluminum metallic components from the pri
mary circuit. Corrosion is a particular threat to thin-.wall con
duits. Corrosion in aluminum/water systems is not an unknown 
threat--the problem was solved by a commercial manufacturer of 
solar water heaters. However, the problem must not be over
looked. 

The required flow of cooling water will place axial forces 
on the barrel superlayers and radial forces on the for.ward super
layers. These forces must be accommodated by the mounting 
systems. The flow will probably generate vibration, which must 
be explored experimentally with prototype units. 
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Assy and !nst Work Sheets 

5.2.3. 1 IPC Ga• Supply System COMPONENT WORK SHEET 
Parameters (weight, length, area, number) XXX ComponenlS 

Y'f'f Sub-components 

WBS Number TASK CENTRAL TRACKER CON5mUC"TlON 
En,.,... Oesion Tech. Crafts rotal Labo Labor Cos Proc. 

Rates 135 80 80 42 Man years KS KS 
0 0 0 

5.2.3.1.1.1 Mechanical Design 0 0 0 
I o.3 0.2 0.5 56.5 10 

5.2.3.1.1.2 Layouts and detail manifo£d drawings ( 15 drwgs.) 0 0 0 

I I o.3 0.3 24 6 

5.2.3.1.1.3 System Analysis (8 mwks) 0 0 0 ' . 0.15 20.25 I v.1 ... 1 3 
( ~2.3.1.1.4 Proto I'( ping anQ testing ( 6 ,,;.,ks) J. \> 0 0 0 

···-· -- 0_.06 0.06 0.12 12.9 2.4 
·- -· -----·. -·-·-

0 0 0 
5.2.3.1.1 E & 0 Tolal 0.51 0.5 0.06 0 1.07 113.65 21.4 
5.2.3.1.2.1 Fabrication Uaison 

I 0.05 0.05 ·. 0.1 10.75 
5.2.3.1.2.2 System Testing 0 0 

I 0.1 0.1 0.2 21.5 
5.2.3.1.2 lnsoO/A Tot 0.15 0.15 0 0 0.3 32.25 
5.2.3.1.3.1 Tublng-250" 1 ·0 x.020" wall ($1.89/fl) 0 0 0.5 
5.2.3.1.3.2 Gas Bladder - 200 lt3j 0 0 2 
5.2.3.1.3.3 Scrubber I 0 0 
5.2.3.1.3.4 Flow meter (low rate 0 0 2.2 
5.2.3.1.3.5 2·Mass flow rate controller 0 0 4.2 
5.2.3.1.3.6 2-0ilf. Prass. transd. 0 0 1 
5.2.3.1.3.7 Guages 0 0 2.5 
5.2.3.1.3.8 Aotamater 0 0 0.2 
5.2.3.1.3.9 Regulator 0 0 0.25 
5.2.3.1.3.10 Compressors (Including redundancy) 0 0 3.7 
5.2.3.1.3.11 Pressure Tank· 89 ft3 0 0 1.8 
5.2.3.1.3.12 Control Valves I 0 0 0.9 
5.2.3.1.3.13 Thermal Instrumentation 0 0 0.1 
5.2.3.1.3.14 Computer Controller 0 0 9 

5.2.3.1.3.15 Heat Exchanger 0 0 0.8 
5.2.3.1.3.16 Gas Supply Boltle - 0 0 1.8 

0 0 0 
0 0 0 

Travel· 3 0 0 3 

5.2.3.1.3 ProcJFab T 0 0 0 0 0 0 33.95 

S.2.3.1.4.1 Sysr.m Asimbly (12 wks· .3 r.ch. 2 craft) 0 0 

I I 0.07 I 0.46 0.53 24.92 
0 0 

5.2.3.1.4.2 System Tosling ( 4 wks - 2 craft (also O/A)) 0 0 
0.15 0.15 6.3 

0 0 

Travel· 0 0 

5.2.3.1.4 Subassv Tot 0 0 0.07 0.61 0.68 31.22 0 

Subtotal 0.66 0.65 0.13 0.61 2.05 177.12 55.35 

Contingency 

Technical Risk 3 

Cost Accuracy 6. 
Schedule Risk 2 
Total Cont. 23% 

TOTAL 

Page 1 

Fab. 

KS 

0 

1 

1 

0 
1 

Cate 

Prep. by 

•01 Proc/Fa 

KS 
0 
0 
1 0 
0 
6 

0 
3 
0 

2.4 
0 

21.4 
0 
0 
0 
0 
0 

0.5 

2 
1 

2.2 
4.2 

1 
2.5 
0.2 

0.25 
3.7 
1.8 
0.9 
0.1 
9 

0.8 
1.8 

0 
0 
3 

34.95 

0 

0 
0 
0 
0 
0 
0 
0 
0 

56.35 

... 

0 Neeper .. 
Total Cost 

KS 
0 
0 

66.5 
0 

30 .. 
0 

23.25 
0 

15.3 
0 

135.05 -0 
10.75 

0 
21.5 

32.25 
0.5 

2 .. 
1 

2.2 

.4.2 
1 

2.5 
0.2 -0.25 
3.7 
1.8 

0.9 
0.1 
9 

0.8 
.. 

1.8 

0 
0 
3 

34.95 

0 .. 
0 

24.92 

0 
0 

6.3 
0 ... 
0 

31.22 
233.47 

... 
53.6981 

287.1681 
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SUMI'1ARY 

GEM DETECTOR--OUTER TRACKER 
FAST GAS SYSTEM 

D. A. Neeper 
5-20-92 

This report describes an initial design of the system for 
providing the ionization gas for the integrating pad chambers 
(IPCs> of the outer tracker of the GEM detector. Early in the 
evolution of this design, it became apparent that both the cost 
of the gas and possible future environmental restrictions would 
require that the gas be recirculated, rather than released to the 
atmosphere after a single pass through the detector. Most of the 
cost and complexity of ·the gas management system is a direct 
result if this perceived requirement to recirculate the gas. 
Hardware for a· low-cost gas system that might have difficulty 
with contamination will cost an estimated $60k. The estimated 
cost of components for a system with 'greater assurance of 
reliability is $88k. The low-cost system will require approxi
mately 2.5 man-years of effort; the better system will require 
approximately 3.0 man-years for development, assembly, and test
ing. 

SPECIFICATIONS AND REQUIREMENTS 

The following features were either specified by the physics 
community or were adopted as design goals. 

The gas will be an equimolar mixture co 2 and CF
4

• 

Flow will provide 1/4 gas change per m~nuti in the ~PCs. 
Required flow rate: 80 l/m = 2.8 ft /m = 4040 ft /day. 

Gas is retained in each IPC by a mylar window, 0.01 mm thick. 
Design goal: < 5 Torr. pressure difference across a window. 

Gas flow must be measured both entering and exiting GEM. 

The gas mixture must be monitored with 1% accuracy. 

The flow system must provide remote control and monitoring. 

Radiation length within GEM should be minimized. 

The system must eliminate contaminating hydrocarbons and o 2 . 
The gas must be free of contamination by oil. 

Negligible heating will occur in the gas. 
The gas need not provide cooling. 

Detector operation is somewhat sensitive to absolute pressure. 
It is desirable to maintain constant pressure in the IPCs. 

RELIABILITY AND MAINTENANCE 

The system was designed so that almost all moving parts and 
sensors could be located far from GEM, both to avoid any efEeccs 
of high magnetic fields and to enable inspection and repair dur
ing accelerator operations. Redundant duplicates of critical 
pumps and controllers are installed to permit continued operacion 
after failure of a component. 
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RECIRCULATING FLOW 

It was apparently presumed by the physics community that the 
fast gas would flow fr~m the manufacturer's containers, through 
the chambers, and be discarded to the atmosphere through a bub
bler of oil with low vapor pressure. This arrangement has fre
qu7n~l¥ been used fo: other gases and for short experiments 
utilizing CF 4 . CF 4 is not presently listed as an ozone-depleting 
chemical; ho~ever, it may be so listed in the future. It there
fore seems ~nwise to design for deliberate release of the gas. 
Furthermore, research grade CF 4 costs approximately $3.80 per gm
mole, and research grade CO costs approximately $0.39 per gm
mole. The purchase cost fo~ discarded gas would be approximately 
$10k per 24-hour day of operation. Whether .or not the gas is 
environmentally damaging, cost dictates that the gas should be 
recirculated. In addition, under the assumption that CF is 
environmentally offensive, this report provides the desi~n of a 
system for final recapture of the gas at the end of its useful 
life. 

IMPURITIES AND CONTAMINATION 

Electric discharges within the chambers presumably generate 
hydrocarbons that might accumulate and degrade the performance of 
the detector. In past experience, deposits form on the anode 
wires of gas chambers and proportional counters.. In a simple 
counter, deposits are removed by temporarily heating the wire. 
Mechanically attaching and detaching electrical c'onnections for 
heating the wires in the closely packed chambers of the GEM outer 
tracker is infeasible. Furthermore, heating might distort the 
wires. Therefore, it is important to avoid accumulation of con
tamination in the recirculating gas. The proposed system 
includes sealed bellows pumps to avoid any lubricants, and a 
scrubber to remove contaminants. The scrubber is not yet well 
defined--investigation of gas-cleaning methods will be required 
during development of the gas system. Presumably, the scrubber 
will contain a cold trap for condensable vapors, but the trap 
temperature must be > l95K to avoid condensation of co2 . The 
scrubber will also employ chemical getters for removal of O and 
N2 • Any adsorbents considered for the scrubber must be car~fully 
cnecked for inactivation by sorption of the CF 4 . 

Two versions of the gas system are suggested. The low-cost 
version allows air to surround the IPCs, and uses a polymer blad
der to accumulate gas at atmospheric pressure. In this case, the 
diffusion of atmospheric N2 and o2 through the mylar windows may 
contaminate the gas in sufricient quantity to overwhelm the 
scrubber. Atmospheric components may also diffuse through the 
polymer bladder, and the bladder itself may outgas. Therefore, a 
more expensive version of the system, in which the opportunity 
for diffusi.on and outgassing is minimized, is proposed. In this 
version, an hermetic enclosure containing pure co2 surrounds the 
outer tracker, and a vacuum vessel serves as a gas accumulator in 
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place of the bladder. With these modifications, only co could 
diffuse inward through the windows, slightly diluting (bdt not 
contaminating) the fast gas. Furthermore, the enclosure permits 
operation of the chambers at constant absolute pressure, rather 
than allowing the chamber pressure to follow the barometer as 
would occur without the enclosure. 

LOW-COST GAS SYSTEM 

3 

Flushing and filling. Figure 1 presents a flow diagram of 
the low-cost system. Parts of the system can be evacuated, if 
necessary, through several valves that terminate at capped ports. 
During initial flushing and filling, gas flows into the system 
from L1e supply cylinders at the upper right of the diagram. The 
gas mixture is established during initial filling or replenish
ment by the mass flow controllers located ad.jacent to the supply 
cylinders. The supply cylinders are not used during operation of 
the system, when gas circulates. The pressure tank can be filled 
to any desired pressure to provid~ gas storage when the system is 
not operating. 

Flow from the tank to the tracker. During operation, when 
the rest of the-s¥stem iS-filled with gas, the tank pressure is 
approximately 30 PSI. The tank then serves as a ballast to 
absorb variations in pump output and to provide a continuing flow 
of gas during any temporary (15 minute) pump stoppage or scrubber 
maintenance. Gas flowing from the tank is sampled by the gas 
an".-l~zer to monitor 0 2 ~mpurity and co2/cF 4 ratio. The.analyzer 
utilizes an electrochemical cell to detect o 2 , and nondispersive 
infrared detectors for co2 and CF 4 • The circulating flow rate is 
established by a single mass flow controller with a redundant 
counterpart. The impedance of the inlet tubes of the IPCs will 
cause the pressure on the downstream side of the flow controller 
to be approximately 15 PSIG at the design flow rate. 

Flow in the tracker. The gas for half of the barrel super
layers and one end of forward super~ayers flows with little pres
sure drop through one thin wall, 1/2" dia., stainless inlet ~ipe 
(or the hydraulic equivalent) to one end of the outer tracker. 
As indicated in Fig. 2, the lower end of the inlet pipe joins to 
80 stainless capillary tubes, 0.024" inside dia. Forty of these 
capillaries .will feed forty of the barrel superlayers, and the 
other forty capillaries will feed the forty forward superlayers 
at that end of the tracker. Each capillary tube feeds into one 
end of one chamber of a superlayer. In the barrel, the flow pro
ceeds to the opposite end of the superlayer, crosses to the sec
ond chamber, and returns to the first end where it exits the 
superlayer. In the forward superlayers, the flow proceeds 
radially inward in the first ·chamber and outward in the adjoining 
chamber. Four superlayers are connected via a shared teflon <or 
nylon> outlet tube, approximately 4 mm I.D. The outlet tubes 
lead to the'l" dia. (or hydraulic equivalent> outlet pipe, which 
returns flow from the tracker to the gas handling system. The 
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inlet and outlet tubes are approximately l m long. A similar 
arrangement at the opposite end of the tracker serves the remain
ing barrel superlayers and the forward superlayers at that end. 

The large equal impedance of the each inlet tube causes an 
equal flow to each superlayer. The low impedance of the outlet 
tubes maintains all chambers at a common low pressure C< S Torr. 
gauge). Equal lengths of inlet tube provide equal flow to each 
superlayer, even if a window of another superlayer suffers a 
catastrophic rupture. Due to the large impedance of the inlet 
capillaries and the low impedance of the outlet tubes, even a 
catastr<phic valve-open failure of the flow controller would not 
cause sufficient flow to rupture the windows. 

Flow from the tracker to the tank. In the low-cost system, 
atmospheriC""PreSSii're surrounds-"the superlayers. The pressure in 
the chambers is maintained slightly above atmospheric pressure by 
the flexible bladder that receives the flow from the tracker. 
Half inflation of the bladder triggers the circulating pump on; a 
nearly empty bladder shuts the pump off. The bladder is 
delibeFately oversized so as to accommodate flow .during power 
outages or control failures. It is intended that the gauge pres
sure in the chambers not exceed 5 Torr. This establishes lower 
limits for the hydraulic diameters of the outlet tubes and of the 
return pipe at each end of the tracker. The outlet flowmeter 
must generate negligible pressure drop. Consequently,. the outlet 
flowmeter is of the hot-wire type, which typically has an 
accuracy of only a few percent. This flowmeter has insufficient 
accuracy to signal a leak in a single chamber, but it can approx
imately verify the overall flow balance. 

The multistage bellows pump Cand its redundant counterpart> 
operate without lubrication and are completely sealed from the 
surrounding atmosphere. The pumps will introduce no contamina
tion. The heat exchanger <located in Fig. l between the pumps 
and the scrubber> removes the heat of compression from the gas. 
In actuality, it may simply be a cooling tube wound around the 
interstage or outlet plumbing of the pump. The scrubber is 
described in the text under "IMPURITIES AND CONTAMINATION," 
above. 

Monitoring and safety. Passive instruments are located at 
various points in the flow loop to provide visual confirmation of 

- the indications of the electronic sensors. A loss of gas in the 
loop would indicate the occurrence of a leak, but it would not 
indicate where the leak occurred. For this reason and for 
safety, Fig. l indicates emplacement of a halogen monitor, an 
atmospheric oxygen sensor, and a flammable gas sensor near the 
tracker. Although diffusion through the chamber windows may 
cause a contiauous low-level background signal from the halogen 
sensor, rupture of even a single window would probably give an 
abrupt increase in signal. Although all superlayers <except ~os
sibly the ruptured unitl would continue to operate, indication of 
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a rupture would alert the operators to test the returning ~·s for 
increased contamination by oxygen. The gas analyzer, the scrub
ber, and the flow loop have auxiliary ports and valves to enable 
such occasional tests. 

Gas reclamation. When its useful life is exhausted, the gas 
can be-reclaimed from the flow system with a simple cryogenic 
assembly consisting of two, 2-liter stainless steel sampling 
cylinders, two laboratory dewars, some valves, gauges, and 
thermocouples. Figure 3 is a schematic diagram of the assembly, 
in which the,two gaseous components are condensed in the two 
sampling cylinders at different temperatures, and forced into 
large, high pressure shipping bottles by evaporation as the samp
ling cylinders warm to room temperature. .This will provide a 
significant separation of the CO and CF . If no separation is 
desired, compression of the gas iiiixture ~an be accomplished with 
a single sampling cylinder, or with a more expensive pump. 

HIGHER-COST SYSTEM 

The higher-cost system is shown schematically in Fig. 4. It 
differs from the low-cost system mainly in havin~ an enclosure 
around the outer tracker, and in utilizing a vacuum vessel in 
place of the inflatable bladder. These improvements will prevent 
the diffusion of atmospheric contaminants into the fast gas, 
either through the chamber windows or through the walls of the 
bladder. As a desirable bonus, the improvements provide a con
stant absolute pressure in the chambers, rather than a pressure 
that follows barometric fluctuations. The cost of these improve
ments is uncertain, primarily because the design of the 
enclosure, its construction cost, and its impact on other assem
blies have not been assessed. 

The outer tracker is surrounded by an hermetic enclosure of 
thin wall aluminum. A separate plumbing system pr9vides initial 
flushing and a subsequent continuous small flow of CO to the 
enclosure. Pressure in the enclosure is maintained e~ual to that 
within the chamber outlet pipe by feedback from a differential 
pressure gauge to the controller of the mass flow to the 
enclosure. The relationship between pressure and mass flow is 
established by the restriction of the hand-set throttling valve 
at the outlet of the enclosure. The enclosure has not been 
designed, and its cost is consequently uncertain. 

The gas emerging from the tracker accumulates in a vacuum 
vessel rather than in the inflatable bladder of the low-cost 
system. The pump operates continuously, maintaining a pressure 
somewhere between 1/2 and l atmosphere in the vessel. A pressure 
regulating valve, set to maintain constant absolute pressure 
rather than constant gauge pressure, controls the flow emerging 
from the tracker. In this fashion, the pressure in the tracker 
is held at some value slightly above the highest expected 
barometric pressure, for example, at approximately 780 Torr. To 

-

-

-
... 

.. 

... 

.. 

... 

-

-



,.·· -

-

-

GEM gas system 45/20/9i 

prevent rupture of the windows, the pressure in the enclosure is 
forced to follow the pressure in the chambers, even if the cham
ber pressure should somehow assume an erroneous value. 

The halogen sensor, and an oxygen sensor, now appear in the 
outlet line from the enclosure. The halogen sensor will detect 
any leak from a chamber to the enclosure, and the oxygen sensor 
will indicate the presence of unwanted atmospheric air in the 
enclosure. 

6 

~· The major additional costs for the improvements are 
the pric~ of the vacuum vessel (estimated by a supplier at 
between SlOk and SlSkl, and the cost for construction and sub
sequent assembly of the enclosure with its many penetrations for 
electrical, water, and gas connections. The construction cost of 
the enclosure has been estimated at SlSk, based upon experience 
with similar (but much smaller> items. The vacuum vessel has no 
special requirements, and might be obtained for almost no cost as 
surplus. The enclosure appears to require an extensive design 
effort, because of its many penetrations. However, the location 
and mounting of the plumbing and electrical connections would 
have to be d~signed and coordinated among diverse workers anyway. 
The enclosure, therefore, may be a dis.guised· blessing because it 
establishes a physical bulkhead which all designers may address 
in common. 

OBSTACLES AND UNCERTAINTIES 
The major uncertainty in technical performance is the scrub

ber, which has not been investigated. Scrubbing methods for the 
expected impurities (hydrocarbons, oxygen, nitrogen, water> are 
available commercially. However, it has not been determined if 
the available scrubbing techniques are compatible with the East 
gas, and if so, what the cost will be. 

The possible formation of deposits on the anode wires must 
be investigated during a 6-month test of a prototype chamber i.n a 
high-radiation environment, using actual or prototype flow com
ponents and instrumentation. The test should employ an enclosure 
with a co 2 atmosphere surrounding the chamber, if that option i.s 
selected ror the outer tracker. 

The major uncertainties in cost are the cost of the scrubber 
(+/- $5kl, the cost oi constructing the enclosure (+/- SSk>, and 
whether the vacuum vessel might cost more than anticipated or ~e 
obtained almost free as surplus C+S3k, -SlOkl. The hardware 
costs are therefore believed to be uncertain by +Sl3k, -S20~. 
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COMPONENTS: GEM FAST GAS SYSTEM WITHOUT ENCLOSURE 

Item 

Tub in 
Inlet tube 
Inlet pipe 
Outlet pipe 
Copper tube 
Copper tube 
Nylon tube 
Nylon tube 

Quan* Descriotion 

500' 
60' 

100' 
200' 
200' 

40' 
80' 

304SS .035x.0062 
" 1/2 x.016 
" l" x- .020 
1/2" OD 
1/4" OD 

4 mm ID 
5 mm ID 

and Treatment 

source 

Tube Sales 
" 
" 

LANL 
LANL 
Estimated 
Estimated 

Sl. 31/ft ;; 
1.89/ft 
3.64/ft 

23.83/ft 
11.27/ft 

Total 

655 
115 
365 
100 

45 
100 
200 

Gas Storage 
Bladder 
Scrubber 
Pressure tank 

l 200 cu ft 
l H20, 02, N2, 
l 89-100 cu ft 

HC 
Aero Tee 
Estimated 
Manchester 

$1800 
7500 
1761 

s 2000 
7500 
2000 

Electronic Pressure 
Transducer 

" 
" 
" 

Press. readout 

l 
l 
l 
2 
l 

Mechanical Pressure 
Visual Press. l 

H II 2 
II II l 

Flow Indicator l 
Rotameter l 
Regulator 4 

Instruments 
0-10 Torr gauge 
0-30 PSI gauge ' 
0-100 PSI gauge 
0-5 PSI Diff 
Reads 5 transd's 

MKS/Omega 
" 
" 
" 
" 

and Flow Indicators 
0-10 Torr gauge McMaster 
-30"-0-100 PSI " 
0-30 PSI gauge " 
Self made ribbon Estimated 
0-4 CFM Omega 
For gas cylinder LANL 

Electronic FLow Controllers and Meters 
Flowmeter, htw l Low press drop 
Mass flo ctrl 3+1 0-100 SLM, valve 
Readout l+l Control 4 valves 

Compressors, Analyzer, Filter 

Kurz 
MKS/Omega 

" 

500 
500 
500 
500 

1000 

35 
15 
10 
50 

200 
95 

2200 
2035 
1080 

Compressors 
Filter 
Gas Analyser 

2+1 MB-602, 2 pumps 
1 0.2µ, Gelman 
l 02; NDIR C02,CF4 

Met Bel 
VWR 
Anarad 

Co 2000 
55 

15000 

Environment 
CFC detector 
Gas detector 

l 
l 

Detect CF4 ? 
Combust & 02 

valves and 
l" hand 

Fittin s 

1/2" hand 
1/4" hand 
Relief 
1/2, 1/ 4" Check 
1/2" Actuated 
Misc fittings 

Gas Supplies 
Fluoromethane 
Carbon dioxide 
Reclamation 

Total 

5 
9 

12 
4 
3 
2 

and 
2 
4 
l 

l" plug or ball 
1/2" It It II 

3 needle, 9 ball 
Nupro press rel 
In-line 
Double-acting 

Reclamation 
220 cu ft cyl 
220 cu ft cyl 
Self-made cryo 

McMaster 
McMaster 

Whty/Worc 
" 

Whitey 
LANL 
Estimated 
McMaster 
Estimated 

Air Prod 
Estimated 
Estimated 

225 
1800 

150 
60 
25 
25 
50 

200 

1080 
110 

1500 

* Quantity 3+1 indicates 3 items needed, +l for redundancy. 

500 
500 
500 

1000 
1000 

35 
30 
10 
so 

200 
380 

2200 
8140 
2000 

6000 
55 

15000 

225 
1800 

750 
540 
300 
200 
150 
400 
500 

2l60 
440 

1500 

S5~645 
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Tubing 
Inlet tube 
Inlet pipe 
Outlet pipe 
Copper tube 
Copper tube 
Nylon tube 
Nylon tube 

Gas Storage 
Vacuum vessel 
Scrubber 
Pressure tank 

Quan* Oescriotion 

500' 304SS .035x.0062 
60' 

100' 
200' 
400' 

• 1/2 x. 016 
" l" x .020 

40' 
80' 

1/2" OD 
1/4" OD 

4 mm ID 
5 mm ID 

and Treatment 
1 so-too cu ft 
1 H20, 02, N2, 
1 89-100 cu ft 

HC 

Electronic Pressure Instruments 
Transducer 

n 

n 

" 
" 

Press. readout 

l 
l 
l 
2 
l 
l 

0-1000 Torr abs 
0-30 PSI gauge 
0-100 PSI gauge 
0-5 PSI Diff 
-10 +10 Torr dif 
Reads 5 transd's 

Source 

Tube Sales 
" 
" 

LANL 
LANL 
Estimated 
Estimated 

TM Vac 
Estimated 
Manchester 

MKS/Omega 
" 
n 

" 
n 

" 
Mechanical Pressure and Flow Indicators 

Visual Press. l 0-50 Torr gauge McMaster 
" " 2 -39"-0-100 PSI " 
II II l 0-30 PSI gauge " 
II II l -10 +10 Torr dif " 

Flow Indicator l Self made ribbon Estimated 
Rotameter 2 0-4, 0-0.l CFM Omega 
Regulator 5 For gas cylinder LANL 
Regulator l 780 Torr abs Estimated 

Electronic FLow Controllers and Meters 
Flowrneter, htw 1 Low press drop 
Mass flo ctrl 4+1 0-100 SLM, valve 
Readout l+l Control 4 valves 

compressors, 
Compressors 
Filter 
Gas Analyser 
Added 02 sensor 

Environment 
CFC detector 
Gas detector 
Enclosure 

l 
l 
l 

Detect CF4 ? 
Combust & 02 
Self made, alum 

Valves and Fittings 
l" hand 
l/2" hand 
1/4" hand 
Relief 
1/2, 1/4" Check 
l/2" Actuated 
Misc fittings 

Gas supplies 
Fluoromethane 
Carbon dioxide 
Reclamation 

o a 

5 
9 

14 
4 
3 
2 

and 
2 
6 
l 

l" plug or ball 
1/211 ti II It 

3 needle, 11 ball 
Nupro press rel 
In-line 
Double-acting 

Reclamation 
220 cu ft 
220 cu ft 
Self-made 

cyl 
cyl 
cryo 

Kurz 
·MKS/Omega 

" 

Met Bel 
VWR 
Anarad 
McNeill 

Co 

McMaster 
McMaster 
Estimated 

Whty/Worc 
" 

Whitey 
LANL 
Estimated 
McMaster 
Estimated 

Air Prod 
Estimated 
Estimated 

Sl.31/ft ~ 

1. 89/:: 
3.64/tt: 

23.83/ft 
11.27/ft 

cotal 

655 
115 
365 
100 

90 
100 
200 

$12000 
7500 
1761 

Sl2000 
7500 
2000 

500 
500 
500 
500 
500 

1000 

35 
15 
10 
75 
50 

200 
95 

500 

2200 
2035 
1080 

2000 
55 

15000 
120 

225 
1800 

15000 

150 
60 
25 
25 
so 

200 

1080 
110 

1500 

500 
500 
500 

1000 
500 

1000 

35 
30 
10 
75. 
50 

400 
475 
500 

2200 
10180 

2000 

6000 
55 

15000 
120 

225 
1800 

15000 

750 
540 
350 
200 
150 
400 
500 

2160 
660 

1500 

* Quantity 3+1 indicates 3 items needed, +l for redundancy. 



GEM OUTER TRACKER--FAST GAS SYSTEM 
LEVELS OF EFFORT 5/20/92 

WITHOUT ENCLOSURE 

ITEM 
ENGR DESIGN ·rECH CRAFT PERIOD 
<-------man-years-------> ~onths* 

R&D r:-Scrubber 0.2 0.3 1-6 

PrototyEe Develooment 
2. Assemble a· flow system 0.2 0.5 2-9 

3. Oper1te flow system in 0.2 0.2 10-18 
high-rad environment 

4. Gas reclamation system O.l O.l 12-13 

Assembly and Test 
5. Flow system assembly O.l O.l 0.3 19-22 

6. System test 0.1 0.1· 23-24 

WITH ENCLOSURE 

ENGR DESIGN TECH CRAFT PERIOD 
ITEM <--------man-years------> months* 

R&D 
r:-Scrubber 0.2 0.2 1-6 

PrototyEe DeveloEment 
2. Assemble a flow system 0.2 o.s 2-9 

3. Operate flow system in 0.2 0.2 10-18 
high-rad environment 

4. Gas reclamation system 0.1 0.1 12-13 

4a. Design enclosure 0.1 0.3 O.l 14-16 

Assembly and Test 

5. Flow system assembly 0.1 0.1 0.4 19-22 

6 . System test 0.1 O.l 23-24 

".'!.-

*Months inclusive since start.of project. 
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Electronic Component Sheets 

CENTRAL TRACKER COMPONENT WORK SHEET 
W.B.S.#: DESCRIPTION: 
7.1.2. 1 IPC Electronico • PADS 
Parameters (weight, length, area, number, units) 

En r. 
Rales 120.0 
E&D LABOR 
7.1.2.1.1· Preamp 0.5 
7.1.2.1.2-Swtthod Cap amiy chi> 

I 2.0 
7.1.2.1.3 ·Chip Test Station 

I 
7.1.2.1.4 • MUX & readout 

I 
7.1.2.1.S· Dense PC Board 

E&DUborSub 2.5 

lnspectQ/A 

Dasi n 
80.0 

0.5 
1.3 

0.8 
2.5 

LABOR 
Tech. 
80.0 

0.0 

TASK: 
CENTRAL TRACKER CONST 

Crafts Total Sib-Tot 
55.0 PY Labat 

0.5 60.0 
0.0 o.o 
2.0 240.0 
0.0 0.0 
0.0 0.0 
0.5 40.0 
1.3 100.0 
0.0 o.o 
0.8 60.0 

0.0 5.0 500.0 

De<all 0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 o.o 
0.0 o.o 

PROC/FAB 

30.0 
40.0 
25.0 
40.0 
10.0 

145.0 

0.0 

150.0 
150.0 
25.0 
150.0 
10.0 

485.0 

0.0 

180.0 
190.0 
50.0 
190.0 
20.0 
0.0 

630.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

D•te: 
27. ·92 

TOTAL 
COMP 

KS 

60.0 
0.0 

240.0 
0.0 
0.0 
40.0 
100.0 
0.0 
60.0 
500.0 

180.0 
190.0 
50.0 
190.0 
20.0 
0.0 

630.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

7.1.2.1.1 ·Preamp 0.0 0.0 669.0 669.0 669.0 
7.1.2.1.2-Swilhod Cap array ch!> 0.0 0.0 2788.0 2788.0 2788.0 
7.1.2.1.3 ·Chip Tost Station 0.0 0.0 223.0 223.0 223.0 
7.1.2.1.4 • MUX & readout 0.0 0.0 58.0 58.0 58.0 

I il!~:~•111~ft~~~[~~~r~~~!~i~!+-~~~;~~;~;~:,....+--,,.,,--+-:~~;57~;~;~:,.... ..... ~~~r~i~;~::-f 
PROC I FAB Suo 0.0 0.0 0.0 0.0 6326.0 0.0 5326.0 5326.0 
INSTALL & ASSBLY 
Contact Lebor 
Oetall 1 
Oetail2 
Detail 3 
Material 
De<all 1 
Oe<ail 2 
Oe<ail3 
Comments 
Oe<ail 1 
Detail 2 
Install &. Assbl Sub 
SUBTOTAL 
Contingency 

92.72o/o 

TOTAL 

o.o 
0.0 
0.0 

0.0 o.o 

lilt 111111111 !111111
1111i11i 111i1 

0.0 0.0 
0.0 0.0 
0.0 0.0 

a.a o.o o.o o.o o.o o.o 
2.5 2.5 0.0 0.0 5.0 500.0 

EDIA 
Technical 4o/o 

Cost 2o/o 
Schedule 1% 

0.0 

2.5 
0.0 

2.5 0.0 
0.0 0.0 o.o 
0.0 5.0 500.0 

age 

0.0 
5471.0 

0.0 
5471.0 

'~·11 

0.0 
485.0 

0.0 
485.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

5956.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

5956.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

6456.0 
0.0 
0.0 
0.0 
0.0 

5986.0 
5986.0 
12442.0 
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l . Cnt codoction 

2. Ce~~ric de~elopment and production co~t~ 

3. suppo1t syste'Jll~ in tne e~puri•antal h~ll 

4. Resistive Plate Cha111b~rs 

5'. e.e.rroel Muon cbarnbe&"e 
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l n::. ... oduct ion 

All i'rt9 of t.hie det-eclor 11tUat operate at the SSC beaai crosain9 
rat• !:tf 60 ~·.Hz. 

