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GEM TN-92-255 

Electronics Engineering Meeting 

December 16 & 17, 1992 

Abstract: 

Agenda, attendees, and presentations of the GEM Electronics 
Engineering Meeting held at Princeton University on December 16 & 17, 
1992. 
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Session I: Wednesday December 16, 1992 (9:00 AM) 

Status Reports: Speakers should report on the status of their technical 
work and on the status their cost & schedule work. Time 
includes talk and Q&A. If at all possible, please bring 
a Xerox copy of your slides. 

9:00 Welcome Marlow (10 min) 

Overview of Costing Fischer/Aguirre (20 min) 
Silicon Vertex Detector Readout Hahn/Cooke (30 min) 
IPC Readout Musser (30 min) 

I"" 10: 30 Coffee Break (30 min) 

Calorimeter Readout: Preamps, Parsons (25 min) 
Sampler, ADC, etc Rescia (20 min) 

Calorimeter Trigger (technical only) Cleland (20 min) 
I" 

12:30 Lunch at Student Center (90 min) 

2:00 CSC Readout Wixted (30 min) 
Muon Trigger Atiya (30 min) 
Data Acquisition Bowden (30 min) ,..... 

3:30 Coffee Break (30 min) 

4:00 Standard Racks & Power Supplies Freeman (30 min) 
Integration Lau (30 min) 

,.... 5:00 Feedback on Cost & Schedule Work Fischer/Aguirre (30 min) 

6:00 Dinner at Local Restaurant 

8:30 Refreshments & Conversation at the Wixted's 

Session II: Thursday December 17, 1992 (9:00 AM) 

9:00 Grounding and Shielding Plan for GEM Lau (30 min) - Discussion all (60 min) 

10:30 Coffee (30 min) 

11:00 Parallel Sessions (Rooms to be announced) (90 min) 

- IC Design 
--- Level l Calorimeter Trigger 
--- Racks, Crates, Power Supplies, and Cooling 

12:30 Lunch at Student Center (90 min) 

2:00 Electronics Placement Issues 
Plans for TOR, Cost & Schedule Work 

Adjourn in time for 5:00 PM flights 

1 

Lau 
Marlow 

(30 min) 
(30 min) 



_·· --~ I 
-I 

·- I 
·-·------··---~ ·-- - -- -·------··-· -----

~,., d C (l.o...S.£...1.I..Y' '2../ 4 - 7-V C- 6 Z.ft ___ _ 

/3rc...~ Cook:· L A/1/L .r-o r-- (D t;,? - ff r ;.;;,__ ____ . 

-
/:! ·, .?17_s_·· .. ~~ ,.-, ~ .' /(. . A IJ:-'' l /(' <"' ' 1 / - ~ ---=-71~ "- D.'.C v, > '711'- S'?/-t/l;z)_t;::.__,._<,:]_ __ .. 

._J _C?l--l~_]'fl..f..s.?-N) ... ______ f\J (\,_/,,[ _________ }1'-l-S-'f i-f/?J (:..;._ 2Sl 
,~j2/J __ §frk lZ _f1..) __ ---·---· _ /!__1u.y'.C' /fl4?<c7JA __ J0-<t_J_/-fi._0 / _-12!)3_ .. 

~~..,.)~~~l~E:> .... ___ -----~TJf:~.M_ ____ ~lf>).3S6~·~/J.bs5~'!!'Jll. 
:::::s::,,,.... ...M.1.,,s5.s.C. T ,.,J...o.JYA....J • .l.~ (?17) S'ss-993 "'3. 

-~~1 __ Ai_\~~--- -- -~-~ Y.:,~f A,i.-c~'~ - __ ___5j_b __ -29,:..L..3~:l--- ... 
. _fu~/V)-&_cilfi:. ______ .. __________ _£.sc/ --~--Z..&_ 2-''B-.bc> c-6 I 7.Q.fi1.:_ ... 

SL~.:(o/i.: _Kr: .4c,...;., - . . F3tJL ··- (s.16)__ z~~--!t::-z::.:..ls.;7..7...J 
Bi(..L C~L t==t..~·) -(?,77 . - [<rtz) l..Lir..·_'iC::i'1 fi~-3 
.:J),~~u~~ .------·----CM..~-~ . __ (~B)..35.b.=~!>l ___ .. 

2 
... 



Presentation by: 

Richard Fischer 
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GEM COST ESTIMATE DETAILS 

30.02.2.1.3 ASSEMBLY (3~ Rea•-) 

I 
LINE ITEM ITEM QUANTITY UNIT COST 
ITEM CODE DESCRIPTION MEAS BASIS 

M&S MISC. OFFICE SUPPLIES FOR 1.00 LS BU 
ADMINISTRATION 

2 M&S PCJMAC/WORKST A TION 1.00 LS BU 
CHARGES 

3 l&A OVERSIGHT OF ASSY EQUIP. o.25 MY BU 
PURCHASE ACTIVITY 

4 !&A FROM WEINSTEIN/OSBORNE 1.00 NOTE BU 
ESTIMATE: (COST OF 
PRODUCT.) 

5 l&A OVERSIGHT OF ASSY 2.00 MY BU 
ACTIVITY 

6 P/F FROM WEINSTEIN/OSBORNE I.00 NOTE BU 
ESTIMATE: 

7 P/F WIRING MAOllNE t.00 LS BU 
8 P/F AUTOMATIC SOLDER 1.00 LS BU 

.-.9 P/F AUTOMATIC WIRE CUTTER 1.00 LS BU 
· ·JO P/F MAC llx, MAC, SCOPE, MCA, t.00 LS BU 

AMPS,HV 
II P/F ASSUMED MISC. NUTS/BOLT, 1.00 LS BU 

PINS, ETC: 
12 ASSBLY WJREMACHINESET-VP 0.50 MY BU 
13 ASSBLY AUTOMATICSOLDERERSET-VP 0.33 MY BU 

°'14 ASSBLY AUTOMATICWIRECVTTER 0.17 MY BU 
15 ASSBLY MISCOFFICESVPPLIESFOR t.00 LS BU 

INSTAWASSY 
16 ASSBLY WIREMACHINESET-VP 0.50 MY BU 
17 ASSBLY AUTOMATICSOLDERERSET-VP 0.33 MY BU 
18 ASSBLY AUTOMATICWIRECVTTER 0.17 MY BU 
19 ASSBLY ASSEMBLY 10.00 MY BU 
20 ASSBL Y ASSEMBLY 8.00 MY BU 

SUBTOTAL- 30.02.2.1.3 ASSEMBLY 

COST MATRIX 

ENG/DES M&S INSP/ADM PROC/FAB ASSBLY INSTALL 

LABOR 0 0 299,250 0 1,966,120 0 
MATERIAL 0 13,000 0 405,000 24,000 0 

TOTAL,$ 0 13,000 299,250 405,000 1,990,120 0 

MANHOURS 0 0 4,215 0 38,000 0 

12/14192 

• • • • • 

MATERIAL 11 
UNIT TOTAL CRAFT/ HOURLY MH/ 
COST MAT'L,$ TEAM RATE UNIT 

5,000 5,000 0 0 

8,000 8,000 0 0 

0 0 NAIO 70 1,900 

0 a 0 0 

0 0 NAIO 70 1,900 

0 0 0 0 

40,000 40,000 0 0 
18,000 18,000 0 0 
5,000 5,000 0 0 

292,000 292,000 0 0 

50,000 50,000 . 0 0 

0 0 NAIO 70 1,900 
0 0 NAIO 70 1,900 
0 0 NAIO 70 1,900 

24,000 24,000 0 0 

0 0 NA08 56 1,900 
0 0 NA08 56 1,900 
0 0 NA08 56 1,900 
0 0 NA08 56 1,900 
0 0 NA09 43 1,900 

l-t-t2,0i'' 

LABOR 

TOfAL UNIT 
HOURS COST 

0 0 

0 0 

415 133.000 

0 0 

3,800 133,000 

0 0 

0 0 
0 0 
0 0 
0 0 

0 0 

950 133,000 
627 133,000 
323 133,000 

0 0 

950 107,008 
627 !07,008 
323 107,008 

19,000 !07,008 
15,200 82,004 

----
42,2:75 

I 
TOTAL 
LABOR,$ 

0 

0 

33,250 

0 

266,000 

0 

0 
0 
0 
0 

0 

66,500 
43,890 
22,610 

0 

53,504 
35,313 
18,191 

1,070,080 
656,032 

52,265.170 

r TOTALS 1 
MAT'L+ 
LABOR,$ 

5,000 

8,000 

33,250 

II 

266,(XJO 

fl 

40,000 
18,000 
5,000 

292,000 

50,000 

66,500 
... ~.890 
22.610 
24,000 

53.504 
35,313 
18,191 

1.070.080 
656,032 

$2,707 .170 

lJESIGN GROWTH ALLOWANCE 30Jl0% $812.211 

LA DOR 

TOUCH LABOR= Sl,966,120 
ED!A LABOR = $29~ .250 

• 

RISK F~f'.TORS 

Tedtnical Risk 
Cost Risk 

Schedule Risk 

• 

FACTOR DGA 

5.33 16.00 % 
3.00 6.00 % 
8.00 8.00 % 

• 

COST Pl.US DGA $3,519,581 
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40.03.1.l.3 

LINE ITEM 
ITEM CODE 

l&A 

2 M&S 
3 P/F 

4 P/F 
5 P/F 
6 P/F 
7 P/F 
8 P/F 

9 P/F 
10 P/F 
11 P/F 
12 P/F 
13 P/F 

'"'1 

LABOR 
MATERIAL 

TOTAL,$ 

MANHOURS 

12/03/92 

) ) ) ) ) ) ) 

GEM COST ESTIMATE DETAILS 

VESSEL Sl'PPORT STRUCTURES 

I 
ITEM QUANTITY UNIT COST 
DESCRIPTION MEAS BASIS 

COORDINATOR SUPP"f DURING 3.00 MM BU 
CONST 
WELD !NSPEC QA TIME O.SO MY BU 
SADDLES 304L SSW/ 8% 262.00 TON BU 
WASTE 
SUPPORT BLOCKS 304L SS 80.00 TONS BU 
TRANSPORTATION 20.00 LOADS BU 
PLATE SECTION BURNING I 20.00 SECTION BU 
WEB SECTION BURNING 8.00 WLDMNTS BU 
WELD FIXTIJRING & 1.00 LS BU 
ALIG NM NET 
WELDING 8.00 WLDMNTS BU 
BLASTING 16.00 WLDMNTS BU 
RIGGING 1.00 LS BU 
HYDRAULIC JACKING SYSTEM 1.00 LS BU 
TRANSPORTER GREASE PADS 24.00 EA BU 

SUBTOTAL· 40.03.1.2.3 VESSEL SUPPORT STRUCTURES 

COST MATRIX 

ENG/DES M&S INSP/ADM PROC/FAB ASSBLY INSTALL 

0 0 25,597 0 0 0 
0 47,000 0 2,163,920 0 0 

0 47,000 25,597 2,163,920 0 0 

0 0 441 0 0 0 
--- -..------~-----,-,_. __ 

MATERIAL II LABOR 11 
UNIT TOTAL CRAFf/ HOURLY MW TOTAL UNIT TOTAL 
COST MAT'L,$ TEAM 

0 0 INSPAD 

94,000 47,000 
4,000 1.048,000 

4,000 320.000 
2,500 50,000 

600 72,000 
1.750 14,000 

40,000 40,000 

10,000 80.000 
2,500 40,000 

100,000 100,000 
200,000 200,000 

8,330 199,920 

$2,210,920 

LABOR 

TOUCH LABOR= 
EDIA LABOR= 

$0 
$25,597 

--··-------

RATE UNIT HOURS COST LABOR,$ 

58 147 441 8,532 25.597 

0 0 0 0 0 
0 0 0 0 0 

0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 

0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 

441 $25,597 

PRIME CONTRACTOR MARKUP 8.79o/o 

DESIGN GROWTH ALLOWANCE 18.00% 

RISK FACTORS 

Technical Risk 
Cost Risk 

Schedule Risk 

FACTOR DGA 
-----
2.00 6.00 % 
4.00 8.00 % 
4.00 4.00% 

COST PLUS DGA 

) 

TOTALS l 
l\1AT'L+ 
1.AllOR,$ 

25.597 

47.000 
1.048.000 

JZ0.000 
50.000 
72.000 
14.000 
40.000 

80.000 
40,000 

100,000 
Z00,000 
199.920 

$2,236.517 

$196.631 
----

$2,433.150 

$437.967 

$2,871,117 
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GEM COST ESTIMATE DETAILS 

40.03.1.1 FORWARD FIELD SHAPERS 

LINE ITEM ITEM QUANTITY l'NIT COST 
ITEM CODE DESCRIPTION MEAS BASIS 

I l&A CONlRACT ADMJNISlRA TION 2.00 MM BU 
2 l&A ADMIN OVERHEAD 2.00 MM BU 
3 l&A COO RD IN A TOR SUPPORT 3.00 MM BU 
4 M&S CASTING X-RAY INSPECTION 0.50 MY BU 
5 P/F CONES (2 EA) Wfl0% WASTE 2400.00 TON BU 
6 P/F CASTING TOOLING ALLOWANCE 1.00 LS BU 
7 P/F ASSUME EACH CONE IS CONST 1.00 NOTE BU 

FROM 20 CASTING OF EQUAL 
WEIGHT 

8 P/F SHIP CASTINGS 40.00 LOADS BU 
9 P/F CASTING SlRESS 40.00 PARTS BU 

RELIEF Ill EAT lREA TMENT 
10 P/F CASTING CLEANUP/BEAD 320.00 MH BU 

BLASTING 
II P/F MACHINING (40 PARTS) 1600.00 MH BU 
12 P/F BORE HOLES FOR TIE RODS 4000.00 MH BU 

(50 HOLES/PLATE) 
13 P/F TIE RODS FOR POLE PIECES 1.00 LS BU 
I~ ASSBLY CONE ASSEMBLY (2 ENDS) 16.00 MM BU 
1 l ASSBLY INSTALL END POLE FIELD 1.00 NOTE BU 

' SHAPER IS IN WBS 
1.3.1.8.I 

SUBTOTAL - 40.03.2.1 FORWARD FIELD SHAPERS 
:0 

COST MATRIX 

ENG/DES M&S INSP/ADM PROC/FAB ASSBLY INSTALL 

LABOR 0 0 59,725 0 49,864 0 
MATERIAL 0 52,500 0 7.500.000 0 0 

TOTAL,$ 0 52.500 59,725 7.500,000 49,864 0 

MANHOURS 0 0 1,029 0 2.528 0 

12/())/92 

• • • • • 

I MATERIAL II LABOR 11 
UNIT TOTAL CRAFT/ HOURLY MW TOTAL UNIT TOTAL 
COST MAT'L,$ TEAM 

0 0 INSPAD 
0 0 INSPAD 
0 0 INSPAD 

105.000 52.500 
2,200 5.280.000 

1,000,000 1.000.000 
0 0 

10,000 400.000 
3.200 128,000 

100 32.000 

100 160,000 
JOO 400,000 

I00.000 100.000 
0 0 ASS BY 
0 0 

$7.552.500 

LABOR 

TOUCH LABOR= 
EDIA LABOR= 

$49,864 
$59,725 

• • 

RATE UNIT HOURS COST LA DOR,$ 

58 147 294 8.532 17 .()6.1 

58 147 294 8.532 17,()6.l 
58 147 441 8.532 25.597 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 

0 0 0 0 0 
0 0 0 0 0 

0 0 0 0 0 

0 0 0 0 0 
0 0 0 0 0 

0 0 0 0 0 
20 158 2,528 3.117 49.864 
0 0 0 0 0 

3,557 $109.590 

PRIME CONTRACTOR MARKUP 8.79'7o 

DESIGN GROWfH ALLOWANCE 16.00% 

RISK FACTORS 

Technical Risk 
Cost Risk 

Schedule Risk 

FACTOR DGA 

2.00 6.00 % 
4.00 8.00 % 
2.00 2.00 % 

• 

COST Pl.tTS DGA 

• • 

TOT AL s ~I 

l\1AT'L+ 
l.AHOR,$ 

17,(l64 
17.064 
25.597 
52,500 

5.280.000 
1,000,000 

ll 

400.000 
128,010 

32,000 

160,000 
-t00,000 

100,000 
49.864 

0 

$7.662.089 

$673.647 

$8.335.736 

$1.333.718 

$9,669,45.3 
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\\'ork Breakdown Structure 

( W BS) 

EI.ECTRONICS 

50 ELECTRONICS 

50.01 Research and development 

50.01.1 Si Vertex 
50.01.1.1 Bipolar 
50.01.1.2 CMOS! 
50.01.1.3 CMOSll 
50.01.1.4 MCM 
50.01.1.5 Fiber op'.ir ,c 
50.01.1.6 LVPS 
50.01.1.7 Cable 
50.01.1.8 Test statbn 

50.01.2 IPC - 50.01.2.1 HVPS 
50.01.2.2 LVPS 
50.01.2.3 Signal cal>le 
50.01.2.4 PrerunplC 
50.01.2.5 SCAIC 
50.01.2.6 MUX/FADCIC 
50.01.2.7 PCB/packaging 
50.01.2.8 Fiber optics 
50.01.2.9 Test beam support 

50.01.3 Calorimeter front-end 
50.01.3.1 HVPS 
50.01.3.2 LVPS 
50.01.3.3 Signal cable 
50.01.3.4 Prerunp IC 
50.01.3.5 SCA IC 
50.01.3.6 Readout ADC 
50.01.3.7 Digital readout 
50.01.3.8 PC board (packaging) 
50.01.3.9 Test bean1 support 

50.01.4 Muon front-end 

50.01.5 Level I - trigger 
50.01.5.1 Calorimeter 
50.01.5.2 Muon 

50.01.6 DAQ 

50.02 Front-End 

50.02.1 Muon 
50.02.1.1 Resistive Plate Chamber 
50.02.1.1.1 Design Documentation 
50.02.1.1.2 Prototype 
50.02.1.1.2.1 High Voltage 

Printed: 1211511992 GEM BUSINESS OFFICE Page 

9 



\Vo r k Breakdown Structure -( W BS) 

50.02.1.1.2.1.l Power Supply 
50.02.1.1.2.1.2 Distribution 
50.02.1.1.2.2 Low Voltage In-Detector 
50.02.1.1.2.2.1 Power Supply 
50.02.1.1.2.2.2 Distribution ... 
50.02.1.1.2.3 Signal Cables 
50.02.1.1.2.4 Active Components 
50.02.1.1.2.4. I Chronotron 
50.02.1.1.2.5 Printed Circuit Board 
50.02.1.1.2.5.I Bend Plane Discriminator 
50.02.1.1.2.5.2 Non Plane Discriminator 
50.02.1.1.2.6 On-Detector Crate Complete ... 
50.02.1.1.2. 7 Control/0313 Links 
50.02.1.1.2.7.1 Receiver & Buffer 
50.02.1.1.2. 7 .2 Optics 
50.02.1.1.3 Production 
50.02.1.1.3.l High Voltage 
50.02.1.1.3.1.1 Power Supply ... 
50.02.1.1.3.1.2 Distribution 
50.02.1.1.3.2 Low Voltage In-Detector 
50.02.1.1.3.2.1 Power Supply 
50.02.1.1.3.2.2 Distribution 
50.02.1.1.3.3 Signal Cables 
50.02.1.1.3.4 Active Components 
50.02.1.1.3.4.1 Bend Plane Discriminalor ... 
50.02.1.1.3.4.2 Bend Plane Chronotron 
50.02.1.1.3.4.3 Non Plane Discriminator 
50.02.1.1.3.4.4 IDCChip 
50.02.1.1.3.5 Printed Circuit Board 
50.02.1.1.3.5.1 Bend Plane Discriminator 
50.02.1.1.3.5.2 Non Plane Discriminator 
50.02.1.1.3.5 .3 1DC 
50.02.1.1.3.6 On-Detector Crate Complete 
50.02.1.1.3.7 Control/0313 Links (66 L) 
50.02.1.1.3.7.1 Receiver & Buffer 
50.02.1.1.3. 7 .2 Optics 
50.02.1.1.3.7.3 Rack Slot 
50.02.1.1.4 Installalion & Test 
50.02.1.2 RDT"s -50.02.1.2. l Design/Documentation 
50.02.1.2.2 Prototype 
50.02.1.2.2.l High Voltage 
50.02.1.2.2.1.1 Power Supply 
50.02.1.2.2.1.2 Distribution 
50.02.1.2.2.2 Low Voltage In-Detector 
50.02.1.2.2.2.l Power Supply -50.02.1.2.2.2.2 Distribution 
50.02.1.2.2.3 Signal Cables 
50.02.1.2.2.4 Active Components 
50.02.1.2.2.4.1 Discriminator 
50.02.1.2.2.4.2 Time Digital Converter 
50.02.1.2.2.5 Printed Circuit Board 
50.02.1.2.2.5.1 Discriminator 

... 
50.02.1.2.2.5.2 Time Digital Converter 
50.02.1.2.2.6 On-Detector Crate Complete 
50.02.1.2.2. 7 Control/0313 Links 
50.02.1.2.2. 7 .1 Receiver & Buffer 
50.02.1.2.2. 7 .2 Optics 
50.02.1.2.3 Production ... 
50.02.1.2.3.1 High Voltage 
50.02.1.2.3.1.1 Power Supply 

Printed: 1211511992 GEM BUSINESS OFFICE Page 2 

10 ... 