Th9 l't levol tri9qer Jflu::t be deadt.i.el1taa (f\llly pipelined). The 
design g~~l f~r the level l tri9ger output rate ia 10 Y.Jlz. If 
ncces•~ry, An inter~adiate nleve1 l.s• trigger at.ago will be added to 
aceomp.ll•b thia. To provide an operating -.argin, .all detect.ore auat be 
dFt.si9n'td to accept l~vel 1 tri~erft at DD average rate of 100 KH:z, The 
•uon sy•t?r, the c•lorJmetar, bnd at least part. of the centc•l tracker 
rl'IUnt rli9iti'le- n.t this rate, to provid9 the data requir:ed by the level 2 
tr!ggac. A. r-ipelined d•lay of up to J aicroaeconds i.s required in every 
1ignal :-h11n~•l to acco~odate the level l triqqer delay, IUld an· 
":i;ynchror•:.l•tl buffer iriu.st be ptovidftd. for the I.eve! 2 d&lny.,. where 
roquir.a-:1. All "Y•tea1s which. participat.e in the' lat level llC'iner 
deci•i.-:C?. :wost idtintify t.he beam croa:sin9 uniquely. Jnitl•lly, only the 
cnlori'J.'!lt~E' •nd the a.uon syateal' will be 'U.11ed in the lm•el l t..rig-ger. 
~hi• C'ft·r. c.ro••ing infor•atlon det.er.nsinee which o'f the piPftllned signal$ 
al·c dl;itiz.•d ond stored. 

Thd 2n~ level trl99•r i• deslt;nled for • lllAKi•1.1111 output rate of 30G 
Ha::. Foe tt.Hch •c:cepted 2n-:I level tri99or, any r•maining detec:to1·s are 
read o·.Jt .a:.nd tb<S •ntire event is submitted t;:o the level 3 trigger.,. which 
will be ~ ~~oces:or fala. 

~lJ r)•lflte-.. will ha.v• test •nd c•librAtiOn facilit!el' included as 
part "'' the •y•tell'I deeign. 'l'hese will allow quick verification of 
functier. iR.a,,11 ca•e• &nd p~ovide a c010plete calibr~tion ~or aOIAe. This 
datec:t.:.ir :nt.1:11t ope&""9.te reliably for ••nr yeu:a. The approach t.o the 
+tleetrcni::s de.sign reflects our conce1:n f"or 11erviceabilit.y ot t~ 
compone:nlra. The calorbn9te.- and Jnl1011 ele-ct..ronics are loc.ated where 
ftcce.ss il'I p·:-fl•ible. Only the niriitnum itrlot."ctroniea is located in tha 
dotecto1 1 t'her• •ccee.e tlm-e is ai.e.asured in we•ks, not hours or minutes. 
Thctr.ot <'Cl"rponents which inu.st be lnaccet1sible, tlle -calorl•eter preafllpa, 
•rid t.h'! C'f'nt.ral t.r:aek.ar, 111u.st. h• designed •nd tf'.:et4H:I for L·eli"'bi.lity. 
Ro<lutod-t!l.l co ... ponents 1u1d com.mun.i.cat!on p•tb.o •1uat be d"'t:si9n•d in at the 

, sy-E'tiA• • .,,•el, to per•it .alov de9r11d;iition of porfoc1111ancv rather \.hao 
r.ata.sttcphl~ f~ilure. 

'Thia t=.l'ltiaAte i.s baae.d (In already kn<rwinq what t.o do. Th•1'o costs 
!tt·e Iur th• 1aploe1M1ntatl<*n phase.,. not t.be e:kploratory· R'l> phase. The 
dHvelopl'!.•nt &eok• must be wvll defined and the technologies well 
und•r•tcod fr>r these .,sti111at~• to he re.llablu. Not all of the detector 
S)'•t~•• neat thi.s r&q.uire11ent. 

Fo~ ~•r.h er8lea.,. a •trav ... n deaign has been cho.s~n. which can be 
iinplea•nt•~ wilh aYAilable teclUiology.,. OE" only a short extrapol•tion 
fro11 c11rc-ttntly ••8.llilhle t"'Jc:hnologlee. 'The finJ.111 de.sign ••Y be' quite 
different ft·o• that. described here. Tho•• esti..atea are beet described 
aa t<Jp-down.,. u•ing analogies with a::tiat.ing ay.stc'*'l!I.,. :ratber than a full 
hot.t.cat-c.p afproach. The rate of chi!ln9e in e:llflcti:onica tachnology J.a 
fnst ~nou9h th~t • bott01RS-up e~th11.ate b8Sed on current technnlogy ia 
inapFC~pci&te at this Kt~ge or th~ detect~~ de•ign. 
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Generic cJevelop111.e-11t CO::il used in the cont .,stiinate-" 

The followiPg Bati•"ltes are haeed on a labor rat.a of $7C. f''!.I" hour 
($15-41< pe.r yeit.r}. Thia ia C<H11parable tu t.he fuJ ly 1H1rt;1cned ie11te fox an 
engineer er 1•hysiciat at one ot t.hu naoti.ona.l laboratorJ.1t9. 

These 9enE=ric J.tem• are tilllken from th.e EH.PACT/TEXAS co11t t:st iruate, 
with sonie additions and modifications. ~hey have been r~vi•wed h~ra at 
LeCroy .ri.n<I er& still consid9red to be a r;eliable guide to development. 
£lld production coste. The origin .. l caveat• also still apply.,. t.hese 
costs ar~ a 9uide only in the c~se of well understood eyatems, no~ 
necessarily correct for sy$tems which 11ore beyond th<9 current Dt8te or 
the art. 

The coet of r~diation hard ICs is estimated at t~ice normal lCs1 
both f(*r dovelopment •nd production cost.a. 'I"hi• is aupported bj,• 
discussions with cu1-~91lt vendc.i-a o~ r.fldiation hBrd nemiconduc:toru. Hot~ 

thi"lt It may be more difficult to achieve tho E"eqt>ired pl).cformance "'it.b 
radiation hal'"d ICs. 

Engineerln9/desi9n 
Labor R•te Total 

nly k$/my k$ 

8DJA 
Material Pcoc/Fah 

k$ k$ 

f'rc·t.otype 
Total 

k$ 

I'l·ric/F,,J 
M:it.~l"i;,; 

$ /e<1ich 

Simple IC {).50 154 71.00 30 150 257 .00 

SiJnple IC, 
rad h"rd 

Col1lplex IC, 
digital 

Conaple::t IC, 
digit.al, 
rad hard 

Co1Pple!"::t IC, 
analog 

Coinple::t IC 1 
"'nal&-.J, 

rad hard 

1.00 

1.25 

2. 50 

2.(10 

4.00 

l~t 154.00 

154 192.50 

154 3BS.OD 

154 300. 00 

154 f.il6,00 

60 JOU 514.00 

40 lSO 332.~0 

AU 300 1{ii5 .00 

40 150 4 98 .(\0 so 

JUO 996.DG 100 

For the contpleK analo9 chips, e specia.l teat station ia required for 
pr<'~llction teiAting. 'l'hia will he J11ore thorough than 001-..al 
.se~icr>nductor vendor teating-. Thia will teat all ~toraye loc•t.ions ln 
a &witched capRcitor array, for exBmpl~. 

EngineeriuCJ/design EDIA Prototype Pt oc/F,·\I 
Labor Rot.e Total H11terial Proc/Fab Total Hi'lteri"ll 

It.,. "'Y kS/11.y kS •s k$ kS $/£·a.ch 

Ana.lo-q t<aster 1. (,0 154 lS4.00 50 50 2!i.C. OCI 16 

The pc board production CO•t• .incl•.Jde: all c:oiu~on part Ip but not th'!> 
spe:::i o l custolh J.11t-.E1t9ca.ted circuits. Thi• co.:;1t also includes af:strnl>l \' • 
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En~ i:h:t$: ing/d~.!lign 
L"'""r J.o.1.te Total 

Ito!" '11~• ~~/my k$ 

EOtA 
Haterl.a.l Pror:/Eab 

•$ k$ 

PJ.·otot~po 

'1'ot1t.l 
k$ 

Proc/:'f.b 
He.te'Cii.ll 

$/iiil!CO 

S'i.1lple 
Fi..: boor•1 0 ~~ 154 84.70 • 16 104.70 • 

C:-·111ple;e 
FC hoard l .=''' IS4 231.00 10 20 261.00 15 

Fer ~h• ·1f!rJ high deneity ay.eteas in th• cftntral detector reqion,. 
the c~uporu:rnt:. .:'!·Jnsity requliud ia tiimilar tn that currffntly found in 
~y•t~n~ c~i~g S~brid or chip-on-board conatruction techniques. The 
de\•e!.:::pi:-ent ..,t!o:i:t f•.>r thi& type of' cona:truction is 11;!01ilar to a larqe 
c•~i.•uc 11-:: ~"'n:d. the estime1~e of the generic cost is bo~~d on L~roy'11 
e7.p!l::ierc., ~i:.t. 11 la:a:qe hybrid TDC for o cbafltbor JU.ounted applic~t1011, 
fhi~ !!':Yci.=.At.":" is """ e:.c.tr&polatit:>n to • bi9hl.V c..utoll'ated prndu¢ti.on 
.!l_l'St4":.-.. l'i·.1tl'll tt;.~t the coat. of working ollicon i.s in the neighb<.>rhood of 
t500 l_-g;; r.q ;:..:-• . 

I ten. 

'' .; i;:!!.;t1· i'ICJ/ desJ.'i'f' 
&:..ali:oi: Rate 'l'ot.•l 

(lllf "E-.$/Joy k$ 

BDIA 
"atetial Proc/Fab 

kS t$ 

Pl·ntotyP41 
Total 

k$ 

Proc/Fal> 
Hateria.l 
$/each 

Larqe 
hybrid cnip l. :,\I lS.. 231.00 10 20 261.00 100 

~' a:l:t"ro.-1:.ive IH!thod Of •chiftvin9 the very hi9h doensity required it1 
to dr-:ii~n ini•n'.:ilirhic tea which incorpo.-at.e all need~d functiontt on the 
chip. ~'('Ir? few .other component.a can then b~ \lSed t.n achieve thn high 
chann~l Jer.s.ity re-qul.c9d. The nu•ber of chips reC}\lired depends on the 
numbp1· er! ~ilt~.rettt technologi<iA, probably at. lea.st 2, sinca the 
prea'l!.p'\.it'ii!IC" .as -c-":>ect~d to use bipol•r technoloqy. 'l'he an1'1og storage 
oind d:iqli':..tl "Cla.ps -;an b'!! rad hard CHO!i. Th'9 expectt!d L-eli11.bility o( an 
al\ :a:in~l\!.hi;;: .!'11'"1;.eJll, (with. very fet1 connectionl':I) is 111uch higher than 
with ."ly;:.rid 't~c}",ni-;ue:s. 'Hith thia p.lck.a9in9 technique, the ICs are more 

• <:Oll•ple:ii, .vu! t.i:~.t.t: devalopment 11n~ p.coductirin costa inust refl&ct t.hia. 

1.r..9ine'tr-in9/d'esign 
i.nti._..r ?.i'llte Tut.al 

rr.y kS/my kG 

&DIA 
Mat.e1·i11l Proc/Fa.b 

k$ k$ 

Prototype 
Tot.al 

k$ 

Proc/Fnb 
Mllllterilll 

$/ea-ch 

Hlqh dens\-:.y 
.surface ''(1W\t 
PC boar•l 1. "iO !54 231.0 10 20 261.00 JO 

• 

J. Suppo.-t ny9terns in. the uxp-crhw~ntal J,:1111 end ot.ti<;J" cconunou it.ems 

a) Hiqh volta9e ior central tracker.s l"Ttd Muon ohnmi:J111rs 

bl 

cl 

d) 

The hi.gb vcltllq'9 syat.-=m~ are vec-y 11imilar fci.c St:!Veral detect.or 
sy"'t.~1118. ti~ have OSftUmcd the uAe of COJIUl\Qrci111J aystem" at a eo~t. of 
Sl!:·O per channel, and $50 per channel for c111ble ond connector cor:r.s. 
Since these are com~1:'cial .sy'1te111s, we 111ssi9n little or ne> do€:Ve1opm·~nt 
CQat..s. 

Low volt.age p'"'1eJ. for d~tector «1nor1t.l!d •l•ctronica 

The lc-w voltag>e- power .!lupplies l<l'ill be Joc-.111t~d in the h111ll, clo$'!' t.o 
th'!' rT1agnet, but. in 11n ereRi whE:re the fleld is le~s than O.l Tesla. Th 
tr,,.nsferrmers and other magnetic coniponent• Cl'IUOt. be shielded .from tlie 
fi~ld, or d-asigned to operate in a 0.1 Te.ala fiE:ld. The: co:st hit.5 been 
estirn~ted ait ~4 per t,,..att for the ccmoLe opacntion and inonlto1ing) and ~1 
per watt for 1:he cable distribution system. 'l'hf!He ~atim~tes n.r-e hn<J.-..d 
on act.u.?1.l co1Jts of e:i:i!lt ing sy.ete1t1s. Only a 1nodffst di!'velo~nt CP~t h;oi:i 
b~~n as!li9nM, !'lin('.f\ we exp1;1<.:t the:iJJ r.y.11tems to be- balH::d on c'>1~111erci""l 

offerings. 

Optic.<jl fibe-r data lin'k.11t 

Ne havoe used a 9Qneric optical cL,,t.- link for the purposes of t.hi~ 
est.imate.' The cost is based (H) kt cu.crt".:ntly a•1ailBolJle 80 Heter I 0;ag llnlt, 
rated at l25 rm::.. 1'3e expect that. higher p<ilrforrnance at a sirnila1 fri·::e 
itiill be avflilc\ble in the SSC/GEH time fca.me. 'l'he prC"..cluc:ti<in co~t .is S2SO 
per .link. This includes an optic.al tran:.onnitte.r lS&O/ellch), optical. 
re<::eiver {SflS/eP.ch), two ST eonnect-oi.·s ($12), and 60 meters of mult.irnc-de 
9rnded iode:r:. fiber ($0.25/ft). 

Optical fiber receiv~r and d~ta buffer boMrd 

Simil.aixly, tlle 32 channE-1 rt!cei..-er bl.lff.ar· bo.aori;t fo1: the optic<'ll 
links is the samg- fu1 all of th('! d~t~ (non t.r-ig•04er1 links. Tflc 
de-velopm~irit cont is cha.rqad 0J1ly once, end is $7.61t:, th~ valut:' f,.,r a 
con1pJ~1.11. pi-intc-d ci..('t:Uit boM.1:d . 

Thi:=; rP..ceiv«r: and b11t::fer i!t tile cor-:i of tile d1tt11. acquisition eyst..,m. 
All !lubdetector !'ly$tems send the d.a.t41 via an ••pt ical link tn thf:jne 
l>oc.rds. •>ant syst.~l"IS send tho d11.t.a after a level L "cccpt. 'ih.;. :::;rst~iat 

ls -ea:Jily :111odified to accodloda.te tha..,e subdetector.i which 1.·eto1oin lh!O' 
data until the level 2 trigger doa<:isio.n. The hufter sta.·uic:tur:o is 
desi.q110Jd to .~tox'S all d.-.t111 unt.1.l the level 3 trigger doecision, 

Eact:r. link receiver st:o1·es the data roceiued in " l-'lFO buffer, a 
G~pa.r.at.e butf-er fox· each link. The link protoc:ol includes an <111<.I of 
itV•~nt m~rl':r!r t.o sepl!r•te multipl~ eveots. Th~ d.i.t-11 i.·ernnina in th~ FIFO 
until the l~v~:l Z t1:i99er decillion. lUI'/ dllt.11 requited by the le•1~l 2 
tri~lger is either <:opieel to an out1.ut optic.al lin>:. as it. Ls rec.Pi·:~, "f'r 
11 rlllplic11te link ia pcoviclf!l.d at tho eoucce. Th-e eve:nt siz.e at thi~ FIFO 
is lP.~S thc~n lk byt.ee, eo a 32k buffer will allow a lcv~l 2 tri99er 
d~lay 01· 300 microBeconds. 

At tbis tinifl the data is eit.h-er diJPcard~d, or tranRfe.cn:!d tn a l~·.·~1 

3 l""!l'O buffo:::r on tl1a aa'll'le b61u.-d. 'fhe l~vt:l 2 acc-e:ptance f'atc ir. 3 P..lt:i;, 
or ev•~ry 33:'\ nr.ir.r"'aecond.s. "rbere i~ vnly l level :t Flf'-0 buffer J.><i?r 
h-oa.rd. ~- local event building opc?:"atian t.akes pl.a.c~. CC1llect.in•,1 i!l1 

• • f 
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rt* r:•r1 .~:t.i.ve pla.tn ch....t>er produC«-ll 111 apa.1·k pl;rnaptly after th~ 
pftrti~Ju par.~~9e. The combihation er the gas an~ th~ reai•tive plate 
pl:'o:t1;'t \s 'l""n-:hiaB tb9 •p•rk. A lar~ pfleiti•e cl~rge is left in the 
9ap, fl":-,Ju'-:in~r e 111.r~ prompt ir.duced aign•l on a. pickup strip 
ctec::.::;-.d9. :·oe at.rip can he dee:lgned na a ter .. 1inated t:rar111111l91tlon lln~. 

r~quir.i.•'9 t_.nty a DlO!ple c.llsc1:!111inator at th• end ot the .at1-lp to pr"lducl'J 
" eitJ':'IS! with btulm croasirog tianing. The:r:e ia no dl·ift ti111e to consider. 
This '!.JO 1!!.!>cJllied by the :flight t.i1te fro• the verteK, but this c111n ba 
flliLi•1-s• . ...:(1 t•;J xestrictinq \:.he •trip length. l'he. r(llsult ia a prompt 
oigr.al l:h"'~ -=~n noiq.•ely idep.tify the beam. cxo.ssin9. 

[!1i .!I !l/'Sl'::.em .s111tisfi<0s two xequirnMent•. It provid90, a •ignHl for 
tho trJq<J•n::. w.lthout waiting for (oc corr&.cting farJ t:h$! drift tiine. And 
it ~CO\."ld9s the Z coordinate, a• a higher re&olution alternate to the 
tim'i" di!! .. ct:-n·;'i fre>m t:he two er.da of a dri(t wico. JI.. TDC •y•tera, &i1Dilar 
to t.t-~ Hu?n ?'.ar.·rE'l t::r•t~ records the ti:ne ror 111ore preei•e nf.f li11ie 
~nal~·ei.11. 

-:-:1-e o·.Jf'.-e r etripa, IS ff long, •r• broken into 4 plecel'I, e•.ch slaort 
enou"h to 1:ni!?.UtJly ide11tif1• th• boa• cros.einq • .Si•ilai:.ilr t.b'5 center cind 
inn·,,~· j11!.·111::!I °'re broken illtp 3 etrip•~ f!ach aecttir (there are 32 
~ec-:.or!IJ t:1~~1 consi11ts of 2352 at.rips, including the non-bend atripa, 
lor ., •;otal .of '7Sk strips to be inotz.uaented. For the pupcae of 
1:e-coi·dinq ":h"' tim~ with the TDC ayeteia, ti~• pieces of strip ar~ OR.ed 
hack tC\?"!t.!.-.c, ao only 33k: TDC ch•nnel• required. Natl!! that thtl 
dev~tcrr~ent ~bd prototype coat 111AY not be reqUireJ, if the tdc 8y•teM is 
t.ht! ,.,mt'! "~ u:ted in the Ml.ion barrel •fllCtion. 

E.ri.•; i nee r inq/design 
Lac.or &:ate •rotnl 

til:f k$/iay le$ 

EDII\ 
Material Pron/Fab 

k$ k$ 

Protot1•pe 
Total 

k$ 

Proc/!'.itb 
Material 

S/chan $k total 

Disc r imir.!lt.or I.I'.:', • •t1·/chip 
!?-~' 154 71 30 150 257 

Discrinu.n~t.<'lt •·C 1" .• nard~ .itcb/s,1.in 
o. s~ 154 B-4. 7 • 16 104. 7 

Cnble t~ t:i.9'9~.t' ~yatem, 10"1 20 

T,.,.tal 381.7 

R~~istive ~lat• ChaJAber, 3Jk TDC channels 

~n·Jinee1:'in9/de11lgn' 8DIA 
Labo.c· Rate Total MAt.,,rt.al Pro~/Fah 

Prototype 
Tot.al 

Irc;·lll ~'/ k$/r•r le.$ k.$ k$ 

TDC chip C ch~~:Ntle 
1 :.!5 J54 192.5 40 150 

roe PC l:tH•cd, !.:n1 TDC/hf>1:1l·d, 1.5 sq. inch/channel 
51.l J!:,., 231 10 ~o 

k$ 

382.5 

2Gl 

l.5 112 .5 

, 150 

3 225 

6.5 •8'7. s 

ProclF11b 
).later ial 

$/ch11n $k tota.l 

2 £6 

Ll.l Cr.ato t'llr;:t. cus':., 8pt1clal cacl::. a:ea.>te power, 1500/bottro 
;:: 12 

0J 
en 

I 

"" 

) 

nata .tol:' the ~cc::<.·ptMd event fcom all level 2 FJFOs. T•t thP. .tt•:a~ ti111c, 
"" copy of the complate event ifi al-.:o sent to the l~'·•I 3 tri99ea: $~·-~t.ein 

'='in a. J2 hit p.:11·nllel 1.snk. )..Jote tha.t the 1e"el l t1.lq9or i"' ,...o, k.jng 
vit.h :t CO.f"Y and doos nc-t. need to s.tAve th& d•l11, r.01- dona it need t'"> u.~+'.'J 

all the data. The ~xiaum c-ve11t aiz9 is J2ic at: this buffer level. r~ J 
V.h buffe1· will allow a 0.01 i:~c level 3 tri9ge1· .. iel!ly. 

The level J trigger de-::isiori c.-.u3es this e"Vent t.o be eithac 
discarded, or read out via the backplane (FASTeUS for r.xu•plel into ~ 
host computer, or dir .. ctly to long term 11toraqe. A FASTBUS &Yfllt~m 1o1ould 
h~ve more than ad•quate bandwidth for thi~ Lask. A full FASTBus crate 
,..ill have .o lfl..AXiinwn event aiz:e of 600 kb. 

c) C1·aites with rower and eontr.ol lere 

The slot CQl'lt fnx: rack mounted boarda i~ based on the trpJ.cal -=ost 
of a FASTOUS cr.itt-:t, with powe1: end -;o0ntroller, $900. pur 910t. Not& 
that ll1it' does uot .imply the use of Fll.STBUS, but doea produc.e a m•Jte 
.reliftb)A e&_,tir11ate. 

l<~oi· the r.ack.s mnunttu:t near or c1n the .. gnet, thi• is inccc-,.sed by 
$600 to ir~r..lnde t.he eJ11:tra co•tR associated .,ith liquid cooling .llnd: 
r~naote oC" ll'IH91letic field t.ole.1:a.nt power- •npplie:r. The dotV1itlDfl"'t:Ot. 
costs associated with this ar~ com.on to all cratea of thla type. This 
conim.on d~v'!l~opn1ent coat is cha.rged only once. 

f). Signal C8bles 

Hote that cabling in the hall or in tbe detector ia er.pected to confoim 
to CEFJf 1.-ules for underground areas, i .a. it must be halogen frf!e. 'the 
si9nal cable co&t. 'll!lstima.tes are based on $0. 3 I meter, the Col!'lt of 
.ahieJded twisted pair ci.l::le. 
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Muon Barrel SretAin 

The lfouun sy9tem ia in cwo parts, a barrel section and an endC<"£' 
section. The3e two pa.rta will Ufffl different technologies fol:' 1:ecc.rdt.:ng 
the p.-rtlcle trajectories. As ttith the calorimeter•, most elt1:ctron.ics 
ore •")•.1tsid-o th-e. deteC"l:oc .. with onll• p..-eft111pl lfi.,1:s and ca.ble <..trlv~rH 

ins.ldc. . 

Moon Bar.tel: 

The barrel 3ec:tion will ua• lony drift wi.rea, in either lir11ited 
stre1:11~r o-r proportional mode. The candidate9 are limited at.r~a111er Mires 
at .ataosrher:i.c prJ:Jssura, with an open rectan911li..1: cell 9ev1Dotttry, 1Jnd 
prnpo:rtion~l mo<ie wi~iEM1 il'l pre5surized circular rtri.ft tubes. In hoth 
cases the driXt ti11.1e is the quant.ity to be inoas•.1red. Th& time 
di9itizing re:!!Olutintt C least sf.gn.iticant bit., LSB) muat be 1 nlfl:e:.: or 
less. By connec:tiitg adjacent (b•Jt not overlappir.1g) wires tagf"thar at 
the .f~r.· end, ant:! uoinq one TOC per wire 1o1e can use t.he time Oiffe::e.-.cg 
to detr:.r.111ine tho Z poaition with hot.tee than 15 cin reso.lat.inn. The time 
Rum will dete.1:mine when the evalanche <><:cur.red, 11iutomtttically correcting 
for t.lto prQpd;Jation lime along the wire. 

Since t.he.s-e "'.t..-e chambers c.-..nnot easily provide benrn <.:.rO&.!lin7 
information in real tim9 for the tri9g~r, a ~et of resistive plate spark 
ch1:1rnhers with .capacitively coupled pickup atrips is prO\"id'ld. Tn" 
signal.s are 200 inV 01i. 50 Ohm terminated .stripa. Those .st1·ipll provid':! 
suffici~nt spati~l .re&olution without interpolet:ion, t.o n1ea.sure t.he mnon 
Jnoinent.uui accuraecly ent.-uqh for th1t first. level triggP.r. Ttte t.im-e 
1·esolut.ior. i.s suff~cient. to uniqu-a.ly u~tarniine tbe beam cru11.aiu9. 

Since n1> an.alog llH'!BRuren•ents are bein9 mode, only 11, tiJ11e zero 
calibration is roquirod. 

TasJ-: liAt: 

1) pr('!aniplifier/ discriminator mount.oed on the chan1b~r. For the 
lhuited .!ftr-...amer rnod-e. ch,\mber:;, the di:oicriminator i.s mounted dirfH't.l~· Dn 
the ch.,rnber, d.i"ivin? dif.Cerent.i•l wires t.o t.he TDC cArds. For the 
prop~·u:tional me.de ~u.r:e ;::a!Je, Jt. may Lie nacea.sa-cy to .Repar~te the 
p.cearnplifi.gr 1.11-..d dise1im.inator, a.t. lea.st to tht1 li<xtent of separate 
Cllrd!l, th<Jn9h pos~ihly aloo chanal:-er m<1unte-d, This m.ay rcqu.i.c.g a .-:ustci!l"I 
irJtegr;;.tecl c:it:cuit: deai9n. 

2) C3.,..>les to TDC rar.ks lftOunted on th• 111n9net pole fllce. This is a 
short cable rw1, leas th~n 15 Meteca worat case. 

31 p:ipeline tdcs, Current.)~• availabl• co11.ii.ercial TDC& use ~t'"lti1:1Jly 

digital techniques to achieve l nanosecond resolution {leatit count). 
This is eo custom mor1ol ithiC CMOS chip, wt.ich couta.iTis the ti111Jn9 a11d 
read~ut lt>Qic f"nr 8 cha.nnel:s of multi-hit pipul.incd TDC. Th~ :fl.1111 .s~nle 

J:"an9e ls 65,ooo counts, with l n.sec least count. 1Jp to 16 hit" per 
chaunel are sto.xed, with double hit 1:e.solut.ion oc 20 n:!toeC. Thls is C\n 
e:<a:111p1e of the perfor•a.nce possihle with today' a technology. 

A ne!w chip, \oi'ith featurfta 11.nd pecformance optimized tor t.hc GE}J 
~uon system, wil J.. be r<iquired. Tt.e er.peeta:d i111prc.vements Jn JC 
proces::t;in9 in th~ Sf·C tim~ frol\nte "'1ill cextaiuly 1.1110 ... ce>11:t, pcx·Cor1n<tuce 
and power dit>Aipation to be .. nhanced cu1np11.red t.o the e11rrent circuit. 
TI1is 11<!w chip will be desi.qncd 11.s a pipulinoa TDC, with cC'ntinuou.s timft 

• 
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0..: 
ot.hmpi.""1.1 ::i'''!·-.u':. Tl"t0 pipeline riat'-'.ce of the c!t:cuit fV'llt11r.,.lly pro"lid&s 
stCJr.a'_'."· :.·~ tl.e ~.h 1.in9 Ua.tfl dur.ing 't.he first l"°vel trigo;ier ".leley. 

'4.i • .. ~;it.e ~~· i::r.ate r~adout to the 11pper countinq &f•ol'll. Thia ca.bl• 
run is i!= Je:11:rt !'il' •ete:r·s. 

5;• r,~,..~~·,.,c/OOffPr11 fnr l4'-0 opticfl.l fib•rs. E.eieh clu1l\r'l~l req•1i"re8 a 
:ff'I" th01.oflo-..iod t'ojte• of fast bu(fer. · -. 

6) !nt.e9r11ti.uo illt.O Lhe level 2 trigqer, and .lnto the fin•l d•t.a 
atree1P1 1:.r li!''el .l. 'this is &CCQlllPliahed by eufficiflnt buffer space on 
the rec.a;1":1er to.>rds,. and int.egratian into the evant builder. 

•'u<'::l 6:1r~el Sy.cl:.e•., 13Jilt channels: 

'£T19in~rin9/de.ai9n EOXA 
L:iitior Rbte Tot.al Hatari111.l Proc/f'ab 

;11~· l.$/•'Jl k$ k$ k.$ 

PrototYp• 
Total 

k$ 

Proc/Fab 
H;iiteri&l 

$/chan $k total 

\proportional a.ode only) 
l.5~ 77 30 150 

co 
)lsc.:-imioatnr 1-::, a :.'ire•/chip 

~ 
t. ,~ 154 11 30 

:ahle to TDC r~clc, ~!t1 shielded tvi•ted pair 
~ ~ 

LL...>lsc:riminato>t PC: l-o•rd 
0 5!• 154 

~DC chip ll r.harinel" 
•• -25 

84.7 • 
1!)2.5 40 

150 

, . 
ISO 

257 

257 

20 

104.1 

382. s. 