Printed: 

50.02.1.2.3.1.2 
50.02.1.2.3.2 
50.02.1.2.3.2.1 
50.02.1.2.3.2.2 
50.02.1.2.3.3 
50.02.1.2.3.4 
50.02.1.2.3.4.1 
50.02.1.2.3.4.2 
50.02.1.2.3.5 
50.02.1.2.3.5.2 
50.02.1.2.3.5.3 
50.02.1.2.3.6 
50.02.1.2.3.7 
50.02.1.2.3.7.1 
50.02.1.2.3.7.2 
50.02.1.2.3. 7.3 
50.02.1.2.4 
50.02.1.3 
50.02.1.3.1 
50.02.1.3.2 
50.02.1.3.2.1 
50.02.1.3.2. 1.1 
50.02.1.3.2.1.2 
50.02.1.3.2.2 
50.02.1.3.2.2.1 
50.02.1.3.2.2.2 
50.02.1.3.2.3 
50.02.1.3.2.4 
50.02.1.3.2.4.1 
50.02.1.3.2.4.2 
50.02.1.3.2.4.3 
50.02.1.3.2.5 
50.02.1.3.2.5.1 
50.02.1.3.2.5.2 
50.02.1.3.2.6 
50.02.1.3.2. 7 
50.02.1.3.2. 7 .1 
50.02.1.3.2. 7 .2 
50.02.1.3.2.7.3 
50.02.1.3.3 
50.02. 1.3.3.1 
50.02.1.3.3. 1.1 
50.02.1.3.3.1.2 
50.02.1.3.3.2 
50.02. 1.3.3.2.1 
50.02.1.3.3.2.2 
50.02.1.3.3.3 
50.02.1.3.3.4 
50.02.1.3.3.4.1 
50.02.1.3.3.4.2 
50.02.1.3.3.4.3 
50.02.1.3.3.5 
50.02.1.3.3.5.1 
50.02.1.3.3.5.2 
50.02.1.3.3.6 
50.02.1.3.3.7 
50.02.1.3.3.7.l 
50.02.1.3.3.7.2 
50.02.1.3.3. 7.3 
50.02.1.3.4 
50.02.1.4 

121/511992 

"'ork Breakd0\\'0 Structure 

( W BS) 

Distribu1ion 
Low Vohage ln-Delector 
Power supply 
Distribution 
Signal cables 
Active components 
Discriminator 
Time digital convener 
Printed circuit board 
Discriminator 
Time digital convener 
On-detector crate complete 
Control/data links ( 44 tin 
Receiver & buffer 
Optics 
Rack slot 
Installation & test 
CSC Wire (29K) 
Design/docwnentation 
Prototype 
High voltage 
Power supply 
Distribution 
Low voltage in-detector 
Power supply 
Distribution 
Signal cables 
Active components 
Preamp 
TDC 
Discriminator 
Printed circuit board 
Discriminator 
TDC 
On-detector crate complete 
Control/data links 
Receiver & buffer 
Optics 
Rack slot 
Production 
High voltage 
Power supply 
Distribution 
Low voltage in-detector 
Power supply 
Distribution 
Signal cables 
Active components 
Preamp 
Discriminator 
TDC 
Printed circuit board 
Discriminator 
TDC 
On-detector crate complete 
Control/data links 
Receiver & buffer 
Optics 
Rack slot 
Installation & test 
CSC PAD (242K channels) 

GEM BUSINESS OFFICE 
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Work Brea kdo\\'n Structure .. 
< w n s > 

50.02.1.4.1 Design/docu1nentation 
50.02.1.4.2 Prototype 
50.02.1.4.2.1 High vol~~ge 
50.02.1.4.2.1.1 Power supply 
50.02.1.4.2.1.2 Distribution -50.02.1.4.2.2 Low voltage in-detector 
50.02.1.4.2.2.1 Power supply 
50.02.1.4.2.2.2 Distribution 
50.02.1.4 .2.3 Signal cables 
50.02.1.4 .2.4 Active components 
50.02.1.4.2.4.1 Preamp 
50.02.1.4.2.4.2 Preamp test station -
50.02.1.4.2.4.3 Discrimator 
50.02.1.4.2.4.4 Digital pipeline 
50.02.1.4.2.5 Printed circuit board 
50.02.1.4.2.5.1 FIFO 
50.02.1.4.2.6 On-detector crate complete 
50.02.1.4.2.7 ControVdata links 
50.02.1.4.2.7.l Receiver & buffer 

.. 
50.02.1.4.2.7.2 Optics 
50.02.1.4.2.7.3 Rack slot 
50.02.1.4.3 Production 
50.02.1.4.3.1 High voltage 
50.02.1.4.3.1.1 Power supply 
50.02.1.4.3.1.2 Distribution .. 
50.02.1.4.3.2 Low voltage in-detector 
50.02.1.4.3.2.1 Power supply 
50.02.1.4.3.2.2 Distribution 
50.02.1.4.3.3 Signal cables 
50.02.1.4.3.4 Active components 
50.02.1.4.3.4.1 Preamp 
50.02.1.4.3.4.2 Preamp testing -50.02.1.4.3.4.3 Discrimator 
50.02.1.4.3.4.4 FIFO 
50.02.1.4.3.4.5 ADC 
50.02.1.4.3.5 Printed circuit board 
50.02.1.4.3.5.1 FIFO 
50.02.1.4.3.6 On-detector crate complete 
50.02.1.4.3.7 Control/data links (242 Ii .. 
50.02.1.4.3.7.1 Receiver & buffer 
50.02.1.4.3. 7 .2 Optics 
50.02.1.4.3.7.3 Rack slot 
50.02.1.4.4 Installation & test 

50.02.2 Central Tracker 
50.02.2.1 Si-tracker (3200 channels) -50.02.2.1. 0 Bipolar 
50.02.2.1.l CMOS-I 
50.02.2.1.2 CMOS-2 
50.02.2.1.3 Multi-chip module 
50.02.2.1.4 Fiber optics (2526 links) 
50.02.2.1.S Power supplies 
50.02.2.1.6 Cables -
50.02.2.1. 7 Test station 
50.02.2.1.8 Data acquisition 
50.02.2.1.9 Clock distribution 
50.02.2.2 !PC (400K ch.) 
50.02.2.2.1 Design/documentation 
50.02.2.2.2 Prototype -50.02.2.2.2. l High voltage 
50.02.2.2.2.1.l Power supply 
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- Printed: 

50.02.2.2.2. l .2 
50.02.2.2.2.2 
50.02.2.2.2.2. l 
50.02.2.2.2.2.2 
50.02.2.2.2.3 
50.02.2.2.2.4 
50.02.2.2.2.4. l 
50.02.2.2.2.4.2 
50.02.2.2.2.4.3 
50.02.2.2.2.4.4 
50.02.2.2.2.5 
50.02.2.2.2.6 
50.02.2.2.2.7 
50.02.2.2.2.7.l 
50.02.2.2.2.7 .2 
50.02.2.2.3 
50.02.2.2.3.1 
50.02.2.2.3.1.1 
50.02.2.2.3.1.2 
50.02.2.2.3.2 
50.02.2.2.3.2.1 
50.02.2.2.3.2.2 
50.02.2.2.3.3 
50.02.2.2.3.4 
50.02.2.2.3.4.1 
50.02.2.2.3.4.2 
50.02.2.2.3.4.2 
50.02.2.2.3.4.3 
50.02.2.2.3.5 
50.02.2.2.3.6 
50.02.2.2.3. 7 
50.02.2.2.3. 7 .I 
50.02.2.2.3.7.2 
50.02.2.2.3. 7 .3 
50.02.2.2.4 

50.02.3 
50.02.3.1 
50.02.3.2 
50.02.3.2. I 
50.02.3.2.1.1 
50.02.3.2.1.2 
50.02.3.2.2 
50.02.3.2.2. I 
50.02.3.2.2.2 
50.02.3.2.3 
50.02.3.2.4 
50.02.3.2.4. I 
50.02.3.2.4.2 
50.02.3.2.4.3 
50.02.3.2.4.4 
50.02.3.2.4.5 
50.02.3.2.4.6 
50.02.3.2.4. 7 
50.02.3.2.5 
50.02.3.2.5. l 
50.02.3.2.5.2 
50.02.3.2.5.3 
50.02.3.2.5.4 
50.02.3.2.6 
50.02.3.2.7 

1211511992 

\\lork Breakdo\\·n Structure 

( W BS) 

Distribution 
Low voltage in-detector 
Power supply 
Distribution 
Signal cables 
Active components 
Preamp (EE) 
SCA test station (EE) 
SCA test station 
Readout controller (EE) 
Printed circuit board 
On-detector crate complete 
ControVdata links 
Receiver & buffer 
Optics 
Production 
High voltage 
Power supply 
Distribution 
Low voltage in-detector 
Power supply 
Distribution 
Signal cables 
Active components 
Preamp 
SCA 
SCA test 
MUX 
Printed circuit board 
On-detector crate complete 
ControVdata links (1563 l 
Receiver & buffer 
Optics 
Rack slot 
Installation & test 

Calorimeter (86K channels) 
Design/documentation 
Prototype 
High voltage 
Power supply 
Distribution 
Low voltage in-detector 
Power supply 
Distribution 
Signal cables 
Active components 
Preamp 
Switch capacitor array 
SCA test station 
ADC 
ADC test station 
Calibration system 
Shapen 
Printed circuit board 
DSP 
Preamp calibration 
SCNADC 
FADC 
On-detector crate complete 
ControVdata links 

GEM BUSINESS OFFICE 
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Work Breakdown Structure -< w n s > 

50.02.3.2.7 .1 Receiver & buffer 
50.02.3.2.7.2 Optics 
50.02.3.3 Production 
50.02.3.3.1 High voltage 
50.02.3.3.1.1 Power supply -50.02.3.3.1.2 Distribution 
50.02.3.3.2 Low voltage in-detector 
50.02.3.3.2.1 Power supply 
50.02.3.3.2.2 Distribution 
50.02.3.3.3 Signal cables 
50.02.3.3.4 Active components 
50.02.3.3.4.1 Preamp -
50.02.3.3.4.2 SCA 
50.02.3.3.4.3 SCA station 
50.02.3.3.4.4 12 bit-ADC 
50.02.3.3.4.5 ADC station 
50.02.3.3.4.6 Trigger FADC 
50.02.3.3.4. 7 Calibration system 
50.02.3.3.4.8 Shapen .. 
50.02.3.3.5 Printed circuit board 
50.02.3.3.5.1 DSP 
50.02.3.3.5.2 Preamp/calibration 
50.02.3.3.5.3 SCNADC 
50.02.3.3.5.4 FADC 
50.02.3.3.5.5 Intermediate driver 
50.02.3.3.6 On-detector crate complete 

.. 
50.02.3.3.7 ControVdatalinks(86lin 
50.02.3.3.7.1 Receiver & buffer 
50.02.3.3.7.2 Optics 
50.02.3.3.7.3 Rack slot 
50.02.3.4 Installation & test 

50.03 Data Acqisition 

50.04 Trigger 

50.04.1 Level I .. 
50.04.1.1 Calorimeter (2960 channels 
50.04.1.1.1 Design/documentation 
50.04.1.1.2 Prototype 
50.04.1.1.2.1 High voltage 
50.04.1.1.2.1.1 Power supply 
50.04.1.1.2.1.2 Distribution 
50.04.1.1.2.2 Low voltage in-detector -S0.04.1.1.2.2.1 Power supply 
50.04 .1.1.2.2.2 Distribution 
50.04.1.1.2.3 Signal cables 
50.04.1.1.2.4 Active components 
50.04 .1.1.2.4. I SUM chip 
50.04.1.1.2.4.2 !SOLA TION chip 
50.04 .1.1.2.5 Printed circuit board -
50.04.1.1.2.5.1 Energy SUM 
50.04.1.1.2.5.2 Isolation 
50.04.1.1.2.6 On-detector crate complete 
50.04.1.1.2.7 ControVdata links 
50.04.1.1.2. 7.1 Receiver & buffer 
50.04.1.1.2.7.2 Optics -50.04.1.1.3 Production 
50.04.1.1.3.1 High voltage 
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- Printed: 

50.04.1.1.3. l.I 
50.04. l. l .3. l .2 
50.04.1.1.3.2 
50.04.1.1.3.2. l 
50.04.1.1.3.2.2 
50.04.1.1.3.3 
50.04.1.1.3.4 
50.04.1. l.3.4. l 
50.04.l.l.3.4.2 
50.04.1.1.3.5 
50.04.1.1.3.5.1 
50.04.1.1.3.5.2 
50.04.1.1.3.6 
50.04.l.l.3.7 
50.04.1.1.3.7.l 
50.04.1.l.3.7.2 
50.04.1.1.3.7.3 
50.04.1.1.4 
50.04.1.2 
50.04.1.2.1 
50.04.1.2.2 
50.04.1.2.2.l 
50.04.1.2.2.1.1 
50.04.1.2.2.1.2 
50.04.1.2.2.2 
50.04. l.2.2.2.l 
50.04.l.2.2.2.2 
50.04.1.2.2.3 
50.04. l.2.2.4 
50.04. l.2.2.4.1 
50.04.1.2.2.4.2 
50.04. l.2.2.4.3 
50.04.1.2.2.4.4 
50.04. l.2.2.5 
50.04.1.2.2.5.1 
50.04.1.2.2.5.2 
50.04. l.2.2.5.3 
50.04. l.2.2.5.4 
50.04. l.2.2.5.5 
50.04.1.2.2.6 
50.04. l.2.2.7 
50.04. l.2.2. 7. I 
50.04.1.2.2.7.2 
50.04.1.2.3 
50.04.1.2.3.1 
50.04.1.2.3.1.1 
50.04.1.2. 3.1.2 
50.04.1.2.3.2 
50.04.1.2.3.2.1 
50.04. l.2.3.2.2 
50.04.1.2.3.3 
50.04.1.2.3.4 
50.04.1.2.3.4.1 
50.04.1.2.3.4.2 
50.04.1.2.3.4.3 
50.04.1.2.3.4.4 
50.04.1.2.3.4.5 
50.04.1.2.3.5 
50.04.1.2.3.5.1 
50.04.1.2.3.5.2 
50.04.1.2.3.5.3 

1211511992 

Work Breakdo\\'h Structure 

Power supply 
Distribution 

( W BS) 

Low voltage in-detector 
Power supply 
Distribution 
Signal cables 
Active components 
SUM chip 
ISOLA TJON chip 
Printed circuit board 
Energy SUM 
Isolation 
On-Oetector crate complete 
ControVdata links 
Receiver & buffer 
Optics 
Rack slot 
Installation & test 
Muon 
Design/documentation 
Prototype 
High voltage 
Power supply 
Distribution 
Low voltage in-Oetector 
Power supply 
Distribution 
Signal cables 
Active components 
Encoder in Encap 
Memory in Encap 
Digital chip in Barrel ( 10 
Digital chip in Barrel (Ph 
Printed circuit board 
Programmable gate array 
Sequencer 
CAM 
Digital chip in Barrel ( 10 
Digital chip in Barrel (Ph 
On-Oetector crate complete 
ControVdata links 
Receiver & buffer 
Optics 
Production 
High voltage 
Power supply 
Distribution 
Low voltage in-detector 
Power supply 
Distribution 
Signal cables 
Active components 
Encoder in Encap 
Memory in Encap 
CAM 
Digital chip in Barrel ( 10 
Digital chip in Barrel (Ph 
Printed circuit board 
PGA 
Sequencer 
CAM 
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Work BreakdO\\'n Structure -( W BS) 

50.04.1.2.3.5.4 Digital chip in Barrel ( 10 
50.04.1.2.3.5.5 DigiL'll chip in Barrel (Ph 
50.04.1.2.3.6 On-detector crate complete 
50.04.1.2.3.7 Conlrol/data links 
50.04.1.2.3.7.1 Receiver & buffer .. 
50.04.1.2.3.7.2 Optics 
50.04.1.2.3.7.3 R.1ck slot 
50.04.1.2.4 Installation & test 

50.04.2 Level 2 
50.04.2.1 Design/documentation -50.04.2.2 Prototype 
50.04.2.2.1 High voltage 
50.04.2.2.1.1 Power supply 
50.04.2.2.1.2 Distribution 
50.04.2.2.2 Low voltage in-detector 
50.04.2.2.2.1 Power supply 
50.04.2.2.2.2 Distribution -50.04.2.2.3 Signal cables 
50.04.2.2.4 Active components 
50.04.2.2.4.1 Prograrruning effort 
50.04.2.2.5 Printed circuit board 
50.04.2.2.5.1 Processor 
50.04.2.2.5.2 Memory 
50.04.2.2.6 On-detector crate complete 
50.04.2.2.7 Control/data links 
50.04.2.2.7.1 Receiver & buffer 
50.04.2.2.7.2 Optics 
50.04.2.3 Production 
50.04.2.3.1 High voltage 
50.04.2.3.1.1 Power supply 
50.04.2.3.1.2 Distribution .. 
50.04.2.3.2 Low voltage in-detector 
50.04.2.3.2.1 Power supply 
50.04.2.3.2.2 Distribution 
50.04.2.3.3 Signal cables 
50.04.2.3.4 Active components 
50.04.2.3.5 Printed circuit board 
50.04.2.3.5.1 Calorimeter board -
50.04.2.3.5.2 Processor board 
50.04.2.3.6 On-detector crate complete 
50.04.2.3. 7 Control/data links 
50.04.2.3.7.1 Receiver & buffer 
50.04.2.3. 7.2 Optics 
50.04.2.3.7.3 Rack slot .. 
50.04.2.4 Installarion & test 

50.04.3 Interface 
50.04.3.l Clock & control system 
50.04.3.1.1 System design 
50.04.3.1.2 PC design 
50.04.3.1.3 PC design tech -50.04.3.1.4 IC 
50.04.3.1.4. l IC design 
50.04.3.1.4.2 PC design 
50.04.3.1.5 Rack slot 
50.04.3.1.6 Fiber links 
50.04.3.1.7 IC fabrication ... 
50.05 Integration 

Primed: 1211511992 GEM BUSINESS OFFICE Page 
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50.05. l 

50.05.2 

50.05.3 

50.05.4 

50.06 

50Jl6.l 

50.06.2 

50.06.3 

50.06.4 

50.07 

1211511992 

\Vork Breakdon·n Structure 

( W BS) 

L VPS Development 

Fiber Link Development 

Facility Interface 

Facility Development 

Project Management 

Project Mgt & Administration 

Resourse Mgt 

ES&H 

Quality Assurance 

Preliminary & conceprual design 
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SUBSYSTEM: ______ _ SSCL GEM DETECTOR 
SUCCESS COST ESTIMATING INPUT FORM 

wes No.:------------------
wes Descrlpt.: -------------------

wes aTY: ____ _ 

wes UM:-----

Funcll I Activity: 1 Enolneerlng/Deal, Technlcal 
' 

~n I cost ) c1rc1e One If enllr• 2 Materlal & Services 
form pertains to only 3 tnspectlonlAdmtnlstrallon Schedule 

one category or precede ~ ProcuremenUFabrlcallon 
description lines with 5Aasembly 
appropriate code 1 • ;J 6 Installation 

Item Descr!J!tlon QI~ 

.. 