!z:~ClC PC bn~,,~, i .&:B TDj:/ho.311d, 1. 5 11q. inch/charuutl 
w l. :)I} 154 231 10 20 261 
:c 
~:rate slot r.ost, ~r~cial ~ack, remote power, 1500/board 
<c: 
f!:j~·.1t'9l tpr.op,rtlor\.!\l •Yde) 15~2.2 

0
."..1lal' lli1•i~ed ~t:t:. l\ll!>de) 12!>5.2 

u; 
(.) 

l:.f}it readout and Cu;:t""· links, one Eor each 2.500 aignal.a, BO• 
>-
Eet~ceivea:/bnffar c::01!1pl-ex board•, 6 sq, inch/link 

:=it,.ck slot. wpace, $CJC•O/board 

··='"' VQl t l'Qf' !"'°' ...... r, l•as than 200.w/channel, 

""- (propo.-ti.,nal m.N.,J 

. - ...... , volt•!:'<" ~')>1or. !er.a than l 0011\w I -::hann.a l ,, -· (limit~cJ ,- t'. lit~; 

LtJli9h vuJt.!'J~" !''tWl)', 1000 r.hannnla 
:::> 
E--· 

N 
en 

I 
N 

I :_,.. 
<C 
:;:: 

26 kif 

1l '" 

total 

tot ml 

1.5 199.!!I 

1. !J 199.5 

•.s 598 

2 266 

2 20 

22 2926 

12 1596 .. 6051 

45.5 5851.5 

250ea 13.5 

90 .... 
30 1.• 

20 

S/watt 130 

5/watt 6.~ 

110 ... 

\. 

Cabl~S 

'l'otnl (propurt.ionel rtlQd'!) 
Tot.al (liin.it.ed str. mode) 

00 

) 

JJ(I 
265 



'X::iff !lli'·"ttcr11 con•ista of closely spa.cad (2.5 1111no) anode wirqtt, as in a 
~tan•~.11.J. pcoportional ch.-,mbPr, but: with cathode strip :r"•"'do"t. Four 
l.t'/l!"i:"' ~~£· n~i=<J.!<I to ~chif!ve the rt::quired .spatia.1 reaolution. Thia 
aytJ~.r:--:- iv 'iimil.,_r t,, thll'I oul:::e-:i- central t.ce1ckor, ho1t the e.;1:pP.cted rtat:es 
111:e ,,J<:h J."l-,,'!r, leas than 200 hz pttr aquAre centi111Gt~r. The plctup 
at-ci.r~s a.c& i"ai9gftr, so t.he c.apacitaince ia la:i-qei;, w.hich roq\.lires a longec 
ehnp:~n'} t.i-:i!t {About 1 •icrosecond) for shilar .AOise levell'il. 'TM inducud 
ch~rg,J a.J.9n~l n1ust be •eaaured "'ith l's i:·elative aceo.n:a.cy tehannel t.o 
(·h~nri .. ~t) tc . .,.chiot!ve the :ruqui.ced resolution. The eJCpect.ed rllltes are 
C)'.tit.a },.,.,, flO SOSl"'9 11har:in9 of ADC c::hanne:ls P'lay bo poesible t.o reduce t.he 
nvnil:lt·: o! -ele-ct.ronlc:.; cha.nn•le rE>quir~d. 

I\ rial ihrflti'1n aystetn Jnuat be inel11dl'!ld t.o ensure tha 1~ r~latJ..,.. 

acct.•:-:!l.~Y t'-:>r >uljacent channels. 

"l"r11,.s nyst:on1 will be u:.ed ii"!. t.hc lav'!"J 1 triqgar:. so beam cro.ssinq 
roso.:u~i.:;.n is req1.1ired. Simply uaing \:.he first hit fcom t.ha 4 pl'lnee: 
duel'll n<Jt. \.Hoiqu~ly ci~erm.inn the bft.l~ crus:;:lny. Unle3!1 t.hls. can bG 
.iiup.i:<;"-'-!ld, to:it'.her cp-c's or scintillators ttlll ba r&l,luired. 

.. ~~~.,~ n=tii three 111(.>p.coach'!s to t.he read-:>ut being considered. 

1) ';"' in·1 a veraion nf the •unplex chip d-e"i9"'9d at Cl!'J\N. Either a 
:1 ... ·it-;:1•,d (':~Jp.scitor B.l"":L"l!IY or si:retr.hec la ail:mple holcl. with n a self 
ti.l!l"ld ::l~ar} is required for th~ 3 us~c trigger delay. if a stretchor 
ia u •"·1, ;. separatt!I digital pipeline i!ll required to' :Cl'ICC.td the bea111 
cros.":.119 information. 

2) :.111in'.} 

t.rac>.~r. 

J;"C<.)\l:.;i;,d, 

a s· ... itched capacitor ai;-roy dit:ectly aa in the outer centx-a1 
'ihe s<llfla .•~-'Item c.on be us9d. A prompt trJ.9gf'!C ot.itput i-'I 
t-.o'"""""er. 

3) 11;3 a tilA9 over thr-esbold polse "'Ind pipelined TDC, The analog 
info:111~t1.un i:si '°"ncoded ar. 11. pulse width, with both edges recorded in th-e 
pi.pe.! in~ "!'OC. 

·.:! ·301'"-t= plpal:lned digit:al hit lo-giic i.,: used, sgv .. ral channels can be 
coinh .n~d .•nto 011'9' r!!',),dcn1t cb:1nnel. TbiiJ is t.cue toe all three of t.he 
-'tppr';,,-.;h~t4 O\lt 1 incd :al>ove. The ADC ctianne l co11nt could be i:·edu..-:eJ to 32 
for t 256 strip charnbe-i;. Tho1:1 pip'Z"lin~d di9itol data deterinin,.·:s which 
o::han:-el provid1:1d the analog 3iqnal. tn a 60 itHz digital pipeline, reco.cd 
the ::i::i. of all pro111opt wire hits (latch9cl fot: one beam crossing t.ill:W!I if 
reC{llirnt.11 fo.r the 4 planes to obtain the be:st estimate of the bll!lam 
c::as; lng. Alternately, or additionally the OR of the aoode wires can be 
sent t? a TOC channel, one for each plan~. Each pad proam.plifier will 
also ?-.;educe a faRt. timing pickoff, This signal pickoff causes the 
si~I""' L to::: th-"lt P•l.d t.o b'!I integrated and storsd for th~ next 3 
n1ict·-:is"cnnds. It\ 11ddition, an error fl11.9 is set tdu~noever a hit a.rri•res 
on a ch~nnol during the ti~ that analog data 111 Alr'9ady being stored 
for t.!'.at channel, indicating amhiguo\l.O data. The error flag, when set, 
m•lHt FUX!list. as long a:ii the Analog data is stored. ' 

"''hen .Ji 1st level t.rj9qer arrives, we a11ve all prompt. digital data 
for ::~u .:..,rr•,,ct beaP\ crossinq, t.he error flaq for all hit chan0<9ls, and 
thE< 'H•"l'''1 d1t.t11. f.t'CMD all bit channel a. In case- 1 einJ 2 we digitiz9 the 
~tor,1d ... n"i.10oJ sign11Jl, in citse 3 we simply storA. thtt leading and trailing 
"3d9E' I. i:11.~3. fuc th~ pulso. 

T.:.:;k .ll!lt: 

~J pr'll':.;u11pl~fi'l't:R. 1'he~7 are low ™;'ise pr?amplifie.cs, rlt'\!'ligned t.oc hiqt. 
~nput capacJ.tancP.. "fbe s1911.tl to J10l.St'I C1lt.io, i!lft.er •haping, must tie 
9reater !-han .11>0: 1. Again, diffel"r.ntii>l c:iutFut.s artll (.•referred. T""~!: "n-1 
C·'lllbrat~on pnl~'.).":s ~•.1.!lt be. inserted at the pceamplif i.f!r ir.pnt, nc in t.~ 
cha!tlber 1t8~lf. Th1s .J:equ1r.;ts a cu:sto1111 integr~llted circuit. de3i9n. 

2) cables tv rack3 mounted on the JRa9r.et f>"')l~ face. This is a sh~a::t 
t.••!n of sJ;Lielrled twi!it.9d p~irs, the W"or::it caae is 15 aeters. If .. ll 
~.J.11t:l:.a::on.Jc.9 i!'J lo.:.:sit~d on the chdn'1:>f.lr, tha!'J..- cables oTo ;a"t necet'sa.ry, 

3) shApers, di.::icz;in-lnat.or end aa(llple/hold for each chi'lnnel 

4} digitllll pip'!!line with e:cror fla.9a for each chann..,l 

5) t11nal09 n1u1 ti pl e:<inq and "de system 

. These ~ iteru.a at:e combined on one Jai;9a circ1Jit bo.:;ard, with 2S6 
.i.nput. cn~"lnnel.s, an~ 32 P.DC chaC1nela. ·rr i 9 qr.c output:.\, it requiE"ed, ..-.i 11 
b1t '}ene-ra7ed by thJ.!1 hori.rd. Thi~ choru1el density ceqtiires a :tlll)st.al"ti~l 
inci:.ea.'51.e .l~ r:onne.:to.1.· dens it~• over the curri!'nt. practice. This r'!quire:!l 
a custom intugi;ated circliit d~ai.9n. 

6) ci:.·ate by cr.:tt.'9 r'!ado~1t to the 1,1pp'!!r couoting ro?m. This cahll:' rnn 
i3 -5t least. 50 1n>!t.er.g. 

7) 
fc•t1 

recuiver/huf.fer.s for 250 ciptical fibe.1.:!'1. 
thousand lJ:.-·tes of fast buffe.c:. 

E.11ch ch11.nn"tl req11i:-es -!! 

8) int:e9rotion int? tho level 2 tri.9geJ·, and into tha final data at.A'enm 
f•.J.: level 3. Thj.!- ls accomplished by suffici.ont buff~r space on the 
receiver b¢;i,r<J.:o, and inte9~ation int;;.) the e·Jent builder. 

Muon enctcap ei:ystetn. 252k chann•ls Jnounting nearly all -electr-:;nics ou 
the c:hnrnber uainq shaping and sacn.ple-holds (local dead time) the 
t~chnical ri~k iG mo~erate. 

Item 

Pr$omp shaper, 

EngiPgering/d~siryn 

Ltthnr P.at-.e Tot:~ i 
JI\:..' k$/111y k$ 

S.f.H, 11' PAOs/chip, 
2.(10 300 308 

Preainp chip test station 
1 - <JO 154 154 

D.lsc.cimln'llt.or IC, 10 PADs/chlp 
1.25 ]~4 192,.'5 

EDJA 
Mat:eci.!ll Pr()C/Fab 

kS k$ 

(CF.RM Ampler.) 
40 15() 

50 5() 

40 150 

Digital logic ' hit FIFO, 16 PM>s/chip 
1.2:5 l:"i.J 192.5 40 150 

F1FO chip PC boo;, rd, normal density, 1 aq ln I ll?l.O 
l .SO I!",•\ 231 10 20 

• • • 

Pcot.otype 
Total 

k$ 

••• 
254 

382.~ 

3£12. 5 

261 

Pcor./Fab 
l-k'lterial 

$/chan $k tota\ 

1.5b 

2S2 

1 2.';~ 

25;.! 

l7RfJ 

• 

,_ 
f. 

•:: 

:,-. 

(. 

I -,. 
l'.°:J 

c 
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•. :inner· p1u:t. e>f t.ho cr:.int.caJ tracker 

Thi:\ wil 1 c<>n~il'lt of ~11.i...:on •tripe, with thr. ell!Cl.ronicH jnait!o, 
?tu•I 1,111lt.ir•lA-.ccd uut1•ut dat.H. un Optic1al fibetA or ca.1:.1es. Thi.a is inside 
thi:t detect.or, ~o power find :.p.tce are. at a 11re:111ium. Th.is part of the 
ri~f':~o:-tor doe>t not part.icip-'\t"3 iu eith&r thfl tat. or ?.nd l9Vlft! t.rjgqe.-. 
It. vill be .read ont only l!l;fter .fll succea•f\11 2nd level triqqer. Storage 
r:>1.01t be providnd fur all data during the let JeYel trig9@r dttlaiy, a.nd 
for n.11 euo:ca/lafnl lt=t Je9el trigqers diaring 2nd letvel trigger deJ.11.y. 
1'ho :iar.sult of the trig9ar dec.i1tions mu•t be &'l'lnt iuto the electronics to 
cont1:·ol th«io hufferi.-.9 and readout.. 

Thi9 ~rtion oL ~he detector ia bainq des!qnad at Lo• Al&nios. Tho 
electronics ~aign and p.ek•qing is an integral part of the datector, 
And will not bR furth~r discu~sed here. 

l'he data will ba aiultipl~1:ed out on :!500 raediU111 apfted optioa.l 
!.iher:!I. ,,, t.llie eRt.i.Jnatf: wa consider th~ coats oC the driYers, the 
fibl'!'1·, and 'the rel".:tliving electronics a.nd dota buffering. If rad hard 
electt:onic111 tor the fiber systein are not avail1tble, 11n int:•nnediata 
9C.dl9fl will b9 pruYided, with copper cables bringing- the signal~ f.cc-m 
in;1i~ the detector to a location just outside the calori111tet~r. 

'rask l!ett 

Jn th~ upper counting roOlll. the cablft run is ot lea9t 80 NAtera. 

l) r~r:eiver/bnfferti f"ot 3500 optical l"ibere. Eac.h channel requlre:a a 
f"=!'W lh•n1sand bytee of f a11t bufff'!l.r. 

21 c011U11;uniei\tion of lttveJ 1 & 2 triqger infurll\atio.n, aa required. Thi.a 
.is ntraight.forwar-:t, requi.1,·jn9 only coordination with tho inaide 
~loctronics. 'the level l is synchronollls, and. re-qui.res only the pria.sence 
or abs~nce of • y~• tiqnal at the proper ti"'9. Level 2 ia osynchronous, 
and .tequireit a !o:pe..:ifi.c ytt.!I or uo ans .. ~r for: ell.ch event in t.hu level l 
ouff~r. 

3) inte9r.aci119 thill" data intn the final d4tt1 streaq to level ), Thia 
is acL·o111pli.oh~d t-y sufficieut buf£tir space on the .receiver boards, and 
inl<~gr· ... t\on Joto the event buildor·. 

Ite:a 

Inner CeotrGl Trac~er 
F.ng!nee~inq/design 

L.'1.00r P..at"' Tot a 1 
• EVIA. · 

Material PrC>C/r•b 
•1 k$/,.,y k$ k$ k$ 

Prototype 
Total 

k$ 

Proc/Fab 
Material 

$/ch11;n $k total 

{j) !'?.P.·"ldout " c<.11M11Unicatlon links 
>- 3500 80 moter optical li11t:.s 
::c 

250-=11. 875 

n... R~c-ai.,..er/bufter b<-ard• 
::::1 compl ... r. hoarti, (i aq. in/link 90eo 315 

1e;k :.lot cp•ee, $90(1/00ard 30ea· 105 

•t.al 370va 1295 

150 38,"4 

Item 

J.fuou S.udc.~p Sysl-P.m, 

P:u9 .i.Jlee :r inq /design 
1,a\1,1r ft,,tg 'l'"'tJtil 

rr1y k$/r11y \::$-

Ano::ido:o w:ire preamp, t1 t1irea/chip 
O. 50 L54 71 

Oigital pip~line, 1 per 8 ~ices 
1-25 154 192.~ 

:PC hoard, 0. 25 og. in-ch,' wir'!' 
0 .55 15'1 04. 7 

J770 

J.J3k CSC: Anod-<! wi.rr.s 

EHIA 
r1'lt'!t1·inl rroC'/F<lb 

k$ >::$ 

JO 

•• ISO 

P1·otntype 
Tnt.nl 

•• 
257 

3BZ.5 

!04.7 

14-1 .2 

252 .1e~dout. ::tnd co11w. lint.9, 1.Jne for eac.h lDOD si9na.le,eOm 

P.~ceiver/t0uffer cumplo!t t.oard•, 6 3q. Jnch/lin1r. 

Ili!llck slot space, $lhl0/board 

Total 

Low volta9e powe-r, le.OJ& than lOOntw/chilnnel, 2.'i kW tntal 

High voltage .supply, lODO char.nfl'ls 

Cabl~s 50 

Total 

) 

21 :.2•1.~ 

Pt·(')c/F"h 
ff"lt. r.ri ~I 

$/chan $k t~t~l 

1.5 !9'1;". 5 

2 2b(, 

J.!5 .,. 
7.25 '<'61. ' 

253Eoa (,J 

90~a 2:2 •. , 

30..,,.a 7. ci 

ll-3. 1 

$5/w.ntt l.'.t5 

l~O 15<> 

~a 

325 
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Oul~~ p~it of the central t.rd~~er 

'fh~~ ~i..:.1 be nn Interpul11ting Pad ChiUllbcr. All electronics are 
i'1aid~ ·:~\"' d'i::ect,.1·, th1:t d~1tt1 arc multipleY.od out for successful 
lri99e:.~:. Tht!I syat.em do~s not pa1·tic.ipoite in the level l triq9ei:·1 but 
111,1'/ (•rr·:'.~e 8\lllt?Cted d.ala for the level 2 trigq:e!'r. Tbs ch~rge Qn each 
pact la ::i'!'"':n1rt-1d with better thfln li. accu&·acy to nchieve the required 
t1patiftl 'lccur-'-=Y after int.~1.polatinn. 'l'he rates on indiYirlnal pada cAn 
be higt: .. -,o c;.t1c sht:11pin9 "''·.u•t have a pe>1king time co.p&cabl.e to or iess 
than th-:: b&&Jl -;:rosRing tiAe. A swit.c.hed capacit.or ar..:·ay is required fur 
analog !l".:.oi:·a9e during the level 1 tri99er dBlay. Becaua-0 of the .short 
Eihapins, th• l!lnalog storo9a 111Ust. integrate the aignaJ.1 or detect the 
peak vc.l':.aqe. Voltage .!ldlllpling systems, •• planned for the calo.ri111.ete.1.·, 
az:e not ~uitnhle. A c•libt:ation systlft!lll i• .requi.1.ed t:o maintain the 1% 
relative ac~uracy (for adjacent chanoola). 

A rerJ~ced .!let. of the anode wirea (red\:eed by ORinq) will also be 
i,.1atrt1r11"'.":l':ed tr) ~terndn• th& z couL·dinate "'ith hight11r preoilJJ.on than 
t.he p•d 3izt-. This will require sireemplifie.i:s, di11cri1RinDtOrs, latchea, 
cligita.l pip9llnes and buff'ers. 1'hes0:t aust also bfl integrated into the 
•·f:lodout, "'! ~OJt'"B&. The tim'b .reaolution need only be good enough to 
oVGClPip ";he co=t""•ct beaR1 ci::oc.ai"-9· rhese components must al.so be 
Radiati~~ h~rd To avoid reqt.;iring a hiqh volt~ge coup1ing capftcitor on 
each wi1·~, it 111.sy be pn•aible- to float the &ntire 11<ire .1.-ecidout M.t the 
high vol::.c91l, Tbt= hiqli vnlt11go c11.pac.It.or11 are rather lB.rge, and spa.ce 
i~ 11.t a ('ri!t-liwn. in thi.'J ayste111. 

Task :i11t: 

On t~.tt ctetector 

l} prea:~~l i f1er • on evcr,y -:hannol. these are fast shaping and .l<:>w
noi~q. Th., inont capacitance is modent (bipolar is approp.riate). !l'he 
si?hill le·.-~la· t110 ,low (100 fC). Th~se pr1u1nplifier.a R\USt be radha:rd. 
Th.i.s req\l.a.1.es 11. custf"!111 intcgrl\ted c.ircuit de11ign. 

2) switr.h<!d c:ep11.c.it,,c storege ercay on every channel. The .requirements 
ar., 111odo::ll com.p .. ted to the calotimeter usage of thase devices, hut they 
m1•st be ::.-.~.srd. The ADC c.aa be a ai.mnle II IJit, 2 microaecond Wilkinson 
type 1 with 011\1 i\OC per channel. As many as 3 samples m:ty lie rgq11ired 
pAl' event.. Thia should be eithf'r lnt.cgrat.ing o.i: peak: det~cting, not 
•1olta9e F'11.•plin9. Tteis reqi1.ires Et costo1R integrated circuit. df!sign. 

~ J' CU1nmt:;,Jcntion of level l trigger ir:fo.rrn,.tion. as :equired. Thia i.a 
.i:=traightf!."lrwn.rd, requi.riug unly coardination with the in3ide 

~'j E"lactron.i:::!I'. Th"!: level 1 is synchronous •. and require:! only the pa.·ese:nce 
- t•t: ah.,enc-e t>f a yea signal ait th'!: proper tiJlle. Le\.~ela 2 is 
~~ 11.siynch1.:cn:>ca, ;iu1d i·cquire a ?:es or no e.nswer !Dt" oP.ach stored event. 

5: •I) Jnultjple...:ln9 data int.o output fibers or cables. A 111.ultiple:xing and 
_ e-parsifyir.1; ;-rveessnr is xequii·e-i. Thi.A ntuat he rildhard. This .r~quires 
;:..:.:.l C•)stum inte9ro1:11t:~d cir:-cuit design,/ 

In th<'! •lpp-!r counting .t·oo&n the cable run :is at lea.st 80 me-te.r•. 

>) r!llcei ''(:tit 
r,.,quire!J .:t !e" 

= 
er.d buffer.s fo1· 1200 optical .fjbe.i:·s. ·Each channel 
t~ouaand bytes of fast buffer. 

C:'.J•l integ-catiun into the level 2 tri9qt?>r, ~nd into the fin;\l data 

• • c • • 

Cables 
so !2.8 

Total 
~I .-. 

• • • 



) ) ) 

!'l":rea .. •'.:1. >-:··.·~: :: . 
t.hfl li!f':'!~V")! :,'.-.·11s:<"!.,. 

This iA 11cCQJnpli.ehed by .sufficjttnt buffac .space 
and int.eycotion into "the <!vP.nt builder. · 

on 

1t fo1· th,. !":):-. '3"t·~deo wires to be insts:umente-rl: preamplifia.rs, 
dioc1.-irri> ... :::«::-''• • .·~.tal latcl'1 and pip&line, rt=lll!dont. 

Thi·~ 1:'). ~ ,!.,.~f-!'"'tf'tly non,>lJt:hic aystf'm, -with Y'!'ry few other 
~OJllP1>noor-1'. All ~y:!'tea functions, .incluC'linq cnlibration., teatin9 an<I 
r"adout °"u?t t.P. .i.:"l"::t.·cporated into the integrat.ed circuits. The JC 
productl~n eo8t~ h~78 been doubled to ref1ect the high9r co•pleKlty 0£ 
the cir.-:uitu. 

1.0<;1l:•eer~ng/deaign !:OJA 
~'lh~c ~a~e Total Material Proc/rab 

i-rototype 
Total ., Item rr:y 1~'S.i::11.y k$ k$ k.$ 

('f) Hll".ll(l f 8 ch.,,:tr."11 "::"U!l°:.~•f!" IC, 8 l'AD.s/chip (rad ha.rd) 

"" :..CJ :i..54 154 ,;o 300 514 
L<? 
tf!itched capAe~~cr .s.r::.iy chip, inl.ograting or peak detecting 
l.{)j PAO.$/ct11i:.i fci1:t h:)i.c!:. 8-bit ADC includ<:MI 
Cl.) • If. l;:) "! '34 616 •• 300 • •• "' 
cop taat !'ltil':i-:.1n 

1. u:; j,,54 154 50 50 254 

0 
and read•,ut eh.:.p, 2S& PAD!!/ chip Cr ad hard) z 

1. ~o : !' ~ .385 80 300 765 x 
<I: 

boar?, 10 PAD.lsq. in LL. so:= PC 
1 .• ~:J l .°54 '131 10 20 261 

... (duo to the v•rr h\9h leYel of integntion, 
th• t-1-chnJ.c:al ar.d cost ri.ska a.re high) 2790 

f-
:Z:'i r(:.,o;dout ,.,1<:1 C:'>'Ml. lJ.nk•, ""• for each 25S PAl>a,aom 

~~ivJtr/bufftt-.:: t'l\\plf:I.~ bnards, 6 sq • .i.nch/linlr: 
er.: if:: slot 3p;\c.,., ~gOi!/bo.'lt:d 

LLJ 
c:::.:.11 

~volt.age po ... e:-, Jo!''!' ttv1n 100.w/chaMel, 45 kN total 

~ Y-t>.lt.;.99 suppl~/, 2!-f. cb11.nnels 
:r: 
o...es 

Proc/Fab 
tlaterial 

$/chan $k total 

& 

12.5 

1 

.25 

3 

22.75 

::'"l.5011.11. 

90 

30 

150 

so 

2&76 

SS.75 

446 

112 

1338 

10141 

416~3 

157 .1 

52.4 

645.8 

225 

38.4 

12.8 

;::::1 276.2 

,_,_, 
-, ;::: 
N 
= I 

"'' I 
:--
<I.'. 
T._; 

Jt:e• 

ilut.cC' c~-..~ cal Tracktu:, 100.k · l\node ,.•ires 

Engire~cin9/desi9n 

L'Jt .. ")r ~-l.tti: Tot.Al 
my kSJ~y k$ 

EDlA 
Materiftl Proc/E•b 

k$ >$ 

ProtOt.YJ>e 
Total 

~.$ 

Proc/Fn.b 
Materi11l 

$/chan $k tot~l 

Prrz1n•p, 6 ch;o.:-Jn~l ~~ust•Jn1 re, B W"lrit8/ch:ip f..-11.d hard} 
l.00 154 15~ 6fl 300 ~14 

nisc,..in1ir1ator .-tnd di<;it.al pipelin4=r 16 lo.•ire.'1/\!hip (t:l'l.d hard) 
2. !;.(I 154 ~lBS 8(~ )OD 765 

~JUX and t:eadout chip, 256 wires/chip (r11.d hardJ 
2.50 154 385 00 300 

Denfte i-~c board, 10 wires/&':J.in 
1.5U 154 231 20 

Tot.al (due t.o the very high level 0£ i~tftgr11tion, 
the technical and cost riska ara high) 

765 

26' 

2305 

390 readout and conw. links, one £or each 256 wir~s.eom 

Kec~iver/hlA!f~r cOlllplex board•, 6 aq. inch/link 

R•c~ slot sp~c~. $900/board 

Total 

Low voltag...., power, l~es: than lOOmw/ch~uueI, 10 Jc'ti total 

Total 

) 

• (il){t 

• tao 

0.25 2~ 

J 300 

l.l.25 !3~5 

250ea 97.S 

~o J5.1 

)0 ll. i 

1(14. ) 

50 

50 



C'iil .~ ::ilf.,ter 

Thr!h at"!' two JIO:l~ible c~lori.rnP.tor Eryste111s und11r conzide•·at.ion. lo 
hoth ca.l'.t$ t!".e Co!ilori111eter aiz1t is sllch that a r11!nilhu111 ioni~ing partir.l~ 
(a nn1on1 Cr.p: • .:i1ts: about 1 IJaV, The Jlla>!-im.um e-.c.pected signal is about 3 
T~V, oi ~r.ex f.!::tdron jet or el<eC"t.roma9netic Rh'J"W1!1:r. In thg 
eJectro:i.<u;ner-.lc part. o:f the detectur, a lltUOJ'• will depo:r.it only 0.1 GsV, 
an elec-::·~,n 01· photun will d<:!p-:>El:it as much a.s 2 TeV in a .sing1e cl1annel. 

The ce~purnry baseline eyate• is a liquid A~on calorim~terr 
containi.l9 t-<-th electroP1aq11etic and hadronic sections. The electronic 
resolut.ir··ll reqtlir..:id is 0.1 i, over a 16 bit dynBnic range. 

Thl? ol:ern.at.e eJtt1ctroma9n"Stic calorimetnr will be Darium Fl.noride 
c::ry•tal.!'I w:i.t.!l. photo-trind~ readout. The hadconic section will be 
scintillat.inq fibers in m"'triJ: 0£ heavy rnaterial.. With thitt option, the 
p~e~ra:1::.!lto:; i.:t riut. used, 

Th8 ~alccineter el~ct.conic3 will be outside the magnet, located on 
the mngr.~~ coi: etLuctur•, or nea1by. Only preamplifiers and c•ble 
drive$.S ".:_:.1 t-.re in the detect.tor volw:ne, 

Li l)C ~ .j 1.1·9nn : 

•rlJe ·. i~id Arqon calocin1eter is used l\.it an ioni:at:ion cha~r, there 
ci is no wl:-H gaJ.r. as wlt.h proportional chambe.r:ii. Th1! Db1$orbing plates ar::e 
Z accordia:n ,sh,..p~d, with the collectin9 g&p.!1 in betweeri. The cull9ctin9 
::x: electrod•-1 ar~ shaped aud conn9Cted to give the app1·opr.l~J:e .\lamplin9 
<I: c}f':ain-etry, rr·ti.a1'lplifi<!trs is.re 1·eqi1irftd to b'!! vecy <:los:e to the collRcting 
LL elnctrod<f!'•, in t:he liqulrt Ar9on. The detectoi:o capncitance is l.argfl, so 

11 FET in;-~1t. i~ .req11ired tor luwest noise. Pnl.se shaping r'!l'lsult.9 in 40 
np;ec "'id·~ st1n .. 1s. >Joitu! per electronic chonoel "is l~s.$ t.ha.n 100 McV, so 
the dynnnLC l&n9e h•i9na1·/noise) is 16 hit.s tEr1 sect.ion), There is no 
qain cot1t:·fJl, so thP.. ADC dyoa111ic range mu9t be lnirq~ enough t.o cover 
guin variations t-htw~en chnnnal:s. To identify the cocxect hf'!aa croasing 

~ and raduc~ tha "lffe,-.t of ?ile up uoise, 5 ao.P•ple$ (not necesa,.,.r:ily 
Lt.J contiquou.~J ::io·1st t>8 nir.asurt!d fur -each succ~ssful trigger. 'l'be switched 
l::: c.,pacito.1· ttn<'tln9 stocA.9~ tiystem "'ill Sflr11pl~ thQ si.;,nals ortt thg beam 
~ crossin9 1:ate. 

"" "-w 
R~rium. Fluo:-ido! olecti:uro<;,gn~t.ic &P.!Ct.ion: 

c.::i Tt.it1 f~ptio., consiats of Bitrium Fluot·.lde crystals, with vacuumphoto
CJ) tr·iode 1:f':-..::h·ut. Tb-$ photutuben tire (li:·iented parallel to tboE! magraet.ic 
0 field. J. f-ts.t. preamplifier is 1.·equired after the photntube. Since the 
{i) si9nalL'I ilr"J f.,st aond pile up is not ieKpacted to be a pcot.tl.em, no mo.re 
>· Lha;i 3 sait·nles nre requi1·ed. possibly uuly l. 
::i:: • 

"-- !'cintJ.lllllting l'iber- hzutrouic Section: 

The fi"c>otrs ar9 ernb!'lrtded in a matcix of hectvy rn11terial, 'l'he aignal 
i~ 100 ph~~o~lectrons per GeV deposited. Further amplification aft.er 
thu photo:i:'..iltiplier ii: uot required. The channEil gainll can be i!qualiz9d 
~t cont.rolling the PHT high voltage. Th$i:e arP. about 5000 
:iohoto111ult iJ.:-Li~r cbonnel:'S. Hoiso is le.!ls ol " probl.em than with liquid 

C"'..l\r9on,. but photon count.in9 and shower development statiat:ies limit 
C\J:e9ollltion "t the low t~nd. The f'MT.11 trill not r·e~olvo siu9le 
-· >hotoelec'::.O'\S, f'O t.hf'I bf.st. cane re~olut.ion is: 2-3 photc:oel~i::::trons. The 
:: lyn.a1Ai<: r'l:"•CJ~ l.•tqiJ.!reiaent iH l.nss t:ha.1 lG bi I.a. 1'he s.i9nals a.re faf:tr 

{,--··. 

• • c • 
'I 

• 

cibout 10 n:'l widd. 

To rl<:!tr,;:rmiru-! t.h<2. l~l\gillhfinill :sh9wer position. lP.oadin9 ftdlJ~ t.i111e 
111ea.s•~~e111t::nt: is required on tho si.ynal. Tho required i:esolut.ion J..<: 100 
psec. 

The ~!r.ctronir. ADC 9Vft~em: 

The 1\DC syst:em ie1 common to both candidate systems, Th$ 
r.;!qnirecnents are at leaat 16 bit.s dynami-:i range, pfpeline delays and 
trigg<E<r outputs. Th'!'I pipelin"'° deley "l'ill bfl pz:ovid~d by a awlt.chad 
capacitor arr:ay .eamplin9 the input at t.he boam cro!laing rate. These 
l!lrra1•s, as df'lvelopt'ld ;,.t LBJ., have deaionstrated a <:1yni'lmic .ranqe of 12 
bits. ~o both a h.i.9h and l.ow .r_a:o9P. char1nol ei:·e .requi.red, wil.h xlt> gain 
in the Ir'"' rar19e c.hannvl. This r-esul.tEI in a 16 bit dynamic range, with 
miniRTUm rusalutinn ol 13 bit.a. The L:eL chips h~v11 beon designed :is lfi 
channel dcvic~:o:, so each cllip can provide ~l<•:<<'llg9 for fl ca.lnrimel:er 
ch.,.nu~l.q. 

U.sint;1 the m?t.•:iOTU1n e:1pected lave:l 1 -crig9"lr :t.'<!to of 100 RR&, w~ hat·~ 

only 10 micros-econilil to read out n.J.1 channel.a. Th~ cu.rre.nt Lf\L diesig11e 
requir'":: 32 ::nic.r:osecl)nds per rec.din9, naing one Ddc per c:hannel, .,ith thg 
adc int.eg.ratt•d on the .C~IAe chip. Th.J~ rate i• not ac!equate for t:be. 
liquid Argon, which is 9Jtpecte-d to .r1E1quir'9 ~ eainpl~!i pilr tr.i9ger. 1'he 
0~1tput. rl!.te of the chip 1>sed as a 111ult.iplexer only, with an t'lxtecn;i,l 
<'Ide, iA on~y 200 Kh:,. which is also in&dc:qu'lte. The on chip ADC Nill De 
1t!placed wi.lh a cus:t.om ADC chip, 16 c:hannttls with 12 bit re-:.iolution an1 
2 mic1·os'2cond ri.t9itiz:ing time, lf a single externill ADC per chip :\~ 

na-ed, it must. :a:un ~t A Mh:., llnd the m.ultiplaxar oulput z;;ettliug limR 
mu::it be 9Ub~t.·11ontial ly improved. 

r~n eJet:tronic test and calibration sy!lt9111 is 1equirt.d to1 the 
'!!lect.ronic chain, to vei-ify fuuct.Jon and stal.>ility. Tt-.e primary en~1.-gy 
calibtiJition however, must he via ,;i physics proeesti. 

Tn.sJ: l.i:i:it: 

1) pr-eomplifiet in ::'he liquid Argtin.'l"his i• a low no:i:o:Je, FET input 
preamplif.L~i:. Jt must be designed. to oper~te at. liquid 4r9nn 
t:e1nperat.urns, arid di:~sipRte as liltle fJC>'Wer a":J poseible. There is litt]"!. 
oc no sh:•pjrJ9 ut th'i"" preamplifier, the output is c!iff~rential. This 
:i.:equire~ r:. new prenn1plifie.1.· design, f:l"ithar cnstnm mon.:llithic or byb1id. 

2) ctihlt-.s t.o just outside th<s c:alorimet.er. This cable run is less than 
5 meters. The Ci'ibla should be ehielded twioted pair. This is a Rn 
u:ntermioated ci:t.ble, to reduce the pe>wer required b}• the prean1plifie1·. 

l) Sh<lpf:!'r.s and line dri~1ra. This prodt1ce, B ah1t1---d .signal, 
;.,pp:roxiir.nit<',ly .SO n.s-et: pei.'lking tiJUtt, and dC".i~s a terminated d!Iferent.inl 
cable. 'l'hese circuits are 1110Uflted in small ro.clo:s, on. lhe outside of the 
liipiid 1\rgon cryostat o:r ;o;uppoct :otructure. 'rh.ls icquil'C!'l ta custom 
circuit. hoai:d. 

4) cable~ to ADC r;:1cks locatfld 011t:side t.he rnagtl~t., hut. inside t.he hall. 
This i~ a 20 met:er c~ble 1:un of sbield<:ld twiet.ed p.,irs. 

!l) a:n~lng pipe) ine ."ltu1·aqe. and AOC sy"$tem. This £j1Slem i"J on Rt.nr.ckord 
l.!lr9e printed ~iccnit. 1Joard$, appro1~iniatel1• FASTBUS sizE<. ?tiu iriput. 

" 
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acc~pt"!' ~ "'·• dl ~t·,..rE-nti.i'll si9nc.l frc"' the shB~r. al\d furt:-i~r ~hotf'"'"• itnd 
~·p.lits ~;, .. ::.:-1:":1 .intu a hi9h and low rdn9e. E11eh OO<'lrd c~n c0Rt.air1 1;-1 
t.*aJ01..i::•r.-,:· .~~ ... lt··'J@.l!l, each with il high 11.ixl Joe, raoge. Ttiiill Mcird 
provid·•. ; •~·"'.'j"-. ,iqn?ils for th'tll Ae\."t'l 1 t:ri9'1ec, and receives tl11!; 
f.r'j99e~· -:'':";:.i.~i,-::1..:. This t'&quiL·fos tt. cu~t(,)R int~grated circuit dc:i!gn. 

td Ct:.-1~ ... r-.r cc,.."':P. rP.adth1t to the t;pper countinq rnoon. Thi• e.tibloe- r,n1 
j,a ot 1:1'"°!1". 'SO r.~·~tern. 

") rf•c-ti,•.a:/!::cffera f()r 8{.tO opti.cnl t'~bc>ra. F.acb chlu~n~l. .requic-es a 
fe., t!lc1;.s..,,11ri byte=- 'of fa.:1t buffer. 

BJ int.~:.zc;iti:>u :.:ilo the l.evel 2 tri99er,. and into the final data stru1.1m 
for le1•-.<. :!. l't:.i9 ia a,ccomplished by •ufficito1nt:. butt'er apace <m the 
recoivti!" ~ ...... :!~. and lnt69rat:ion into ,tha e'l.•ent builder. 

9) C6l1br;itt J.•>:i sy~tera. Thi.a requi.L€1l!I eci1DpOnent.a in ttio liquid, 
compara~l·.~ ir: cc=:ple:ciLy to the proamplifier, and so111.e c:ontrol 
funi::tions ~:>c-:lf-."Ji..! out.!Jide the Jn;otgnet, nea.r the ADC c~cds. 

The !l<'..e11al ?r:>cf':asin9 us~a a duul rang• eysteni 't.o achieve the 
r-uquiriir'<J !lj1r -.ir.i-: !'lU•Q&. Two BCA and two ADC ch111nnels are required f<,r 
~aeh ci;~.-l .::~.=.r_.,,<:tl. · 

Li~l4lc Argon calorimeter, flOk cltaru1els 

£r<'.J1'l":!~rin9/dn.aign F.D.tA 
L·:1t.e:- f:.ate Total t-laterlal l'rC'lor::/Fnb 

l'I}- k$/w-.y k$ k.$ k$ 

Prototyp.q 
1-otal 

k$ 

P.roc/Fnh 
Mo!!ltftrial 

S/ch1.11\ $k tot11l 

l.J_ :>\mp, single CftO~o:i~hic chip, witlt lntegrated J·FET 
Ii. "S;l 154. 77 30 150 251 

i.J::.ratian IJ':'f<':sa <ttti• portion un preainp pc boacdJ 
1": .. '5:J 154 77 30 150 251 

t;: ~;·:p PC ho":·(!, .i ... :-. ... :l/Sq. in 
t.iJ !'..;.,5 , :.S4 84."1 4 16 104,7 
:c 
E---.le t:.o outeiu"l. 5K ,_h t1ot pair 2tt 20 
.:.:: 
ei:·.!'rm-:r-:t.iate t1ll.Vf!-r 1•c buard 
l.J..J i\.SS l.!.i4 94.7 4 lG 104-7 
c:' 
(.l'l t ft tb AOC t .t.-:;.:t, ~~:i 20 20 
0 
·-·•·c.hecl ca.p.t~!':~z· •.::':"'"'-Y chip, 8 ch/chip (not .c·adl'tard) 
Efl 2.c~: !.5.c Joe 40 ·1so 49& 

r-.e!'lt otat!.,r; 
·~. (;() 154 154 SD 254 

•it. high ep"!ftd A·1c, O ch/chip(nnt 1.·adhard» 
2.~0 154 306 40 150 4,0 

lE:~t .utati-.::n 

C>J 
l ..... o l SIJ 154 50 50 

(\..I 
!"..lr trig·.;::r sy~t...-:i:n 

--: :c 
:c 

G 480 

• ... 
2 l 60 

1.5 120 

8 640 

• ••• 
6 480 

2 160 

6 400 

2 160 

3 2-tO 

) 
) 

AOC PC l"«)'11:d, J RlJ. in-.h/r.hanne1 
l . .SO l~>I 231 l fj 20 

2S 

calihra.tic•n !">C board, 6 fHJ. in. I co:..l. ch,, J2 nignal ch/ca.\ ch 
1.50 l54 231 ID 20 261 

P.acJi: .olot ("!ost, spec.i.i.ll rack, "'i.t.h ::eraot.e power 

Tot.I:'! 2343. 4 

80 aeaidout a11d com:n_ linJ::.a. oufil' tor ea.ch 100~ siqnalK, ~Gi:r1 

.Pecei .. •er/b:..iffer complgk boardt1, 6 sq. in<"!h/linJ:: 

:ki:.ck. elot speoce, $900/board 

'l'Ot?tl 

Low •rolta9e po...-"!r, .l.ess t.;han 2U(.lm~/-::h.ann9.l, lE kW t~t\!111 

High volt..,,g~ supply, JOQO ch111nn~ls 

Cabl<-~ 

To:>tsl 

3 

GO 

122.~S 9760 

20 

90 7,2 

30 2. 4 

29. ti 

.$5/-.ratt 1.1n 

l.l-oQ 150 

so 

280 

!fr 



Thi~ i:i ;;;. .,;.ilicon Hl1·.i.p caloriinotor, lncated just outside the 
t:rac-t:f>r ':)-::"".'f•m. It .;.~onsiats of 3 radlrit:ion lengths of lead, a.nd 2 
JO'\yers o;.f 1 :11n pitch silicon strips ~x ~ y). Tt.is dnes J1ot participate 
in thfl j ;;: lev'!!'! t.ri9g~r, but .ia o:ii:p'!!"i::t"'lr:I to provide datil!o fnr th"! ?.n!f 
level t' iq9.:r. Thi!' def'.ector n1ay be eml•ochfed in the m.-in calorimeter. 
The .::e:s.:.lut.1.on a.-eqoinmientfi are mode$t, 6 bits linftar, o.r 4 hit:& 
loga.rit!mic. ThP. e.lectronic11 is inside the d~tect.or, the dl!lta iO 
multiple~:'!ld out: after the t.cigger decision, 11s the trAc:kt!r systP.n•s, The 
calibro11.~ ioJ') P.!qui&.·em~nts are quite modest, 

Tas': lil't:: 

lJ p1:·e.ti~~plit.le:.:t. Th$ input signal levels 11re modest, about 50 fC/it;ip 
( up to J J:.C" in • showerJ. The J1thapin9 (peaking ti111e) muat. ho 20 nse.c 
or less •. This E<lGctronics •tust be r1Jdhard, Thi& Ct-ffuires a custom 
intc-:g-rutfl~ c:i rcui•. tl&sign. 

2• int.t:~.t•t ing 8"l'l'itchiAc\ capacitor 1u:r .. y ,.~ rlervelr>ped fpr the outer 
l.riscker. t.t.o re.:solution is ~uffici4'!nt to elindnate the .reqniroC11ent. for 
the ap&Cl.&l "'na!.09 ch11.nnel t.o measurt.• the energy !QJ!IS. Tv<:> wafers -.x:e 
c~n.bjn~C' :.n or.ai a:eaduut, ai11ce t.he SCA is e-.;:pect~d to be 16 chann'91s. 

J\llarnj.tfl:' r.;:;tdout: 

2) lo9llt it.t1111ic flash ii.des follo..,.ed l:ly diqitttl pipeline storage. Some 
combining 1:1f i:h11.nnel:s is po~a:ible he:r::·e. Channels more than 16 strips 
ap-!lrt can t.l'd l:i'-!l:)lved by th<9 electroma9netic Cl'llo.1:in1eter, so ea.n b~ 
combin•Jd oi.L'ter t.'\e vrea.mplifier. This fl~sh. ADC must operate at tbe 
be<"!lm cro>tsi.ng i·ate, 11.nd be low power. Thi.s elect.r-onics must btt ra.,j]1ard. 
Thi5 re-q,~ir·;:~ e cu-:Jtcm ~nte9:cated circuit desiqn. 

.2a) combll'led 111\;,log r.hnnnel for preci~ion chCilrye meat•ure~nt. This u.ses 
a sw.1 t.ch< ... J ~:,.,p,;ic;i_toc t1tora9e tu; ray nnd adr as in the main caloriineter. 

f-~ Thia can !'.'!"as.1<r-e the OR of G4 strips, .sn only one AOC pttr· silicon wafel: 
~is reqt1i.1.·..,d. This e!~ct.rott.ics anJSt bf< radhloll'd. Thi.!'1 requires a custom. 
~ i11t<?9r .. to..t .::.i1cu,t de$J.y.n. 
>--
~'.\) multipl'!!"11..ir.q dat"' onto outp1..1t. fiher.'J or c.!lblea. A multiple>:ing and 
~•!lparsi!y.i,.41 :p.1.0C'!'.S~or .is req1.l:ired. This rnulilt be ca.dl1ard. Thi.s requit:es 
[.J..l;o; cu.'ltozn -..;-1t"":1C'l.J:ed circuit d~&igu, 
C> 

c.r; 11..ll e.!.l!'·.;t.r·-:iuicl'J .i~ mounted very clos'! to th& nillcon wafer. Th.is 
c_')~Jul;.s a l1i~h precaioltn on spitc-e nnd powe.t disaipat.iof\. The Bpace p.1.·ovided 
u;ts .. h..,ut lS .!'lqua11.a Jnm of circuit Loa.rd for each silicon :!!trip. 

S:to th-a upp.gr co11J1t.i.nq roo~• thCJ cable cun i~ ot least 00 111.eters. 
CL. 

-..I) .ccc~i·.,11:r,'b•Jff.,,,rs for SOD opt.ical fibers. Ench chn.nnol reiqni.res a few 
:=.:;'lollsnnd bftet'I of fast buftrei:. 

·) int~grLtticn into the lev<e-1 2 trigqe.1., and iuto t_he final di!llta Stree.m 
or level ] . Thia is accOJnplished by Auffieient buffer .apace on the 
?.ceiv"='t }.,01:1rd~. kn~ integration jnto tha fivent builder. 

,-.-, ,,, f're--Ra:lin.tor, 14203 bigoa.1. channols 

::;r·~re l'lre ~-!'.:Ilk l x G4 lllll1 11t.cjp,s in 2 layers. ,!;t.rlp.s at·Q pa.ired to focm 

,_,_, 
-, 
i:--

('.I 
en 

I 
('.J 

• • • • 

12fe P"ll l<.·ng .!lt;.r·ip:'). £<:.'Jlry f'th ~trip ~n n p~ii· 9f w-.;.ferR .:.;a c<:-m.t·~Jt~d 
ir•tn ,_,0 .,,, si•:Jnal channol. Thf':re ar-e ('oly 14:!:'.0::S 9lgoal c:..<:.nnel!I. ~:11c
t:ntal cost pei:· ~iignet.l r:hannel i.q lCi tin1<!3 t.he r.•_,~t. pet: Oio:.t·.:.p. 

Note that the IC developr11ont. co~t 11F1.y not. he c~quired, if thes~ .;.tte th~ 
S<il(llP- 11:1;1: d.:.v1<Jlop-ed for the outP.C" Ct'!Clt.1Al tJ::acker. 

Enqinet'!:in9/deeign 
Lalioc Rat• Tot al 

EOI~ 

M.;,.tur.i11l l'ruc/Fab 
Pr0:>tctyp'! 

'I'ot."11 
It: em my k$/iny t;$ k$ k$ 1$ 

P1:etu11p, 8 channel cu9t.011 IC, 1/16 ~trips (rad hardi 
1, 00 154 154 t'>O JOO ~14 

s~it~hed capacitor array chip, integrating or peak d&t~ctlng 
2S~ ut.rips/chip (earl hard>, S-bit MlC: included 

..i.oo 154 616 eo Joo 996 

Chip test i-;tation 
1. <JO 154 15( '" 50 25/J 

HlJX ~r.d c-eado;.tt ch,.p, 192 •i9ni'\ls/ch (rud harf1) 
2.50 154 3ti.'i 00 JOO 7US 

Compl~Y. PC hoard, one si9na1/.sq.in 
1. 50 154 23l 10 >o :e"l 

Total 2190 

·14 readout and com:i11. links, one for e-sch 192 signals, 80m 

Receiver:/buffer complf<:C hoard, 6 sq 11'!1!h/llrik 

Loll' vo.lti..9~ power, J~:HI thari IOl)mw/channelr 1.5 kW tot;'ll 

Cabl l!'JS 

Total 

• • • 

Pcc:v../Fab 
t-Jatoc-i.'1.l 

$/ch2n $k t~La~ 

] 4l.t. 

' 85.3 

0 .16 

]~ 213.1 

25.2 J57.5 

25Ged lB.5 

~o o . ., 

JO 2. L 

::-1. 4 

1.5 

].",(• l J~· 

so 45 

lfi7.5 

(3 

• 
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Tt-.i::;. s.,.st.ern coordinat.es the suJxlAteoctor t.rig~ta and coiubinea them 
.lnt.u ,_...,,.. c:1!oh11l tr.i.i;,ql!ll~. It aleo orc:ha"t•atP.8 the 111ulti1ev~l trigger and 
keep~ ~r&c~ ~r the Luffer space available. ThiF •rstem conaiata of at 
l'9Dsl -:>t•!' wo::~st:atinn computer and • large qu8ntity or fa.st logic. 

Clock 1i.'Jlribution (and other fast ai9.nalaj 

T~~ pipe!ine storage Cor the level 1 trigger delay are aynchronoua; 
and &~st b~ provided with the 60 MHz clock_ The level l accept signal 
itr also -.f'y:'lr.-!-.c:onou.a. Both c:tf these signals •uiit be distributed with a 
ti1Al.n9 :llk.ai.., of order l rianouecond to .all de-teeter ai9n4l ch•nnels. 

The leve~ 2 trig~r, and thA data acquisition are a•ynchronoua and 
do not te-!1u:.r9 preci.e,ely timed sign•la. 

~ alor11u1i1te-::: ti: i99ar eiyst:em 

~ On g.l-:J-. 1'!lC hoill.[d th~~ will .be an IUwtloq sua foe each 32 eha.nnel3, 
.-. follnwe•'!' t-y ft 3 et.age pipelined integrate, a&11ple-hold and logarittunic 
CO flaah A.IC a:,•11:t_eJ1 capable of 16 ns throuqhput z:11te1. 'l"his pipeline ia 

al.so cap3tlt'!: oC detecting a. local peak to avoid Jllultlpl.e triggering on 
sove1:11l •~j.•t::~nt beam cro.asinqs when lat·ge signals at·e preaent. To • 
first af>1)coY.!"at1on, thic peak' detection wi~l al~o determine the.beam 
cro.asi~q. Th~ 8 bit di9ital si9nals are converted to aerial and lea>re 
tl"1e ADC b<lerd 011 an optical fiber. 'r'ht1t·e are 1000 .fiber a for thl!I) Ecal 
and 10C'r0 f:J1· !:Qe HCllll. 

ci 
:z: 

N 
Ct) 

I 
('-l 

Th>P-s-! :1i9nale Are .r8caived on a .board in t.be trlcig•r ny•t•• in the 
countin9 :::ooni. pnd converted to p.'lralle-1 aiqnals. a bit• ev•rY 16 n.s are 
d.istribLit:6'1 t., two systems. the Energy (;UM and thfl Ene.r:g.)' JSOW..TION 
system<J. 

E:ach &;1e~~;'!' tiUirt board adda l G s.iqnal • after converting the signiila 
to a lino.s.c 12 bit <;ode, The Sum. i• convert<?d b•ck to log•rithmic 
l'>Afore lea..,ing thR board. It require• 10 level• of su~in9 and 20 
pipnJjne t:T.'i'PS to c.21.lcnlate the au111 of 1024 signals. 'rhe total number 
·')f Loard11 1all id<!intical> is only 690 

The E:1'1::;ry JSOLATION board JljtS 25 it\puts, and C0111putes the iaoli!ltion 
cut. {01: 'I •.if -:.hose inputa. Note that Jnr:ist slgonala are ntteded by 2 or 
more boarr!1t. The Electromagnetic calori1;ieter requireis 100 bo.arda, the 
Hadrunic calo.i:.i1111ttter LOO 111.ore. 

Task liet: 

An.ttl:19 sum '>n aao::h AOC bc>ard~ 'l'his :·s inel~1ded in the ADC ·hoard 
CO'lt esti1ur.te. but repeated here t:o alll"'tot the t1·i99~r cost to be . . 
identified, ':'bis has a three :ii:t11gs µi}>'f'.:..ifW:I for the shaped •PIO .eign'll 
· .. ·Jii<'.:h ~nu=c•asi'·~ly integratee, meaauroa w-ith a tlaah ADC .and reaets. 
Th~ ADC is .nonlinear, giving 10-12 bits of dyna111ic rat19e for 8 bit.f='. out. 
The 8 bit~ are ~ent to the triq9e.t· .syslt"~ vi.a a .serial r:>pt.ical link 
ope.rat inq nt .s spe~ii nf 2 nsec per- bit. ce.n 8 bit pa:a:allel ECL linf:. ia 
illls11 }.>0SS.l.b:.e1 • 7hera is one analog £1un :!"::>r each 3.2 channels, or 2 pee 
.\llC board. 

t t 11'i roc.m • 
. \ The OptiCal links to the tri99er syr:toem in the upper cou•

1 
''°"'"llt:l, 

•A ~2 cl:ar.r.el rcce-iver c:urd lo\'bir:h convects t.h'1f dit.t.a to ~ bit" L: .. vl"I 
d fi!inS it out tv the triq<Jer carets. Ho1;-e that. ~0111e 11.1.\fnall" ""'"'e:-tE'd 

:~oret·al de:stiuations- The B bit aigna.l is non-linellr, 1.t if' 

to linear only whol:I needed. 

The Energy SUl.f c.ai:·d. 

locat~d on the ADC 
3000 cha.nn~ls of An&lo9 SfJM and flash ADC. These ~ 
card, and the co.et ia included in that cacd. 

The J;:nargy ISOLATIOl-1 cord. 

It'"" 

Calo:r:i11.eter trl.gqer sye:tem, 3000 charu1n\s 

Enginee¥in9/design 
Labor Rate Tot al 

111Y k$/my t.$ 

SDIA 
~atacial Proc/Fab 

k$ k.$ 

Prototypo 
Total 

kS 

!cal link, 80 m ($250k4> 

ceiY'!!:r boa.rd, 32 cb.annala, complex digital hoal:'d, 
6 sq. inoh/{11•.-noel 

261 u(l 1.50 154 231 10 20 

act slot spar.~. $900/board 

ota.l 

&r SOK board, , 16 8-bit inputs, 69 ft>~ ECAL ' 69 for HCAJ., 
ua~g 93t 6 array teci1nology, compleM digJta

2
lnboard 2~ 1 l .5'0 1.54 231 10 ... 

rate sJot cost, $900/hoard 

otal 

ne.cgy ISoL.:i..TIOtf boal"d, 333 bo-!lrde. 25 8~h~t input, 
using aate array technology, C()lllplex dL9.1.ta.l bo,.,,rd 

. 1.50 154 2lt 10 20 

rate slot cost, $900/hoard 

otal 

261 

JIU\11 

oul(I 

3 ruH1 

•HICl 

3000 

210 

J360 

414 

121.2 

538.2 

Gq9 

299 .. , 

129~.7 



oo tri .. ~·::i"'l:- system 

Tu ... - ... i\!"t" ~wo nppr.o,-1che9 to th9 muon t:rig9•?r. Thf! !i1:.11t &ppro~ch 
I''"; si.u .. )le •:01ncidc:nc~ circuits .-1n".I cnmbl11atori~l lo>::Jir 011 a 1,,1·9"!' 
-11':!. ;lnii. C/'l!'I bi:= completelp d~adtimeless. 'I'he second. approc.cb use~ 
rlt:enl: ,;"!rir!!.'J5'1'ble rn~mori:-es (Cltt-1) to pet£nt.m th~ lo9ic, .,,.,t df"'e-!'I 
r1uir~ ;.0111.:i l~~al de,.dt.ime to lo~d the hit patte1·n into th'9 rnf"lrworle~. 

e- bari.41 ~-l:-i..<,;~~r, which u3es the RPC:!I", app~ars best oerv~d by the 
rnbinat.criil logic. ThP. endcl'p si•st.em lJ-E\erna well lb~tched to th<!! CAM 
t.hud. 

Tha ~n:=gj yystem. anrl the andc~ps ~re very ai~ilar, oft9r th~ wire 
r p~d) hits ~re As~ociated with th9 proper bean cros3lng. 

In th-" h.i:·r.,1, slnc<S th~ dt:if"t. tlrna i:t mnny beam ccoss:in9s Jong, 
~:.i!-ltii..···~ <:>131'.'3: chan~r3 aro: plaru1ed to provide t.h'! t1:iqger infe11:n13tiiDrll. 
::kup !':r:.rlp.~ n.r.;i arrong~d to avoid timing aa.bigui.t:ie•, nnd provide 
:'ficiet::: reso.lution tf> Jl\illke the desired momentum cut. A backup ayatem 
hf::linfJ in..-est igated which will ex.tra'-=t the bea-.o. crossing inloirn1:ttic>n 
)~ th~ ~~it~ wi£es th~.JU:eelv-e.s, Lut th~t is still at ~n early staga. 

In t~:"" en<k;:.p pad chwnbors the pad preampllfier3 mu.st pr1:n1ldo :oi fust 
•Pf'ld 0·_1cFut t~~0-40 nsec), lfhich i.:i then gat"'d with a !a$t. wire signal, 
some- o ... :-,et" signal which c.Jn pr~>vide the be;i.m 

in.sing ::...i.m~. 

When a p:>tdrot:ial trigqf'r is d"'ta-cted in a group of pa.ds or wires, 
hit ri.:a.ta in that group iio: ll'ltchf'.ld and the local dead time be9ins. 
input t.o thh tri99~r c:"'n be double buffered t.o largely el.i1ninat• 

.a dead t.iane., i! required. The lntched bits are notl e-ncodoaJ and storl!d 
th~ Ci"\11. \oli'"i•.•:l all 111.t:.s are .stored, th."it inernnry ie interl·ogated 11.nd 
mat.ct-:~" "r'?- c-e>1d out. The9d n1dtches represent the p()sitior. of a 

ck sP.<:>'lr.nt '.il\th.ln the 9r<.>up,. Sinr.~ th-ere can be more than one motch 
a give'' c .. -111:1 •':roasing, the system muat hg prepared to send mor"e than 

tO tr-r.- tt?st i>f thl! trigger syo".lte111. Tbree optical ·fibers I gi-odp 
'-·jd~ r-t>.A '.in\:.. The dead ti .. e is only a f~w hundred nanoBacond!!. 
~ l()ciol d11d.d time mutlt br-: prop.erly recor•J~d and accountt"d for in thtJ 
l9er lli'-~tl"m 

For tt:e ""ndcap chambers, t-.he logical 9.coc.pin9 is a box, contai11in9 -1 
f1c-f; 0£ 25' :F!\d.N each. th•.i complgte CAH S'j3t<:?m will be contained in 
box. 1lin r:~~'- identifi.f'lb a track s~;rnent a.3 A 3 or 4 fold coineidenca 

nq the 4 lit..y"!~S, with " pattei:·n corresponding to ii v:lllid t1·ack. The 
hnx~s C!!lt:l boa divided int.a fi1 .subgcOups Of 4 bor.A9, each 

L"P.:;po11d.l:19 t:.•J a slice Jn azin.uth. Thq t,;ack se91nent..a found in tl\&3'e 
:nc~s a..:'!!! input to a larger CAM, to find tba valid ti-ack- and Uete:imi.ne 
si9n a11d m-:-.~f!ntnm. 

Fnr t.;,I!" ba.ir.el, t:he slgui1ls from th9 RF'C!': O\· the w:i.rP-s thP.l'\e:"!:lv~ni 
" t-.n C-'l\Jl~d t:o ~l.g.ctronics located l'..tn tt1e 011tsi,Je of th.a magnet. 
rin e01r:.a P.?C qrnup thArB will be only 2 layern fZ and Ph!) to form a 
1-1 t.r~r:k s·~9moe-t"Jt, This can be done with combinRtorial logic. ThA 
elatior. of t:t':e three lnyer.a ciln also be dQn9 wit.b cornbinatorial 
.c. The CAH system is also possible, but doe:s require dg;,d tiJne. 

Task l.i."t: 

aar:·r:'!:'.l ~a:1:1t-~m • .synr.hr."i."lollizinq with beam cross.inq cloak 

--
'-

( • 

Thi!f ua~s CO 11H7, cl11<:kP.rl r.oinhiuAt.ori;;,l .lo11ic (die.;~dt.:i.melegs-) · J:':.::ich 
n"cf~r1r {l/lG 2Pj1 i:i s:ubdividad \.nt.<J ·1 part:s, eacb pointinq t.o t.hP. 
veite:-<.. There is no t.imi11g 1111;bigi1ity within t:h-:t 8\lbso:.ctor. Th<;'! l~hrec: 

layers a.-P. r·esp~~ctivoly 240 • 24., 187 * 24 ;u,.j lll • 24. T!i.Pr: are 
al::oout 2000 ''ell.id tr.,,jP.ctorio:i.e in t.h"!I !:s!nd plflne,. les.e than 250 ..1.n tlie
non bend pll.loP.. 1·here are 214 !lub3o:c!:ors. 

Endcap sy$t.ec·'\ - f".her~ are 250 boxes,. with 1000 p;,.ds e.1.ch thi!J US'li~ .... 
!'!hort sh,1pe<I out.pnt (rom the pieamplifier, di.ttrimini'lltcr-latch chip, CA~f 

chip, sequenci:=r and outp.ut chip, 3 opt~ca~. fibec l~nks ~r bn;"<;,. 
i:t:Scl!ivers, large CAH foe final tre1-ck fi.nd1ng,. comhi.n-.tor..1.P!Ll logic hoanJ 
214 requir!:!d, 600 tot.ti input11. p.co9ramm11.bl& gat.e arrey technol'?CJ1~ 
usi11g 12 larg~ gate arra.y chips at $81J &ach, 5 out of 6 fold couic-1den<::e 

Eogine.erin9/df:tsi9n 
L.abor Rate T•:ital 

fL\:f k~/fll)' Ir;~ 

En IA 
M-i.te!"ial I>roc/f';,,b 

Ii:$ t;$-

Prc>t.otype 
•total 

kS 

E' rac/f'ilb 
Hntarial 

~/~t>~n $k tocal 

C'l1nbinatorial logi-::: bo.Jrd 601} ir.put .• proq.r:.oi111rnable yata arr6y technolo.gy, 
12 l;-1t"qe gat.e .'il.::-r.ay chips .at $80 e~ch, ccm£Jlt.~K •ii9it.11l bau_("d 

l. Sc> 154 2Jl 10 2G 261 401)0 856 

Crat.e l'l;lOt: cost, $!}00/bo."lt:J 

Tot.cil 

Muon Endcap t.r.igger .dystP.m 
En'lineP.riog/doeoign EDIA 
Lai•or ~.ata Tot&l Hnteri<1 l Proc/E"ab 

Itf!rt1 Ill}' J.:$/my k$ k$ k$ 

Discrimin.;itor/lat-::h/bulfai: chip, $16 ai'!lch 
. l.JS 154 }92.5 ~D l~O 

Prot.->type 
·rotal 

kS 

382.5 

CC'nti!!-nt adrf'!:JtSllble me111ory chif', (1111..tge ch.ip ~ $50 e"'ch) 
1.25 154 192.5 4a 150 J82.5 

3 opl::ica.1 link to trigger 1$750>:4) 

Complex digital PC boa.rd, 100 t;q. 
1.50 154 2Jl 

inch, 
10 

incl. sequcnc-!?r 
20 261. 