Notes: 

Prepared hy:. ___ _ 

• • • • • • 

Estimate Type: __ _ 

actors 

I 
-- I --

I -- --

Craft/Team 'Unit 
\ift·1 Unit Meas Resourse Productlvlly 

(UM! Code MH/UM Unit Cost 

···- -
1---

------·; ~-- ---- ' 

I ; 

Sheet ___ _ 

• • • • 



) 

~ 
c.c 

) ) ) 

SSCL GEM DETECTOR 
SUCCESS COST ESTIMATING INPUT FORM 

wes No.: SAMPLE INSTRUCTIONS __ _ 

WBS Descrlpt.: ------------------- Estimate Typo: _7_ 
WBSQTY: ____ _ 

WBS UM:----- RISK 
actors 1we1gn1 7• , 

--- -

Funi;!lllnal.Actf\'l! : I Englneertng/Deslgn Technical -- -
Circle One /tfllfke 2 lnspectlon/Admlnlslrsllon Cost -- --'°'"' ,.,, • .,, '° ~ 3 Procurement/Fabrtcallon Schedule 

OM Ctftr/OIY tw pncede 4A11embly 
desc'*'llon hi wM 5 tnstanallon 
afJl"O!KMf• coft f • I. 

Crall/Team 'Unit 
Unit Meas Resourse Productivity 

Item Oescrlntlon Qty IUM) Code Mii/UM 

1 2 3 4 5 

1: Desclbe line Item cost. 

2: Whet Is the q'!!nlily req~'!ed or estlma~~_!or lhe line lie!!!_? 

~: ~hat is lh~_nil of '!'eas~!Jl!~! for ll~l!'~!.!'!!'J~l!l~l~-!~~~P!~SS ~~~~!_ll_n.".!!~m-~~!!'P~n~!'l~? -- ---
4: The code descriptor for usln9 a cr~lt or le~!!' mix !cr~l-~~ITlPoslte. II ls imp~rallye tha~~_£r_'.'fl_~ and tea!!'!cr~be _~PP~lll~~~~ i~l~IL 

5: Unit Productivity Is how many man-~ours per U~~ est~mated for the line ltem=r [ f 1 
_!>Y using the craft or team/crew to provide the estlma!ed ~!!~It re~lred. F~!!!1_1e unit convers!ons use: 

) 

Mat'I 
Unit Cost 

6 

-----

For example if UM Is manmonths then MH/UM =173.3 (Ac!~~I Time); II U~ Is to!'~-j-~_you esti!!'~r 1~0 m~-h~~r~er t~n, the11_t,1H!':J"1JI~!') =100. 

6: What Is the material cost (k$) per UM? 

7: Estimate Type Is to be: Botton Up (BU), Specific Analol!I'_ (SA)._!'~rame!_r!c Study__l!:'~._Re~~ end _~p~ate JRU), -

Trend Analysts (TA), E~ert Opinion (EO). 

--
-- --- ------·-- --------- ----·- - ·-------- -----~~-- ---------

Notes: 

Prepared by: ___ _ Sheet ___ _ 

) 



GE~ DET~CTECTOR CRAFT CODES, TEAM CODES, RATES 

LOS AL~..!-!OS NATIONAL L~~ORATORY ESTIMATE 

CRAFT RESOURCES TABLE 1 

CRAFT LABOR 
LOCATION CODE DESCRIPTION 
LOS AL.AMOS I LANL1 I MANAGER 
LOS AL.AMOS I LANL2 I ENGINESR/PHYSICIS7 
LOSAL.AMCS I LANL: I OESiGNER/CCORCINA iOR 
LOSALAMCS I LANL4 I SENIOR iECHNIC:AN 
LOS AL.AMOS I LANLS I JR. TECHNICIAN 
LOS AL.AMOS I LANLS I CRAFT 
LOS AL.AMOS I LANL; I SECRETARY 

TEAM RESOURCES TABLE 2 

TEAM DESCRIPTION CRAFT TEAM MIX 
CODE CODE (Hr) 

LAM GMT I MANAGEMENT I 
I MANAGER I LANL1 I .5 

I ENGINE:RJPHYSICIST I LC..NL2 I .75 

I DESIGN/COORDINATOR I LANL5 1 
I TEAM RA TE/YR I 2.25 
I I I 

LADES I DESIGN I 
I ENGINE:RJPHYSICIST I LANL2 .25 

I DESIGN/COORDINATOR I LANL3 1 

I SR. TECHNICIAN I LANL4 I .5 
I SECRE1ARY I LANL7 I .25 
I TEAM RA TE:YR I I 2.00 
I I I 

LAl&A I INSPECTION/ADMIN I 
I SR. TECHNICIAN I LANL4 .5 

I JR. TECHNICIAN I LANLS 1 
I TEAM RA TE: YR I 1.50 

I I 
f ASSEMBLY I 

LAASS I SR. TECHNICIAN I LANL4 .25 

I ELECT TECH (NAT A VG) I NA06 1 
l TEAM RA TE:YR I 1.25 

I I 
SSCINS J INSTALLATION I 

I ENG/PHYSICIST (SSCL) I SSC2 .5 

I SR. TECHNICIAN {SSCL) I SSC4 1 
I JR. TECH (SSCL) I sscs I 1 
I TEAM RA TEIYR I 2.50 

NOTE: See •Goern Estimating Plan • ·Gem Oetector Craft Codes and U.bor Rates for craft codes not found in 
this site specific resource table. 
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GEM Magnet 
WBS Dictionary 

Rev 4 - 11/16/92 

GEM WBS Oicoooary Rev 4 
prlnt..d 4:54 PM, 12115192 

40.0 Magnet Constructjon • This subsystem consists of all of the assemblies and 
elements required to provide the magnetic field in the interior of the detector. It includes the 
coils, coll fonns, radiation shields, oold mass supports, vacuum vessels, end poles, current 
leads, cryogenic (LN and LHe) sys1ems, and power and protection systems. It also Includes 
components required to support the solenoid and end poles from the around, the support for 
the central detectors, the attachment points for the muon and calorimeter subsystems, and any 
special tooling necessary to Install any of these components. This subsystem does not Include 
the building cranes, assembly buildings, or any conorete support features below the detector. 
Major interfaces are with: underground hall, above.ground facilities, muon subsystem, 
calorimeter subsystem, and the ring magnet system. This element also includes all R&D 
activities tor the magnet as well as completion of the conceptual/preliminary design. 

4Q 1 Magnet SW>syatem B&p • This element covers reaearch and development 
activities associated with the GEM magnet subsystem. This element does not Include efforts to 
perform preliminary or detailed design ,of lhe magnet subsystem. It does Include effort to 
develop tooling for conductor production, as well to conduct tests of proposed component 
concepts. 

40,1,1 ConduQtor Development • This element covers all activities required to 
verify the design of the conductor. It Includes efforts to fabricate short lengths of prototype 
conductor, and test the performance. 

4Q 1 2 Jojnt Deve!qpment • This element oovers all R&O activities associated 
with the joints between superconducting cables in the magnet. It includes subscale tests to 
verify the concept, as well as full-scale tests of actual joint designs. 

40,l 3 Wjndjng Development • This element covers all activities required to 
develop and demonstrate the winding techniques for the magnet. It includes tests of the bending 
performance of the conductor and initial trial winding on short lengths of dummy conductor. 
It also includes the acquisition od key pieces of winding tooling. 

40,1 4 Gomoooent Development • This element covers the development of special 
componenl8 for the magnet subsystem. It presently includes only the development and 
demonstration of cryogenic insulating brealcs. 

40.2 P•lgn Completion - This element consists of all design activities required 
for the magnet subsystem after Authorization to Proceed with construction phase. It Includes 
preliminary and final design, ana!ysls, trade studies, refinement of design requirements, 
preparation of final drawings, and preparation of presentations for the System Requirements 
Review (SAR), the Preliminary Design Review (PDR), and the Critical Design Review (COR). 
It alsO includes preparation of all deliverables associated with the design, including data, 
drawings, reports, and presentations. Design activities are defined as complete when the 
procurement package for a given component is ready for solicitation of bids. This element does 
not include the costs for soliciting bids or placing contracts or orders for fabrication. It also 
does not include any effort required during fabrication to monitor progress or provide 
technical oversight. 

21. 
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40.2.1 Coil Assemblies Qesjgo - This element consists of the design of all 
components which are physically a part of the completed coil assemblies; these assemblies 
are the parts which will be assembled above-ground and delivered for Installation in the 
underground hall. This Includes the coils, the thermal radiation shields, the vacuum vessels, 
the cold-mass supports, and all cryogenic piping and distribution and current busslng which 
are within the vacuum-vessel boundary. This does not include the components required to 
physically support the coil assemblies. the forward field shapers. or the central detector 
support. It also does not include local thermosyphon supply dewars or any cryogenic piping 
external to the vacuum vessel boundary. Major interfaces are with the underground hall, the 
above-ground facilities. the poles/pole supports, the muon subsystem, and the central 
detector support. · 

40 2.1 1 Cold Mass SUbassembUes Qesjgn • This element consists of the 
design of two (approx) 15m long magnet coils only, which are made up of conductor wound on 
coll forms, with any required diagnostics installed. H includes the design of all parts and 
tooling required to produce the coils. as well as assembly of multiple short coll segments, If 
the coll is designed in that manner. This does not inolude the Uie thennosyphon or LHe 
forced-flow cryogenic piping/distribution. Design major interfaces are with the ootd-mass 
supports, the vacuum vessels, the radiation shields, and the internal cryogenic systems. 

40 2 1 1 1 Cg!! Form Desjgn • This element comprises the design of 
the coil form within which the coil is wound. The coil form includes ribs to accept axial 
conductor toads, attachment points for the cold-mass supports, and ground-plane insulation. 

40 2 1.1.2 Cgnduotoc oesjgn - This element includes all of the design 
required to provide the conductor which makes up the coil. The conductor Includes the SC 
wire, the protective sheath, and the passage for the forced-flow LHe. This element includes 
all of these parts, even if they are designed to be physically separate. The conductor Is to be 
delivered on large spools, ready for winding into the coil forms. 

40 2 1,1,3 Qjaanostios Qesian - This element includes the design of 
all hardware and activities associated with any control or diagnostic elements which are 
actually Installed on the coil subassembly. This includes voltage taps, temperature sensors, 
etc. This element does not Include the electronics necessary to read out these sensors or to 
effect control. 

!102.1.1.4 Windjng Tooling Desian - This element includes the design 
of all of the tooling required to remove the conductor from the storage drums and wind it into 
final position in the coll form. Any tooling or hardware design required tor gluing or 
otherwise affixing the conductor in place is included In this element. 

40 2 1 1 5 .Wjndlng & Testing Design - This element covers the design 
of all of the processes and activities required to complete 24 ea 1.2m long coll segments. 
starting from the basic parts identified In 4.1.1.1.1·4. This lnoludes the design of all 
processes required to prepare the ooll form for winding, to actually remove the conductor 
from the storage drum and wind It Into final position In the coll form, to Install any 
diagnostics, sensors, or controls, to complete the electrical and fluld connections within the 
coll segments, and to perform tests as required to verify proper function at this level. This 
does not include any design required to stack or assemble the segments to form completed cold
mass halves, or to install the radiation shields, cold mass supports, or vacuum vessels. 
Because of the size of the completed coil subassemblles, all assembly effort take pll!lce on-site 
atSSCL 
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only testing performod prior to installation of the internal detector subsystems; testing of the 
detector as a whole is included in operations. 

40 3 Fabrication & Assembly - This element consists of all fabrication and 
assembly activities within the magnet subsystem. It includes all activities between asser--h!y 
of procurement packages and beginning of installation. The first activity within this elen'""' 
is solicitation of bids for fabrication. The last activity Included In this element is final 
inspection and checkout before installation begins. This element Includes all labor and 
materials required for fabrication and assembly, including direct touch labor, first-line 
supervision, engineering oversight, inspection, purchasing, expediting, and engineering 
effort required to respond to discrepancies. 

40.3.1 Coll Assemblies Eabrtcatign & Assembly- This element consists of 
fabrication and assembly of all the components which are physically a part of the complelK 
coll assemblies; these assemblies are the pans Which wlll be assembled above-ground aw 
delivered for Installation In the underground hall. This Includes the calls, the thermal 
radiation shields, the vacuum vessels, the cold-mass supports, and all ayogenlc piping <ind 
distribution and current bussing which are within the vacuum-vessel boundary. This doc• .o! 
Include the components required to physically support the coll assemblies, the forward f!e1d 
shapers, or the central detector support. It also does not Include the local thermosyphor: 
supply dewars or any cryogenic piping external to the vacuum vessel boundary. Major 
interfaces are with the underground hall, the above-ground facilities, the poles/pole 
supports, the muon subsystem, and the central detector support. 

40.3.1 1 Cold May Subassemb!ies Eabcjcatjoo & Assembly - This element 
consists of fabrication and assembly of the two (approx) 15m long magnet coils only, wh•l'l'o 
are made up of conductor wound on coil forms, with any required diagnostics Installed. !r 
includes all actMties, parts, and tooling required to produce the colls, as well as assembly C>i 
shon coll segments, if the coll Is designed in that manner. This does not include the LHe 
thermosyphon or LHe forced-flow cryogenic piping/distribution. Major Interfaces are w"'> 
the cold-mass supports, the vacuum vessels, the radiation shields, and the internal cryoge "'" 
systems. 

4Q,3 1, 1.1 Coll fQun Eabrjcalion & Assembly • This element 
comprises fabrication and assembly of the coil form within which the coil Is wound. The cc:.' 
form includes ribs to accept axial conductor loads, and attachment points for the cold-mas~ 
supports. 

40 3 1 1 ? Conductor Eabrjcatjon & Agembly - This element 
includes fabrication and assembly of all activities required to provide the conductor which 
makes up the coil. The conductor includes the SC wire, the protective sheath, and the passage 
for the forced-flow LHe. This element Includes all of these parts, even If they are designed to 
be physically separate. The conductor is to be delivered on large spools, ready for wlndln!J 
into the coll forms. This does not Include the cost of facllltlea In which the work wtll be 
performed. It does include raw materials, conductor processing, storage drums, toollng, ate. 

40 3 1 1.S DjagopatJi;s EabCjQatign & Assembly - Thi~ element 
includes fabrication and assembly of all hardware and activities aBSociated " ''1 any contl'l''5' 
or diagnostics elements Which are actually installed on the coll subassembl). :his 1nclud"ls 
voltage taps, temperature sensors. etc. This element does not Include the elactronlcs 
necessaiy to read out these sensor or to effect control. 
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40 3.8 Return-Fjeld Mjtjgatlon Eabrjoaljoo & As5ernbly · This element covers 
fabrication and assembly of all of the hardware required to shield individual components or 
small volumes from the ret1,1rn field of the magnet, or alternatively, the additional cost of 
over-specifying components so they will worl< properly in the field. This includes shielding 
for vacuum pumps, gages, etc, as well as shielding of local counting rooms and electronic 
racks below ground. It does not include hardware to shield the above.ground field. 

40.3.9 lnstalla!ipn Tgo!ing Eabrjcat!pn & Assembly - This element covers 
fabrication and assembly of all of the hardware temporarily required tor installation of 
magnet subsystem components Into their final positions. It does not include any hardware 
which will be a permanent part of the Installation. It also does not Include provision of the 
cranes in the underground hall or the heavy-lift crane for lowering major assemblies down 
the access shaft. 

40,S 9,1 Cgil Agemblles IogUng Eabricatlgn & As5emb!y • This element 
Includes fabrication and assembly of all of the tooling required to handle the coll assemblies 
from the location at which they were tested above ground to their final position it the 
underground hall. It also Includes any tooling required to anchor them and their support 
hardWare In place and align them. This includes any tooling required to move parts to the 
access shaft, any speclally·bullt rigging which connects the parts to the shaft crane, tooling to 
move the parts from below the crane to their Installed position, and any tooling required for 
alignment measurement or alignment movement. This element Includes only the speclally
built tooling which Is in addition to the coil and FFS transporters, and normal strongbacks 
which would be supplied by rigging companies. 

40 3 9.2 Central Detector Tooling Syopgrf Fabrjoation & Assembly - This 
element covers fabrication and assembly of the tooling required to handle. align, and Install 
the central detector support. 

40 3.9.3 Forward Ejeld Shaoocs Toolioo Eabrjcatlon & Assembly - This 
element includes fabricatiOn and assembly of all of the tooling required to move the pole 
assemblies from the surface to the underground hall and place them In position. If they are to 
be assembled in the underground hall, the tooling required for assembly Is included here as 
well. Tnis also covers tooling required to mount the supports.transporters, and align the 
poles. 

40.3,9.4 Testing Egujpment Eabrjcatjpn & Assembly • This element covers 
fabrication and assembly of all of the equipment required for testing the magnet system after 
Installation. The primary testing equipment will be a system for mapping the magnetic fleld 
inside the magnet. 

40.4 lnatal!atjon & Sutem Ie•Hng. This element consists of all lnstallatlon 
activities within the magnet subsystem. It Includes all activities beginning when components 
are tested and ready for Installation, and ending when they are In place, aligned, checked out, 
tested, and accepted. This element also inoludes preparadon of all operating and maintenance 
documentation. This element Includes all labor and materials required tor these activities, 
including touch labor, supervision, surveying, engineering oversight, engineering/physics 
review of test data, preparation ot test reports, and resolution of dlsc:repancles during 
installation. It does not Include project management activities. 

40,4 1 lnstal!ati<m - This element covers all of the actual installation of magnet 
subsystem hardware on-site at SSCL It Includes installation of the magnet assemblies In the 
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Cost Estimating Guidelines for GEM 

Electronics Subsystems 

Daniel R. Marlow 
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Abstract 

Guidelines for a bottom-up estimate of the electronics costs for the GEM detector 
are summarized. This document supplements the "GEM Cost Estimating Plan"[l]. 
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1 Introduction 

In FY92 the GEM Electronics, Trigger, and Data Acquisition subgroup conducted a prelim
inary estimate of the electronics costs for GEM. That analysis[2], known as ''The LeCroy 
Estimate" was based upon a parametric, or "top-down", approach. Now that our designs are 
better defined and engineering teams are in place for most of the electronics subsystems, we 
can move forward with a traditional bottom-up estimate in anticipation of the submission 
of the GEM Technical Design Report (TDR) and its attendant reviews. This document is 
intended to outline the plans and procedures to be followed in that undertaking. 

Although it is expected that the precise form of the cost estimates will vary depending 
on the system being estimated and on the engineering team doing the estimates, it is hoped 
that where possible uniform formats and procedures will be followed. This will facilitate 
comparisons between subsystems and will help make duplications and omissions easier to 
spot. 

This document is intended to supplement and not supersede the guidelines set forth 
in reference [1]. That document should be read carefully by all design teams performing 
electronics cost estimates. 

2 Scope of WBS 50. 

The GEM Electronics, Trigger, and Data Acquisition (ETDA) subsystem (WBS 50.) 111-

cludes: 

• All front-end electronics from the preamplifiers through to the event builder. 

• The Level 1 trigger systems. 

• The DAQ system. 

• Crates, racks, high-voltage power supplies (HVPS), low-voltage power supplies (LVPS), 
and the cooling systems1 that service them. 

WBS 50 does not include: 

• Readout devices such as phototubes. 

• The Level 3 computers or the slow control system-i.e. ancillary systems. (By conven
tion, sensors and actuators for the slow control are included as part of the subsystem 
that they serve. The electronics is consistent in this regard in that the actual sensors 
for, say, low-voltage readout, will be included as part of WBS 50, whereas the high
level software and hardware to process the data from these sensors will be included as 
part of the online computing & slow-control WBS tree. 

'The electronics chilled water system is restricted to what is usually termed "technical systems". The 
main supply of chilled water, a "conventional system", is not included. A similar boundary exists for the 
delivery of AC-power. 
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WBS50. 
Electronics 
Construction 

I I I I 
50.1 50.2 50.3 50.4 50.5 50.6 

R&D Front End DAQ Trigger Integration Management 

I 
I I l 

50.2.1 50.2.2 50.2.3 50.4.1 50.4.2 
Level 1 Level 1 

Muons Central Tracker Calorimeter Calor Muon 

I I I I 
50.2.2.1 50.2.22 50.5.1 50.5.2 50.5.3 50.5.4 

SiVtx IPC LVPSDev. Fiber Link Dev. Fae.Inter. Fae.Dev. 

I 
150.2.1.1 

RPC's 
150.2.1.2 

A Ors 
150.1.2.31150.1.2.41 

CSCAn. CSC 

Figure 1: The overall structure of the electronics portion of the GEM WBS. 

3 WBS Structure 

The general structure of the GEM WBS 50 is shown in figure 1. There are three major 
subsystems: front end, trigger, and data acquisition. This format was chosen by SDC and 
was adopted by GEM in keeping with a general policy of adopting the SDC approach where 
there are no compelling reasons to do otherwise. Our current ideas call for the Level 2 trigger 
to be implemented as an integral part of the event builder and processor farm, in which case 
the block labeled "Level 2 Trigger" will actually be moved to the data acquisition portion 
of the WBS. 

The R&D portion of WBS 50-i.e. WBS 50.1-includes all work aimed at the devel
opment of the final production electronics. Electronics bought or built to support detector 
development work-e.g. NIM or CAMAC modules for beam tests-will in general be in
cluded as part of the corresponding detector subsystem. The inevitable occurrences of cases 
in gray areas will be resolved on an ad-hoc basis. 

3.1 Project Phases 

Figure 2 shows the substructure that appears underneath each front-end subsystem. 

Each subsystem is divided into four "phases": 
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WBS 50.n 

Detector 

Subsystem/No# Chan. 

I 

50.n.1 50.n.2 50.n.3 50.n.4 

Design & Prototype Production Installation 

Document System System & Test 

Figure 2: Suggested WBS structure for an electronics subsystem. Each major branch repre
sents a "phase" of the project. 

• Documentation Package: This part of the WBS includes the cost of preparing 
and reproducing a set of final design documents (conceptual design document, block 
diagrams, schematics, layouts, etc.) and updating them as the design work progresses. 
It is understood that much of the design package will result naturally from the R&D 
and prototype (see below) phases of the work; this WBS element reflects the direct 
costs of collecting the various documents and checking their accuracy and completeness 
as well as maintaining an up-to-date set of as-built drawings. Note that in the LeCroy 
report, there was a blanket assumption of 0.5 man-years for each subsystem. In this 
work a more realistic estimate should be attempted. 

• Prototype System: This part of the WBS reflects the activity required to go from 
the R&D phase of a subsystem to a pre-production prototype system2 In some sense 
it represents the cost of producing the first channel. In estimating the personnel and 
material expenses for the prototype system, one should assume that as a result of 
the R&D program the engineering team doing the design has a fairly good idea of 
what must be done, but is starting with a blank sheet of paper. Prototype system 
costs include the cost of the design team and the cost of an appropriate number of 
fabrication iterations for PCB's and I C's. The level of effort and expense will therefore 
depend on the degree of difficulty and uncertainty in the design. Much of what is 
now being done under the guise of "GEM Electronics R&D" is actually part of the 
prototype system WBS. This part of the WBS should also include the costs of any 
special-purpose test fixtures for IC's and PCB's. 

The size of the prototype system will depend on the subsystem in question. As a 
general rule the number of channels in the prototype system will be the smaller of 
1000 channels or 10% of the number of channels in the production system. Exceptions 
may arise, for example, in cases where more channels are needed to test prototype 

2The designation "prototype", which is employed for historical reasons, may be confusing to some; "pilot" 
or "pre-production" system is perhaps more descriptive. 
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detectors, or where the economics of IC fabrication dictate larger or smaller runs. In 
general much of the EDI&A for a given subsystem will occur in these branches of the 
WBS. Note that the roll-up of this part of the WBS represents a fixed cost that is 
(nearly) independent of the number of channels to be built. 

• Production System: This part of the WBS contains the costs associated with the 
mass-production of the electronics. Since most of the labor associated with actual 
production-e.g. loading circuit boards-will be done by outside contractors, this 
category will be dominated by procurement and fabrication. There will, however, 
be EDI&A activities associated with managing the various procurements, verifying 
that vendor-supplied materials meet GEM specifications, and subassembly testing and 
rework. Costs associated with shipping and/ or storing electronic subassemblies should 
be included here. 

• Installation: This part of the WBS includes the costs associated with the installation 
of the electronics, starting with the delivery of the subassemblies to the detector site. 

3.2 Standard Template 

Experience with other projects has shown that electronics cost estimates tend to go awry not 
so much because particular items have been underestimated, but rather because some items 
have been omitted altogether. To help avoid such occurrences a standard "template" for 
the prototype and production phases of each subsystem has been established. The standard 
template is illustrated in block-diagram form in figure 3. 

50.n.k.1 50.n.k.2 

HVPS In-detector 
LVPS 

• • 
• • 
• • 

50.n.k.3 

Signal 
Cables 

• 
• 
• 

50.n.k 

PrototypeJProdudion 

SUbsystem/No# Chan. 

50.n.k.4 

Active 
Components 

• 
• 
• 

[ 
2 Prototype Syslem 

k= 
3 Production System 

50.n.k.5 50.n.k.6 

Prilted Crate & Rack 
Circun Boards 

• • 
• • 
• • 

Additional Lower Level WBS Elements 

50.n.k.7 

Control & 
OataUnks 

• 
• 
• 

Figure 3: The "standard template" to be followed by each front-end subsystem. 

This template will serve as a checklist. Some subsystems will not use one or more of 
the items on the list. In this case the corresponding lines in the WBS can be set to zero or 
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omitted entirely. In general there will be additional WBS levels below the template items, 
but since these will be highly dependent on the subsystem, they will not be spelled out in the 
list that follows. Table 13 of reference [1] shows the complete electronics WBS, which was 
derived from reference [2]. Although the WBS will no doubt evolve with time-particularly 
at the lowest levels-unnecessary WBS changes should be avoided. 

The items in the standard template are listed below: 

• High Voltage Power Supply (HVPS): This includes the cost of HVPS's and their 
attendant cabling. HY includes wire-chamber high-voltages and bias voltages for ion
ization devices. 

• In-detector Low Voltage Power Supplies (LVPS): This includes the cost of 
LVPS's and their attendant cabling, cooling, and monitoring, for low-voltage power de
livered to in-detector (IND) elements. Low-voltage power and cooling for rack-mounted 
electronics, whether they be in the electronics room (ER) or mounted on the detector 
(OND) is not included in this part of the WBS, but rather will be accounted for via a 
"slot charge", assessed for each board that plugs into a crate (see crate cost estimates 
below). 

• Signal Cables: This includes the cost of all cables and their connectors running 
between the IND electronics and the OND electronics. Signal paths between the IND 
and OND areas and the ER are assumed to be fiber optics and will be accounted for 
in a different portion of the WBS. 

• Active Components: This includes custom and semi-custom I C's and hybrids. Com
mercially available I C's that represent a non-negligible fraction of the overall cost-e.g. 
micro-processors, RAM's, high-performance op-amps, etc.-should also be included. 
The cost of acceptance testing of IC's should be included here. 

• Printed Circuit Boards (PCB's): This includes all "substrates", such as standard 
fiber-glass epoxy boards or multi-chip modules (MCM). In addition to the substrate 
proper this includes the cost of miscellaneous low-cost commercially available I C's, and 
other such "common" parts- e.g. resistors, capacitors, board-mounted connectors, 
etc. It is anticipated that many designs will not be sufficiently evolved to allow one to 
account in detail for all such parts. In these cases a concerted effort should be made 
to identify and cost items that are likely to be cost drivers-e.g. connectors. Finally, 
this item includes the cost of assembling and testing the substrates, as well as any 
administrative expenses associated with procurement and QA. 

• Crate Costs: It is anticipated that GEM will adopt a standard design for all OND 
and ER crates. A cost estimate for these crates-including mechanics, LVPS, cooling, 
monitoring, and controller (where appropriate), etc.-will be worked out separately by 
the GEM electronics integration group at the SSCL. The cost of these items will appear 
in the subsystems as a "slot charge" assessed for each module. Since the development 
of these crates will be carried out m common, the prototype-phase costs for these 
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items will be minimal for most subsystems. A modest allowance, however, should be 
made to allow the design times to acquire and test the standardized crates with their 
electronics. As a working hypothesis, designers should assume that these boards are 
9U X 400 mm VME cards. Additional details will be made known as they become 
available. 

The GEM DAQ group will augment the crate costs with a standard DAQ controller 
and data link cost to be included as part of the slot charge. 

• Control & Data Links: In many cases these costs will be included as part of the 
controller portion of the slot charge discussed above. In some cases, for example rad
hard links between IND electronics and the OND area or the ER, special links will be 
needed in which case their cost should be reflected here. 

3.3 WBS Assignments for Each Subsystem 

The high-level WBS designations are shown on a subsystem-by-subsystem basis in table 1. 

Table 1: High Level WBS Assignments 

I Major Branch I Subsystem I WBS Designation 

Front End Resistive Plate Chambers 50.2.1.1 
Round Drift Tubes 50.2.1.2 
CSC 2nd Coordinate 50.2.1.3.1 
CSC Cathode 50.2.1.3.2 
Silicon Tracker 50.2.2.1 
IPC 50.2.2.2 
Calorimeter 50.2.3 

Data Acquisition Substructure to be determined 50.3 
Trigger Level 1 Calorimeter Trigger 50.4.1.1 

Level 1 Muon Trigger 50.4.1.2 

4 Personnel Costs 

The cost estimate should reflect the cost of all personnel involved in the development, design, 
manufacturing, installation, and test of GEM electronics, except for physicists, who as a 
general rule are not included in detector cost estimates. Exceptions to the "no-physicist" rule 
may occur in cases where physicists have taken on full-time or nearly full-time engineering 
or management responsibilities (see the section on offsets below). 

In cases where it is reasonably well known that a certain activity will take place at a 
particular U.S. institution the actual salaries and burdens for the team at that institution 
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should be used. In cases where this is not known, average rates should be employed as 
detailed in reference [1]. 

As noted, the costs of PCB assembly and other such labor-intensive tasks will likely 
appear as procurement costs since these jobs will probably be farmed out to assembly houses. 

Since the conversion between person-hours and person-years varies from institution to 
institution, GEM has adopted a policy of calculating all labor in hours, as set forth in 
reference [l ]. 

5 Foreign Contributions & Other Cost Offsets 

The general procedure is to cost all aspects of the detector assuming that it will be built 
entirely in the U.S. using DoE OSSC funds. In practice we anticipate substantial foreign 
contributions of both a direct and an "in-kind" nature. These contributions will be accounted 
for as "cost offsets" in the GEM funding plan and are therefore beyond the scope of this 
estimate. 

A similar principle applies in the case of U.S. engineers supported with non-SSC funds (i.e. 
DoE, NSF, TNRLC, etc.). The work to be done by these individuals should be included in 
the cost estimate even if it is known that they will not be supported by GEM. Their support 
will be included as a cost offset in the overall GEM funding plan. 

As a consequence some items (for example, engineering or management functions per
formed by base-program funded physicists) appearing in the cost estimate will be cancelled 
by identical items appearing in the funding plan. An informal list of any such items identified 
during the course of the estimate should be included as an appendix to each design team's 
cost estimate; this information may prove useful to the spokesmen as they prepare the GEM 
funding plan. 

6 Cost Estimate Deliverables 

Each design team participating is expected to provide the following documents as part of 
their cost estimate. 

6.1 Design Description 

The design description should comprise: 

1. A statement of the scope of the subsystem being estimated. This will be important in 
identifying possible areas of overlap and/or possible areas of incomplete coverage. 

2. A table (or tables) that specifies the performance requirements for the subsystem in 
question. Where appropriate the table should be supplemented by notes, explaining 
the conditions under which the specifications are to be met. 
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3. A block diagram that clearly shows the functional blocks of the subsystem and their 
interconnections. The diagram should be supplemented with descriptive text and any 
timing diagrams, etc., that will be of help in establishing how the subsystem operates. 
Circuit diagrams should included when available. As the estimate progresses and 
the WBS number assignments are fixed, functional blocks should, where possible, be 
labeled according to their WBS designations. 

4. A mechanical drawing that indicates the physical layout of the system. The drawing 
should show the approximate outline of !C's and connectors and the assumed physical 
dimensions of the boards. Cables and connectors should also be shown. As the estimate 
progresses and the WBS number assignments are fixed, components should be labeled 
according to their WBS designations. 

6.2 The WBS Dictionary 

A WBS dictionary that clearly defines which elements of the system are included under a 
particular WBS element should be provided. In general the WBS should structured according 
to the guidelines of section 3. In cases where this is not possible, variances from section 3 
should be clearly noted. It is anticipated that WBS designations may in some cases be 
poorly defined at first will and probably evolve with time. Design teams should do the best 
that they can in the early stages. Table 1 shows the current high-level WBS assignments. 

6.3 Basis of Estimate & Backup Data 

As part of the move from the top-down analysis to a full bottom-up approach, it is necessary 
to substantiate our costs to the greatest extent possible. In practice this means that whenever 
possible costs should be supported with vendor quotes. Copies of these quotes and any 
relevant information should be included in the cost documentation for each subsystem. 

In areas of particularly rapid technological advance, cost estimates may be based on 
projections of historical trends. This should be done only for items that are cost drivers 
and only in areas that are generally recognized to be rapidly advancing-e.g. computers, 
memory, and communication links. The rationale for any such estimates should be set forth 
in the basis of estimate. 

6.4 Cost Estimating Input Forms 

The primary mode of information transfer between the subsystem designers and the team 
responsible for the overall rollup of GEM costs a.re the "SSCL GEM Detector Success Cost 
Estimating Input Forms". These summarize the costs associated with ea.ch WBS line item. 
Sample and blank forms a.re included as an appendix. 
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6.5 Channel Summary Data 

Estimators for front end systems should provide a table summarizing which costs elements 
scale with the channel count and which cost elements correspond to fixed costs. For costs 
elements that scale with the channel count, cost-per-channel summaries should be provided. 
This information is needed to assess the impact of channel count on overall subsystem costs. 

6.6 Informal List of Potential Cost Offsets 

This applies mainly to U.S. universities. As noted in section 5, the cost estimates must 
include the cost of all labor and materials, regardless of their source. However, since the 
cost estimating process forces one to ponder what must be done and who might do it, it is a 
convenient time to identify and list potential U.S. cost offsets. This information may prove 
useful to the GEM spokesmen at a later date. 

7 Standard Costs 

Certain items, such as standard printed circuit boards, will occur in many places throughout 
the GEM electronics subsystems. To introduce some level of standardization and to avoid 
duplication of effort in determining these costs we will compile a menu of "standard" items 
and their associated costing rules. A preliminary version of that menu follows. 

7.1 Printed Circuit Board Manufacture 

Surveys of vendors and comparisons with other cost estimates reveal that the cost of standard 
multi-layer printed circuit boards in large quantities is reasonably well approximated by 

Cost = $0.25 x N,,.;r x A 

where Npa;, is the number of layer-pairs and A is the area of the board expressed in in2
• For 

example, in quantity, an eight-layer FASTBUS board would cost $0.25 x 4 x (14.4 x 15.9)in2 = 
$ 229. 

7 .2 Printed Circuit Board Assembly 

Based on discussions with United Mfg. Corp. in New Castle, Delaware it appears that the 
cost of loading and soldering circuit boards is given by the following rules: 

1) Assembly cost of $ 0.03 per lead 

2) Material parts at cost + 20% 

3) The cost of test fixtures is about $ 17 K - $ 20 K. This eliminates the need for other 
types of inspection. Running of the tests is built into the $ 0.03 per pin of item 1. 
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7.3 Integrated Circuit Costs 

Rule-of-thumb cost data[3] for a typical 4-inch wafer CMOS process are shown in table 2. 
In addition to the production costs, mask charges of $ 25 K per set and test set-up charges 
of$ 5 K per chip must be included. These numbers can be used for general-purpose CMOS 
!C's, although as their work progresses, designers should attempt to obtain quotes that are 
tailored to their particular application. Clearly these numbers are not suitable for bipolar 
or rad-hard !C's. Also, these data should be refined through vendor quotes in cases where 
IC production costs are cost drivers. 

Table 2: Rule-of-thumb costing data for CMOS !C's. The tabulated costs do not include 
mask charges of$ 25 K per set and test fixture setup charges of about $ 5 K. 

Size Area Yield Fab. Pkg Test Total 
Tiny 6.8 mm' 70% $ 2.05 $ 1.00 $ 7.50 $ 10.55 
Small 35 mm 2 65% $ 11.17 $ 1.50 $ 8.00 $ 20.67 

Medium 50 mm' 60% $ 17.65 $ 2.00 $ 8.50 $ 28.15 

8 Glossary of Abbreviations 

CSC Cathode Strip Chamber 

DoE Department of Energy 

EDIA Engineering, Design, Inspection, and Administration. 

ER Electronics Room. The forward electronics room, which is located in a shaft near the 
detector hall. Equipment in this room will be accessible with the beam on, with the 
possible exception of very-high luminosity running. 

IC Integrated Circuit, assumed to be monolithic unless stated otherwise. 

IND IN-Detector electronics-i.e. electronics that is mounted within the magnet volume 
and is therefore fairly inaccessible. 

IPC Interpolating Pad Chamber 

HVPS High Voltage Power Supply. Used to bias wire chambers, phototubes and ionization 
devices. 

LVPS Low Voltage Power Supply. Used to power electronics. 

OND ON-Detector electronics-i.e. electronics that is mounted on or near the magnet in 
the experimental hall. This electronics is accessible when the collider is off. 

12 
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OSSC Office of the SSC. 

PDT Presurized Drift Tube (now called RDT). 

RDT Round Drift Tube (formerly PDT). 

QA Quality Assurance. 