9()0 19'.!. 6 

-104.1:1.6 

Pro~/Fab 

1ft1terial 
$/chan ~k total 

102:4 256 

so 

"JOO<: 

lSOO 315 

Receiver board, 32 channel, complex digital bo~rd, 6 sq. inch/channel 
1.50 154 231 lO 20 261 270 67 .5 

Total 

Largo? CAM boa i·d for 
16 CAM chips, 

Comple:1 PC bo;ird 
l .. '50 

12a1 

fjnal trit<:k findin.j, J2 z:equirod, l p"P.r sec'tor, 
L-600 

154 2Jl 10 20 261 3000 

Crate- A.lot coat, S90'.l/Lc<1rd 

• f f 

14()1 

st.2 

9ti 

28.d 

176 
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Assy and Inst Work Sheats 

\ 7,\ ~-
fa:1 C•ntral Tracker Support ~ 
Patamelers (weight. length, area, number) 

COMPONENT WORK SHEET 
>00< Components 
'ffl Sub-componenlS 

WBS Number TASK CENTRAL TRACKER CONSTRUCTION 
Enor. Oesi~n Tech. Crafts •ota1 Labo Labor Cos ?toe. 

Rates 135 ea 8a 42 Man~-~ KS KS 
5.3.1.1.1 Mechanical Design a a a 

I a.25 a.3 a.55 57.75 11 

5.3.1.1.2 Detail Drawings (15 sheets) a a a 

I I a.28 a.28 22.4 5.6 
5.3.1.1.3 Engr Analysis ( Structural, dynamic response, then a a a 

I a.51 • I I 0.5 67.S 1 0 
5.3.1.1.4 Y"nemaac Mounts detaiia drWgs ( 10 sheets) a 0 0 

I . I a.19 I 0.19 15.2 3.8 

5.3.1.1 E I 0 Total I a.75 o.77 I 0 0 1.52 162.85 30.4 

5.3.1.2.1 Procurement/ Fabrication Uaison 0 a 

I 0.02 a.as 0.07 6.7 

5.3.1.2.2 Load Tosti~ 0 0 
0.02 0.02 0.04 4.3 

5.3.1.2 lnsnO/A Tot 0.04 0.05 0.02 0 0.11 11 

5.3.1.3.1 6 Support Rings 0 0 ' 
Tooling 0 0 

N'E 0 0 
Material 0 0 

Fabrication 0 0 
5.3.1.3.2 16 Stringers 0 0 

Tooling a a 

N'E 0 0 
Materials 0 0 
Fabrication 0 a 

5.3.1.3.3 32 Angles 0 0 

Tooling 0 0 

N'E a a 
Material 0 a 

Fabrication 0 0 
5.3.1.3.4 4 Bulkheads 0 0 

N'E a a 
Material 0 a 
Fabrication 0 0 

5.3.1.3.S 3-Klnomatic Mounts (3 KS ee.) a a 
0 a 

Travel ·3 0 0 

5.3.1.3 ProcJFab Tt 0 0 a 0 a 0 0 
a a 

5.4.1.4.1 Support Frame Assembly (3 wk. 2 craft) 0 a 

I I I 0.12 0.12 5.04 

5.4.1.4.2 Frame load Tasting ( 2 wks· 2 craft) 0 0 
a.08 a.08 3.36 

0 a 

Travel· a 0 

5.3.1.4 Subassv Tot 0 0 0 . a.2 0.2 8.4 0 
Subtotal 0.79 0.82 0.02 0.2 1.83 182.25 3a.4 

Contingency 
Technical Risi< 3 
Cost Accuracy 6 
Schedule Risk 4 
Total Cont. 25% 

TOTAL 

Paga 3 

Fab. 

KS 

a 

8 
3 
2 

3 

3a 
s 
s 
s 

4 

2 
1.5 

2 

s 
28.8 
25 

9 

138.3 

0 
138.3 

Cate 
Pr11p. by 

•at ProcJFa 
KS 
a 
11 
0 

5.6 
0 
10 
0 

3.8 
3a.4 

0 
0 
0 
0 

0 
0 
8 
3 
2 
3 
0 

30 
s 
s 
5 
0 
4 

2 
1.5 

2 
0 

5 
28.8 
25 

9 
a 
0 

1 J8 J 
0 
0 
0 
0 
0 
0 
0 
0 

168 7 

T. Thompson 

Total Cost 
KS 
a 

68.75 
0 

28 
0 

77.5 
0 
19 

193.25 
0 

6.7 
0 

4.3 

11 
0 
8 
3 
2 
3 
0 

3a 
5 
5 
5 
0 
4 

2 
1.5 
2 
0 
5 

28.8 
25 
9 
0 
0 

I J8.3 

0 
0 

5.04 

0 
3 36 

0 
0 

84 
JSO. 95 

87 7375 
-'l8 Od75 
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SUPPORT STRUCTURE COST ESTIMATE 

BULKHEADS 
. 016 SKIN 
.SO HONEY COMB 
.SO HONEY COMB 
TOOLING 
NAE 

4@ 
2S SQ Ft@ 
2S SQ Ft@ 

FAS/LAYUP & BONDING 

MATL TOTAL 

MACHINING COSTS 
ID/OD 
Si TRACKER SOCKET 
STRINGER CUTOUTS 
IPC MODULE CUTOUTS 
#8 INSERTS 

TOTAL MACHINING COST 

. EXTERNAL STIFFENERS 
STRINGERS(116) 20 @ 
TOOLING COSTS 
SUPPORT ANGLES 20@ 
TOOLING COSTS 
SUPPORT RINGS 6@ 
TOOLING COSTS 

TOTAL EXT. STIFFENER COST 

TOTAL SUPP. STRUCTURE COST 

UNIT COST 
$53S.7S 
$26S.OO 
$26S.OO 

TOTAL 
$2,143.00 
$6,62S.OO 
$6,62S.OO 
$2,000.00 
$1,000.00 
$S,OOO.OO 

$23,393.00 

1 BULKHEAD 2 BULKHEADS 
$1,000.00 ~ $2,000.00 
. $Soo:oo $1,000.00 

$1,25.0.00 $2,500.00 
$1,250.00 $2,SOO.OO 
$1,000.00 . $2,000.00 

$5,000.00 $10,000.00 

lbs ea - - --·cosT fibs - · TOTAL 

3.263 $100.00 $6,526.00 
$30,000.00 

0.281 $100.00 $562.00 
$5,000.00 

3.31 $100.00 $1,986.00 
$10,000.00 

$54,074.00 

$87,467.00 

Page 1 
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... 

-

-

... 

... 

... 

-

... 



OPTIONAL CYLINDER -
CYLINDER UNIT COST TOTAL 
.016 SKIN 143SQ FT@ $21.43 $3,064.49 
.016 SKIN 145SQFT@ $21.43 $3,107.35 
.50 HONEY COMB 142.3SQFT@ $265.00 $37,709.50 
ADD25% $9,427.38 

TOOLING $10,000.00 
NRE $1,000.00 
FAS/LAYUP & BONDING $15,000.00 
TOT AL FOR r.YLINDER $79,308.72 

- END CAPS UNIT COST TOTAL 
.016SKIN 4@ $535)5 $2,143.00 
.50 HONEY COMB 25SQFT@ $265.00 $6,625.00 
,50 HONEY COMB 25SQFT@ $265.00 $6,625.00 
TOOLING .. $2,000.00 
NRE $1,000.00 
FAS/LAYUP & BONDING $5,000.00 
MATL TOTAL $23,393.00 

.MACHINING COSTS 1 ENDCAP 2ENDCAP 
ID/OD $1,000.00 $2,000.00 
TOT AL MACHINING COST $2,000.00 

-
TOTAL CYLINDER COST $104,701.72 

TOTAL STRUCTURE WITH CYLINDER $138,094.72 
GRAPHITE HONEY COMB 

-

Page 2 



-
SUPPORT STRUCTURE COST ESTIMATE 

BULKHEADS UNIT COST TOTAL ... 
. 016 SKIN 4@ - $535.75 $2,143.00 
.50 NOMEX 25SQFt@ $13.25 $331.25 
.50NOMEX 25SQFt@ $13.25 $331.25 
TOOLING $2,000.00 
NRE $1.000.00 
FAS/LAYUP & BONDING $5,000.00 -
MATL TOTAL $10,805.50 

MACHINING COSTS 1 BULKHEAD 2 BULKHEADS. 
ID/OD $1,000.00 $2,000.00 ·-Si TRACKER SOCKET $500.00 $1,000.00 
STRINGER CUTOUTS $1,2.50.00 $2,500.00 
IPC MODULE CUTOUTS $1,250.00 $2,500.00 
#8 INSERTS $1,000.00 $2,000.00 

. TOTAL MACHINING COST $5,000.00 $10,000.00 -
EXTERNAL STIFFENERS lbs ea ... COST /lbs····· TOTAL 
STRINGERS(116) 20@ 3.263 $100.00 \ $6,526.00 
TOOLING COSTS $30,000.00 

~ SUPPORT ANGLES 20@ 0.281 $100.00 $562.00 ... 
/ TOOLING COSTS $5,000.00 

SUPPORT RINGS 6@ 3.31 $100.00 $1,986.00 
TOOLING COSTS $10,000.00 

TOTAL EXT. STIFFENER COST $54,074.00 ... 
TOTAL SUPP. STRUCTURE COST $74,879.50 

... 

-

-

Page 1 -



-

-

OPTIONAL CYLINDER 

CYLINDER 
.016 SKIN 
.016 SKIN 
.SONOMEX 
ADD25% 
TOOLING 
NAE 

143 SQ FT@ 
145SQFT@ 
142.3SOFT@ 

FABILAYUP & BONDING 
TOTAL FOR 'WUNDER 

END CAPS 
.016SKIN 
.50NOMEX 
,SONOMEX 
TOOLING 
NAE 

4@ 
25SQFT@ 
25SQFT@ 

FAB!LAYUP & BONDING 
MATL TOTAL 

MACHINING COSTS 
ID/OD 
TOTAL MACHINING COST 

TOTAL CYLINDER COST 

TOTAL STRUCTURE WITH CYLINDER 
NOMEX HONEYCOMB 

UNIT COST 
$21.43 
$21.43 
$13.25 

UNITCOST. 
$535.75 

$13.25 
$13.25 

1 ENDCAP 
$1,000.00 

Page2 

TOTAL 
$3,064.49 
$3,107.35 
$1,885.48 

$471.37 
$10,000.00 
$1,000.00 

$15,000.00 
$34,528.68 

TOTAL 
$2,143.00 

$331.25 
$331.25 

$2,000.00 
$1,000.00 
$5,000.00 

$10,805.50 

2ENDCAP 
$2.000.00 
$2,000.00 

$47,334.18 

$68,139.68 



I 

, 

J 

I: 
........ ,' .. / ....._ _______ _ 

, 

m (.) 

·----------- -------------- -------------
0 

F===~==== 

~::=:: i :: r=r...:ml--
. . 
I . 
: I I , +---+-I . 
: I I . 
~::=::~:: 
: I 
l::::=:jj:-.== 

-------------

-
. _, 

-



- Assy and Inst Work Sheats 

r-. 5.3.2 Boron Loaded Polyelllylon• Shield CCMPONEHTWOAK SHEET 
Parameters (weight. length. area, number) )()0( Componen1S 

'f'fY Sub--components 

WBSNumber TASK CENTRAL TRACKER CONSTRUCT10N 
e-. Oesitm Tech. Crafts rgtaj Labo Labor Cos Proc. 

Rates 135 80 80 42 Man vears KS K$ 
0 0 0 

5.3.2.1.1 Mechanical Design and Mounung 0 0 0 
I 0.06 0.1 0.16 16.1 3.2 

5.3.2.1.2 Cata.ii Drawings • 6 0 0 0 
0.12 0.12 9.6 2.4 

0 0 0 
5.3.2.1 E & 0 Total 0.06 0.22 0 0 0.28 25.7 5.6 
5.3.2.2.1 r iocurement 0 0 

0.02 0.02 1.6 

0 0 
0 0 
0 0 

5.3.2.2 lnscO/A Tot 0 0.02 0 0 0.02 1.6 
0 0 

5.3.2.3.1 5 cm Barrel Section 0 0 

I 0 0 ' 
5.3.2.3.2 2·5 cm Extension 0 0 

I 0 0 
5.3.2.3.3 2-20 cm End Caps 0 0 

0 0 

0 0 

0 0 
0 0 

\ 0 0 

0 0 
.o 0 

Travel .5 0 0 
5.3.2.3 Proc/Fab T 0 0 0 0 0 0 0 

. 

0 0 

0 0 
0 0 

0 0 

'O 0 
0 0 

0 0 

0 0 

0 0 
0 0 
0 0 

0 0 
0 0 

-· Travel· 0 0 
5.3.2.4 Subassv Tot 0 0 0 0 0 0 0 

Subtotal 0.06 0.24 0 0 0.3 27.3 5.6 

Contingency 
Technical Risi< 2 
Cost Accuracy 2 - Schedule Risi< 1 
Total Cont 11% 

TOTAL 

Page 4 

Fai>. 
KS 

0 

1 9 

8.4 

18.2 

45.6 

0 
45.6 

Date 
Prop. by 

ot Proc/Fa 
K$ 

0 
0 

3.2 
0 

2.4 
0 

5.6 
0 
0 
0 
0 
0 
0 
0 

1 9 
0 

8.4 
0 

18.2 

0 
0 

0 
0 
0 
0 
0 
0 

45.6 

0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 

SI 2 

R. Barbor 

Total Cosl 

KS 
0 
0 

19.3 
0 
12 
0 

31.3 
0 

1.6 
0 
0 
0 

1.6 
0 
19 
0 

8.4 
0 

18.2 
0 
0 
0 
0 
0 
0 
0 
0 

45.6 
0 

0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 

0 
78.S 

8.635 
87.135 
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1.7 Beam Tube 

A vacuum Beam Tube of 5 cm in diameter will penetrate through the center of the Silicon 

Tracker and be attached to extensions on either end. The vacuum beam line diameter must 

be large enough to optically align through during the installation phase, and may be 

misaligned by as much as 3 mm from the centerline. The beam tube must be constructed 
' 

with a minimum radiation length for eta values < 2. 7 and flanges must be kept within eta 

values > 3.0. The beam tube leak rate and cleanliness specifications will be determined 

once the system pumping configuration is better defined. A vacuum level of between 

1x10-7 and 1x10-8 torr will be required at the' interaction region, which will require 

a vacuum bakeout of the tube after installation. Figure 17 shows the baseline design for 

an all Beryllium Beam Tube through the Silicon Tracker. An inner diameter of 5 cm and 

a wall thickness of .020· is chosen as a baseline design, with each el'!d of the beam tube 

mechanically isolated with bellows. 

34eo.10 •2 · 00 

--~Z)C 100.00.1.00 

-2X" 127.00•.50 

30QQ. IO e.25 

; 

_] •• ;zs 

Jl e so.oa~;i llNSICE1 

L11115.QO aO.ZS 

I 'it' 

Fig 17 

An optional design might be to transition to an Aluminum section at about 30 cm from the 

center point and then on to Stainless Steel. Other options under consideration include 

tapering the Aluminum transition outward in a conical geometry. A series of buckling 

calculations have been performed to map out the various parameters including materials, 

diameter and wall thickness. Figure 18 is a plot of critical buckling pressure vs. wall 

thickness for .4, .98, and 2 inch radius tubes of Beryllium S200E, Aluminum 5052, and 

Stainless Steel 304L It should be noted that these values are for long, near perfectly 

round cylinder!'; out-of-roundness tolerances will be discussed later. The horizontal 

line at 60 psi represents a safety factor to buckling of 4. A safety factor of 4 is 

considered to rated as "mansafe" for a ductile material presenting a minimal 

312192 
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hazard. To meet this specification one must select parameters that are above the 60 psi 

line. Our baseline design of .98" radius and .020" wall with Beryllium is indeed above 

the line. 

Radiation calculations may indicate a need to further reduce the wall thickness. To 

offset the decrease in wall thickness, the critical buckling pressure may increased by 

altering the buckling mode shape. This can be accomplished be adding circumferential 

ribs at specific axial intervals. The increase in buckling pressure is shown in figure 19. 
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As the rib to rib interval is decreased, the critical buckling pressure is constant up to 

about 1 O tube diameters. At this point the ribs begin to alter the mode shapes and drive 

the critical buckling pressure to higher values. 

Severe degradation in the buckling pressure can occur when out-of-roundness is 

taken into account. The decrease is most sensitive for out-of-roundness shapes that 

approximate the buckling mode shapes. For a long tube configurations the mode of 

collapse is into an elliptical (2 lobe) shape. Discussions with Electrofusion Col'J)Oration 

regarding their fabrication process have established the potential for tubes to be 

elliptically out-of-round by as much as .015". Figure 20 is a plot from 3 sources, 

of critical buckling pressure vs out of roundness for a Beryllium beam tube .98"R and a 

wall of .020·. All of the plots indicate that the de'sign marginally meets the 60 psi 

specification at .015" radial deviation. 

Cr!!lcal Byckllng Prtssurt ys. Oyt-of-Boyndnen 
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Fig 20 

This may drive us to consider the addition of ribs in our baseline design. For this. 

application, considering we are using a brittle material we may decide to go to a higher 

safety factor. 

Unlike a ductile failure, the failure of a brittle tube is likely to cause surrounding 

damage. The sensitivity of the design to distortions combined with the brittleness of the 

material is a compelling argument to have mechanical isolation at the ends of the 

Beryllium sec~ion. 
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Assy and lnst Work Sheets 

5.3.3 8Nm Tube COMPONENT WORK SHEET 
Parameters {weight, length, area, number) Components 

Y'ff Sut>-.components 

WBS Number TASK CENTRAL -mACKEJ'I CONSTRUCTION 

I EnQt'. J Oesion Tech. Crafts 'T"otaJ Labo Labor Cos ?roe. 

Rates 135 I 80 80 42 Man years KS KS 
5.3.3.1.1 Mechanic.U Design ( 5 wks·t E~r, 1 Oas.) 0 0 0 

I 0.11 0.1 0.2 21.5 4 
5.3.3.1.2 Detail Drawings ( 3 assy, 8 detail including inst.) 0 0 0 

I 0.21 0.21 16.8 4.2 
5.3.3.1.3 Engr Analysis 0 0 0 

Model· lwk 0.02 0.02 2.7 0.4 . 
Static· 2 w 0.04 0.04 5.4 0.8 
""yn Resp· . 0.04 0.04 5.4 0.8 
Buckling- 3 0.06 0.06 8.1 1.2 
RLo Opt-3w 0.06 0.06 8.1 1.2 

·o 0 0 
5.3.3.1.4 Safety Reports (3 mwks) 0 0 0 

0.04 0.02 0.06 7 1.2 
0 0 0 
0 0 0 

5.3.3.l E & D Tolal 0.36 0.33 0 0 0.69 75 13-.8 
5.3.3.2.1 Procurement 0 0 

I 0.02 0.02 0.04 4.3 
5.3.3.2.2 Inspection, proof testing, teak tasting ( 2wks· 1 En 0 0 

0.02 0.02 0.04 4.3 

0 0 
5.3.3.2 lnsoQ/A Tot 0.04 0.02 0.02 0 0.08 8.6 

0 0 

5.3.3.3.1 Beam Tube Assembly 0 0 

5.3.3.3.1.1 Beryllium Material 0 0 

5.3.3.3.1.2 Bellows 0 0 

5.3.3.3.1.3 Tooling 0 0 
5.3.3.3.1.4 Flanges 0 0 
5.3.3.3.1.5 N'£ 0 0 

5.3.3.3.1.6 Fabrication 0 0 

5.3.3.3.1.7 Inspection, proof testing, leak testing 0 0 

I 0 0 

5.3.3.3.2 Tube End supports 0 0 
0 0 
0 0 
0 0 

0 0 
0 0 

Travel • 0 0 

ProcJFab Tc 0 0 0 0 0 0 0 
0 0 

0 0 

0 0 

Travel· 0 0 

Subasev Tot 0 0 0 0 0 0 0 

Subtotal 0.4 0.35 0.02 0 0.77 83.6 13.8 

Contingency 
Technical Risk 3 
Cost Accuracy :i 
Schedule Risk 4 
Total Cont. 17% 

TOTAL 

Page 5 

Fab. 

KS 

0 

15 
1 

1 5 
1 

1 4 

25 
8 

1.5 

80.5 

0 
80.5 

Date 

Prop. by 

ot ?roe/Fa 

KS 
0 
4 

0 
4.2 
0 

0.4 
0.8 
0.8 
1.2 
1.2 
0 
0 

1.2 
0 
0 

13.8 

0 
0 
0 
0 
0 
0 
0 
0 

1 5 
1 

1 5 
1 

14 

25 
8 
0 

1 5 
0 
0 
0 

0 
0 
0 

80 s 
0 
0 
0 
0 
0 

94 3 

-

R. Barber -
Total Cost 

KS 
0 

25.5 
0 

21 -
0 

3.1 
6.2 
8.2 
9.3 
9.3 ... 
0 
0 

8.2 
0 
0 

88.8 
0 -

4.3 
0 

4.3 
0 

8.6 
0 
0 

15 
1 

15 
1 

14 

25 ... 
8 
0 

1.5 
0 
0 
0 ... 
0 
0 
0 

80 s 
0 
0 
0 
0 
0 

177_9 

-
JO 243 

208 143 

-
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Central Tracker Assembly Facjljty 

The Central Tracker will require .a dedicated facility to complete the 
initial detector assembly and to disassemble and conduct 
maintenance operations throughout the expected ten year life time of 
the detector. Occupancy of this facility should be foreseen by 
January 1996, with beneficial occupancy 4 to 5 months later. 

Assembly Facility Overview 
The Central Tracker will require an assembly area of approximately 
750 r.12. This facility will contain two 10 x 10 m Class 10,000 Clean 
Rooms for parallel assembly operations of the Silicon Tracker and 
Interpolating Pad Chamber System. A high bay, 20 x 20 m, with a 5 
ton crane covering the entire floor area will be used to assemble the 
two subsystems together and perform systems tests and calibration. 
Within the highbay will be an X-ray Calibration Lab lined ·with 
personnel shielding blocks, an Electronics power supp_ly area with 
appropriate safety features, and a cooling systems/gas area which 
will house ·the Butane and IPC cooling and gas systems. A storage 
room of about 150 m2 is needed to house components at various 
stages of assembly. The entire assembly facility will require stable 
thermal and humidity control. 

Silicon Tracker Assembly 
The pre-assembly and testing of the Silicon Ladder assemblies 
including the electronics, will be completed prior to shipping to the 
SSCL. Once on site, the Silicon Ladder assemblies must be protected 
during their mounting onto the cooling rings, and will require a Class 
10,000 clean room environment. High precision optical equipment 
will be used to measure and position the Ladder assemblies onto the 
cooling rings with a resolution of less than 1 micron. This will 
require a stable floor with vibration isolation from the rest of the 
building. The isolated floor area will be about 2 by 4 m. The clean 
room will be 10 x 10 m which is large enough to assemble the 2 m 
space frame assembly into the 2 m gas enclosure, contain the 
assembly and optical inspection stations, and have adequate storage 
area for critical components. In order to maintain mechanical 
stability to ensure precise measurements, tight controls over 
temperature and humidity will be required. The temperature should 
be maintained at 75°F ± 0.5 °, and humidity maintained at 45% RH 
±Q.5 %. Orice the Silicon Tracker is sealed in its outer enclosure and 
leak checked, the assembly will be moved to the high bay assembly 
area. 
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Interpolating Pad Chamber Assembly 
It is intended to fabricate the Interpolating Chambers elsewhere. 
The completed IPC's would be ·shipped to the Central Tracker Facility, 
unpacked and inspected visually in the high bay area. They will be 
tested with a source under operating conditions (gas and HY) in the 
X-ray Calibration Lab to insure that they function correctly. Any 
chambers with broken wires or other damage will be opened and 
repaired in the Class 10,000 clean room and then retested. 

As eai:h individual chamber completes its check-out, it will be 
installed in a positioning frame and required to maintain 25 microns 
stability. This operation will take place· on a reference table in the 
high bay area. Mandrils and fixtures for rotating, maneuvering and 
aligning the IPC's will be necessary. Storage areas are required for 
materials which are not in use. This operation will take place for the 
barrel section and again for each end cap of the track~r. Following 
this assembly, gas manifolds will be installed and leak tested. 

The fully assembled chamber sectors may be scanned with the X-ray 
mapping system in a shielded room at this time, or after the final 
assembly with the Silicon Inner Tracker. If the IPC's are to be X-ray 
scanned, the IPC assembly will be moved, using the overhead crane, 
into the X-Ray calibration lab. This lab requires a vibration isolated 
floor of 2 X 4 m. Normal gas, HY and cooling conditions will be 
established for the mapping, and the area must be temperature and 
humidity controlled as well as shielded against leakage of the X-Rays. 

Final Assembly of Silicon and IPC Systems 
The final assembly of the IPC's with the Silicon· Inner Tracker must 
take place in the high bay area The combined length of the. two 
assemblies exceeds 5 meters. Special fixtures are required. Once the 
Silicon Inner Tracker is in placed inside the IPC system, the two 
assemblies must be stabilized to each other to less than 25 microns. 
Final full systems tests will be done which simulate the Central 
Tracker operating conditions. These tests also require fully powering 
both the IPC and Silicon Tracker electronics systems. The Butane 
cooling system for Silicon and water cooling for the IPC will be 
connected and operated to test the heat rejection system: X-ray 
calibration tests will be conducted to verify thermal stability and 
perform final Silicon Microstrip mapping. 
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Facility Specifications: 
General: all areas to be temperature and humidity controlled 
Silicon Assemblv Class I 0.000 Clean Room 

10 X LO m -
Vibration Isolated Floor, 2 X 4 m 
Compressed Air for air balance hoists 
Storage, 10 m of wall space 

IPC Assembly Class 10.000 Clean Room 
10 X 10 m 
Plumbed with bottle-d N2 
St<'rage, 10 m of wall space 

High Bay Areas 
Central: 

20 X 20 m 
5 ton crane coverage 
Storage, 10 m of wall space 

X-Ray Calibration Lab 
6 X 6 m, free floor space 
Vibration Isolated Floor, 2 X 4 m 
5 ton crane coverage 
HY, gas and cooling supplies 
Personnel shielding 

Electronics Area 
6 X 12 m 

,_ 

clean electrical power required (amperage to be determined) 
Cooling/Gas Area 

4 X 12 m 
storage for N2, C02, CF4, Butane and water cooling systems 

Storage 
15 X 5 m 
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Central Tracker Assembly and Maintenance Facility 

2 m x 4 m 
Isolation Pad 

Class 10,000 
CleamRooms Shielded X-Ray Calibration Lab 

6 m x 6 m inside 

j---------------- --~----------------------· 

20 m 

·--------· 

Silicon Tracker Assy 

10 m x 10 m 1: 
I I 
I I 
I I 
I I 

IPC Module Assy 
10 mx 10 m 

i
i: 

I 
I 
I 
I 

I 
I 
I 

I I 
I I 

!..-..&.-~~--~--------~~· 
I I 

High Bay Assembly 
10 m x 20 m 

Power Supply Rm 
6 m x 12 m 

~ : I I I I I I I I 

---------------------· ---------------------

• 

f 0--------. 
I I 

I I ·--------· 

• 

I 

D! 
Di 
Di 

I -· 

2mx4m 
Isolation Pad 

5 Ton Crane 
Coverage 

Cooling and Gas 
Systems Rm 
4 m x 12 m 
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Si Tr SSCL Assemcly 

r~..n .... 
Silicon DetKCUf SSC AHembty 

Parameters (wef9ht, le1"19th. area, number) 
COUPONl!Hl'WQRK SHm:T 

)()0( Components 

'ffl Sub-components 
WBS Number TASK CENTRAL TRACKER CON~CT10N 

en~. Oesian Tech. Crafts ""'otal Labo Labor Cos Proc. 
Rares 135 80 80 42 Man years KS KS 

0 0 0 
5.3.4.1.1 6 wks-Assembly Pr-dures (.5 Engr, .5 Design) 0 0 0 

I 0.061 o.os I I 0.12 12.9 2.4 
5.3.4.1.2 6 wks-Optlcal lnspecdon ProcedurH (.5 Engr, .5 0Hign) 0 

I 0.061 0.06 I I I 0.12 12.9 2.4 
5.3.4.1.3 32 wks· Assembly drwgs, and tooling (15 assy, 20 tooling) 0 

0.67· 0.67 53.6 13.4 
0 0 0 
0 0 _o 
0 0 0 

5.3.4.1 E & 0 Total 0.12 0.79 0 0 0.91 79.4 18.2 
5.3.4.2.1 Procurement (4 mwks) 0 0 

I 0.02 I 0.06 0.08 7.5 
5.3.4.2.2 24 wk-Assembly O/A (.75 Mech Engr, .25 Elec Engr, .5 Sr Tech) 

0.46 0.23 0.69 80.5 
0 0 

> 
0 0 

5.3.4.2 lnspO/A Tot 0.48 0.06 0.23 0 0.77 88 
5.3.4.3.1 Air Balanc:e Hoist 0 0 1.5 
5.3.4.3.2 Rotary inspection stage/controller 0 0 3.5 
5.3.4.3.3 Granite Assy Tabte I 0 0 1 0 
5.3.4.3.4 Can Reg Asay Platform 0 0 0.5 
5.3.4.3.5 Can Reg Frame jig piates·2 0 0 1 
5.3.4.3.6 Cent Reg Frame stabilizer-1 0 0 0.2 
5.3.4.3.7 Uftlng fixtures, cable support hardware (6) 0 0 0.5 
5.3.4.3.8 Fwd Reg Asay Platform 0 0 0.5 
5.3.4.3.9 Fwd Reg Frame jig plates·3 0 0 1.5 
5.3.4.3.10 Fwd Reg Frame stabilizer-6 0 0 1.2 
5.3.4.3.11 Rotating Trunions 0 0 1 
5.3.4.3.12 Temp Supports 0 0 0.2 
5.3.4.3.13 OpUcel CMM Plattorm 0 0 20 
5.3.4.3.14 Model survey insl (analyz0t supplies by LANL) 0 0 10 
5.3.4.3. 0 0 
5.3.4.3. 0 0 

0 0 
Travel • 0 0 

5.3.4.3 ProcJFab T 0 0 0 0 0 0 51.6 
0 0 

5.3.4.4,1 Centnil R~ion AaMmbly 0 0 
5.3.4.4. 1.1 Outer Cylinder Assy I 0 0 
5.3.4.4. 1. 1.1 1 wk- Assy platform/tooling set up ( 2 cratt) 0 0 

I I I I 0.04 0.04 1.68 
5.3.4.4.1.1 .2 lwk- 1st Shell assy inst.. knm moundng, secure cabtes, inspection (3 craft) 

I I I I o.os I 0.06 I 2.52 I 
5.3.4.4.1.1.3 1wk .. 2nd Shell assy inst,. knm mounting, secure cables, inspecdon (3 craft) 

I I I I ·o.os I o.o& I 2.52 I 
5.3.4.4.1.1.4 1 wk .. 3rd Shell assy inst,. knm mounting, secure cable•, inspection (3 craft) 

I I I I o.oa o.oe 2.sz 
5.3.4.4.1.1.5 .5wk-Optica1 Mapping/Inspection (1 tech, 1 craft) 0 0 

I I I 0.01 I 0.01 0.02 1.22 
5.3.4.4.1.2 Mid Cylinder Assy 0 o 
5.3.4.4. 1.2.1 1 wk· 1st Shell assy inst,. knm mounting, secure cables, inspection (3 craft) 

I I I I 0.06 I 0.06 I 2.52 I 
5.3.4.4.1.2.2 1 wk· 2nd Shell assy inst .. knm mounting, sec es, inspection (3 craft) 

Fab. 
KS 

0 

0 

Date 

Prep. by 

ot ProcJFa 

KS 
0 
0 

2.4 
0 

2.4 
0 

13.4 
0 
0 
0 

18.2 
0 
0 
0 
0 
0 
0 
0 

1.5 
3.5 
10 
0.5 

1 
0.2 
0.5 
0.5 
1 5 
1 2 
1 

0.2 
20 
10 
0 
0 
0 
0 

51 5 
0 
0 
0 
0 
0 
o 
o 
0 
0 
0 
0 
0 
0 
o 
0 
~ 

0 

A. Barber 

Total Cost 

KS 

.o 
0 

15.3 
0 

15.3 
0 

67 
0 
0 
0 

97.6 

0 
7.5 
0 

80.5 
0 
0 
88 

·1.5 
3.5 
10 
0.5 
1 

0.2 
0.5 
0.5 
1.5 
1.2 
1 

0.2 
20 
1 0 
0 
0 
0 
0 

51.6 
0 
0 
0 
o 

1 68 
o 

2 52. 