WBS Work Breakdown Structure. 
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DIGITAL STORAGE AND COMPRESSION 

GENERAL SPECIFICATIONS: 

- 60-62 MHz CLOCK 

- RADIATION (PER YEAR) (LEE & WATERS) 
i) HADRONS: FLUX= l .S X l 013 

/ cm 2
, 0.4 MRADS (Si)@ l 0 cm 

ii) NEUTRONS (BACKSCATTER BORON-POLY):< l 00 KeV FLUX= 3.3 x l 012 /cm2
, 

> l 00 Kev FLUX= 1.9 x l 012 /cm2 

iii) GAMMA: 

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

- NUMBER OF ASSEMBLIES (1 /2 LADDERS) = - 12 50 

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

- MEAN TRACK/ASSEMBLY/SIDE/16 ns = l @ l 033
/ 18 cm, 2@ l 034/18 cm 

- MEAN STRIPS-HIT/TRACK/ASSEMBLY/SIDE/16ns = 2@ 1033/18 cm, 2@ 1034/18 cm 

- MAXIMUM TRIGGER RATE (LEVEL l) = l 00 KHz 

SYSTEM PERFORMANCE: 

- RESET FREE 

- PHASED CLOCK (BETWEEN LOCAL AND MASTER) 

- PROGRAMMABLE INPUT LATCH (RISING OR FALLING EDGE) 

-TRIGGER LATENCY= 128 X 16 ns• 12Mtli'W.S · (- 2 ...._microseconds) 

- PROGRAMMABLE TRIGGER APERTURE (0 - 4 X 16 ns) 

- CONSECUTIVE TRIGGERS = 2 
9'1. "!% ~ I). '6 

- DATA DRIVEN STORAGE EFFICIENCY= XX% @JirLEVELS, (TRGL =~XX 16 ns) 

- COMPRESSION DELAY= 2 microseconds 

- MEAN COMPRESSED BW = 7.5 - 10 MBits/s@ 1033
, 15-20 MBits/s@ 1034 per 640 

- T; [ - A1: - _-: TI 4 3 
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GEM SILICON-TRACKER READOUT ARCHITECTURE 

I. SUMMARY 

The GEM silicon-tracker readout electronics architecture presented here is an optimized 
system-level design composed of the following subsystems: i) Multi-chip-carrier (MCM). ii) 
Analog amplifier, waveshaper and discriminator. iii) Digital storage, compression and control. 
iv) Optical readout, clock and trigger distribution. The system design balances and distributes 
the design requirements amongst the above subsystems. The design requirements, in addition 
to specifications and cost, include ease of realization, assembly complexity and testability. 

The basic 24/36 cm ladder assembly is shown in Figure 1. The base assembly unit is 
composed of 12/18 cm half ladder. A single MCM will provides the interface electronics for 
both the top 640 and bottom 640 strip detector channels. A blow-up of the MCM is illustrated 
in Figure 2 while Figure 3 shows the chip-layout. The role of the MCM is dual in that it provides 
an efficient electro-mechanical interface between the electronic and mechanical systems. The 
strip-detector wafer is supported by the MCM through a thermally-insulating spacer bridge, 
while the MCM itself is mounted (glued) to the cooling ring (heat spreader is optional). Note 
that all mechanical contacts in this design straddle the thermal symmetry axes in order to 
minimize positional drifts due to thermal expansion and contractions. Power and the digital
slow-control-bus are connected to the cooling-ring cabling through an edge connector, while 
the clock and trigger are brought in through 100-ohm micro-cables from the 1 :8 phase-locked 
optic to coax distribution modules situated on the cooling ring. Data from the MCM is 
transmitted through the fibre optic link that also runs along the space frame/cooling ring. 

The single MCM assembly represents a self-contained modular unit. The modularity is 
due to the integration of the digital control circuits (CMOS-2) and Input/output (slow control 
bus and optical driver) with the main analog and digital signal processing circuits. Advantages 
of modularity include improved electronic system integration, reduction in assembly labor and, 
of great importance, a significant increase in reliability and testability (through on-board 
automated testing). Because of the increased testability, the amount of time, labor and 
equipment required to test the system are significantly reduced. 

Analog signals from the strip detectors are coupled through the MCM extension flex
cables into the analog chips for amplifying, waveshapeing and discriminating. Hits detected by 
the amplifier are passed on to digital data-processing. 

The digital data-processing design consists of a latch, data storage and compressor. 
The data latch accepts a non-synchronized (relative to the system clock) analog pulse of 
random duration and generates a single, synchronized 16-ns digital pulse. Information is then 
stored for the duration of the trigger extraction cycle using data driven architecture. Triggered 
data is then passed on for data compression through both clustering and single hit extraction 
and then transmitted out. It is important to note that the SSC inner-detector strip occupancy is 
sparse and the trigger attenuation is high. allowing for both time and data compression. Based 
on the data flux, strip occupancy and trig!)Pr S!')P<:ifi~r.t!~ns stated below, the architecture will 
require a mean data bandwidth of< 20 MBits/sec/1280 strips (luminosity= 1 O" ). A single, 
time-division-multiplexed (TOM), 62 MBits/sec LED channel is provided. Figure 3 shows the 
general digital architecture. There are 10 storage/compressor CMOS· l chips (5 for each 640 
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strips), 1 controller CMOS·2D chip, 1 TOM BP-2 chip, and 1 62 MBits/sec LED. Each CMOS-1 
chip contains 128 channels, hence 5 chips are used for the "top" 640 strip and 5 chips for the 
"bottom" 640 strips. Both sets of chips use the same CMOS·2D chip and optical channel (31 
MBits/sec bandwidth per chip-set). 

II. SPECIFICATIONS 

11.A.1 GENERAL SPECIFICATIONS 

i) 62.5 MHz clock. 

ii) 5 MRads (Si) total dose over 10 years. (40% 1 MeV Neutrons, 40% 1 GeV Protons, 20% > 1 Mev 
Gamma). 

iii) Single Event Upset (SEU) tolerant, Reset free. 

iv) Number of assemblies (1/2 ladders): -1250. 

v) Strip-detectors/assembly/side: 640/3.3 cm (pitch= 50 microns). 

vi) Mean tracks/assembly/side/16 ns: 1 @ 1 O" /18 cm, 2 @ 1034/18 cm. 

vii) Mean strips·hit/track/assembly/side/16 ns: 2 @ 1 O" /18 cm, 2 @ 1034/18 cm. 

viii) Maximum trigger rate (Level 1 ): 100 KHz. 

ix) Trigger latency: 256 X 16 ns (- 4 micro-seconds). 

11.B.1 MULTI-CHIP-MODULE 

i) Dimensions: W • 33 mm, L - 61 mm, t = < 1 mm. 

ii) IC dimensions (W x L x t) and quantity per MCM: 

- BP-1 (Analog BiPolar): 5.85 mm x 6.2 mm x 250 microns, 10. 
· CMOS-1 (Digital CMOS): 5.85 mm x 10 mm x 250 microns, 10. 
- CMOS-20 (Digital CMOS): 7.5 mm x 10 mm x 250 microns, 1. 
- CMOS-2A (Analog CMOS): 5 mm x 5mm x 250 microns, 1. 
- TOM (Digital 8iPolar): 5 mm x 5mm x 250 microns, 1. 

iii) Buried resistors or capacitors : 

- 5 V Digital 1 000 pico: W mm x L mm x Z mm, 10. 
- 1.5 V Analog 1000 pico: W mm x L mm x Z mm, 20. 

iv) Surface mount device dimensions (W x L x h) and quantity per MCM: 
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- LED (GaAs): 5 mm x 5mm x 2.5 mm, 1. 
- Edge connector: 5 mm x 1 5 mm x 2.5 mm, 1. 

- Surface mount capacitors: 
- 5 V Digital l - 5 micro: W mm x L mm x Z mm, 1. 
- 1.5 V Analog 1 - 5 micro: W mm x L mm x Z mm, 2. 
- 1.5 V Analog XX micro: W mm x L mm x Z mm, 20. 
- 300 V Bias 0.1 micro: W mm x L mm x Z mm, 1 (cable mounted ?). 

- 50 -1 00 Ohm Coax: D = 2.5 mm, 2. 

11.C. l ANALOG SPECIFICATIONS 

i) BP-1 (Analog amplifier, waveshaper, discriminator): 

- Quantity: 10 X number of assemblies. 
- Dimensions: (W X L): 5.85 mm X 6.2 mm X 250 microns. 
- Number of channels/chip: 128 @ 45 micron pitch. 

ii) CMOS-2A (Analog A/D, D/A): 

- Quantity: l X number of assemblies. 
- Dimensions: (W X L): 5 mm X 5mm X 250 microns. 

11.D. l DIGITAL STORAGE, COMPRESSION, AND CONTROL 

i) CMOS-1 (Latch, storage, compressor): 

- Quantity: 10 X number of assemblies. 
- Dimensions (W X L): 5.8 mm X 10 mm X 250 microns. 
- Number of channels/chip: 128@ 45 micron pitch. 

ii) CMOS-2D (Controller): 

- Quantity: 1 X number of assemblies. 
- Dimensions (W X L): 7.5 mm X 10 mm X 250 microns. 

iii) TDM (Time-division-multiplexed, LED driver): 

- Quantity: 1 X number of assemblies. 
- Dimensions (W X L): 5mm X 5mm X 250 microns. 

11.E. l OPTICAL READOUT, CLOCK AND TRIGGER SPECIFICATIONS 

i) Clock: 62.5 MHz, 50% Duty Cycle, RT= 1 ns, FT• 1 ns, Jitter< 0.5ns. 

ii) Trigger: 8 ns Pulse, 16 ns Period, RT= 1 ns, FT= 1 ns, Jitter< 1 ns. 
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iii) Readout: Transmission Format= NRZ, 62.5 MHz, 50% Duty Cycle, RT< 2ns, FT< 2ns, Jitter 
< 2ns. 

iv) Number of Fibre Optic Links Required: 

- Readout= #Assemblies. 
- Clock +Trigger = #Assemblies/6 or 8. 

v) Receiver Specifications: 

- Optical Wavelength = 820-850 nm. 
- GaAs PIN. 
- Minimum Sensitivity - 50-100 microWatts. 
- Bandwidth - 1 50 MHz. 

vi) Readout Transmitter Specifications: 

- Optical Wavelength = 820-850 nm. 
- GaAs LED. 
- Minimum Fibre Coupled Power> 5 mW. 
- Bandwidth - 62-124 MHz. 

v) Fibre Specifications: 

- Maximum Fibre Length= 100 m. 
- Multimode. 
- Outer Fibre Diameter = 500 microns. 
- Inner Fibre Diameter= 200 microns. 
- Bandwidth > 1 50 MHz@ 830 nm & 100 m. 
- Interconnect Losses < 1 dB/connection. 

vi) Noise & Error Rate: TBD 

Ill. FABRICATION, ASSEMBLY AND TESTABILITY 

111.A.1 FABRICATION 

111.A.2 MCM 

111.A.3 ANALOG 

111.A.4 DIGITAL STORAGE, COMPRESSION AND CONTROL 

Ill.A. 5 OPTICAL READOUT, CLOCK .A.NO TRIC:GER 

111.B.1 ASSEMBLY 
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i) Deliver pre-tested IC chips, strip detector wafers (sawed) and mechanical supports. 

ii) Assemble wafers into 24/36 cm ladders using tape-bonding technology, test ladders. 

iii) Laminate wafers into double sided ladders, test ladders. 

iv) Fabricate MCM, test. 

v) Mount MCM to wafer ladder for finished ladder assembly. 

vi) Final assembly test. 

111.C.1 TESTABILITY 

TBD 
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Figure 1 APPROX. 1: 1 SCALE 

GEM SILICON TRACKER. HDI 12cm LADDER ASSEMBLY. 
e.c. I G.R. I M.J.K. MCDL, SST-11. GEloll..4. 

LOS ALAMOS NATIONAL LABORATORY,SST-11,MCDL,MSD448,PO BOX 1663,LOS ALAMOS.NM 87545. 11/18/92 
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Figure I NOT TO SCALE 

GEM SILICON TRACKER. HDI 1Bcm LADDER ASSEMBLY. 
e.c. I G.R. I M.J.K. MCOL, SST-11. GEML5. 

LOS ALAMOS NATIONAL LABORATORY,SST-11,UCDl.,USD448,PO BOX 1663,LOS ALAUOS,NU 87545. 11/18/92 
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Figure 2 

~-----SPACER 

~---;-SI I MCK 
INTERCONNECT 
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..-1----8• 

• .,------ICOOLING RING 

GEH SILICON TRACKER. DETECTOR ASSEMBLY H/SPACER 
NOT TO SCALE, 

e.c. I G.R. I M.J.K. l&/28/12. ORAWN1M.J.K. ll/18/12. 

LOS ALAMOS NATIONAL LABOftATOAT,SST·tl,"CDL TEAM,MS01&1&8.PD BOX 1883,LDS ALRt«JS NM 8751&1&. PtCED FNAM1 CE"SSTll_7. 
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33mm 
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1500u SO. MILL FIDUCIAL TYP. 

2000u SQ. LASER FIDUCIAL TYP. 

750u so. x 375u HIGH MSCC CAPACITOR TYP. 100pf (MSI INC.) 

'l!JDD, 
':DD 
:oo 
:i ~ II 

fM:O!:] roo: :oo: 
1001!1 :oojjj: 

""/ Si SUBSTRATE THICKNESS TBD. 

Iii 6.2mm !Omni x x 
5.85mm 5.85mm 

l!I' TYP. TYP. 

ANALOG DIGITAL 

CLOCK AND TRIGGER 
COAXS MOUNTED LAST 

CMOS2D 
7.5mm 

x 
IOmm 

I l!I 
, 1 6.2mm 1~ tomm x 

5.85mm 
TYP. 

x 
5.85mm 

TYP. 'l!I 

DIGITAL ANALOG 

LED MOUNTED 
LAST 

"-__ EDGE CONNECTOR 
MOUNTED LAST 

CAPACITORS MOUNTED LAST 

!....-----------Simm------------

NOTE: 
1. 375u MIN. SPACING BETWEEN: 

MILL WALL TO CAPACITOR, 
CAPACITOR TO CHIP, 
CHIP TO CHIP AND 
CHIP TO Mill WALL. 

2. CHIPS TO BE SAW CUT. 
TOLERANCE TBD. 

1'11 D w 

D 
1~ I 12ffi APPROX. 2: I SCALE 

Figure 3 APPROX. 1: 1 SCALE 

GEM SILICON TRACKER. PRELIMINARY DESIGN LAYOUT. 
B.C. I G.R. I M.J.K. MCDL, SST-11. GEMLJ. 

LOS ALAMOS NATIONAL LABORATORY,SST-11,MCOL,M50448,PO BOX 1663,LOS ALAMOS.NM 87~45. 11/18/92 
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MUL Tl-CHIP MODULE (MCM) 

I. SUMMARY 

The MCM, embedded in half of a 24/36 cm ladder assembly , is shown in Figure 1. A 
single MCM will provide the interface electronics for both the top 640 and bottom 640 strip 
detector channels. A blow-up of the MCM is illustrated in Figure 2. 

An important role of the MCM is that it provides an efficient electro-mechanical 
interface between the electronic and mechanical systems. The strip-detector wafer is supported 
by the MCM through a thermally-insulating spacer bridge, while the MCM itself is mounted 
(glued) to the cooling ring (heat spreader is optional ). Note that all mechanical contacts in this 
design straddle the thermal symmetry axes in order to minimize positional drifts due to 
thermal expansion and contractions. Power and the digital-slow-control-bus are connected to 
the cooling-ring cabling through an edge connector, while the clock and trigger are brought in 
through l OO·ohm micro-cables from the l :8 phase-locked optic to coax distribution modules 
situated on the cooling ring. Data from the MCM is transmitted through the fibre optic link 
that also runs along the space frame/cooling ring. 

From the electronics systems perspective, a single MCM represents a self-contained 
modular unit. The modularity is due to the integration of the digital control circuits (CMOS-2) 
and Input/output (slow control bus and optical driver) with the main analog and digital signal 
processing circuits. The advantages of modularity include improved electronic system 
integration, reduction in assembly labor and, of great importance, a significant increase in 
reliability and testability (through on-board automated testing). Because of the increased 
testability, the amount of time, labor and equipment required to test the system are 
significantly reduced. 

Other expected advantages of using the single MCM over the double MCM structure, 
shown in Figures 1 and 2, include the following: a) improved thermal management, b) 
improved radiation length, due to a single MCM for both top and bottom strip detectors, c) a 
factor of two reduction in the number of fibre-optic channels, cable connectors, CMOS-2A,D 
controller chips and MCM's, d) improved ease of assembly and e) minimization of spurious 
radiation (noise) due to power supply and digital switching. 

II. MCM SPECIFICATIONS 

Refer to Figure 3 for the following specifications. 

n Quantity· 

ii) Dimensions: W = 33 mm, L = 61 mm, t = < 1 mm 

iii) IC dimensions (W x L x t) and quantity per MCM: 
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BP-1 (Analog BiPolar): 5.85 mm x 6.2 mm x 250 microns, 10 

CMOS-1 (Digital CMOS): 5.85 mm x 10 mm x 250 microns, 10 

CMOS-2D (Digital CMOS): 7.5 mm x 10 mm x 250 microns, 1 

CMOS-2A (Analog CMOS): S mm x Smm x 250 microns, l 

TOM (Digital BiPolar): 5 mm x Smm x 250 microns, 1 

iv) Buried resistors or capacitors 

5 V Digital 1 000 pico: W mm x L mm x Z mm, 10 
1 .5 V Analog 1 000 pico: W mm x L mm x Z mm, 20 

v) Surface mount device dimensions (W x L x h) and quantity per MCM: 

LED (GaAs): S mm x Smm x 2.5 mm, l 

Edge connector: S mm x l S mm x 2.5 mm, 1 

Surface mount capacitors: 

S V Digital 1 - 5 micro: W mm x L mm x Z mm, 1 
1 .5 V Analog 1 - 5 micro: W mm x L mm x Z mm, 2 
1 .5 V Analog XX micro: W mm x L mm x Z mm, 20 
300 V Bias 0. 1 micro: W mm x L mm x Z mm, 1 (cable mounted ?) 

50 -1 00 Ohm Coax: D = 2.5 mm, 2 

Ill. MCM CIRCUITRY 

11/92 

The MCM circuit is broken into a digital schematic (Figure 4) and an analog schematic 
(Figure 5). The digital schematic contains the 5 x 128 storage/compressor chips (CMOS-1 ), the 
digital control chip (CMOS-2A), the TOM driver chip and LED, and the cabling inputs. Figure 5 
shows the S x 128 analog amplifier/waveshaper/discriminator and the analog CMOS-2A. The 
expanded IC pin-outs are shown in Figures 6A-E. 

Slow control or house keeping is accomplished through the slow-control bus interface 
with the cabling. External personal computers (PC's) systematically monitor the state of the 
analog and digital circuits on the MCM through the l 0-Bit bus + R/W/E lines and CMOS-2D,A. 

IV. LAYOUT 

The layout shown in Figures 3 and 6A·B utilize the General Electric/Texas Instruments 
High-Density-Interconnect (HDI) process. The process imbeds the IC chips into the substrate 
and builds the interconnect layers above the chips. This technology maximizes heat transfer 
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from the chip to the MCM and from the MCM to the cooling ring and minimizes spurious 
radiation due to digital switching and power supply coupling by maintaining quasi-TEM modes 
in its signal paths. Several of the important specifications are listed below: 

i) Substrate: Aluminum Nitride or Silicon. 

ii) Number of metalization layers: 5. 

iii) Line pitch: 1 00 microns. 

iv) Radiation tolerance: 40 MRad (Si), particle spectrum unknown. 

v) Minimum substrate thickness: unknown (Substrate thickness will probably determined by 
thermal conductance requirements). 

vi) Process yield: 6 sigma (3-5 defects per million). 

vii) Cost ? : Tl claims a target cost of 1 /3 of current industrial MCM costs. 

V. ASSEMBLY 

Current assembly plans include the following steps: 

i) Deliver pre-tested IC chips, strip detector wafers (sawed) and mechanical supports. 

ii) Assemble wafers into 24/36 cm ladders using tape-bonding technology, test ladders. 

iii) Laminate wafers into double sided ladders, test ladders. 

iv) Build MCM, test. 

v) Mount MCM to wafer ladder for finished ladder assembly. 

vi) Final assembly test. 
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Figure 1 APPROX. 1:1 SCALE 

GEM SILICON TRACKER. HDI 12cm LADDER ASSEMBLY. 
e.c. I C.R. I M.J.K. MCDL. SST-11. GEML4. 

LOS ALAMOS NATIONAL LABORATORY,SST-11,MCDL,MSD448,PO BOX 1663,LOS ALAMOS.NM 87545. 11/18/92 
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Figure 1 NOT TO SCALE 

GEM SILICON TRACKER. HDI 18cm LADDER ASSEMBLY. 
e.c. I G.R. I U.J.K. MCOL, SST-11. GEllL5. 

LOS ALAMOS NATIONAL LABORATORY,SST-11,MCDl.,MSD448,PO BOX ISSJ,LOS ALAMOS,NM 87545. 11/18/82 
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DIGITAL STORAGE, COMPRESSION AND CONTROL 

I. SUMMARY 

The basic superconducting super collider (SSC) detector unit considered here is a silicon 
PIN·diode strip detector consisting of 640 strip/channels. A particle traversing a wafer will 
activate a cluster of strips. The amplified strip signals provide the information on the position 
of a particle(s) in one dimension. The data acquisitions task is to extract the locations of the 
activated strips and transmit this information to an external data-processing unit that can 
integrate the information of many strip detectors. 

The proposed design consists of a latch, data storage and compressor. The data latch 
accepts a non-synchronized (relative to the system clock) analog pulse of random duration and 
generates a single, synchronized 1 &ns digital pulse. Information is then stored for the 
duration of the trigger extraction cycle using data driven architecture. Triggered data is then 
passed on for data compression through both clustering and single hit extraction and then 
transmitted out. It is important to note that the SSC inner-detector strip occupancy is sparse 
and the trigger attenuation is high, allowing for both time and data compression. Based on the 
data flux, strip occupancy and trigger specifications stated below, the architecture will require 
a mean data bandwidth of< 20 MBits/sec/1280 strips. A single, time·division·multiplexed 
(TOM), 62 MBits/sec LED channel is provided. 

Figure 1 shows the general chip architecture. There are 10 storage/compressor CMOS· 1 
chips (5 for each 640 strips), 1 controller CMOS·2D chip, 1 TOM BP-2 chip, and 1 62 MBits/sec 
LED. Each CMOS· 1 chip contains 128 channels, hence 5 chips are used for the "top" 640 strip 
and 5 chips for the "bottom" 640 strips. Both sets of chips use the same CMOS-20 chip and 
optical channel (31 MBits/sec bandwidth per chip·set). 

GENERAL SPECIFICATION 

· 62. 5 MHz clock. 

- 5 MRads (Si) total dose over 10 years. (40% 1 MeV Neutrons, 40% 1 GeV Protons, 20% > 1 Mev 
Gamma) 

- Single Event Upset (SEU) tolerant, Reset free. 

- Number of assemblies (1/2 ladders): . 

·Strip-detectors/assembly: 640/3.3 cm (pitch • SO microns). 

· Mean tracks/assembly/16 ns: 1 @ 1 O" /18 cm, 2 @ 1034/18 cm. 

· Mean strips·hit/track/16 ns: 2 @ 1 O" /18 cm, 2 @ 1034/18 cm. 

· Trigger rate (max ?): 1 00 KHz. 
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- Trigger delay: 256 X 16 ns (- 4 micro-seconds). 

CMOS, BiPolar, LED SPECIFICATIONS 

- CMOS-1 (Latch, storage, compressor) 

- Quantity: 1 O X number of assemblies. 
- Dimensions (W XL): 5.8 mm X 10 mm. 
- Number of channels/chip: 128@ 45 micron pitch. 

- CMOS-20 (Controller) 

- Quantity: 1 X number of assemblies. 
- Dimensions (W XL): 7.5 mm X 10 mm. 

- TOM (Time-division-multiplexed, LED driver) 

- Quantity: 1 X number of assemblies. 
- Dimensions (W XL): 5mm X 5mm 

- LED (GaAs) 

- Quantity: 1 X number of assemblies. 
- Dimensions (W X L): 5mm X 5mm 

II. DATA LATCH 

When a strip detector is hit by a particle, the resulting charge generated is collected, 
amplified and wave-shaped by the analog amplifier. Variations in the time and amplitude 
envelope of the charge waveform due to particle type, trajectory and position can produce a 
.time jitter (time walk) at the output of the amplifier. Hence, the total time delay involved in a 
particle traversing a strip to when the analog stage produces a digital output is represented by 
a fixed delay plus a random component (time jitter). In addition, the same time and amplitude 
variations in the charge envelope produces a strong return-to-zero time-jitter (several beam 
crossings) at the output of the analog stage. Therefore, the requirements expected of the latch 
are the generation of a single, synchronous (relative to the system clock), pulse independent of 
the rise and fall time jitter of the analog stage. 

Figure 2 shows a sequential latch circuit that will accomplish the above requirements. 
The latch is a two state circuit and will generate a single 16 ns pulse only when the clocked 
sequence contains a one - zero com bi nation (rising edge) or zero - one combination (falling 
edge). 

Ill DATA STORAGE 

The storage algorithm makes use of the sparse nature of the data. The expected SSC 
inner-detector strip occupancy is very low (see above GENERAL SPECIFICATIONS), allowing for 
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the implementation of data driven storage'·'·'. In data driven storage, only the hit channels 
initiate the data processing. This is as opposed to clock driven storage were channel data is 
stored at every clock cycle regardless of the state of the channel. In essence, a certain level of 
intrinsic storage compression is achieved when a data driven architecture is used with sparse 
data sets. In addition, since the relative processing activity in a good data driven storage 
architecture is directly proportional to the strip-detector channel occupancy, a significant 
reduction in data processing volume is expected (as compared to a clock driven shift register 
architecture). A reduction in the data processing volume leads to lower power dissipation and 
eases some of the problems involved in high speed integrated circuit (IQ chip design. Indeed, 
in the architecture presented major portions of the chip circuitry are dormant because only hit 
strips are processing and power is dissipated only during data shifts and pointer increments 
(discussed below). 

111.A. l. CONCURRENT POINTER TRACKING DATA STORAGE 

A brief description of the algorithm follows. Referring to Figure 3, when an analog 
rising or falling edge is detected and latched, the current count of COUNTER is copied into the 
register pointed to by WP (REG3 in this case). WP is then incrementing to the next register 
(REG4) for the next latched edge. Simultaneously, the count of COUNTER and the contents of 
the register pointed to by RP (REGl in Figure 3) are continuously compared (note that the 
contents of REGl and the counter always lag by 2", where n is the number of counter bits and 
2" X 16 ns is the trigger delay). When the contents are equal and a trigger is present, OUT=l 
and RP is incremented to the next register (REG2). If the contents are equal and no trigger is 
present, OUT =0 and RP is still incremented to the next register. 

Of primary importance is the constant updating of the read pointer so that prompt 
readout of the appropriate tagged-hit is initiated in the event of a matching trigger. The key to 
the success of the data driven storage technique is that the read pointer is guaranteed to point 
to the address of the only possible event candidate when the corresponding trigger is 
processed. This requires that all read pointers are concurrently updated by the counter and 
trigger relative to the pointers contents, and relative to the write pointer. Figure 4 illustrates 
the cyclic relations between the read pointer (RP) and the write pointer (WP). The absolute 
locations of the read and write pointers is irrelevant, only their relative positions are important. 
Note that the read pointer is always trying to "catch" up to the write pointer. It should be noted 
that the read pointer value can only be equal-to or less-then the write pointer and action on a 
read pointer is always delayed one cycle (clock) behind the write pointer action for a given 
position on the ring. In addition to the above mentioned restrictions, a read pointer location is 
current only until the COUNTER value equals the tag pointed to by the read pointer. To repeat, 
when this occurs, the read pointer is advanced to the next location (provided that it does not 
pass the write pointer). If no events have recently occurred and the write pointer has been idle, 
the circuit goes dormant until a hit arrives. 

Other points worth mentioning include: 

i) Only the relative clock phasing between the system clock and any other counter (like 
COUNTER) is important (note that 250,000 - 500,000 counters will be distributed throughout 
the architecture). If a phased clock is used (in GEM this represents 256 counts X 16 ns), the 
trigger is always timed to arrive 256 counts later (relative to an event) independent of the 
contents of COUNTER. This implies that the trigger can be sent down a single fibre as a pulse 
and system-clock resets are not required. 
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ii) Each single-bit circuit is a self-contained autonomous cell, that is errors tend to be confined 
to a single or few cells (each cell represents a single bit). The cells can also be made to be self· 
correcting in the event of a single-event-upset (SEU) of logic 'glitch'. This is possible due to the 
concurrent pointer technique combined with sparse data and the 100 KHz trigger rate (on 
average, COUNTER will cycle through all the 'garbage' and re-align RP and WP well before the 
next hit or trigger occurs). 

iii) The trigger aperture can be adjusted. 

iv) All logic is piplined (there is no feedback). 

v) The cell goes dormant and dissipates very little power when no hits are registered. 

111.B.1. DATA STORAGE CIRCUIT 

The circuit synthesis of the architect shown in Figure 3 is given in Figure S. The circuit 
is a single-bit cell and consists of the latching circuit (shown in Figure 2), an 8 X N bit multi· 
port R/W static ram array (a CMOS ram cell is shown in Figure 6), the RP/WP shift-register 
stacks & control circuitry and the counter and the comparator. The depth N of the static-ram is 
determined by the occupancy rate, the required trigger delay (4 microseconds) and the trigger 
rate. A depth of N=8 has been selected for the preliminary design. The data storage circuit 
component of CMOS· 1 is composed of 128 single-bit cells (see COUNTER sharing below). 

The circuit input/output lines are: 

i) IN: Analog input. 

ii) SET: Part of the test circuitry. Digitally sets the cell to a logic 1 for test purposes. 

iii) RE, NOT(FE): Selects analog rising or falling edge. 

iv) RESET: Cell reset. Pointers are set to REGO, COUNTER= 0, LATCH = 0 and 8 X N RAM may or 
may not need resetting. 

v) CLOCK: 62 MHz clock pulse. 

vi) TRIGGER: Single line, variable aperture trigger. 

vii) OUT: Cell output. 

Several observations follow: 

i) COUNTER can be shared by multiple single-bit cells to reduce component count. A single 
counter can service 8 to 16 cells. Note that not only is the counter expected to run non
synchronized with the master clock (as described above), but if the counter "skips" due to an 
SEU or circuit error, the counter/8-16 single-bit cell circuit will recover within at worst 256 
counts (- 4 microseconds). The odds of passing bad data is proportional to the number of 
single-bit cells per counter, the SEU and/or circuit error rate, the occupancy rate and the 
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trigger rate all which are extremely low. 

ii) The WP and RP shift-register stacks are independently designed to reset to logic 0 when a 
logic l is shifted into the REGO pointer. This provides a means of removing multiple pointers 
activated by SEU. In addition, if an SEU or circuit error erases the logic 1 pointer, the circuit in 
Figure S automatically generates a new pointer at REGO. 

iii) Based on i and ii above and other criteria to be presented later, the circuit can be operated 
without the need for periodic global resets. 

iv) TRIGGER is a pulse whose aperture is variable from a single beam-crossing up to 4 beam
crossings. The aperture is set by CMOS-2D, TRG DELAY (see MC), while the trigger delay is 
externally set. Hence, if vectors from the previous, current and next beam-crossings are to be 
sent up in a single vector, the trigger pulse is advanced by 1 beam-crossing and TRG DELAY is 
set to (1,0). The CMOS-1 trigger circuit is shown in Figure 7. 

V) A write cycle to a register requires both the WP and a LATCH pulse to enable the counter to 
register write. The WP is always statically enabling (pointing to) the correct register but the 
LATCH pulse is what dynamically initiates the transfer. 
This data transfer technique minimizes power 
consumption. 

IV DATA COMPRESSION 

The trigger latches the 128-bit data vector out of 
the data storage and initiates the data compression cycle. 
Data compression is accomplished by transmitting both 
cluster and single hit information. The algorithm proceeds 

0 I 2 3 4 !!I 8 ' 8 9 10 11 12 13 14 l!!I 

0 0 1 I I I 0 0 I I I I I I O I 

16-Bit Detector With Two Clusters And A 
Single Hit. 

as follows: The uncompressed data retrieved from storage is edge-de.tected for either single hit 
or cluster edges. Then, the relative positional offsets of the edge boundaries are found. The 
resulting compressed data vector is then composed of the number of edges and the positional 
offsets of each edge (relative to the CMOS-1 boundary In this design). 

IV.A.1. ALGORITHM 

An illustration of the algorithm follows. A fictitious 16 bit (strip) detector with two 
boundary conditions BCL=BCR•O, two clusters and a single hit. The binary data vector is shown 
immediately below. As the data vector is "passed through" a shift-register/counter, the edge 
offsets and the number of edges are counted. The decimal encoding of the two clusters and 
single hit in terms of shift register clock, edge count and accumulated offset count reduce to 
the following: 
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Clock #Edges Offset Single Hit CYES=ll 

0 0 0 NA 
1 0 1 NA 
2 1 2/ 0 
3 1 2/3 NA 
4 1 2/4 NA 
s 2 2/5/ 0 
6 2 2/5/6 NA 
7 2 2/5/7 NA 
8 3 2/5/8/ 0 
9 3 2/5/B/9 NA 
10 3 2/5/8/10 NA 
11 3 2/5/8/11 NA 
12 3 2/5/8/12 NA 
13 4 2/5/8/13/ 0 
14 4 2/5/8/13/14 NA 
1 5 5 2/5/8/13/15/ 1. 

Note that the "/"denotes the edge boundary. Since the largest possible edge is 16 or less, the 
edges can be encoded with 4+ 1 bit words where the leading bit encodes a single-hit. The 
resulting binary representation of the encoded vector is: 

#Edges= 101 

Offset =00010_00101_01000_01101_ 11111. 

Admittedly, using 23-bits to encode a 16-bit number is rather inefficient. A practical 
implementation would generate an overflow and transmit the original un-encoded vector. 

The above compression algorithm is useful only for sparse single-hit/clustered data. 
The GEM data set is extremely sparse even at high luminosity (see specifications above) and 
hence, is suitable for edge compression. Figure 8 shows the compressor architecture for a 128-
Bit chip. When a trigger is detected, the compressor is first reset, and then accepts the 128-Bit 
vector, stores one copy and passes another to the 130-Bit shift register (the 0 and 129 register 
contain BCL and BCR respectively). The vector is serially shifted synchronously with the OFFSET 
counter. When an edge is detected, the contents of the offset counter are transferred to the 8-
Bit register pointed to by the edge counter. If the edge detected is a cluster, then MSB=O, 
however, if the edge is a single hit, then MSB= 1. The process continues until the offset counter 
= 128, or until the edge counter detects an overflow (to many edges). If the edge counter 
overflows, the original vector is passed on. 

IV.B.1. COMPRESSOR CIRCUIT 

The compressor circuit realization of the architecture in Figure 8 is shown in Figure 9. 
Note that up to 16 edges (16 single-hit, or 8 clusters or any combination less than 16) can be 
accommodated before an overflow is generated. When greater than 16 edges (16 edges X 8-
Bits = 128-Bits) are detected, the original vector is passed on for transmission 
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The input/output lines are: 

i) BCL: Boundary condition left. Defines left-most edge boundary. 

ii) BCR: Boundary conditions right. Defines right-most edge boundary. 

iii) RESIT: Resets the compressor. A reset is performed before every compression cycle. 

iv) CLOCK: 62 MHz clock. 

v) ENABLE: Initiates compressor. After the reset is strobed and the 128-Bit vector is received, 
ENABLE is set high to start compression. 

vi) READY: When compression is successfully completed, READY= 1. When the 7-Bit offset 
counter reaches 127, READY= 1. 

vii) OVERFLOW: Indicates more then 16 edges where detected. When more than 16 edges are 
detected (edge counter overflow) , compression is suspended. 

IV_C. l. COMPRESSOR EFFICIENCY 

The overall compression efficiency for all 640 channels can be understood by referring 
back to Figure 1. The full 640 channel compression architecture is composed of the 5 X 128-Bit 
segments corresponding to the five CMOS· 1 chips and half of the CMOS-2D controller (the 
other half handles the opposing 640 channels). The data is passed from CMOS-1 to CMOS-2D 
through a common 64-Bit + 4-Bit bus plus the independent lines READY, ENABLE, HIT and 
OVERFLOW. A brief description follows : 

i) R (READY): Flags the CMOS-2D controller when a given segment compression is complete. 
The flag originates from the corresponding CMOS-1 chip. 

ii) E (ENABLE): After compression READY flags are received, the CMOS-2D controller 
sequentially enables the 5 CMOS-1 chips. 

iii) H (HIT): If the corresponding CMOS-1 chip registers a hit (edges are detected) then the 
CMOS-2D controller is flagged by HIT• l for sequential enabling. If no edges are detected (HIT 
= 0) then that particular segment (CMOS-1 chip) is skipped. Note that on average, only one or 
two of the five 1 28-Bit segments are hit. 

iv) 0 (OVERFLOW): If more than 16 edges are detected in a segment, then that particular 
CMOS-1 chip generates an OVERFLOW= 1 flag for the controller. This signals the controller that 
a 128-Bit uncompressed vector is to be sent. 

v) BUS: The 64-Bit edge + 4-Bit edge count bus. 

When a CMOS-1 chip is enabled, the edge count+ first 8 edges (4 + 64-Bits) are placed on the 
bus and transferred to CMOS-2D. If more than 8 edges are compressed or an OVERFLOW flag is 
present, the remaining 64-Bits are transferred. 
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Note: A detailed layout schematic is given in the MC section. 

The combined 5 X CMOS-1 and CMOS-2D architecture produces the following 
transmittable vector: 

[Ol 234][01234](XXXX ... ](XXXX ... ][XXXX ... J[XXXX ... J(XXXX ... ] 

or, 

[HITS](OVERFLOW)[EDGES, .... ](EDGES, ... ][EDGES, ... ](EDGE5, ... ][EDGES4 •• ]. 

where 0, 1,2,3,4 represent the five 128-Bit segments of the 5 X CMOS-1 chips. 

11/92 

The header is composed of ten bits. The first five contain hit information (hit segments), while 
the remaining five contain overflow information. The remaining data stream consists of 
segment data. If a segment contains hits, the first four bits sent represents the number of 
edges, followed by the bit steam of #edges X 8-Bits. The compressed vector bit count of the 
transmittable vector Is given by: 

n=10+1; [ {4U{S;, C;) +8 {S;+2C1 )) IF> 132, THEN 128) , 

where i is the segment index (0, 1,2,3,4), and the number single hits and clusters are given by 
S; and C,. respectively. Note that if the number of single hits and clusters exceeds 1 32-Bits, 
then only 128-Bits are transmitted (the 4-Bit edge count is not required and is striped). Several 
bit counts for various combinations follow. 

s c n 

0 0 0 10 
1 C) 1 22 
0 1 1 30 
1 1 1 38 
2 0 1 30 
2 0 2 34 
0 2 2 50 
1 1 2 42 
2 2 2 66 
>16 >8 1 138 
>16 >8 5 650 
16 or 8 5 670 

The minimum required bandwidth is then given by n times the maximum mean trigger rate 
(this does not include overhead). Based on the specifications given earlier, conservative 
bandwidth requirements (including overhead and noise estimates) are: 

7.5 - 10 MBits/sec for beam luminocity = 1033 

1 5 - 20 MB its/sec for beam luminosity= 1 O" 

Referring to Figure 1, the optical channel is a 62 MBits/sec LED/fibre-optic link. The "top" and 

75 



B. Cooke 11/92 

"bottom" 640-channels are time-division-multiplexed into 31 MBits/sec channels through 
CMOS-2D. Hence, the optical channel is adequate with sufficient bandwidth for excessive noise 
and increased trigger rate transients. 

An interesting example is the encoding of all 640 channels. The resulting transmission vector 
is given by the following unique encoding 

(10001 ](00000][0001 00000000][0001 01111111 ]. 