0 
2.52 

0 
2.52 

0 
1 22 

0 
o 

2 52 
0 



Si Tr SSCL Assemoly 

I 0.06 0.06 2.52 
1 wk- 3rd Shetl assy inst,. knm mounting, secure ca~as, inspection (3 cratt) 

I I I I 0.06 0.06 2.52 

5.3.4.4.1.2.4 

5.3.4.4.1.3 

.Swk-Oplical Mapping/Inspection (1 tech. 1craft) 0 

I I I 0.01 I 0.01 1.22 
Inner Cylinder Assy - ' 0 O 

5.3.4.4.1.3.1 1 wk- 1st Shell assy inst,. knm mounting, secure cables, inspection (3 craft} 

I 0.06 I 0.06 I 2.52 I 
5.3.4.4.1.3.2 1 wk- 2nd Shell assy inst,. knm mounting, secure cables, inspection (3 craft) 

I I I I 0.06 I 0.06 I 2.52 I 
5.3.4.4.1.3.3 1wk- 3rd Shell assy inst,. knm mounting, secure cables, inspection {3 craft) 

I I I I 0.06 0.06 2.52 
5.3.4.4.1.3.4 .Swk-Optical- Mapping/Inspection ( 1 tech, 1 craft) 0 O 

I I . I 0.01 I 0.01 0.02 1.22 
5.3.4.4. 1.4.1 Cenrral Region Frame Assy 0 O 
5.3.4.4.1 . .$. t.1 4:.wk-Frame assy/jig ptate installation ( 2 craft) O O 

I I I I o.o4 0.04 
5.3.4.,.1.4.1.2 1 wk-9 knm mount installaUon, inspection( 2 craft) 0 

1.68 
0 

5.3.4.4.1.4.1.3 

5.3.4.4. 1 .4.1.4 

5.3.4.4.1.4.1.5 

5.3.4.4.1.4.1.6 

5.3.4.4.2 
5.3.4.4.2.1 
5.3.4.4.2.1.1 

5.3.4.4.2.1.2 

5.3.4.4.2.1.3 

5.3.4.4.2.1.4 

5.3.4.4.2.2 
5.3.4.4.2.2.1 

5.3.4.4.2.2.2 

5.3.4.4.2.2.3 

5.3.4.4.2.3 

5.3.4.4.2.3.1 

5.3.4.4.2.3.2 

5.3.4.4.2.3.3 

5.3.4.4.3 
5.3.4.4.3.1 
5.3.4.4.3.1.1 

5.3.4.4.3.1.2 

5.3.4.4.3.1.3 

5.3.4.4.3.1.4 

I I I I o.o4 0.04 
wk- Inner cylinder Installation, cable mounting ( 3 craft) 

I I I I 0.06 I 0.06 
wk· Mid cylinder Installation, cable mounting ( 3 craft) 

I I I I 0.06 I 0.06 
wk-Outer cylinder Installation, cable mounting ( 3 crart) 

I 0.06 I 0.06 

wk-Upper 'frame/jig rate installation, inspection ( 1 tech 

0.02 0.02 0.04 

Forw•rd Region As .. mbly 

2 • 1st stage assemblies (2 forward sections) 
1 wk· assy plattorm/tcoling set up ( 2 craft) 

I I I I o.o4 
1wk • Frame assy/jlg plate installation ( 2 craft) 

I I o.o4 

0 
0 
0 
0 

0.04 
0 

0.04 

1.68 

2.52 

2.52 

2.52 
1 craft) 

2.44 
0 
0 
0 
0 

1.68 
0 

1.68 
1.5 wk • 4 ?tanar Superlayer Install, knm mounting, cable secure, 

I I 0.12 0.12 
insp. ( 4 craft} 
5.04 

.5 wk - 4 Planar Superlay• Optical insp. ( 1 tech, 

I 0.01 0.01 
2 - 2nd stage 
.5wk - Frame 

I 

assemblies (2 forward sections) 
assy/jig plate installation ( 2 cratt) 

I I I 0.02 

craft) 
0.02 

0 
0 

0.02 

1.22 

0 
0 

0.84 

1.5 wk • 4 Pfanar Supertayer Install, knm mounting, cable secure, insp. ( 4 craft) 

I I I I 0.12 I 0.12 5.o4 
.5 wk - 4 PJanar Superlayor Optical insp. { 1 toch. 1 

I I I 0.01 I 0.01 
2 • 3rd stage assemblies (2 forward sections) 

.Swk • Frame assy/jig plate installation ( 2 craft) 

I I I I 0.02 

cratt) 
0.02 

0 
0 

0.02 
1.5 wk • 4 Planar Suparlayar Install, knm mounting, cable secure, 

I I I I o. 12 I 0.12 
.5 wk · 4 Planar Superlayer Optical insp. ( 1 tech, 1 craft) 

I I 0.01 0.01 0.002 
Fn1m• Assembly 

Central Region Installation 0 

1.22 
0 
0 

0.84 
insp. ( 
5.04 

1.22 
0 

0 
1 wk-Frame stab11tzer/jig installation ( 1 teen, 2 craft) 

·I 0.02 I o.o4 0.06 3.28 
2 wk-Can Reg installation ( 2 Tech, 2 craft) O O 

I I I 0.08 I 0.08 0.16 9.76 
2 wk-Fwd Reg installation { 2 Tech, 2 crart) 

I I I 0.08 I 0_08 0.16 9.76 
3 wk-Can Reg outer cable installation -36 cabl~j fech, 2 craft) 

4 cratt) 

0 

0 
0 

0 
0 

0 
0 

0 

0 
0 
0. 

0 
0 

0 

0 

0 
0 
0 

0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 

0 

0 
0 

0 
0 
0 
0 
0 

0 
0 

0 
0 

0 
0 
0 

0 

J 

0 

0 

0 

0 

J 

0 

.o 
0 

0 
0 

0 

) 

2.52 
0 

2.52 

0 
1.22 

0 

0 

2.52 

0 
2.52 

0 
2.52 

0 

1.22 
0 
0 

1.68 
0 

1.68 
0 

2.52 
0 

2.52 
0 

2.52 
0 

2.44 
0 
0 
0 
0 

1.68 
0 

1.68 
0 

5.04 

0 
1.22 

0 
0 

0.84 

0 

5.04 

0 
I 22 

0 

0 
0 84 

0 
5 04 

0 

I 22 

0 

0 
0 

l 28 
0 

9 76 

a 
; 76 

0 

-
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-
.. 

.. 

-
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5.3.4.4.3, 1.5 

5.3.4.4.3. 1 .8 

5.3.4.4.3.1.7 

5.3.4.4.3.1.8 

5.3.4.4.4 
5.3.4.4.4. 1 

5.3.4.4.4.2 

5.3.4.4.4.3 

5.3.4.4.4.4 

5.3.4.4.4.5 

5.3.4.4.4.6 

5.3.4.4.4. 7 

5.3.4.4.4.8 

5.3.4.4.4.9 

5.3.4.4.4.10 

5.3.4.4 

Technical Risk 
Cost Accuracy 
Schedule Risk 
Total ConL 

Si Tr SSCL Assembly 

I 0.12 I 0.12 I 
2 w-. - Frame knm mounc instaUaCion { 1 

I I I o.o4 
2 wk • Optical CMM Inspection ( 1 tech, 

I I I o.o4 
2 wk- ~odal inscr. installation ( 2 tech) 

I I I 0.08 
2 wk· Modal SUivey ( 1 Engr, 1 l8ch) 

I 0.04 I I 0.04 
Gaa Enclosure Auembly 

tech, Z cratt) 
I 0.08 

1 craft) 

O.Jl4 

0.24 

0.12 

0 
0.08 

0 
0.08 

0 
0.08 

0 
1 wk-Outer Gas Enclosure Installation ( 2 tech, 2 cratt) 

I I I o.o4 I o.o4 
.5 wk·End Enclosure Installation ( 2 cratt) 

I I · I I 0.02 
3 wk-Feed tnru insL and checidng ( 1 teen, 2 craft) 

I I I 0.08 I 0.12 
1 wk·lnnar enclosure installation (2 craft) 

I I I I o.o4 

0.08 

0 

0.02 
0 

0.18 

0 
I - 0:04 

14.64 

6.56 

0 
4.88 

0 
6.4 

0 
8.6 

0 

4.88 

0 

0.84 

0 
9.84 

0 
1.68 

1 wk-Knm mount seals, Temp stand, rotating trunions inst. (2 craft) 

I I I I o.o• I o.o4 1.68 
.5 wk • Rotate, install on assy plattorm ( 2 tech, 2 cratt) 

I I I 0.02 I 0.02 o.o4 
.S wk-End Enclosure Installation ( 2 craft) O 

I I I I 0.02 0.02 
3 wk-Feed thru insL and eheeking ( 1 teen, 2 craft) 

- I I I 0.08 I 0.12 

0 
0.18 

2.44 

0 
0.84 

0 
9.84 

1 wk-Knm mount seais, Temp stand, rotating trunions inst. (2 craft) 

I I I o.o4 o.o4 1.68 

.5 wk - Rotate horiz. ( 2 tech, 2 craft) 0 O 

Subassv Tot 0.04 

Subto1a1 0.64 

Contingency 
8 

1 0 
4 

42% 

TOTAL 

0 0.76 

0.85 0.99 

0 0 
0 0 

2.3 3.1 162.8 

Z.3 4.78 330.2 

Page 3 

0 0 
69.8 0 

0 
0 
0 
0 

0 
0 

0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 

0 
69.8 

14.64 

0 
6.56 

0 
4.88 

0 

6.4 

0 
8.6 

0 
0 

4.88 
0 

0.84 

0 
9.84 

0 
1.68 

0 
1.68 

0 
2.44 

0 
0.84 

0 
9.84 

0 
1.68 

0 
0 
0 

162.8 

400 

168 

568 
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Si Tr SSCL Assembly 

~ SI Tracker Check out COMPOHENI' WORK SHEET 
Parameters (weight. length, area, number) )00( Components 

'ffl Subo.components 
WBS Number TASK CENTRAL TRACKER CONSTRUCTION 

I en~. Oesian I Tech. I C ra Its h"otal Labol Labor Cosd Proc. 

Rates I 135 80 I 80 I 42 I Man vearsl KS I K$ 
NOTE: These efforts are minimal due to some dupUcation under Can Tr. Calibration. 

5.3.5.1. 1 Mech. checkout procedures (3 mwks) 0 0 0 

I 0.041 0.03 0.07 7.8 1.4 
5.3.5.1.2 Safety Procedures ( 2mwks) 0 0 0 

I 0.021 0.02 2.7 0.4 
5.3.5.1.3 Elec. Checkout Procedures { 4mwks) 0 0 0 

0.06 0.02 0.08 9.7 1.6 
0 0 0 
0 0 0 
0 0 0 
0 0 0 

5.3.5.1 E & D Total 0.12 0.05 0 0 0.17 20.2 3.4 

5.3.5.2.1 Procurement (3 mwk.s) 0 0 

I 0.02 I 0.04 0.06 5.9 

5.3.5.2.2 16 wks-Checkout Q/A ( .5 Mech, Engr, .5 Elec Engr, .5 Tech) 

0.3 0.15 0.45 52.5 
0 0 

0 0 

0 0 

5.3.5.2 lnsoO/A Tot 0.32 0.04 0.15 0 0.51 58.4 

0 0 

5.3.5.3.1 Testing Equipment 0 0 60 
0 0 

0 0 
0 0 

Travel - 0 0 

5.3.5.3 Proc/Fab T 0 0 0 0 0 0 60 

0 0 
5.3.5.4.1 2wk- Feed thru leak test & Cont Test ( .25 Engr .. 5 Tech, 2 craft) 

I 0.01 I I 0.02 I 0.08 0.11 6.31 

5.3.5.4.2 2 wk - Butane, Gas Hook up ( 1 tech, 2 craft) 0 0 

I I I 0.04 I 0.08 0.12 6.56 

5.3.5.4.3 4 wk- Power signal Hook up ( .25 Engr .. 5 tech, 2 craft) 

I 0.02 I I o.o4 I 0.16 0.22 12.62 

5.3.5.4.4 2 wk· Cool down procedure ( 2 Engr, 2 tech) 0 0 

I 0.08 I I 0.08 I 0.16 17.2 

5.3.5.4.5 3 wks Elec Power up 12 Engr, 2 techs, 2 craft) 0 0 

I 0.12 I 0.12 I 0.12 0.36 30.84 

5.3.5.4.6 6 wks · Signal Cable pulsing { .25 Engr, 2 tech, 1 craft, 5 Phy) 
I o.o3 I I 0.24 I 0.12 o.39 28.29 

5.3.5.4.7 2 wks • Disconnect. GN SackfiU { 1 Tech, 2 craft) 0 0 
0.04 0.08 0.12 6.56 

0 0 

Travel· 0 0 

5.1.1.5. Subassv Tot 0.26 0 0.58 0.64 1.48 108.38 0 

Subtotal 0.7 0.09 0.73 0.64 2.16 185.98 53.4 

Contingency 

Technical Risk 4 
Cost Accuracy 3 
Schedule Risk 8 

Total Cont. 26o/o 

TOTAL 

Page 4 

!'ab. 
K$ 

0 

0 

0 

0 

Date 
Prep. by 

ot Proc/Fa 

KS 

0 

0 
1.4 
0 

0.4 

0 
1.6 

0 
0 

0 
0 

3.4 

0 
0 
0 

0 
0 

0 
0 
0 

0 
60 

0 
0 
0 

0 
60 

0 

0 
0 

0 

0 

0 
0 
0 
0 

0 
0 
0 
0 
0 
0 

0 
0 
0 

5J" 

-
R. Barber 

Total Cost 
K$ 

0 

0 
9.2 
0 

3.1 .. 
0 

11.3 

0 
0 

0 
0 -23.6 

0 
5.9 
0 

52.5 

0 

0 .. 
0 

58.4 

0 

60 

0 
0 -0 

0 
60 

0 
0 

6.31 

0 -
6.56 

0 
12.62 

0 
17 2 

0 .. 
30.84 

0 
28.29 

0 
6.56 

0 
0 

108 38 

250 Ja 

-55 0988 

JIS 4736 

-
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" 
rND: :INOJU'1:!MTJ~~!t l·MA~·1992 ·17;: 6;19.07 
IND : : ~ .5 CVX1 : : H01Vlll1 

... / . ... "' .... 

LANL MEE-1!:# i 

- cc: MUi5~?m 

Su~j: hete i& tirst st!b atuff you-will'lt~d. 5 .:>. ~- I 
Momor11.nctum 

- To: z<:atl!I MorgM 
Fl:'OIU ! Jill\ MUil tl•Z' 
oate: 
Subjoct: IPC aub1ystem te=tin~ at 66CL 
1:at•: 

~s you r•cr~••ted, I've dona eome thinki1g ~bout the te1t.in~ 
orocqici•Jr•e :required fo;r; the. IPC '" upon rec:it1i;it a.1 th• iSCL, :!:'111 a.•11uminr; th.._t: 

- a!.th•r they w:l.ll arrive ... tully ! .... nouion .. l un.l.1:.11, or they vill have ba"n pul: 
in that ati:r.'c:. prov.l.o.,.•ly at the SSICL, · I'll .l.l..11 t.a.•k1. and •Utirnat4d roan 
hours required per ehr.ml:>er. Soma of tho•• t .. •k• :eq:v.!re nupport eqi.iipman~, and 
I'll indic~te thio when appr~pri&t~. 

- ... 

( 

M&n Hours 1 ::? 

·--------·----
Task: Vioual In~~•otion 
· ·~n Houro: 0. S Time ~Qquirad: 0 5 h;r; 

·-··rask: Loa.le. ChQo.k 
M~n Hours: 2-20 Time ~quir•d: 2·20 hr 

This could ha done in seve;i;al ways, Sl:· ght ov'ilrp;r;essure and ther1 
rnoni~cring pr•a&ura over time ia tho·eaaiost, but ia mensitive to baramotrio 
~reaaure and temper11tura, Md doe! not looate l&ais i:i! t:hey exist. Beet would 
boi runnin17 f'l.Mla.ole qLll or whatever thro-ugh ohalllb1 r and probe t:or l'iaka. This 
proo11s can potar.tial.ly !:le time ootiauminq, as any( n• who hao a•r•U' tried to .t'ind 
a qas leak can attest. This ~ill require a 9ae f:xt-ure for the ohamber 1 s.nd a 
leak detector. 

--------*~-------Task: Check tor broken wire• 
Man Houra: 1 (if none found) 40 (if found) Time r•quired 1·40 nr .::?_ 
'!:he resilltanoe to ground 11.b the H.V •. connection ;i., checked. !f infinite, 
chamber paaee~. ~therwiee, either broken ~ire is: aplacad or removed, or 
chamb~r is rejected. A replaeeme:nt procedure doe1n't EII)r1nq t:o mina. T!le 
eai:sieat thing to en'lfilli.on h•ra ia th!!.t the ehainbe: is rejected, t11e electronics 
is ::smoved, and reinstalled on 11 spare onainbGr. ~-his eould be a fairly 
tirne.-cnolllllt\ing operation, and would require equip! ent !or bonding the 1'1ex;tb1e 
oonneotion from th• chamber to the pc board, 

Task: Chsck reei1tance of low volta9e po conn1ct1on1 
Man Hours: l (if no trouble) 20 (it' <:\&b C]in9 req> ired.) Time Required: i-io ..-
hr "'5-

a imple r•s~stance check ie perfo ed !or at all low volt~~· inputo, and 
.1•cka.d with •Xpeot:ed v&l:Ue1, :C out ot: toltS:r:...nc. , t.h .. o:l!:l!end.i.ng unit '"'"'~ b<1 

-founa ana r~placed. 

Task: ~u.nctional check 01' r••dout el• ronica 
Man ttours: 20 ~U..• ~. ed1 40 hr 
The fil:>ur optic r•11dout, -\;rigger, oi.nd 111lo>1 oontrr .1. l.:l.nk.• 1 would po acnn11ot"d 
to a tn~t ~tar.ion eonNisting o! orato of reoi•v1r ~odulGa, and ~l~ctronlc~ 

tor :tri.viM?. ~h;' triqg"r and " H oon'::r<>l l.inus. '. h'll oont~.,.,,t de-~-" •on ~h;, 
~ """ ' • • -- - ..I - - -'- .I _.... • • J ' • - - • - -- - ~- - 1.. - - ..i.. - •• \ ·:.. _ - - "' !. · .•.• 



rl ; ;; 3 G 

-SENT BY:xerox Terecooier 7021 ~~ 4-11 1c:1s 

Task: Curren~ Limit ohea~ 
Man Hours: 2 (if succti5!ul) · 40 (if :r:ej·uotod) 'Pint& ReqvLrid: 5·40 hr s-
The H. v. and gal!l sy11tom1 are now oonneotad, g'e ii' flo111ed for aev~i:1t houi:•, 
a.nd the H.V. le slowly ratnp•d up to operating val,~. It the ourrM\~ dt~wn ~a 
within toler&nca, procaed1 otherw"i5S reject oh:mb•r 1 r•mcve Gleotrcniaa, 

----~--------~-------Task: X-ray map detector 
Mr.n Hours: 5 · tiJ11e l'l .. qiJ:!.r<idt l.O ~ 
I'm thinkin9 here o! a tixture in ~hioh the ch~tr im mount•d, and which can 
be mov5d precieely in 2 ditnenmion$ by st~ppin9 mo1org, undQr prograinrn•d 
o~ntrol. An X-ray eouroe ie place~ in ~=ant of tle olu:.ftlbor, which .is then 
moved through a oories of pomitionm, ep.ndin9·a o•u~i· ••oands ~teach. If 
eac11 position oorre~pollds to & pC1d 1 t:hiis ehould t• k<> .Qom•t::h:!..ng lika 4 )lours to 
do the actual mo~eurom~~t. 

Jl.t this point, i! 1111 lf<>nt ,..,.11 ye>u vhould hav11 .. J!u.lly chaCkQd out, 
operation .. 1 chambsr 

Ttsx: Mount chamber in frame 
Man Kours: 5 
~~---·------·------
Tu:.-: Connei::t. gas, po,,.•r 1 iHqi'\al limu to chi..mb•r 
Man Hours: ~O ·Tim• 1'!.equir111d: ; 0 hrs 

l qu 11u.~ em<;!. el .. otr:!.oa.l 'eeata ahould b.11 rs;ipea1 e<\ at t:hi11 point, I bel.ieve 

.. 

-

.. 
s 

~nis te th,. point a.':. whioh I oa.n etop, a" further t:estini; •#ill bQ per~ol.-med at • 
t!i.e .11ubeyet11m ll!lval, ...,,d you haVQ that worked out 
Addin~ thi~ ~p, I 9•t l.~ 11\An ,,,...•ks raquirad per ch~mbar, H~lt~plying by 350 1 
you get "' tctal m&npcwor r<>quirilment ot 10 m,y, 'tou a.ra free to eoalll in 
~i~her d:!.rection by wh•t~v~r factor you thin~ is appropria~e. 

-

.. 

.. 

-

-
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Assy and l.nst Work Sheets 

~'. 5".'3·ft 
j.{ D•tectaf' Assembly 

Parameters (weight, lengtn, area, number) 
COMPONENT WORK SHEET 

)00( Components 

WBS Number TASK 
'ffl Sub-components 

CENTIW. TRACKER CONSTRUCTION 

5.3.1.1 

5.3.1.2 

5.3.1.3 

5.3.1.4 

5.3.1 
5.3.2.1 

5.3.2.2 

5.3.2 

5.3.3.1 
5.3.3.2 
5.3.3.3 
5.3.3.4 
5.3.3.5 
5.3.3.6 

5.3.3.7 
5.3.3.8 
5.3.3.9 
5.3.3.10 
5.3.3.11 
5.3.3. 

5.3.3 

5.3.4.1 

5.3.4.2 

5.3.4.3 

5.3.4.4 

5.3.4.5 

5.3.4.6 

5.3.4.7 

5.3.4.8 

I Ennr. Oesian Tech. C ratts '"otal Labo Labor Cos 
Rates I 120 80 80 42 Man veers XS 
Assembly Procedure (3 mwks) 

I a.a41 0.02 
Assembly Tooling (20 dtwgs) 

I 0.021 o.4 

a o 
0.06 6.4 

0 
0.42 

0 
34.4 

Cabling Extension & Utility hook up Procedure (4 mwks) 
0.08 0.08 9.6 

a a 
a a 

E & D Total 0, 14 0.42 a 0 

a 
a 
a 

·a 
a 
a 
a 

0.56 
Assembly procedure verification, and lnspection-20 wks (1 Enr, 2 

I o.4 I I o.8 I 1.2 
Assy Tooling Proc. 3 wks ( .25 Engr, 1 Designer) O 

0.015 0.06 0.075 
' 

lnscO/A Tot 0.415 0.06 0.8 
Materials 
Vertical Assy Platform 
IPC Barrel lifting Fixture 

I PC Cable Support I 
Si Tracker lifting fixture 
SI Cable Support I 
Spreader Bars and rotating ttunions 

(Transfer cart costad 5.8.3.1) 

Alignment Theodolite I 
2 End Cap Installation ~ames 

Beam Tube Support I 
Beam Pipe welding support 

Travel -5 
Proc/Fab T a a a 

a 

a 

2 wk-Install IPC Barrel into Support ( 4 craft) 
I I I 0.02 0.16 

2 wk- Install Si Tracker (4 craft) 

I I I 0.02 0.16 
1 wk· Litt and Rotata ( 2 tech. 4 craft) 

I I I a.a4 0.08 

0 
1.275 

a 
0 
a 
a 
0 
a 
0 
a 
a 
a 
a 
a 
a 
a 
0 
a 
a 
0 

0.18 
0 

0.18 
0 

0.12 

2 wk • Install Secure IPC Cables I Manllolds ( .5 tech, 2 crafts) 
I I I 0.02 I ·0.08 I 0.1 

4 wks • Install SI Cooling, Power.Signal ( .5 tech. 4 crafts) 

I I I a.a4 I a.n 
1 wk- Optleal Alignment (2 tech, 2 crafts) 

I I I a.a4 0.04 
3 wk • End Cap Installation ( 4 cralq 

I I I 0.16 
1 wk - Secure End Caj cable~ and manifolds ( 4 er; 

I I I 0·'f!/ge 1 

0.36 
a 

0.08 
0 

0.18 
0 

0.016 

a 
a 
a 
a 
a 
0 
a 

50.4 

5' Tech) 
11 2 
a 

6.6 
a 

118.6 

a 
a 
a 
a 
a 
0 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
0 

8.32 
0 

8.32 
a 

6.56 

4.96 

16.64 
a 

4.88 
a 

6.72 
a 

0.672 

Proc. 
K$ 

a 
1.2 
0 

8.4 
a 

1.6 
0 

a 
a 
a 
a 
0 
a 
a 
a 

11.2 

a 

Fab. 
KS 

a 

1.5 
2 

0.5 
2 

0.5 
2.5 

so 
4 

0.5 
0.2 
0.2 

0.2 

64.1 

Date 
Prop. by 

'"ot ProctFa 
KS 
a 

1.2 
a 

8.4 
0 

1.6 
0 

0 
0 
0 

0 
0 
a 
a 
a 

11.2 
0 
0 
a 
0 

0 
0 

a 
1.5 
2 

0.5 
2 

0.5 
2.5 
a 

50 
4 

0.5 
0.2 
0.2 
0.2 
0 

64 1 

a 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
a 
0 
a 
0 

0 

0 

Barber/ 
Mort"Jan 

Total Cost 
K$ 

a 
7'.6 
a 

42.8 
a 

11.2 
a 
a 
a 
a 
a 
a 
0 
0 
0 

61.6 
0 . 

112 
0 

6.6 
a 

118.6 

a 
1.5 
2 

0.5 
2 

0.5 
2.5 
a 
50 
4 

0.5 
0.2 
0.2 
0.2 
0 

64.1 
0 
0 

8.32 

0 

8.32 
0 

6.56 
a 

4.96 

0 
16.64 

0 
4.88 

0 
6.72 

0 
0 672 



Assy and Inst Work Sheets -
5.3.4.9 1 wk • lnsrall Beam Tube ( 2 tach. 2 cran) I 0 

I 
0 0 0 

----· I I I 0.04 I 0.04 0.08 4.88 0 4.88 

5.3.4.10 3 wk - Weld, leaktest, ba.kaout, backfill beam tube (2 tech, 2 craft) 0 0 

I I I 0.12 I 0,12 0.24 14'.64 0 14.64 .. 
5.3.4.11 2 wk - Final Optical Inspection ( 2 tech, 2 craft) 0 0 0 0 

I I 
0.08 0.08 0.16 9.76 0 9.76 

5.3.4. 0 0 0 0 
20 WffkS total duration 0 0 0 0 
Travel- 0 0 20 20 20 

5.3.4 Subassv Toi 0 0 0.42 1.256 1.676 86.352 20 0 20 106.352 
Subtotal 0.555 0.48 1.22 1.256 3.511 255.352 31.2 64.1 95.3 350.652 -
Contingency 

Technical Risk 4 

Cost Accuracy 3 
Schedule Risk 8 
Total Cont 26% 91.16952 

TOTAL 441.82152 -

-

-

-

-
1. 

Paga 2 -
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Assy and Inst Work Sheets 

I·'.).'-{ 

5.4 Sl/IPC Tracker C•llbr•tton 
Parameters (weight. length, area, number) 

COMPOHENTWOAK SHEET 
Components 
Sub·components 

WBSNumber TASK CENTRAL TRACKER CONSTRUCTION 
I En"'"· Oesian Tech. Crafts trotal Labo Labor Cos Proc. 

Rates 120 80 80 42 Man vears KS KS 

5.4. 1.1 X-Ray Source translator 0 0 0 

I 0.251 0.3 0.55 54 11 

5.4.1.2 Hook up and Testing Procedures ( 6 mwks) 0 0 0 
I 0.061 0.06 I 0.12 12 2.4 

5.4.1.3 Butane Cooldown Procedure (4 mwks) 0 0 0 

I 0.061 0.02 0.08 8.8 1.6 
0 0 0 

Calibradon Procedures tPliv\ 0 0 0 
5.4.1 E & o Total I 0.37 I 0.38 0 0 0.75 74.8 1 5 
5.4.2.1 Calibration Procedure Ched< oils 21 wks ( .5 Eogr, .5 Sr Tech.) 

I 0.21 I I 0.21 I 0.42 42 
5.4.2.2. Equipment Procurement 3wks (.25 Engr, 1 Cosigner) 0 0 

0.015 0.06 0.075 6.6 
5.4.2 lnscO/A Tot 0.225 0.06 0.21 0 0.495 48.6 

Materials 0 0 
5.4.2.1 Signal Generator 0 0 20 
5.4.2.2 Powered Racks 0 0 HJ 

5.4.2.3 Microvax I 0 0 20 
5.4.2.4 3 Camac Crates 0 0 1 8 
5.4.2.5 Cabling 

I 
0 0 1 0 

5.4.2.6 4 Scopes 0 0 20 
5.4.2.7 X·Aay Source 0 0 65 
5.4.2.8 X·Ray Source Translator (Controll..tist&d earlier) 0 0 20 
5.4.2. IPC Equipment ???? 0 0 

Travel I 0 0 3 
5.4.3 Proc/Fab Td 0 0 0 0 0 0 186 
5.4.4.1 2 wk- Feedthru leak & Cont Tests (.25 Enj' .5 tech, 2 craft. 2 phy) 

I 0.01 I I 0.02 0.08 I 0.11 I 6.16 
5.4.4.2 2wk-Butane, IPC cooling & Gas Hook up( .5 Engr, 2 tech, 2 cral1) 

I 0.02 I I 0.08 I 0.08 I 0.18 12.16 

5.4.4.3 4 wk - Power signal hook up ( .25 Engr, .5 tech, 4 cralts, 2 phy 
I 0.02 · 1 I o.o4 I o.32 o.38 19.04 

5.4.4.4 2 wk -Cooldcwn procedure (2 engr, 2 tech, 2 phy) 0 0 

I 0.08 I I 0.08 I 0.16 16 
5.4.4.5 5 wk-Electronics Power up ( 3 Engr, 2 tech, 2 crafts, 2 phy) 

I 0.3 I I 0.2 I 0.2 I 0.7 60.4 
5.4.4.6 8 wk - Signal Cable Pulsing ( .25 ongr, 2 tech, 2 crafts, 10 phy) 

I o.o4 I I o.32 I o.32 I o.6a 43.84 

5.4.4.7 4 wk - X-ray Translator Assy ( .25 Engr, 2 St Tech, 1 cralt) 

I 0.02 I I o.1a I 0.08 I 0.26 18.56 
5.4.4.7 24 wk - X-ray Mapping (.5 engr, 1 tech, 1 craft, 15 phy) 

I 0.24 I I o.48 I o.48 1.2 87.36 

5.4.4.8 2 wk- Oisconnec~ GN backfill ( 2 Eogr, 2 tech, 2 C 0 0 
I 0.08 I I 0.08 I 0.08 0.24 19.36 

45 weeks (CR path) total duradon (10.4 months) 0 0 

Travel- 0 0 1 5 
5.4.4 Subassv Tot 0.81 0 1.46 1.64 3.91 282.88 1 5 

Subtotal 1.405 0.44 1.67 1.64 5.155 406.28 216 
Contingency 

Technical Risk 4 
Cost Accuracy 3 
SChedule Risk 8 
Total Cont. 26o/e 

TOTAL 

Paga 2 

Fab. 
KS 

0 

0 

0 
0 

Date 
Prop. by 

"ot Proc/Fa 

KS 
0 
11 
0 

2.4 
0 

1.6 
0 
0 
15 
0 
0 
0 
0 
0 
0 

20 
1 0 
20 
1 8 
1 0 
20 
65 
20 
0 
3 

186 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
t 5 
1 5 

216 

Barberi 

Mor"' an 
Total Cost 

KS 
0 
65 
0 

14.4 
0 

10.4 
0 
0 

89.8 
0 
42 
0 

6.6 
48.6 

0 
20 
10 
20 
18 
1 0 
20 
65 
20 
0 
3 

186 
0 

6.16 
0 

12.10 
0 

19.04 
0 
16 
0 

60.4 

0 
43.84 

0 
18 56 

0 
87 36 

0 
19 36 

0 
t S 

297 88 
622 28 

161 7928 

:'84 0728 
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Assy and Inst Work Sheets 

) . (, 
ysub•y•t•m ln•tall•tlon 

Parameters (weight, length, area. number) 
~WOllK SHEET 

WBSNumber TAS K CENTRAL TRACKER cONsmuCTION 
-.:;;:;;: Desi-- Tech. Crafts otal Labo Labor Cose Proc. 

Rates 120 80 80 42 Man vears KS KS 
0 0 0 

5.8.1.1, Installation Procedures {3 mwk + 3 mwk Design) 0 0 0 

I 0.061 0.06 I 0.12 12 2.4 
5.8.1.2 Utility Hook up procedures ( 4 mks) 0 0 0 

I 0.041 o.o4 I 0.08 8 1.6 
5.8.1.3 Power Hook up Procedures ( 4 mks) 0 0 0 

I 0.041 o.o4. I 0.08 8 1.6 
5.8.1.4 Signal Cable Hook Procadures (4 mks) 0 0 0 

I 0.061 0.02 I 0.08 8.8 1.6 
5.8.1.5 Calibration Procedures (1 O mwks·excluding phy U1 0 0 0 

I 0.151 0.05 
. 

Q.2 22 4 
5.8.1.6 Cool Down Procedures (6 mwks) 0 0 0 

I 0.091 0.03 0.12 13.2 2.4 
5.8.1.7 Installation Hardware Design (1 O sheets) 0 0 0 
Cart 10 Drwgs 0.15 0.19 0.34 33.2 6.8 

0 0 0 
0 0 0 

Travel 0 0 5 
5.8.1 E & D Total 0.59 0.43 0 0 1.02 105.2 25.4 

0 0 
5.8.2.1 Installation Procedure check offs 40 wks ( .5 Engr, .5 Sr Tech) 

I o.4 I I o.4 I I o.8 80 
5.8.2.2 Safety Systems Testil verification (4 wks 1 Engr, 1 Sr Tech) 

I 0.08 I 0.08 I I 0.16 16· 
5.8.2.3 Installation Cart Procurement ( 2wks .25 Engr, 1 des;gO) 

0.01 0.04 0.05 4.4 
0 0 
0 0 

5.8.2 lnsnQ/A Tot 0,49 0.04 0.48 0 1.01 100.4 
Materials 0 0 

0 0 
5.8.3.1 Transfer Cart 0 0 
5.8.3.2 Transfer Rails (Assume a support ptatform is available) 2 
5.8.3.3 Roller Guide Ways I 0 0 5 
5.8.3.4 Lifting Ptatform 0 0 
5.8.3.5 Dry Run Moel< and Targets 0 0 

(Facility Lilting Fixtures-listed in assembly) 0 0 
5.8.3.6 Vibration Instrumentation {l.ANL equip) 0 0 5 

(Alignment theodolite • SSCL provided) 0 0 
5.8.3.7 Alignment targets I I 0 0 
5.8.3.8 Cooling/Gu System ktak checkklg equip. 0 0 10 
5.8.3.9 Electronics Testing equip I 0 0 20 
5.8.3.10 FO Cable hook tooling I 0 0 5 
5.8.3.11 Beam Tu be/Getter tamp. support 0 0 
5.8.3.12 0 0 
5.8.3.13 0 0 
5.8.3.14 O· 0 
5.8.3.15 0 0 

0 0 
Travel - 0 0 3 

5.8.3 Proc/Fab T 0 0 0 0 0 0 50 
0 0 

5.8.4.1 2 wks -Ory run Installation (.3 Tech , 2 Craft) 0 0 
I I I 0.012 I 0.08 0.092 4.32 

5.8.4.2 2 wks - Mount to Transfer Cart { .5 tech, 4 cr~l'!i 
9 3 0 0 

Fab. 

KS 

0 

25 

15 

5 

5 

2 

52 

Data 
Prep. by 

"ot Proc/Fa 
KS 

0 

0 
2.4 
0 

1.6 

0 
1.6 
0 

1.6 
0 
4 
0 

2.4 
0 

6.8 
0 
0 
5 

25.4 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
25 
2 
5 
15 

5 
0 
5 
0 
5 
10 
20 
5 
2 
0 
0 
0 
0 
0 
3 

102 
0 
0 
0 

0 

Barberi 
M ornan 

Total Cost 
KS 

0 
0 

14.4 
0 

9.6 
0 

9.6 
0 

10.4 
0 

26 
0 

15.6 
0 

40 

0 
0 
5 

130.6 
0 
0 

80 
0 
16 
0 

4.4 
0 
0 

100.4 
0 

0 
25 
2 
5 
15 

5 
0 
5 
0 
5 
10 
20 
5 
2 
0 
0 
0 
0 
0 
3 

102 
0 
0 

4 32 
0 



5.8.4.3 

5.8.4.4 

5.8.4.5 

5.8.4.8 

5.8.4.7 

5.8.4.8 

5.8.4.9 

5.8.4.10 

5.8.4.11 

5.8.4.12 

5.8.4.13 

5.8.4.14 

5.8.4.15 

5.8.4.16 

5.8.4.17 

Technical Risk 

Cost Accuracy 

Schedule Risk 
Total Cont. 

Assy and Inst Work Sheets 

I 0.02 I 0.16 I 0.18 I 8.32 
1 wk - Install Vib. and Align Monitoring System ( 1 

I 0.02 I I o.o4 I 0.02 
1 wk - Air Aide Transfer ( 2 eJr, 2 tech, 4 cratt) 

I o.o4 I o.04 I 0:08 
NOTE: Air Ride Provided by SSC 

2 wk • Hall Installation ( 1 Engr, 2 Tech, 4 Craft) 

I o.o4 I I 0.08 I 0.016 

engr, 2 tach, 
0.08 

0 
0.16 

0 

0 
0.136 

2 wks-Alignment Verification (1 engr, 2 tech, + SSCL Accel) 

I o.o4 I I 0.08 I I 0.12 
1 wk· Align Beam Tube ( 1 Engr, 2 tech. 2 Crafts+ SSCL Acee!) 

I 0.02 I I o.o4 I o.o4 I 0.1 
3 wk· Butane, IPC cooling, gas Hook up( .5 engr, 2 tech, 2 craft) 

I o.o3 I I 0.12 I 0.12 0.21 
lwk • Safely Systems Tests (2 Engr. 2 tech) O 

I 0.02 I I 0.02 I o.o4 
4 wk- Power Cable Hook up (.5 engr. 1 tech, 4 craft .o 
(140 ·SI) 0.01 0.02 0.1 0.13 
(160-IPC) 0.01 0.02 0.11 0.14 
(160 HV IPC 0.02 0.04 0.11 0.17 
6 wk Signal Cable Hook up ( 1 Engr, 1 tech, 4 crafts 0 

(125 FO -Si~ o.o5 I I o.o5 I 0.08 0.18 
(323 FO·IPcj 0.07 0.07 0.16 0.3 
2 wk - Cool down procedure {3 Engr, 2 Tech, 2 crat O 

. I 0.12 I I 0.08 I 0.08 0.28 
2 wk - Electronics Power up { 4 Engr, 4 Tech, 2 Cr: 0 

I 0.16 I I 0.16 I 0.08 o.4 
8 wk • Signal Cable pulsing ( .5 Engr. 2 Tech, 2 craft. + 15 phy) 

I 0.08 I I o.32 I o.32 I o. 12 

1 craft) 

6.44 
0 

11.36 
0 

0 
11.872 

11.2 

7.28 

18.24 
0 
4 
0 
7 

7.42 
10.22 

0 

13.36 
20.72 

o 
24.16 

0 

35.36 

48.64 
t wk-Final Alignment Check ( 1 Engr, 2 tech, 2 craft + SSCL Acee!) 

I 0.02 I I o.o4 I 0.04 I 0.1 I 1.28 
3 wk-Beam llne/gener assembly & Test ( .5 engr, 1 tech, 3 craft) 

I o.o3 I I 0.06 I 0.18 
.5 wk- Polyethylene Installation ( 2 crafts) 

I I I 0.02 
41.S weeks total Duration (9.6 months) 

Travel-

Subassv Tot 0. 78 

Subtotal 1.86 

Contingency 

4 

3 
8 

26"4 
TOTAL 

0 1.312 
0.47 1.792 

1.796 
1.796 

Paga 4 

0.27 15.96 
0 0 

0.02 0.84 
0 0 
0 0 
0 0 

3'.888 273.992 
5.918 479.592 

20 

20 0 
95.4 52 

0 
0 

0 
0 

0 
0 

0 

0 

0 
0 

o 
0 
0 

0 
0 
0 

0 
0 

0 
0 
0 

0 
o 
o 
o 
0 

0 

0 

0 

0 

0 
0 

0 

0 

0 
0 

0 

20 
20 

147 4 

8.32 
0 

6.44 

0 
11.36 

0 
0 

11.872 
0 

11.2 
0 

7.28 
0 

18.24 
o 
4 

0 
7 

7.42 
10.22 

0 
13.36 
20.72 

0 
24.16 

0 

35.36 
0 

48.64 
0 

7.28 
0 

15.96 
0 

0.84 
o 
0 

20 
293.992 
626.992 

163 01792 
790 00992 
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Cen Tra. C. :1 Req. 

Siiicon Tracker Cabling Requirements 

I Subs~stem Voltage Power T~f!! Area/Size Number Weight/Length Total Bundles 

Routing Area 
Total Area available for Cable 

Gap Width: 

routing through the Calorimeter: 

Gap Circumference: 
Gap Area: 

Front End Electronics 

(Mills) 
Strip Electronics 

3.23E+06 

20 mm 

4712 mm 
94248 sq mm 

Electronics Mullichip Modules 
5051 2 - 5 V 9698 W Flat Laminated Cable 

Detector Bias Voltage 
5051 20-100 V (low??) 

Forward Region 
Outer 
Inner 
Central Region 
Layer1 &2 
Layer 3&4 
layer 5&6 

LED Aeadouls 
1263 2-5 v 
1263 

10 mm x 5 mm 

3 16 Flat Laminated Cable 
Fiber Optics 

72 
32 

8 
12 
16 

) 

~ .. .!.' 

Bundle Area Bundle Weight Length 

7 mm x 5 mm (25% packing density) 
10080 

4480 
0 

1120 
1680 
2240 

19600 sq mm 

25Dµm 0 1263 Page 2 12 Fibers I Ribbon 

) 



Cen Tra. (. 

Optical timing signals 

1263 (Multiplexed 10 X to 120 cables) 

Fiber Optics 

250µm 0 120 

Other Signal or Calibration Lines ?? 

MCM Thermal Instrumentation 

5051 MC Modules (multiplexed 50 X to 100) 
Flat Laminated Cable 1 0 0 

Cooling System 

(Woloshun) 
16 Triple coax supply lines (G N, G Butane, L, Butane) 

1 6 ~15 KW cooling 

Triple coax 

2cm0 

Butane Vent Relief 2cm0 

G Nitrogen Vent Relief 2cm0 

Butane Purge Line 2 cin 0 

G Nitrogen Flow through 2cm0 

• • • • 

1 6 

1 

1 

1 Page 3 

• • 

J Req. 

105 Ribbons .25 x 3 mm each Ribbon (25% packing Den) 

315 sq mm 

12 Fibers I Ribbon 

10 Ribbons .25 x 3 mm each Ribbon (25% packing Oen) 

30 sq mm 

1 6 20 mm x 20 mm 

3200 sq mm 

1 20 x 20 

400 sq mm 

1 20 x 20 

400 sq mm 

1 20 x 20 

400 sq mm 

1 20 x 20 

• • 



) ) 

Close proximity sensors and controls 
Pressure Control 
Gas Enclosure Pressure Sensors 
Manifold Pressure Sensors 
Butane Sensors 
50 thermal sensors (multiplexed 25 X to 2 cables) 

Liquid Sensors 

Alignment Systems 
(Hanlon/Barber) 

Central Region Shell Syslems 
5 sensors per shell to shell interface (6 . inlerfaces) 

Fiber Optic 1 mm 0 

Cenlral To Fwd Region Interface 
5 sensors per shell to shell Interface (2 interfaces). 

Fiber Optic 1 mm 0 

Forward Region Systems 
5 sensors per shell to shell interface (10 interfaces) 

Fiber Optic 1 mm 0 

Silicon Tracker to IPC Tracker Interface 
5 sensors per shell to shell interface (4 interfaces) 

Cen Tra. C. 

2 

8 

2 

2 

14 Sensors 

30 

10 

50 

) 

Fiber Optic 1 mm 0 20 
120 Sensors Total 

Page 4 

J Req. 

SI Tracker Total 

) ) 

400 sq mm 

100sqmm 

1 sq mm (50% packing density) , 

60 sq mm 

1 sq mm (50% packing density) 
20 sq mm 

1 sq mm (50% packing density) 
100 sq mm 

1 sq mm (50% packing density) 
40 sq mm 

25065 sq mm 

) 



Cen Tra. l .g Req. 

IPC Tracker Cabling Requirements 

I Subsystem Voltage Power Type Area/Size Number Weight/Length Total Bundles Bundle Area Bundle Weight Length 

Front End Electronics 

(Musser) 
Chevron Pads 

400000 
Electronics Power supply 

5 v 
7500 Amps 38 kW 

LEO Readouts 

Flat Laminated Cable 

(Power Supply included above) 

3500 

Optical Timing Signals 

Anode Wire Power 

• 

t 00000 Wires 
3000 v 

cable/ chamber 

Fiber Optic~ 250 µm 0 

Fiber Optic~ 250 µm 0 

Coax 1/8" 0 

' • 

3500 

300 

160 

Page 5 

c 

40 mm x 40 mm I 25 % packing density 

Power in 

Power return 

12 Fibers I Ribbon 

6400 sq mm 

6400 sq mm 

292 Ribbons .25 mm x 3 mm I 25 % Packing 
density - each Ribbon 

876 sq mm 

.. 
12 Fibers I Ribbon 

25 Ribbons .25 mm x 3 mm I 25 % Packing 
density - each Ribbon 

75 sq mm 

3 mm x 3 mm I 60% packing density 
1800 sq mm 

• • • c 



) ) ) 

Cooling System 
(Woloshun) 
Cooling Inlet 38 kW Cooling line 10 mm 0 

Cooling outlel Cooling line 10 mm 0 

Close Proximily Sensors and Controls 
Pressure Conlrol 
160 Thermal sensors 

Pressure Relief 

Nitrogen Flow 

(Env. Control) 

C02-CF4 Gas System 

(Woloshun) 
Gas Supply 

Gas Relurn 

(50-50 Vol%) 

5e6 cc I hr 
1 Us 

IPC Alignment System 
(Barber) 
Getter Pump Power Supply 
(Chapman/Barber) 

Geller Cooling?? 
N or C02 Fire Control 
(Woloshun/Barber) 

10 mm 0 

2cm0 

Cen Tra. l g Req. 

10 

10 

2 

4 

IPC Tracker Total 

Central Tracker Total 

Page 6 

) , 

1 O mm :· 1 O mm I 80 % packing densily 
1250 sq mm 

500 sq cm 

10 mm x 10 mm I BO % packing densily 
250 sq mm 

20 mm x 20 mm I BO% packing. density 

2000 sq mm 

5000 sq mm 

24551 sq mm 

49616 sq mm 

) 
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LANL 1992 Mech. Engr. EDIA Rates 

Staffing Costs Breakdown* 

Engr. Design/Tech 

Salary and Fringe 86.7 55 
Burden 0 0 
Group, Offeratlng (24o/o) 20.8 13.2 
Grp aci ity Operating (4%) 3.5 2.2 
Division Sug12ort (12°1!>) 10.4 6.6 
Total Division Cost . 121.4 77 

Program Support (3°/o) 3.6 2.3 

Annual Rate 125 k$ 79.3 k$ 

Materials and Supplies (20 k$) 20 20 

* MEE-12 Rates 5/92 " 



• 

LANL 1992 Mech. Engr. Rate Breakdown 

Group Admin. Operating 

Group Administration . 
Engr, Design, Tech Supervision 
Clerical Support 
Safety 
Group Supplies 

Division Support 

Div.ision Administration 
Division Clerical Support 
Resource Management 
Property Management 
Program Development 

( • 

Group Facility Operating 

Office Facilities 
Assyffest Facilities 
Utilities 

Materials and Supplies 

Vax Computer 
Pa fee 
Abaqus 
Pat ran 
Cosmos 
McDonnel Douglas GADD 

Personal Computers 
Printing Devices 
Supplies 
Computer Systems Manager 
Training 
Travel 

• • • 



) - ) ) ) ) 

YALE_Rates2 

YALE 1992 LABOR RATES 

ENGR ASSTENGR .. TECH 

Salary and Fringe • $71.78 $41.08 $33.13 
Indirect Cost Assesssment 21.75 12.45 10.04 
PPG Group Operatring** 0.00 0.00 0.00 

Annual Rate 93.52 53.52 43.16 

*as of 5/92 
•• All other operating expenses provided under DOE HEP GRANT - Task D 

(Particle Physics Group) and by University Contribution 

Page 1 
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Ol!M(.1.. ••• 1 (final) 

Risk tactors Risk 

WBSno. llem No. Units Technical Coot Schedule Technical 

6""""'11 Oala Table I 

ESlimate Risk factors ffisk --·cent.,, es Contln~en-

WBSno. 111m No. Units , .... Technical Cost Schedu~ Technical eo" Schedule I oercentaae 

s.2.2.0.1 CENTRAL TRACKER Construction o~. 0% 0% '" 
I .1 Silcon Tracker 0% 0% 0% 0% 

1.1.1 Si Mech Slructute & Coo~"" 0% 0% 0% 0% 

1. 1.1.1 Cen1 Region Sub-As&eni>lies 

1.1.1.1.1 Cen Reg Cool Rings 12 cod rings w • 4 2 24% 8% 2% 34% 

1.1.1.1.2 Kinematic Mounts 54 Mounts Kl 3 • 4 9% 12% 4% 25% 

1.1.1.1.3 AasentJly Tooling 1 ••• w 3 3 • ... 6% ... 24% 

1.1.1.1.4 ... ombly • SheU As.ay w 6 6 6 16% 12% 6% 36% 

1.1.1.2 Fwd Region Sub-Assemblies ... ... 0% 0% 

1.1.1.2.1 Fwd Reg Cool Rings 40 Cool Rings w 8 6 2 24% 12% 2% 36% 

1.1.1.2.2 Kinematic Mounts .. MOUl\lli Kl 3 8 4 '" 12% 4% 25% 

I 1.1.2.3 Asserrbly Tooling 1 Sot Kl 3 10 8 ... 20% 8% "'' 1.1.1.2 . .tl A11&embfy' 1 Oise Auy w 6 6 6 18% 12% 6% 38% 

1.1.1.3 Cent Region Support Cylinders ... ... 0% ... 
1.1.1.3.1 Support Cylinders 3 Cylinders w • 2 4 18% 4% 4% 26% 

1.1.1.3.2 Cylinder Kinematic Mounts 16 Mounts Kl 3 10 2 9% 20% 2% 31% 

1.1.1 . .tl S,,...frame 1 Frame May w 6 2 1 18% "' 1% 23% 

1.1.1.5 Gas EncloSUle 0% 0% 0% ... 
1.1.1.5.1 Outer Enclosure 1 Cylinder w 6 2 • 18% 4% 4% 26% 

1 1.1.5.2 Inner Enclosure 1 Be Cylinder w 3 3 4 ... 6% 4% "" I .1.1.5.3 End Enclosure 2 Pid Encloaur w 6 6 4 18% 16% 4% 38% 

1 1.1_8 Detector supports 2 Suppo118 Kl 4 6 2 12% 16% 2% 30% 

1 .1.1.7 Internal Cooling Dial. System 1 Int Cool Sy• w 1 6 2 3% 12% 2% 17% 

1 .1.1.8 Align Sys & lnslrumenlation 

1 .1.1.8.1 Assembly Oplical Alignmenl ! 1 System Kl 6 6 4 16% 12% 4% "" 1.1.1.8.2 Internal Optical Monitoring S 1 System Kl 6 6 2 24% 16% 2% 42% 

1.1.1.9 Shipping 1 Shipmen! Kl 2 • 2 8% 16% 2% 24% 

I .1.2 Silicon Oelector 9205 SI Oelectors w 5 3 6 15% 6% 8% 29% 

1.1.2.1 Engineering and Design 3.32 perliyra w 5 3 6 15% 6% 8% 29% 

1.1.2.2 Inspection O/A 0.85 perliyra w 5 3 6 15% 6% 8% 29% 

1.1.2.3 Procurement 



OEMCEt-<11 (lin&I) 

Estlmale Risk factors Risk oercentlM es Contino en"" 
WBSno. llem No Units T••• Technical Cost Schedule Technical Cost Schedule oercenlaoe 

1. 1.2 .3.1 Cenlral Regkln Wafers 3228 SI Detect BJ 5 3 8 15% 6% 8% 20% 
1.1.2.3.2 6 cm Foiward Region Waler& 5065 Si OeleCI BJ 5 3 8 15% 6% 8% 29% 
1.1.2.3.3 4 cm Forward Region waleni 012 Si Oelect BJ 5 3 • 15% 6% 8% 29% 
1.1-2.3.4 Graphite Rh ribs 5 3 8 15% 6% 8% 29% 
1.1.2.3.5 Phota Masks 4 ...... BJ 5 3 8 15% 6% 8% 29% 
1.1.2.3.6 P101ocypa Assembly 380 wafers BJ 5 3 8 15% 8% 8% 29% 

1.1.2.3.4 Assembly 

1.1.2.3.4.1 Cenlral Region ladder Aasernl 1 pers/yrs BJ 5 3 8 15% 6% 8% 29% 
1_ 1.2.3.4.2 Farward Regian ladcler Asse 2 pers./yrs BJ 5 3 8 15% 6% 8% 29% 
1.1.2.3.4.3 Tesling (Electranics) 0 0 0 0% 0% 0% 0% 
1.1.2.3.4.4 Assembly Tao~ng BJ 5 3 8 15% 6% 8% 29% 

I .1.3 External Caaliog Sys1em I !Ext Cool Sys BJ 4 • 2 12% 12% 2% 26% 

I .1.4 Gas System BJ 6 3 2 "" 8% 2% 26% 

12 lnleroalalina Pad Tracker 

1.2.1 IPC Su""rlavet modules 

1.2.1.1 Batrel modules 

1.2.1.1.1 SUPER.AYER.I 
1.2.1. 1.1.1 Anode wire ' km • 6 4 24% 12% '" 40% 
1.2.1.1.1.2 Anode wire aupparts Supports • 6 4 24% 12% 4% 40% 
1.2.1.1.1.3 Anode wile termination sirips Strips • • 4 24% 12% 4% 40% 
1.2.1. 1. 1.4 Cont cathode plane 

I • 6 4 24% 12% 4% 40% 
1-2.1.1.1.5 Gaswindaw Windows • 6 4 24% 12% 4% 40% 
1.2.1.1.1.6 Calhade pad plane • 6 4 24% 12% 4% 40% 
1.2.1.1.1.7 Graphhe epoxy camposite hrd>ck • 6 4 24% 12% 4% 40% 
1.2.1.1.1,8 End pla1es Plales. • 6 4 24% 12% 4% 40% 
1.2.1.1.1.9 Ga& conneclOra Connectors 8 6 4 24% 12% 4% 40% 
1.2.1. 1.1.1 L v (signal) connectors Connectors • • 4 24% 12% 4% 40% 
1.2.1.1.1.1 HV (anode) connectors Cannectors • • 4 24% 12% 4% 40% 
1 2.1.1.1 1 Alignment pins, misc. . .,. 8 6 4 24% 12% 4% 40% 
1.2.1 1.1.1 Module assembly .... • • 4 24% 12% 4% 40% 

1.2.1 1.2 SUPEFlAYERI 
1.2.1 .1.2.1 Anode wire km • 6 4 24% 12% 4% 40% 
1.2.1.1.2.2 Anode wire supports Supports 8 6 '4 24% 12% 4% 40'Yo 
1.21.1.2.3 Anode wife terminal slripe Strips • 6 4 24% 12% 4% 40% 
1.2.1.1.2.4 Cont ca!hode plane • 6 4 24% 12% 4% 40% 
1.2.1.1.2.5 Gaawindow Windows 8 6 • 24% 12% 4% 40% 
1.2.1.1.2.6 Cathode pad plane • 6 4 24% 12% 4% 40% 
1.2.1.1.2.7 Graphite epoxy compasite h1d>ck 8 • 4 24% 12% 4% 40% 
1-2.1.1-2.8 End plates Platas • 6 4 24% 12% 4% 40% 
1 2. 1.1.2.9 Gas cooneclola Connectors • 6 4 24% 12% 4% 40% 
1.2.1.1.2.1 L V (signal) connectors Connectora • 6 4 24% 12% 4% 40% 
1.2.1.1.2.1 HV (anode) conneclora Connectors 8 6 4 24% 12% 4% 40% 
1.2.1.1-2.1 Alignmenl pins, misc. hard • • 4 24% 12% 4% 40% 
1.2.1.1.2.1 Module assembly Tuk 8 • 4 24% 12% 4% 40% 
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E•Umat• Rls1' factors Risk oercenl84 es Contino en"" 
WBS no. Item No. Units T Technical Cool Schedule Technical Cost Schedule oarcantaoe 

1.2.1.1.3 SUPER.A YEA II 
1.2.1.1.3.1 Anode wire km • 4 24% 12% "' 40% 
1.2.1.1.3.2 Anode wire eupporta Supports • 4 24% 12% 4% 40% 

1.2.1.1.3.3 Anode wire terminal atripl Strips • 4 24% 12% 4% 40% 
1.2.1.1.3.4 Cont cathode plane • 4 24% 12% 4% 40% 

1.2.1.1.3.5 GaswW'ldow Windows • 4 24% 12% 4% 40% 

1.2.1.1.3.6 Calhode pad plane • 4 24% 12% 4% 40% 

1.2.1.1.3.7 Graphila epoxy C°!flPO&ile hrcbck • 4 24% 12% 4% 40% 

1.2.1.1.3.8 End plates Platea • 4 24% 12% 4% 40% 

1.2.1.1.3.i Gas connectors Connectors • 4 24% 12% 4% 40% 

1.2.1 1.3.1 LV (signal) connect011 Connectors • 4 24% 12% 4% 40% 
1.2.1 1.3.1 HV (anoda) conn~Ofl Connectors • 4 24% 12% 4% .... 
1.2.1 1.3.1 Alignment pins. misc. hard • 4 24% 12% 4% 40% 

1-2.1 1.3.1 Modukl assembly Tuk • 4 .... 12% 4% 40% 

• 4 24% 12% 4% 40% 

1.2.1.1.4 SUPER.A YER N 
1.2.1.1.4.1 Anode wire km • 4 .... "'' 4% 40% 
1.2.1.1.4.2 Anode wire supports """"°"' • 4 24% "'' 4% 40% 

1.2.1.1.4.3 Anode wire larminal atripl Slfipa • 4 24% 12% 4% 40% 

1.2.1.1.4.4 Cont cathode plane • 4 24% 12% 4% 40% 

1.2.1.1.4.5 Gas window Windows • 4 24% 12% 4% 40% 

1.2.1.1.4.6 Cathode pad plane • • 24% 12% ... 40% 

1.2.1.1.4.7 Grapltlte epoxy composite hrdlck • • .. .. 12% 4% 40% 

1.2.1.1.4.8 End plates f>lo1 .. • 4 .. .. 12% 4% 40% 

1.2.1.1.4.9 Gas connector• Connectors • 4 2•% "'' 4% 40% 

1.2.1.1.4.1 L V (aignal) connectot1 Connectors • • 2•% 12% 4% 40% 

1.2.1.1.4.1 HV (anode) connectot1 Connectors • 4 24% 12% ... 40% 

1.2.1.1.4.1 Alignmenl pins, misc. hard • 4 24% 12% 4% 40% 

1.2.1.1.4.1 Module assemtMy T'5k • • 24%. 12% 4% 40% 

1.2.1.1.5 Tooling and lixlur• 

1.2.1.1.5.1 Anode wire wk'ld. macnine ........ • • • 24% 12% "' 40% 

1.2.1.1.5.2 Gluing lixlure1 Fixture • • 4 24% 12% 4% 40% 

1.2.1.2 ENOCAP ~LES 

1.2.1.2.1 SUPEFl..A YER I 
1.2.1.2.1.1 Anode wire km • • • .... 12% . .. •0% 

1.2.1.2.1.2 Anode wire 1uppons Supports • • • 24% 12% 4% 40% 

1.2.1.2.1.3 Anode wire term strips Strips • • 4 .. .. 12% 4% 40% 

1.2.1.2.1.4 Continuous cathode plane • ' 4 24% 12% 4% 40% 

1.2.1.2.1.5 Gas window Wi- • • 4 2•% 12% 4% 40% 

1.2.1.2.1.6 Calhode pad plane • • 4 24% 12% 4% 40% 

1.2.1.2.t.7 Graphite epoxy comp hardback • • 4 24% 12% 4% 40% 
1.2.1.2.1.8 End plates f>lol• • • • 24% 12% 4% 40% 