V CONTROLLER 

The controller chip (CMOS-2D) handles both the top and bottom 640 data channels as 
described above. In addition, all test and register settings (for example, rising or falling edge 
latching, trigger aperture etc) are programmed through the slow control bus. The architecture 
of the controller has been constrained by the system requirements. 

V.A.1. DATA CONTROL ARCHITECT 

TBD 

V.B. l. SLOW CONTROL ARCHITECT 

TBD 
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OPTICAL READOUT, CLOCK, TRIGGER 

I. SUMMARY 

Figure 1 shows the general electronics assembly architecture. The high-bandwidth 
items of interest to this section are the fibre-optic readout, clock distribution and trigger 
distribution. The optical readout is the MCM's dedicated data link that transmits hit 
information. The clock and trigger are brought onto the MCM through microcoax from a 
central optical receiver. Currently, six to eight assemblies are serviced for every clock/trigger 
optical receiver with the clock and trigger sharing the same optical link. 

SPECIFICATION SUMMARY 

- Clock: 62.5 MHz, 50% Duty Cycle, RT= 1 ns, FT= 1 ns, Jitter< 0.5ns. 

- Trigger: 8 ns Pulse, 1 6 ns Period, RT = 1 ns, FT = 1 ns, Jitter < 1 ns. 

- Readout: Transmission Format= NRZ, 62.5 MHz, 50% Duty Cycle, RT< 2ns, FT< 2ns, Jitter< 
2ns. 

- Total dose: 5 MRads (Si) total dose over 10 years. (40% 1 MeV Neutrons, 40% 1 GeV Protons, 
20% > 1 Mev Gamma) 

- Single Event Upset (SEU) tolerant. 

- Number of Assemblies (Strip detector+ MCM ~1 /2 ladders): - 1250. 

- Number of Fibre Optic Links Required. 

- Readout = #Assemblies. 
- Clock +Trigger = #Assemblies/6 or 8. 

- Receiver Specifications 

- Optical Wavelength = 820-850 nm. 
- GaAs PIN. 
- Minimum Sensitivity - 50-100 microWatts. 
- Bandwidth - 1 SO MHz. 

- Readout Transmitter Specifications 

- Optical Wavelength = 820-850 nm. 
- GaAs LED. 
- Minimum Fibre Coupled Power> 5 mW 
- Bandwidth - 62-1 24 MHz 
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- Fibre Specifications 

- Maximum Fibre Length = 1 00 m. 
- Multimode. 
- Outer Fibre Diameter = 500 microns. 
- Inner Fibre Diameter = 200 microns. 
- Bandwidth > 1 SO MHz@ B30 nm & 100 m. 
- Interconnect Losses < 1 dB/connection. 

- Noise & Error Rate: TBD 

II. READOUT 

A detailed block diagram of the readout optical link is shown in Figure 2. The figure 
illustrates many of the interface and electronic blocks design requirements. The discussion in 
this section primarily focuses on the design issues up to the detector/amp assembly (primarily 
in terms of optical compatibility and noise/error rates). An 850 nm optical link is shown in 
Figure 3. The design calls for the use of a large numerical aperture (NA) fibre (ID = 200 
microns), a surface mount LED and a TOM driver. 

i) A large numerical aperture fibre (ID= 200 microns) allows for lower-loss insertion (more light 
is couple from the diffused LED source into the fibre) and cheaper fibre connections (cleave & 
weld, bulk connector, etc.) for both matched and unmatched fibers (see Figure 4 from Ensign
Bickford), then do lower aperture fibers (ID<= 50-100 microns). The larger fibre size (OD = 
SOO microns) also provides easier handling characteristics then do smaller fibers. It is 
important to note that a great deal of the optical-link costs are found in the assembly phase 
(primarily in the fibre interconnects). In addition, inexpensive bulk-head connectors can be 
manufactured by drilling 500 micron holes into matched lucite blocks. The blocks are bolted 
together to form the evanescent field coupled connections (losses from fibre positional 
mismatch and coupling is minimized due to the large numerical aperture of the fibre). 

ii) An LED is a diffused, non-coherent source (lambertian) and optical coupling into a fibre is 
optimized if a) the fibre has a high numerical aperture and b) a lens on the LED focuses a 
larger amount of power into the fibre. A surface mount LED (important for inexpensive MCM 
mounting) is shown in Figure 5. The surface mount LED is under development at Honeywell 
and can be mounted with a lens. Note that the LED needs to be rotated by 90 degrees for flat 
mounting (the SOC is currently pursuing this option with Honywell). If a lens cannot be 
inexpensively mounted, sufficient power can be coupled into a 200 micron (ID) for satisfactory 
performance. 

iii) The Time-Division-Multiplexed (TOM) chip not only provides the multiplexing between the 
two CMOS-20 channels but also provides the appropriate buffering. A bipolar TOM multiplexed 
is shown in Figure 6. The circuit is fairly common and an appropriate off-the-shelve part should 
be available. Note that driving a device with high-current requirements at 31 MHz (let alone 62 
MHz) with straight CMOS circuitry without bipolar buffering is very difficult. If the incoming 
clock (see below) needs buffering, an additional buffer can be provided on the TOM chip. 
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Ill. CLOCK AND TRIGGER DISTRIBUTION 

The clock and trigger are carried on the same fibre by phase locking the clock. The 
clock/trigger distribution block-diagram is shown in Figure 7. The clock is fed into a phase
locked-loop (PLL) and distributed to the MCM assemblies through microcoax. The trigger is 
sent when a clock pulse is deliberately left out. When the PLL generates the missing pulse (and 
hence detected) a trigger pulse is generated and distributed through a second set of 
microcoax. An important observation is that the signal to noise ratio of the optical link remain 
high enough to maintain the integrity of the trigger. GaAs PLL clock distribution chips are 
available from both Vitesse and Tri-Quinn (see spec sheet in Figure 8). The PLL/distribution 
chip and receiver/amplifier pair are mounted on the inside of the cooling ring and metal 50-
1 00 ohm microcoax are used to distribute the signal. A similar packaged circuit from Honywell 
is shown in Figure 9 (with their DMUX chip replaced with the PPL/distribution chip). 
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FEATURES 
• Six outputs (Q) with maximum outpuMo

output skew of 500 ps 

Duty cycle: 50% ± 10% 

Input reference clock frequency range from 
25 to 100 MHz 

Additional outputs: Q6, Q7 at IX. 2X. 4X 
the QO-QS frequency 

lTL compatible inputs and outputs 

loL = 24 mA at v OL = 0.5V, loH = -24mA 
at V0H= 3.0V 

Single +5V supply 

• 400 mA supply current (max) 
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VSL4485C 

High Performance·>· 
~lock Distribution Chip> 

• o•c to 70°C ambient operating temperature 

28 pin MQUAD™ package 

• 200 ps effective delay 

FUNCTIONAL DESCRIPTION 
The VS!A485 clock driver chip is a Low. 

Skew TTL I!O Clock Driver which controls the 
phase and frequency of the output clocks through 
the use of an internal Phase-Locked-Loop (PLL) 
which operates at between 6X and 24X the input 
reference clock frequency. By feeding back one of 
the output clocks (to the FEEDBACK input), the 
PLL can maintain a fixed relationship between the 
input reference clock (REF _IN) and all outputs. 
The VSL4485 can also be used as a 2X and 4X 

- 00 

- 01 

-
Q5 

-
- 07 

frequency multiplier by using one 
of the QO-QS outputs as the FEED· 
BACK input and configuring the 
multiplier pins (Ml, MO). The Q6, 
Q7 outputs will then run at mul
tiples of the REF _IN frequency. 
The VSL448S can also generate 
multiple phase relationships be· 
tween the clocks. These output 
phase relationship configurations 
can boo selected by the choice of the 
output used as the feedback input 
and the state of the select pins (SJ, 
SO). Io addition, the width of the 
phase increment can be varied from 
4% to 16% of the Q output clock 
period by using the divider pins 
(D2:DO). 

The VSL448S is ideal for 
providing and distributing system 
clocks in advanced microprocessor 
based systems requiring clock fre· 
quencics in excess of 50MHz. 

VITESSE Semiconductor Corporation 
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Features: 
Fully Monolithic Receiver including: 

Photodetector 
Amplifiers 
Link status monitor 
Clock recovery circuit 
1:10 DMUX with 48/58 decoder 

Broadband operation 
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Specifications: 
Die size: 
Serial data rate: 
Input: (optical) 
Sensitivity: 
Outputs: 
Power supply: 
Power dissipation: 

.215" x .109" 
10 - 400 MbiUs 
780 nm - 820 nm 
<50 uW 
CMOS-TTL 
-5V@200 mA 
1W 

Honeywell 
Systems and Research Center 8920121-01 
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GEM 
IPC Front End Electronics 

Cost Estimate 

12/92 
Jin1 Musser 
Indiana University 
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Multi-Chip Module 
(MCM) 

IPC Front End 

Decoupling 
Capacitors_. 

2.5cm 

D 

D 

DD 
DD 

.,._ Preamp/Shaper 

D 
.,._ SCA/MUX 

D 

D 
.,._ FADC 

D 
---- J.5cm ---.... 

1 MCM/Hybrid per 16 IPC Channels 
Co1nponents: 

Octal Preainp/shaper 
16 Channel SCA/MUX 
8 bit FADC 
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IPC Interconnects 

111?UMl!'il617 nn 111 112 11J 11.t 11.!'i "' 

2.Scm 

•mpVDD 

Sch. Amp 
' ' 

' ' 

rdmhl_"'"' f."t------~ 

"'·1------~ 
16 ch 

... ,_ _____ _ 
" SCA/MUX 
''"'I-----''--

rdrtdd_odd J:NI-----~ 

An c:NDl-----_r

lbla1 t--~:===:::;::'...l -SCA YDlt----' 

' ' 
\"Drtanalor:I-----~~ 
\'S.,1t111•Joal-----~-. 

c-r1,_ _____ _ 

ln'I--------

di ., dJ 

- - r - -

FADC 

- I .. ., ., 
1.Scm 

111 

Sch. Amp 

' ' 

. ' 

' ' 

., .. 
.. 

•nip \'DD 

•mpGND 

'Tlldd_f"'ftl EN .,, .,, ... ... .... .,, 
undd_edd [N ..... 
,~ ... 
~l',\ \"SS 

\"rpf+ 
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Preamp/Shaper 
Cost Estimate 

R&D 
3 rad-hard fab. runs - shared with SCA 

$85K per run 
1 FTE engineer/tech.through 1994 @$139K/yr 

E&D 
0.5 FTE engineer 
$42K Pre-production fab run 

I&A 
50 f\1D 

Proc/Fab - based on Jlarris quote 
$3000/ 4 inch wafer 

die size= 5.6 nnn2 

80% yield 
$2.68/ good die + $10.00/die testing+$88K NRE 

Cont. 
39% 
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SCA Specifications 

• 8 Bit Dynamic Range - • Single bucket R/0 ti1ne < 500 ns 
• Simultaneous Read/Write Capability 
• 60 Mhz clocking rate 
• Integrated 16-1 multiplexer 
• length > level l latency period 
• local level 1 buffering 
• rad-hard - 2 Mrad 

Add. Decoder 

.__ 7.Sm Pads 

r -~~-===--~---=~-

~~--6.7mm 

MUX 

Cap. Array 
RIO Amps 

113 



SCA 
Cost Estimate 

R&D 
3 rad-hard fab. runs - shared with Amp 
$85K per run 
I FTE engineer/tech through 1994 @$ l 39K/yr 

E&D 
0.5 FTE-engineer 
$42K pre-production f ab run 
Test Station - $50K 

I&A 
60MD 

Proc/Fab - based on 1-Iarris quote 
$3000/ 4 inch wafer 

die size = 50 inm2 

40% yield 
$50.00/ good die + $10.00/dic testing+$88K NRE 

Cont. 
39% 
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~.:..,,,_/_10_·_92_1_6_• 1_3_G_r_E_sr_r_N_G_L_I_VM_r_·---""'M"""&AO PRODUCT OPERATIONS 

/ 

HARRIS HS-9008RH 
CMOS 8-Bit Flash 

Analog-to-:Pigital Converter 

Preliminary 

l'•aluret 
• lkctlltnt nolae ~1ot.lon • Flllly CWf1rentta1 ... 
• lll11MriM linuritv C0.15 IBB Typical) 

• Slnrle ref'lrence tuppl,y 

• CA3318 pin oompatlble option available 

• Low power (400 mW Typical) 

• 25 MIU aamplh1f 1'ate (40 n1 convenion timt) 

• 'l'btal Dose Hardneu to 300 Dad 

Gl!neral De1orl»tlan 

The Hanis HS·9008JUI 11 a CMOS 8 Bit Flath 
Converter dealrntcl for apaoe applii:at10111 were nla· 
tivel)l-low power, elleeptional accuracy and "'*"' fa1t 
converaion •J1eed1 are a n8'lffll , 

The HS·9008RH de1!rn dlff'era 111b1t1ntlally 
ftonm mast other available P'la1h Converters u lt 
employs fully diff'ertntial analoa Input umpllllf net
worka and amplifiers, aa well u repneradve, off'Mt 
nulled (81'1'0r comctinf) comparat4n. 'lb111 Clin:11U 
t.eohnlquaa improve nolet performance and nnder 
the ctrwit much 1111 1en1ttive t.o prooe11and111cll1· 
tion lnduoed device parametric ahifta. Ou&atandlnr 
lntesral and dift'erential linearity error 11 achieved 
throurh the use ot a metal film rtllltor network 
which llllllblt.I >A.U DU 11neanr, wuno11' H1111 ..... • 

re•..!• .tthoeo lnnw•U•n•, ii.• .a.vi.• opM'llW• wft}i 
• 11nr1e ft11td ,..react 111ppJ¥ •• v1111"""'1 "' &11• 
multiple, ad,jllatable re18rwn- ueed In limflat' 
doviGel. 

The HS·9008RH ii tabriCl8tilcl In Harris' new 
AVIBI1RA proceu, which I• dual level, twin well, 
thin BPI; 1.25 uM bulk CMOS proce11. 'ftle eapacl· 
t.on aft metal t.o 1111tal with a nitride dieJeetric and 
have a nerl1Jib1e attenuation {actor. 

This combination ortacton mUH tht HS· 
90081UI on• orthe be11; 8 Bit Plath Oonvertm avail; 
~le in the Commercial, Military or Bad Hanl mar-

,_ ... _ ,. -· ~ .. ,..,.. .. ""' ___ .... .,., .. 



FADC 
Cost Estimate 

Harris HA9008 quote 

l&A 
30MD 

Proc/Fab 
$50.00 /die + $10.00/die testing 

Cont.: 
39% 
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RIO Controller 

• Generates SCA read/wr ite addresses 
• Controls readout sequence 
• Zero suppresses non-hit channels 
• Builds data packet and queues for output - provides serial 

strea1n to data link. 
• Calibration{f est 
• Rad-Hard- 2 Mrad 

C"lock 
' 

Level I In 

' ' • 
Crossing I Reset 

Wt. Address Level I Readout 

I ID 
JID 

Queue Sequencer 

I Output Buf. P.r/Serial Output 
Frame Bldr. -Converter 

Link 

. . 
Thre11h. - Comrant0t - Buffer 

I I I 
SCA Wt. Address Load -Thresh. Input Link 

Cblp Cb. Rd. Oat.a In Test/ 
Se1. . Set. Add. -

Callb. 
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Description 

RHASIC 
LRH20000 
Radiation 
Hardened Series 
Preliminary 

RHASIC is the LSI Logic family of radiation hardened 

application- specific integrated circuhs. The LRH20000 · 

RHASIC Series is a Channel Free TM gate array 

technology ottering superior speed perlormance and 
high gate counts. The deviee is processed using 1.0 

micron. 2·1ayer metal; eptaxial bulk silicon HCMOS 

technology. Densities from 14,000 to 170,000 

equivalen: gates are ottered. Usable gate capacities 

from SOOO IO 70,000 gates, and up to 34£ signal VOs 

can be implemented. 

The speed and range of gate counts available in the 

LRH20000 Series make ft ideally sufted for achieving 
system-to-silicon integration. Sophisticated algorithms 

incorporated in LSI Logic's proprietary Concurrent 

Overview 

• Guaranteed total dose specHication 3E6 rad (Si) 

• Upset resistant tor dose rates up to 1 E9 

rad(Si)tsec 

• Latch·up resistant to dose rate it.1E12rad(Si)lsec 

• SEU 2E·10 errors/bit-day measured a: room 

temperature on a latch type memory strv:ture 

without cress-coupled resistors. Actual value will 

be design and layout dependent. 

• No SEU latchup for 320MeV Au ions, 
LET ·200MeV1mg1cm2 

• smcon-gate .1 .0 micron (0.7 micron etteelive), 
2·11yer metal HCMOS technology 

• Up to 348 signal llO capabnny 

• Speed pertormance of 0.40nS through 2·input 

NANO gate, standard load •2 

• Extensive macroc:ell, macrofunction and 
megalunction library elements (directly compatible 

with Industry standard LCAIOOOO series) 

• Seven array sizes from S,000 to 50,000 usable 

gates (to 70,000 gates In early 1992) 

• High raliabilily gate oxide isolation 

118 
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Modular Design Environment™ (CMDE R ) 

development software allow a circuh designefs rnodula· 
hierarchy to be utilized to ils maximum potential. By 

performing an optimized functional placement ol these 

building blocks, and then collapsing and compacting 
them to minimum size, substantial benell!S are realized ;C, 
both speed and silicon area utilization. 

Output butter drive strengths of 0.8, 1.6. 3.2 • .o:.e. b.I. 
and 9.6 mA are available and determined by the user 

during the design phase. Also available i$ output slew 
rate control that allows dVtdt of each output to be 

tailored to indrvidual load conditions. 

• Full)· supponed by CMDE sohware tor 

verification. simulation and layou: 

• Spice based library tor pre· and post· radiation 

simulations 

• Channel-Free archfte:ture tor maximum layout 

flexibility 

• Configurable oU1put drive up to 9.6 mA with stew 

rate control capability 

• Inputs and outputs protected from over·vottage 

and electrical latchup 

• TTUCMOS 00 compatibility 

• Efficient implementation of large logic blocks 

• Advanced packaging available 

• Can be processed to Level S Reliability 

requirements 

• On board process monhor circuft included in all 

designs 

• Radiation Hardness test data avallable through 

MiVAero Marketing under ITAR restrictions 

~ .. , '"' LllH20QQO 
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R&D 

RIO Controller 
Cost Estimate 

2 f ab. runs LSI Logic 
$25K per run 50 parts each 
$76K NRE 
1 FTE engineer through 1994@$78K/yr 

E&D 
0.5 FTE engineer 

I&A 
30MD 

Proc/Fab 
$104.00/part + $76K NRE 

Cont. : 
15 % 
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RIO Link 
& Reciever 

Cost Estimate 
R&D 

10 prototype links@ $143.00/link 
100 MD design & test - pritnary R&D by LANL 
1 prototype Reciever board fab - $3K 
120 MD Recicver board design 

E&D 
120 MD Eng. - Link 

I&A 
$I 0.00/link testing 

Proc/Fab 
Optics - $143.00/1 ink (LED+cable) 
Reciever - 32 channel board@ $2.SK/board 
6 9Ux400 nltn VME Crates@ $2.SK/crate 

Cont.: 
19 % 
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E&D 

Power System 
Cost Estimate 

Low Voltage Syste1n 
100 MD Eng 

I-Ii Voltage Syste1n 
100 MD Eng. 