1.2.1.2.1.9 Gas connectots Connee1011 • • • 2•% 12% ... 40% 

1.2.1.2.1.1 L V (signal) connectors Connectors • • • 2•% 12% 4% 40% 

1 2.1.2.1 1 HV (anode) connectors Connectors • • 4 24% 12% 4% 40% 

1.2.1.2.1 1 Align. pins, misc. hard#are • • 4 24% 12% 4% 40% 

1.2.1.2.1 1 Module assembly Tosk • • 4 24% 12% 4% 40% 

1.2.1.2.2 SUPEAlAYEA II (same as~ • • • 24% 12% 4% 40% 

PaF'.3 
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Es1imate Risk !actors AisX r:iercanta es Cominaen-· 

WBSno. Item No. Units Tvo• Technical Cos! ""'""" Technical Cost Schedule percentane 

1.2.1.2.3 SUPER.AYER Ill (same as ij 8 • 4 24% 12'• 4% 40% 

1.2.1.2.• SUPEAl..AYER IV (same as ij • • 4 24% 12% "' 40% 

1.2.1.2.5 Tooling and lix1urea 

l .2.1.2.5.1 Mod8 wire wind. machine ........ • 6 4 24% 12% 4% 40% 

1.2.1.2.S.2 Gluing IOOures fixture • 6 4 24% 12% 4% 40% 

1.2.2 IPC Su""'''"' structure 

1.2.2.1 Endcap section 
1.2.2.1.1 Inner suppoll ring • 6 4 24% 12% 4% 40% 

1.2.2.1.2 Outer auppoll ring • 6 4 24% 12% 4% 40% 

1.2.2.1.3 Radial s1ru1s • 6 4 24% 12% 4% 40% 

1.2.2.3 Kinemalic Mounts I Alachments 

1.2.2.2.1 Mounts / IPC endcaps to barrel • 6 4 24% 12% 4% 40% 
1.2.2.2.2 Mounts I Barrel 10 Calorimeter • 6 4 24% 12% 4% 40% 

1.2.3 IPC Coolina and Gas Svstems 

1.2.3.1 IPC Cooling System 1 Cooling Sys Bu 
1.2.3. 1. I Engineering and Design 2 2 1 6% 4% 1% 11% 

1.2.3.1.2 1napec1ion I Admin 2 2 1 6% 4% 1% 11% 
1.2.3.1.3 Procurement 

1.2.3.1.3.1 44 kW Ralrklgeration Unit 2 2 1 8% 4% 1% 11% 

1 2.3.1.3.2 44 kW Heat Exchanger 2 2 1 6% 4% 1% 11% 
1.2.3.1.3.3 Conuol Syslem 2 2 1 6% 4% 1% 11% 
1.2.3.1.3.4 Valves, Manifold&, Sen&Ols, Ga991.Tubing 2 2 1 6% 4% 1% 11% 

1.2.3.1.4 Assembly 2 2 1 6% 4% 1% 11% 

1.2.3.2 IPC Gas Syslem 1 Gassy. BJ 
1.2.3.2.1 Enginaering and ()eglgn 3 6 2 9% 12% 2% 23% 

1.2.3.2.2 Inspection I Admin 3 6 2 9% 12% 2% 23% 
1.2.3.2.3 Procurement 3 6 2 9% 12% 2% 23% 

1.2.3.2.3.1 Masa Flow Raia Controller 3 6 2 9% 12% 2% 23% 

1.2.3.2.3.2 Colfl>ressots 3 6 2 9% 12% 2% 23% 

1.2.3.2.3.3 Compuler Controller 3 6 2 9% 12% 2% 23% 

1.2.3.2.3.4 Tubing, Bladder,Sciubber,Heal Excahngar ... 3 6 2 9% 12% 2% 23% 

1.2.3.2.4 A&6ombly 3 6 2 9% 12% 2% 23% 

, .2.4 IPC AIEnmenl S\mtems 1 s11stem • 6 4 24% 12% 4% 40% 

1.3 Sunnon Structure 1 Shield BJ 2 2 1 6% 4% 1% 11% 

1.3.1 S·-""'n Frame 1 uooort Fram BJ 0% 
1.3.1.1 Engineering and Design 3 6 4 9% 12% 4% 25% 

1.3.1.2 Inspection and Admin 3 6 4 9% 12% 4% 25% 
1.3.1.3 Procuremenl 3 6 4 9% 12% 4% 25% 

1.3.1.3.1 Suppon Ainge 3 6 4 9% 12% 4% 25% 
1.3.1.3.2 Stringers 3 6 4 9% 12% 4% 25% 
1.3.1 3.3 Angles 3 6 4 9% 12% 4% 25% 

' • • • • • • 
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Estimate Risk ladora Risk oercanta~·es Continaen"" 
'v'VBS no. llem No. Uni11 T Technical Cool Schedule Technical Coal Schedule nercentaae 

1.3.1.3.4 Bulkheads 3 • • ... 12% '" 25% 

1.3.1.3.5 Kinematic Mounls 3 • • ... 12% '" 25% 
1.3.1.4 Assembly 3 • • ... 12% 4% 25% 

1.3.2 Pntuathvlane Shield 1 Shield 9J 2 2 I ... 4% 1% 11% 

1.4 ..... - 1 BeamPinA 9J 3 2 4 ... 4% 4% 17% 

1.5 A!ltAIHTINll II SSCL (uphole) 0% 0% 0% 0% 

1.5.1 SI A•~ and Checkoul 0% 0% 0% 0% 

1.5.1.1 Si Tracker Assembly Tuk • 4 10 24% '" 10% 42% 

1.5.1.2 SI Tracktf Checkout 4 3 • 12% "' 8% 28% 

1.5.2 IPC A&Umbt/ and Checkouil 1 Tuk • 4 7 "" '" 7% 30% 

1.5.2.1 Pr•Assentily Checkout 5 4 7 "" ... 7% 30% 

1.5.2.2 ..... -~ 
1.5.2.2.1 8arl'91 Ped Track• Aeemnt • • 4 .... "" '" 40% 
1.5.2.2.1.1 Suppor1 structure auembty I • • • 24% 12% 4% 40% 

1.5.2.2.1.2 Superlayer I modu'9 ins1allation • • 4 24% 12% 4% 40% 

1.5.2.2.1.3 Sup8llayer II module' inslallalion • • 4 24% 12% 4% 40% 
1.5.2.2.1.4 Supltflayar Ill module ln5'allation • • 4 24% 12% 4% 40% 

1.5.2.2.1.5 Super\ayer IV module installaiion • • 4 24% 12% 4% 40% 

1.5.2.2.1.6 GuooM-n II • • 4 24% 12% 4% 40% 
1.5.2.2.1.7 HY (anode) connectk>n • • 4 24% 12% 4% 40% 
1.5.2.2.1.8 L V (electronics powet) connection • • 4 24% 12% 4% 40% 
1.5.2.2.1.9 L V (•ignal) connection • • 4 24% 12% 4% 40% 
1.5.2.2.1.1 Cooling conneclion • • 4 24% 12% 4% 40% 
1.5.2.2.1.1 Fibaroplic connection • • 4 24% 12% 4% 40% 

1.5.2.2.2 Endcap Pad Tracker AMe~ 
1.5.2.2.2.1 Support sl1uC1ure aaumbly • • 4 24% 12% 4% 40% 

1.5.2.2.2.2 Suparllyer I mo<kdt in1talla1ion • • • 24% 12% 4% 40% 
1.5.2.2.2.3 Superrayar II mOIMa lnslallation • • 4 24% 12% 4% 40% 

1.5.2.2.2.• Sup91'layar Ill moWle inslallation • • 4 24% 12% 4% 40% 

1.5.2.2.2.5 Suparlayar IV module Installation • • 4 24% 12% 4% 40% 

1.5.2.2.2.8 Gas connection 11 • • • 24% 12% 4% 40% 

1.5.2.2.2.7 HY (anode) connaclion • • 4 24% 12% 4% 40% 

1.5.2.2.2.8 L V (electronics power) connection • • 4 24 .. 12% 4% 40% 

1.5.2.2.2.i L V (signal) con nae lion • • 4 24 .. 12% 4% 40% 
1.5.2.2.2.1 Cooling conneclion • • 4 24 .. 12% 4% 40% 

1.5.2.2.2.1 fibaroptic connection • • 4 24% 12% 4% 40% 

1.5.2.3 Post-Assembly Syslam Checkout 

II • • 4 24% 12% 4% 40% 

1.5.3 
::::::· .. ,; ..... ChockIT' 

1.5.3.1 4 3 • 12% ... 8% 26% 

hgeS 



WBS no. Item 

IPC Barrel into Support 

Si Tracker inlo JPC 
litl and Rotate 

IPO Cablel and ManUolds 
Si Coollng, Power, Signal 

End cap lnstal 

End Cap cables and Manifolds 

Beam Tube I 

No. 

1.5.3.2 

1.5.3.3 

1.5.3.4 

1.5.3.5 

1.5.3.6 

1.5.3.7 

1.5.3.8 

1.5.3.9 

1.5.3.10 

1.5.4 

Beam Tube weld, ~ak1esl,balkel out, .. 

Alignment 

1.5.4.1 

1.5.4.2 

1.5.5 

1.6 

1.6.1 

1.6.1.1 

1.6.1.1.1 

1.6.1.1.2 

1.6.1.2 

Preliminary SillPC Optical A1nmenl 
Final Optical Alignmltfll 

Calibration and Beam Testa 

Subsyaiem lnslall (downholel 

Slbsystem Install Procedures 

I 
Subsy11em Install ProcedlH'es 

I 
Tracker lnslallalllon P1ocedurn 

Track111 lnslalalion har~are Design 

II 
Support Syst ln1tall Procedurn 

l.6.1.2.1 U!Uity Hook-up 

1.6.1.2.2 Power Hook-up 

1.6.1.2.3 SignalCableHook-up 

1.6.1.2.4 Calibralion 
1.6. i .2.5 Cool Down 

1.6.1.2.6 Salety Sytems Te&eing Verilicalion 

1.6.2 

1.6.2.1 

1.6.2.1.1 

1.6.2.1.2 

1-6.2.1.3 

1.6.2.1.4 

1.6.2.1.5 

1.6.2.1.6 

1.6.2.2 

Subsystem Installation 

Subsyslem Installation 

Transter Cart 

Ory Run Mock and Targets & lnslal 

Mounl 10 Transfer Cart II 
Air ride T1ansle1 (sys to be sup by SSCL) 

HaH lnstala1ion 

Polye1hylene lnslall 

Support Sys1em loslallation 

1.6.2.2.1 Butane,IPC cooling, gas Hook-up 

1.6.2.2.2 Salety Systems tests 

1.6.2.2.3 PowerCableHook-up 

1.6.2.2.4 Signal cable Hook-up 
1.6.2.2.5 Cool Down 

• • 

ESlimale 

Units Tvoe 

OEMC£NTI (liAal) 

Risk !actors Risk Percenta( es ContinaenC'I 
Technical Cost Schecllle Technical Cos! Schedule oercentaae 

4 

• • 
4 
4 

4 

• 
4 
4 

4 

• 
8 

4 

4 

• 
4 

4 

4 
4 

4 

• • 
4 
4 

4 

4 

4 

• 
4 

' 4 

3 
3 
3 

3 

3 
3 

3 
3 

3 

3 

3 

• 

3 
3 

3 

3 

3 

3 
3 

3 

3 

3 

3 
3 
3 
3 

3 
3 

3 
3 
3 

• 

8 

8 
8 

8 

8 

8 
8 

8 
8 

8 

8 

2 

8 

8 

8 
8 

8 

8 
8 

8 

8 

8 

8 
8 

8 

8 

8 

8 
8 
8 
8 

12% 

12% 
12% 

12% 

12% 
12% 

12% 

12% 
12% 

12% 

12% 

32% 

""' 18% 

16% 
16%. 

16% 

16% 
18% 
18% 

18% 

16% 

16% 
16% 

16% 

16% 

16% 

16% 

16% 
16% 
18% 

Page (j 

• 

6% 

6% 
6% 

6% 

6% 

6% 

6% 

8% 
6% 

6% 

8% 

8% 

6% 
6% 

6% 
6%"" -

6% 
6% 
6% 
6% 

6% 

6% 

6% 
6% 

6% 
6% 

8% 
6% 

6% 
6% 
6% 

8% 
8% 
8% 
8% 
8% 
8% 
8% 
8% 
8% 

8% 
8% 

2% 

8% 
8% 

8% 
8% 
8% 
8% 
8% 
8% 

8% 
8% 
8% 
8% 
8% 

8% 

8% 
8% 
8% 
8% 
8% 

• 

26% 

26% 
26% 

26% 

26% 
26% 

26% 

26% 

26% 

26% 
26% 

42% 

30% 

30% 

30% 

30% 

30% 

30% 

30% 
30% 

30% 

30% 

30% 

30% 

30% 

30% 

30% 

30% 

30% 

30% 

30% 
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WBSno. llam No. Units T"•e Technk:al Cost Sdl""'~ Technical Cos I Schedule percentai:ia 

1.6.2.2.6 Electronic Power Up • 3 • 16% 6% ... 30% 
1.6.2.2.7 Signal Cablll Pulmg • 3 • 16% 6% ... 30% 
1.6.2.2.8 Beam Line/Geller asably and test • 3 • 16% 6% 8% 30% 

II 
1.6.3 Subsytam lnslalla1ion Alignment 

II 
1.6.3.1 Vibration and Alignment system • 3 • 16% 6% 8% 30% 
1.6.3.2 Alignment 1argata 4 3 • 16% ... 8% 30% 
1.6.3.3 Preliminary Align \!•r~ication 4 3 • 16% 6% 8% 30% 
1.6.3.4 Align Beam Tube • 3 • 16% 6% 8% 30% 
1-6.3.5 Final Alignment Check • 3 • 16% 8% 8% 30% 

17 Subsyslam Profect Management 

1.7.1 Silicon Tracker 
1.7.t .1 Subsystem Mgl and Admin • • • 18% 16% 8% 40% 
1.7.1.2 Resourc. Management • 8 • 16% 16% 8% .... 
1.7.1.3 E,S & H ~iance Cntrls • 8 • 16% 18% ... .. .. 
1.7,1.4 Qualily Assurance • • • 16% 16% ... .. .. 
1.7.2 IPC T1ac¥.al 

1.7.2. t Subsystem Mg! and Admin • • 8 16% 16% 8% 40% 
1.7.2.2 Resource Mana9'1Tlent • • • 16% 16% . .. 40% 
1.7.2.3 E,S & H Corrptance Cnlrls • • • 16% 16% . .. 40% 
1.7.2.'4 Quality Aa&uranca • • • 16% 18% ... 40% 

1.7.3 Subsystem lnlegrallon • • • .... 16% ... 40% 
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OBMCE.NTI (final) 

was No. nom Adminislration Des· n Ins ection OJA 
Star I End End Start End End 
Monlh Yr Monl Yo Yr Month Yr Month Yr Monlh Yr Yr Month Yr Yo 

SUOCICMt Cata Table II 

WBS No. hom Administration Ennin&eriM Oesinn lnsneclion OJA Proc. I Fab. Asserrblv Installation 
Start End Start fa! Start End Start End Start Eod Slafl End 
Mont Yo Mont Yo Mont Yo Month Yo Mont Yo Month y, Mont y, Month y, Month y, Mont y, Month y, Moot y, 

5.2.2.0.1 CENTRAL TRACKER Con•trucll 

1.1 Silicon Tracker 

1.1.1 Si Mech St1uclure & Coolina 

1.1.1.1 Cent Region Sub-Asserri>lies 

1.1.t.1.1 Cen Reg Cool RiNj!S 
1.1.1.1.2 Kinematic Mounts 

1.1.1.1.3 Asserrbly Tooling 
1.1.1.1.4 Assembly 

1.1.1.2 Fwd Region Sub-Assemblies 

1.1.1.2.1 Fwd Reg Cool Rings 
1.1.1.2.2 Kinemalic Mounts 
1.1.1.2.3 Assembly Tooling 

1. 1. 1.2.4 Assembly 

1.1.1.3 Cent Region Support Cylinders 

1.1.1.3.1 Suppon Cylinders 

1.1.1.3.2 Cylindet Kinematic Mounls 

1. 1.1.4 Space F1ame 

1.1.1.5 Gas Enclosure 

1.1.1.5.1 Outer Enclosure 

1.1.1.5.2 lnne1 Enclosure 

1.1. 1.5.3 End Enclosure 

t.1.1.6 De1ector IUf>POtts 

1.1.1.7 Internal Cooling Dial. System 

1.1.1.8 Align Sys & Instrumentation 

1.1.1.8.1 Assembly Optical Alignment System 

1.1.1.8.2 Internal Optical Monito1ing S)'6lem 

1.1.1.9 Shipping 

1.1.2 Silicon Detec1or 

1.1.2.1 Enginee1ing and Design 

1.1.2.2 lnspeclion OJA 

1. 1.2.3 Procurement 
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) ) ) ) ) ) ) ) ) 

GEMCENTI (in.al) 

WBSNo. hem Administration En~ lneerino Oeslan lnscectlon .OJA Proc. I Fab. Assemb"' lnslallalion 

Starl End Start End Start End' Start End Start End Stan End 

Mont y, Mon• y, Mont y, Mon! y, Month y, Month y, Mon! y, MoOI y, Mon! y, Mon! y, Mon1 y, Mona; y, 

1.1.2.3.1 Cenlral Region Waters 

1. 1-2.3.2 6 cm Forwatd Region Waters 

1.1.2.3.3 4 cm Forward Region wafers 

1.1.2.3.<4 Graphite Rib& 
1.1.2.3.5 PhOIO Mask& 

1.1.2.3.8 Prototype Aa&embly 

1.1.2.3.4.1 C•ntral Region l~r Asserrbly 

1.1.2.3.4.2 Forward Region ladder Assembly 

1.1.2.3.4.3 T eating (Eleclronics) 

1.1.2.3.4.4 Asserrbly Tooling 

1.1.3 External Cooling System 

1.1."4 Gas System 

1.2 Interpolating Pad Tracker 

0 0 

1.2.1 I PC Superlav• modules 

0 0 

1.2.1 I Barret modules 

0 0 

1.2.1.1.1 SUPER.A YEA I 
1.2.1.1.1 1 Anode wire 

1.2.1.1.1.2 Anode wire auppons 

1.2.1.1.1.3 Anode wire termination slrip• 

1.2.1.1.1.4 Cont cathode plane 

1.2.1.1.1.5 Gas window 

1.2.1.1.1.8 Calhode pad plane 

1.2.1.t.1.7 Graphila epoxy composite hrcl:icl 

1.2.1.1.1.8 End plate• 

1.2.1.1.1.9 Gas connectots 

1.2.1.1.1.1 l V (signal) conneelors 

1.2.1.1.1.1 HV (anode) connectors 

1.2.1.1.1.1 Alignment plna, misc. h"d 
1.2.1.1.1.1 Module assembly 

0 0 

1.2.1.1.2 SUPER.AYER I 
1.2.1 .1.2.1 Anode wire 

1.2.1.1.2.2 Anode wire supports 

1.2.1.1.2.3 Anode wire lenninal strips 

1.2.1.1.2.4 Cont ca1hode plane 

1.2.1 1.2.5 Gas window 

1.2.1 1.2.6 Cathode pad plane 

1.2.1 1.2.7 Graphite epoxy composite hrcbc 

1.2.1 1.2.8 End plates 

1.2.1 1.2.9 Gas conneClots 

1.2.1 1.2.1 l V {signal) conneelota 

1.2.1 1.2.1 HV {anode) connectors 

1.2.1.1.2.1 Alignmenl pins, misc. h8'd 
l.2.1.1.2.1 Module assembly 
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GEM CENTI (final) 

WBSNo ttom Administration Engineering Design lnspec1lon O/A Proc. I Fab. Assemblv lnstalla1ion 
S1art End Slatl End SI art End Starl End Start End Start End 

Mont y, Mani y, Month y, Month y, Mont y, Month y, Month y, Mo mt y, Montt y, Monn y, Month y, Mont~ y, 
0 0 

1.2.1.1.3 SUPER.A YER II 
1.2.1.1.3.1 Anode wi1e 

1.2.1.1.3.2 Anode wire supports 

1.2.1.1.3.3 Anode wire terminal slrips 

1.2.1.1.3.4 Cont cathode plane 

1.2.1.1.3.5 Gas window 

1.2.1.1.3.6 Cathode pad plane 

1.2.1.1.3.7 Graphite epoxy cqmposite hr<llc 

1.2.1.1.3.8 End plates 

1.2.1.1.3.9 Gas connedors 

1.2.1.1.3.1 l V (signal) connedOfs 

1.2.1.1.3.1 HV (anode) connectors 

1.2.1.1.3.1 Alignment piM, mile. hMd 

1.2.1.1.3.t Modula assembly 

0 0 
1.2.1.1.4 SUPER..AYERN 
1.2.1.1.4.1 Anode wire 

1.2.1.1.4.2 Anode wire supports 

1.2.1.1.4.3 Anode wire terminal strip& 

1.2.1.1.4.4 Cont ca1hode plane 

1.2.1.1.4.5 Gas window 

1.2.1.1.4.6 Cathode pad plane 

1.2.1.1.4.7 Graphhe epoxy composite hrctic 

1.2.1.1.4.8 End pla1as 

1.2.1.1.4.9 Gas conneci01a 

1.2.1.1.4.1 L V (signal) connectors 

1.2.1.1.4.1 HV {anode) COM&C!OfS 

1.2.1.1.4.1 Alignmenl pins, misc. hard 

1.2.1.1.4.1 Module assembly 

0 0 
1.2.1 1.5 Tooling and lixtu1ea 

1.2.1 1.5.1 Anode wire wind. machine 

1.2.1 1.5.2 Gkling lix1ures 

0 0 
1.2.1.2 ENOCAP >.«XJULES 
0 0 
1.2.1.2.1 SUPER.AYER I 
1.2.1.2.1.1 Anode wire 

1.2.1.2.1.2 Anode wire supports 

1.2.1.2.1.3 Anode wire 1e1m &lrips 

1.2.1.2.1.4 Conlinuous cathode plane 

1.2.1.2.1.5 Gas window 

1.2.1.2.1.6 Cathode pad plane 

1.2.1.2.1.7 Graphite epoxy comp hardback 

1.2.1.2.1.8 End plates 

1.2.1.2.1.SI Gas connectors 

1.2.1.2.1.1 L V (signal) connectors 

1.2.1.2.1.1 HV (anode) connectors 

1.2.1.2.1.1 A~gn. pins, misc. hardware 

1.2.1.2.1.1 Module assembly 

0 0 
1.2.1.2.2 SUPERLAYER II (same as l) 

Plgc: l 
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G.BMCENTI (6nal.) 

.. 
WBSNo. hem Administralion Enaineerina Deskin lnsoection _ QJA Proc. I Fab. A&seni>v anstaUation 

Start """ Start """ SI art """ SI art Eod Start """ Slan Eod 
Mon1 Vr Mont '/f Moot Vr Month Vr Mon I Vr Month Vr Monti Vr Mon1h Yr Mont Vr Mont Vr Monl Vr Monr Vr 

0 0 
1.2.1.2.3 SUPER.AYER IU(samaas Q 
0 0 
1.2.1.2.4 SUPEAL..AYER N (same as I) 
0 0 
1.2.1.2.5 Tooling and IOOures 

1.2.1.2.5.t Anode wire wind. machine 

1.2 .1.2.5 .2 Gluing fixtures 

0 0 
1.2.2 !PC Survvvt structure 

1.2.2.1 Endcap section 

1.2.2.1.1 Inner suppotl ring 

1.2.2.1.2 Outer support ring 
1.2.2.1.3 Radial strUls 

1.2.2.3 Kinemalic Mounts I Atachments 
1.2.2.2.1 Mounts/ IPC endcaps 10 banal 
1.2.2.2.2 Mounts I Barrel to Calorimeter 

1.2.3 IPC Cool;nn and Gas Svstems 

1.2.3.1 IPC Coating System 

1.2.3.1.1 Engineari\g and Design 
1.2.3.1.2 Inspection I Admin 

1.2.3.1.3 Procurement 

1.2.3.1.3.1 44 kW Ralridgeration Unit 

1.2.3.1.3.2 « kW Heal Exchanger 
1.2.3.1.3.3 Conttol System 

1.2.3.1.3.4 Valves, Manilolds, Sensors, Gages.Tubing 

1.2.3.1.4 Assembly 

1.2.3.2 IPC Gu Sy&lem 
1.2.3.2.1 Ellijineering and Oesi911 
1.2.3.2.2 lnspeclion I Admin 
1.2.3.2.3 PrOCUfem&nl 
1.2.3.2.3.1 Mau Flow Rale Controller 

1.2.3.2.3.2 Corrpressors 
1.2.3.2.3.3 Co~utar ContJoller 

1.2.3.2.3.4 Tubing, Bladdar,Scrubb&t,Heal Excahng8f .. 

1.2.3.2.4 
--~ 

1.2.4 IPC Alianment -stems 

1.3 Sucoort Structure 

1.3.1 SuNV>rt Frame 

1.3.1.1 Engineering and Design 

1.3.1.2 Inspection and Admin 
1.3.1.3 Procurement 
1.3.1.3.1 Suppon Rings 
1.3.1.3,2 Suingers 
1.3.1.3.3 Angles 
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GBMCENTI (final) 

WBSNo. hom Administration Enaineerina Oesian lnsoection OJA Proc. I Fab. Assemblv ln1>lalla1ion 
Start End Starl Eod Sta ti Eod Start Eod SI art End S1art End 

Mon It y, Mont y, Month y, Month y, Montt y, Month y, Month y, Month y, Mon I y, Moot y, Moot y, Mon II y, 
1.3.1.3.4 Bulkheads 

1.3.1.3.5 Kinema1ic ..-.Ounta 

1.3.1.4 Assembly 

1.3.2 P'""ethvlene Shield 

1.4 Beam p; ..... 

1.5 Assemblv al SSCL fuoholel 

1.5. 1 Si Assam""" and Checkout 

1.5.1.1 Si Tracker Asserriltf 

1.5.1.2 SI Tracker Checkout 

1.5.2 IPC A&Serrbty and Checkout 

1.5.2.1 Pra-Assarrbly Checkout 

1.5.2 2 Assembly 

1.5.2.2.1 Berret Pad Track• A11em~ly 
1.5.2.2.1.1 Suppon structure a55embly 

1.5.2.2.1.2 Superlaye1 I module installation 

1.5.2.2.1.3 Supe1layer II module installation 

1.5.2.2.1.4 Soperlayer 111 module instaUation 

1.5.2.2.1.5 Supertayer IV module installation 

1.5.2.2.1.6 Gas connection 

1.5.2.2.1.7 HV (anode) connection 

1.5.2.2.1.8 L V (eleclronlcs power) connaclion 

1.5 2.2.1.9 L V {signal) connection 

1.5.2.2.1.1 Cooling connection 

1.5.2.2.1.1 Fiberoptic connection 

1.5.2.2.2 Endcap Pad Tracker Assembly 

t.5.2.2.2. t Support suucture a&Sembly 

1.5.2.2.2.2 Supe1layer I module installation 

1.5 2.2.2.3 Superlayer II module installation 

1.5.2.2.2.4 Superlayer Ill module installallon 

1 5.2.2.2.5 Superlayer IV module Installation 

1.5.2.2.2.6 Gas connection 

1.5.2.2.2.7 HV (anode) connection 

1.5.2.2.2.8 L V (electronic:& power) connection 

1.5.2.2.2.9 L V (signal) connection 

1.5.2.2.2.1 Cooling connection 

1.5.2.2.2.1 Fiberoplic connection 

1.5.2.3 Post-Assembly System Checkout 

1.5 3 SVIPC lntegralion and ChackOUI 

1.5.3.1 Procedures 
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OEMC2NTI (final) 

WBSNo. Item Adminlstrallon Enoineerino -~n lnaoection .OJA Proc. I Fab. Assemblv lns1allation 

Start "" Sia rt "" Start End Slatt. "" SI art End SI art End 

Mont y, Mont y, Mont y, Monlh Yr Mont Yr Monl Yr Monlti y, Monlh y, Mont y, Mont y, Mont y, Mont Yr 
1.5.3.2 IPC Barrel in10 Suppofl 

1.5.3.3 Si Tracker Into IPC 
1.5.3.4 Lill and Rotale 

1.5.3.5 IPO Cables and Manifold& 

1.5.3.6 Si Coolllg, Power, Signal 

1.5.3.7 End cap lnsta• 
1.5.3.8 End Cap cables and Manilolds 
1.5.3.9 Beam Tube 
1.5.3.10 Beam Tube weld., leaktesl,bakeoul, ... 

1.5.4 Alignment 

II 
1.5.4.1 Preliminary SillPC Optical Alignment 
1.5.4.2 Final Optical Alignment 

1.5.5 Calibra1ion and Beam Tests 

1.6 Subsystem lnslall (downhole) 

1.6.1 Subsyslem IMlall Procedures 

1.6.1.1 Subsyslem Install Procedures 

1.6.1.1.1 Tracker lnstallatilon Procedur'es . 

1.6.1.1.2 Tracker lns1a•ation hardware De&l n 

1.6.1.2 Support Syal Install Procedures 

1.6.1.2.1 Utility Hook-up 
1.6.1.2.2 Power Hook-up 

1.6.1.2.3 Signal Cable Hook-up 

1.6.1.2.4 Calibration 
1.6.1.2.5 Coo/Down 

1.6.1.2.S Sale1y Sytams Tesling Veriticalion 

1.6.2 Subsystem Installation 

1.6.2.1 Subsystem lnstallalion 

1.6.2.1.1 Transler Calt 

1.6.2.1.2 Dry Run Mock and Targets & lnslal 

1.6.2.1.3 Mount to Transler Cart IJ 
1.6.2.1.4 Ail ride Traiuder (sys to be~ by SSCL) 
1.6.2.1.5 HaU lns1ala1ion 

1.6.2.1.6 Polyelhylene Install 

1.6.2.2 Suppol1 System lnslallalion 

1.6.2.2.1 Butane,IPC cooling, gas Hook-up 

1.6.2.2.2 Safely Syslam& 1es1s 

1.6.2.2.3 Power Cabla Hook-up 

1.6.2.2.4 Signal Cable Hook-up 

1.6.2.2.5 Cool Down 
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GHMCl!NTI (6nal) 

WBSNo horn Admlnielralion Enalneering Design lnspeclion OJA Proc. I Fab. AsserrblY lnslallalion 
Starl End Start Eod SI art Eod SI art Eoo Siar! End SI art End 
Mont y, Mont y, Montt y, Monih y, Mont y, Month y, Mont y, Monlh y, Mon1h y, Mon! y, Monti y, Mon I y, 

1.6.2.2.6 Elecirooic Power Up 
1.6.2.2.7 Signal Gable Pulsing 

1.6.2.2 8 Beam line/Geller assbly and test 

1.6.3 Subsytem lnslallation Alignmenl 

1.6.3.1 Vibralion and Alignment system 

1.6.3.2 Ahgnmenl 1argets 

1.6.3.3 Preliminary Align yerilicatioo 

1.6.3.4 Align Beam Tube 

1.6.3.5 Final Alignment Check 

1.7 Subsyslem Protect Managemenl 

1.7.l Silicon Tracker 

1.7. 1.1 Subsystem Mgl and Admin 

1.7.1.2 Resource Managemenl 

1.7.1.3 E,S & H Cortpliance Cntrls 
1.7.1.4 Qualily Assurance 

I .7.2 IPCTracker 

1.7.2.1 Subsystem Mgl and Admin 
t.7.2.2 Resource Management 

1.7.2.3 E,S & H Corrpliance Cnlrla 

1.7.2 4 Quality Assurance 

1.7.3 Sub&y&lem lnlegration 
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