Proc/Fab 
Low Voltage Syste1n 

150 300W switching supplies @ $500/supply 
4 - 30 1n shielded 12 gauge wire per cha1nber 

l-Iigh Voltage Systc111 
LeCroy 1449 1nainfra1ne + 20 LeCroy 1443 pods 

$45.9K 
Distribution - 80 1n cable runs x 320 chainbers 

@ $60/cable 

lnstallat ion 
80 MD - l-Iigh Voltage Syste111 
80 MD - Low Voltage Syste1n 

Cont.: 8 % 
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PC Board/Packaging 
Cost Estimate 

R&D 
Fab. 500 MCMs @ $45.00/MCM + $50K NRE 
1.5 MY MCM design/testing 
Fab. & stuff 50 R/0 boards@ $250.00/board 
1 MY R/0 board design/test 
Fab. & stuff 25 Controller boards @ $250.00/board 
1 MY RIO board design/test 

E&D 
0.5 MY MCM design 
0.5 MY R/0 board design 
0.5 MY Controller board design 

I&A 
90MD 

Proc/Fab 
MCM - $ l 2.00/c1n2 + $10.00/MCM test 
R/0 Board - 4 layer Kapton tlexboard -

$2.00/in2 + $15.00/board stuff & test + $20K NRE 
Controller Board - 4 layer Kapton tlexboard 

$2.00/in2 + $15.00/board stuff & test + $20K NRE 

... 

-
-
... 

Installation: ... 
1 MY 

Cont.: 
22% -

122 
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F ADC Specification 

• 8 Bit 
• 25 Mhz convert rate 
• <l LSB integral linearity 
• <l LSB differential linearity 
• < 0.5 W total power consun1ption 
• rad-hard 2 Mrad 

-

123 



Item 

Amp IC 

SCAIC 

FADC 

Delivrrables and Milrstonrs in IPC Elrrtronics R&D Effort 
(from Jan. 93 to April. 95) 

Milestones 

J. Musser 
12/3/92 

Submission of first Rad-Hard fab 
Testing begins 
Design revision start 
2nd prototype fab run submission 
3rd prototype fab run submission 
Pre-production fab run submission 
Full production start 

Submission of first Rad-Hard fab 
Testing begins 
Design revision start 
2nd prototype fab run submission 
3rd prototype fab run submission 
Pre-production fab run submission 
r ull production start 

Testing of Harris HA4008 
Is llA4008 usable? 

Readout Controller Xilinx Prototype complete 
Prototype tests complete 
Specifications finalized 
Rad-Hard gate array (LSI LOGIC) design started 
Pre-Production rad-hard Controller available 
Production fab started 

MCM Technology demo fabrication 
Full design rules available 
Pre-production prototypes available 
Final design for production fab release 

124 

Date 

Jan 93 
April 93 
June 93 
Sept 93 -
April 94 
Nov94 
April 95 

Jan 93 .. 
April 93 
June 93 
Sept 93 
April 94 
Nov94 .. 
April 95 

Jan 93 
feb93 .. 
Jan 93 
Sept 93 
Sept 93 
Sept 93 
April 94 .. 
Jan 95 

Oct 93 
June 94 
Sept 94 
April 95 

.. 
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Deliverables and Milestones in IPC Electronics R&D Effort 
(from Jan. 93 to April. 95) 

Fiber Optics 

System Tests 

J. Musser 
1213/92 

Page 2 of2 

Engineering demo of rad-hard links 
Final Design for production release 

Prototype system tests start 
Pre-Production system test 

125 

Oct 93 
Oct 94 

Aug 93 
Jan. 95 
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WBS.Xl.S 

SSCL GEM DETECTOR 
SUCCESS COST ESTIMATING INPUT FORM 

Subsyst.;;n: Outer Tracker 

WBS. No: -::50~·;::;;2.;::;;2.~2.""3."-1."-1....,---~--,.
WBS Descrtpt: Prod. High Voltage Supplies 

WBS QTY: .;;3;::;;20'--------· 
WBS UM: channels 

~---------

Funcitonal ActMty: 1. Engineering/Design 
2. Matertals & SeMces 
3. lnspeciton/ Admlnlstatton 
4. Procurement/Fabrication 
5. Assembly 

f--" 6. Installation 
. 

•1 
Item DescrlpHan 

4- Lecrov 1449 Mainframe 
4- • ----· 1443 Hinh Voltoae Pods 
3-Checkout 
6- lnstcllatton 

Notes: 
Prepared eJ. Musser 

EsHmate Type _B_U ___ _ 

Dk.It 
1-

Technical 

Cost \ 1 
Schedule 2 

Unit Meas 

QTY (UM) 

2 crates 
20 modules 
60 MD 
20 MD 

Page 1 

) 

i 
!% I ' 

Crall/Team 
Resowce 

Code 

SSC05 
SSC05 

21 
1 
1 

Unit 

Product. 
MY/UM 

0.0045 
0.0045 

sub. 
sub+cont. 

Man 
Unit Cost 

5.9 
2 

63.68 
66.2272 

. ) 
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WBS.Xl.S 

SSCL GEM DETECTOR 
SUCCESS COST ESTIMATING INPUT FORM 

Subsystem: Outer Tracker 

WBS. No: ""'50"".""2"".3"'.2""'.1"".2'-------
WBS Descript: High Voltage Distribution 
WBSQTY: 320 

WBS UM: -=c;;..;h.;;:an:..;;n"'e""ls'--------

Functtonal Activity: 1. Engineering/Design 
2. Materials & Services 
3. Inspection/ Admlnlstatton 
4. Procurement/Fabrication 
5.Asrembly 
6. lnstallatton 

Item Description 

4-Cable 
4 - Connectors 
1- Cable Run De!Olnn 
2- Fabrication 
6- Installation 
3-1/A 
4- misc . hardware ( cable ties. labels) 

Notes: 
Prepared eJ. Musser 

• • • • 

Estimate Type -=B""U ___ _ 

Technical 
Cost 
Schedule 

QTY 

25000 
640 
100 
40 
f:IJ 
15 

Page2 

• 

Didi 

lw..inh+ "L 

21 2 
4 4 

I 
2i 2

1 

Crall/Team 
Unit Meas Resource 

(UM) Code 

meters 
cable ends 
MD SSC02 
MD SSC05 
MD SSC05 
MD SSC05 

• 4 

Unit 
Product. 
MY/UM 

0.0045 
0.0045 
0.0045 
0.0045 

sub. 
sub+cont. 

• 

Maf'I 
Unit Casi 

~ 

0.0005 
0.01 

5 

67.0275 
72.3897 

• 
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WBS.X!S 

SSCL GEM DETECTOR 
SUCCESS COST ESTIMATING INPU'r FORM 

Subsystem: Outer Tracker 
Estimate Type _B_U ___ _ 

WBS. No: _50_._2._2._2_.3"'.2""'.1 ____ _ 
WBS Descrfpt: Low Voltage Supply 
WBS QTY: 30000 
WBS UM: _W_a'""l'""ls ______ _ 

I -- I Risk 
1~, --~~--,-----~ 
tFl"ll"tnr< 'WAlnht~ 

Technical ,I' 11 21 
Cost 11 1! 
Schedule I 2! 2! 

Functtonal Activity: 1. Engineering/Design 
2. Materials & Services 
3. Inspection/ Admlnlstatlon 
4. Procurement/Fabrication 
5. Assembly 
6. lnstalatton 

Crall/Team 

Item Desc~pllan Unil Meas Resource 

QTY (UM) Code 

4- 300 w Swltchlna R..nulators 150 suoolies 
4- Rack /mounflna 4 racks 
4- monltortna svstem - 1 SO ch CAMAC-based scannina ADC 1 svstem 
3-Checkout 10 MD SSC OS 
6- Installation 20 MD SSC05 

Notes: monitor cost based on Kinetic Systems crate. controHer. and 25 32 ch scanning ADCs 
Prepaed eJ. Musser 

Page3 

Unit 
Product. 
MY/UM 

0.0045 
0.0045 

sub. 
sub+cont. 

) 

Marl 
Untl Cost 

0.5 
0,75 

89 

171.455 
180.02775 
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WBS.X!S 

SSCL GEM DETECTOR 
SUCCESS COST ESTIMATING INPUT FORM 

Subsystem: Outer Tracker 

WBS. No: ..:;50;::;·=2.=2.=2·;::;3.=2."'2 ____ _ 
WBS Descript: Prod. Low Voltage Distribution 
WBSQlY: 320 
WBS UM: ..;;c;;..;ham.=:..:.;.::;.bers;:;;..;;. _____ _ 

Functtonal Activity: 1 . Engineering/Design 
2. Matericis 8t Services 
3. Inspection/ Admlnlstatton 
4. Procurement/Fabrication 
5. Assembly 

Estimate Type ..;;B;.:U'-----

I Risk , I 
,-- -- I 

1 
i Factors 1Weight % I 

Technical 
Cost 
Schedule 

I ~ ~I 
I, 21 2\ 

~ 6. lnstanatton 

0 
Cratt{leam 

Item Descrlptton Unit Meas Resource 

QTY (UM) Code 

4- Wire (two 30 m lennths of 2 cond. shielded 12 aauae oer cham 19.2 km 
4- misc hardware (cable ttesJabels) 1 
1 • Cable Run Deslan 100 MD SSC02 
6- lnstallatton 60 MD SSC05 
3-1/A 15 MD SSC05 

Notes: 
Prepaed e J. Musser 

Page4 

• • • • • • • 

Unit 
Product. 
MY/UM 

0.0045 
0.0045 
0.0045 

sub. 
sub+cont. 

• • 

Mafl 
Unit Cost 

3.25 
5 

109.5875 
115.066875 

• 
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WBS.XLS 

SSCL GEM DETECTOR 
SUCCESS COST ESTIMATING INPUT FORM 

Subsystem: Outer Tracker 
Estimate Type _B_U ___ _ 

WBS. No: 50.2.2.2.3.4.1 
WBS Descript: Prod. Preomp/Shaper 
WBSQlY: -~~~~~~400000. "'"" 
WBSUM: channels - . 

Technlcol s1 
Cost 31 Funcflonal ActMty: 1. Engineering/Design 

2. Materials & Services Schedule 41 
3. lnspecflon/ Admlnlstatlon ! 
4. Procurement /Fobricatlon 
5. Assembly 
6. lnstotlatlon 

Item DescripHon Unit Meas 

QIY (UM) 

4- 8 channel oreamn/shnner die 50000 die 
1- final deslan/slmulatlon 0.5 MY 
3-bldoka 30 MD 
4- Testlna and Verfflcatlon 50000 die 
4- T estlna and Vetttlcatlon (NRE) 1 

Notes: Harris bid - assume 80% yteld 
Prepaed eJ. Musser 

Page5 

. .• ;· <v.. 

321 
3 
4 

Crall/Team 
Resource 

Code 

ORNLl 
NL05 

) 

Unit 
Product. 
MY/UM 

1 
0.0045 

sub. 
sub+cont. 

) 

Mal'! 
Unit Cost 

0.0027 

0.01 
130 

850.43 
1182.0977 



WBS.XLS 

SSCL GEM DETECTOR 
SUCCESS COST ESTIMATING INPUT FORM 

Subsystem: Outer Tracker 
Estimate Type -=B""U ___ _ 

WBS. No: ..:50::::·::2·::2.=2·:=c3·:::4.:::2 ____ _ 
WBS Descript: Prod. Switched Cap Array 
WBS QTY: 400000 I Risk 
WBS UM: _;:C;:.;h.=an:..:;n.;.::eo;;:lsc._ ____ _ !Factors 

Technical 8 
Functfonal Ac!Mty: 1. Engineering/Design Cost 3 

I Schedule 4 2. Materials & Services 
3. lnspectfon/Admlnlslaffon 
4. Procurement/Fabrication 

~ 5. Assembly 
c.,, 6. lnstallatton 
N 

Item Descrlptlon Unit Meas 

QTY (UM) 

4- 16 channel SCA die 25000 die 
1- flnal deslan/slmulatton 0.5 MY 
3-bldpkc 30 MD 
4- Wafer Level Testtnc and Verification 25000 die 
4- Water level Testtna and Verification (NRE) 1 

Notes: Horris bid - assume 40% yield 
Prepaect eJ. Musser 

Poge6 

' • • • • • • 

'WA1nht% 
32 

3 
4 

Croft/Team 
Resource 

Code 

ORNLl 
NL05 

• 

Unit 
Product. 
MY/UM 

1 
0.0045 

sub. 
sub+cont. 

• 

Mat'I 
Unit Cost 

• 

0.05 

0.01 
130 

1715.43 
2384.4477 

• 



) 

Subsystem: Outer Tracker 

) 

WBS.Xl.S 

SSCL GEM DETECTOR 
SUCCESS COST ESTIMATING INPUT FORM 

Estimate Type _e_u ___ _ 
WBS. No: ..;;50;;;.:.2=:.2=·=2.""3.c.,;;4.o=.3 ____ _ 
WBS Descrlpt: _Prod __ . F_A_DC~-------
WBS QlY: 25000 I Risk 
WBS UM: channels 

~~~-----~ 
'Factors 

Technical 8 
Funcflonal ActM1y: 1. Engineering/Design Cost 3 

2. Matertofs &. Services Schedule 4 
3. lnspecflon/ Admlnlstaflon 
4. Procurement/Fabrication 

..... 5. Assembly 
W 6. Installation 
C>J 

Item Desc~pHon Unit Meas 

QfY (UM) 

4- HA4008 Rad-Hard 8 bit FADC - unoackaaed 25000 die 

3-bldokc 30 MD 
4- Wafer Level Testing and Verlflcatlon 25000 die 
4- Wafer level Testinc end Verlftcaflon CNRE) 1 

Notes: Harris bid - assume 40% yield 
Prepaed eJ. Musser 

Pagel 

.Welaht% 
32 
3 
4 

Crall(leam 
Resource 

Code 

NL05 

Unit 
Product. 
MY/UM 

1 
0.0045 

sub. 
sub+cont. 

Mal'I 
Unit Cost 

0.05 

0.01 
130 

1645.93 
2287.8427 



4 

...... 
c,., 
.i:. 

WBS.XLS 

SSCL GEM DETECTOR 
SUCCESS COST ESTIMATING INPUT FORM 

Subsystem: OUter Tracker 
Estimate Type -=B..;:;U ___ _ 

WBS. No: ..:50=.2=.2=.2::.:.3"-.4'"'-.4"'------
WBS Descrlpt: Prod. R/0 Controller 
WBSQTY: 3125 
WBS UM: ICs "-"''"----------

Functtonal ActMty: 1. Engineering/Design 
2. Materlds & Services 
3. lnspectton/ Admlnlstatton 
4. Procurement/Fabrlcatton 
5.Assembly 
6. lnstallatton 

Item Description 

4- LSI Lnnic LRH20051 Gate Arrcrv 
3-bld 

3- test 
1-deslan 

Notes: 
Prepared eJ. Musser 

4 • • • 

I 
i Risk I 

'Factors 
Technical 4 
Cost 3 
Schedule 4 

Unit Meas 

QTY CUM) 

3125 ICs 
10 MD 

0.5 MY 
0.5 MY 

Page25 

• f 

Weight% 
8 
3 
4 

Crall/Team 
Resource 

Code 

IUENGl 

IUENG2 
IUENGl 

f 

Unit 
Product. 
MY/UM 

0.0045 

1 
0.0045 

sub. 
sub+cont. 

• • 

Mafl 
Unit Cost 

0.104 

359.1855 
413.063325 

• 



) ) ) 

Subsystem: Outer Tracker 

WBS.XLS 

SSCL GEM DETECTOR 
SUCCESS COST ESTIMATING INPUT FORM 

Estimate Type _B~U ___ _ 
WBS. No: 50.2.2.2.3.5. l 
WBS Descrfpt: Prod. R/0 Board 
WBSQTY: 
WBSUM: boards 

Functional ActMty: 1. Engineering/Design 
2. Matertals & Seivtces 
3. Inspection/ Admlnlstatton 
4. Procurement/Fabrtcatlon 
5. Assembly 

~ 6. lnstallatton 

"' C.11 

3840 

Item Description 

4- l 6x3 cm 4 Inver ftexlble Knnton "" boards 

3-bldoka 
1- Deslcn/Lavout 
5- Stuff with MCMs & test 
5- T esffna Rxture 
6- I nstaftatton on chamber 

Notes: CISSl.me 500 pins/board 
Prepared eJ. Musser 

I 

Risk 
I Factors :Weicht% 

Technical :1 Cost 
Schedule 

21 

Cralltream 
Unit Meas Resource 

QTY (UM) Coda 

28600 <nuare in 

30 MD IUENGl 
120 MD IUENGl 

3820 boards 
1 

100 MD SSC OS 

Page8 

8 
4 
2 

Unit 
Product. 

MY/UM 

l 
0.0045 
0.0045 

0.0045 

sub. 
sub+cont. 

Mal'I 

Unit Cost 

0.002 

0.01 
0.015 

20 

203.2 
231.648 



f.-o 
w 
en 

., 

WBS.XLS 

SSCL GEM DETECTOR 
SUCCESS COST ESTIMATING INPUT FORM 

Subsystem: Outer Tracker 
Estimate Type "'B...;;U ___ _ 

WBS. No: ""50"".""2."'2.""2.-"3~.5.-.2'-----
WBS Descr1pt: Prod. Controller Board 
WBS QTY: 1920 
WBS UM: boards JFacto~ IWeiaht'I. I 

~~~~~~~~~-

Technical 4 B 
Functtonal ActM1y: 1. Engineering/Design Cost 4 4 

2. Materials & Services Schedule 2 2 
3. lnspectton/ Admlntstatton 
4. Procurement/Fabrication 
5. Assembly 
6. Installation 

Crall/Team 

Item Description Unit Meas Resource 

QTY (UM) Code 

4- 16x3 cm 4 Inver flexible Kaoton ""' boards 14300 <nuare in 

3-btdoka 30 MD IUENGl 
1- Destnn/Lnvout 120 MD IUENGl 
5- Stuff with Controlers/rAnutatorstftber connectors & test 1920 boards 
5- TesHna Rxture 1 

6- Installation on chamber 1 ()() MD SSC OS 

Notes: assume 200 pins/board 
Prepared eJ. Musser 

Page9 

t t • • • • • 

Unit 
Product. 
MY/UM 

1 
0.0045 
0.0045 

0.0045 

sub. 
sub+cont. 

• • 

Mal'I 
Unit Cost 

0.002 

0.01 
0.006 

20 

128.82 
146.8548 

• 



l 
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) 

WBS.XLS 

SSCl GEM DETECTOR 
SUCCESS COST ESTIMATING INPUT FORM 

Subsystem: Outer Tracker 
Estimate Type _.B_..U ___ _ 

WBS. No: 50.2.2.2.3.5.3 
WBS Descrlpt: 
WBSQTY: 
WBSUM: 

Prod. MCMs 
25000 I Risk 

Factors iWeiaht% chips 
Technical 6 

Funcflonal ActMty: 1. Engineering/Design Cost 6 
2. Materials & Services Schedule 4 
3. lnspecflon/ Admlnlstotton 
4. Procurement/Fabricaflon 
5. Assembly 
6. lnstanatton 

Craft/Team 

Item Descrlplfon Unit Meas Resource 

QTY (UM) Code 

4- 2.5x 1.5 cm Multt-Chlp Module 94000 sauarecm 

3-bldoka 30 MD ORNLl 
1- - • 120 MD ORNLl 
4- Test/Quallflcatton 25000 Chins 
4- Test Axture 1 

Notes: 
Prepared eJ. Musser 

PagelO 

I 

12 
6 
4 

\ 

Unit 
Product. 
MY/UM 

1 
0.0045 
0.0045 

sub. 
sub+cont. 

Man 
Unit Cost 

0.012 

0.009 
10 

1456.825 
1n1.3265 
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co 
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WBS.XLS 

SSCl GEM DETECTOR 
SUCCESS COST ESTIMATING INPUT FORM 

Subsystem: Outer Tracker 
Estimate Type _B_U ___ _ 

WBS. No: 50.2.2.2.3.5.7.1 
WBS Descript: Prod. Receiver Board 
WBS QTY: 3125 
WBS UM: channels 

~~~-----~ 

Functtoncl ActMty: 1. Engineering/Design 
2. Materials & Services 
3. Inspection/ Admlnlstatlon 
4. Procurement/Fabrication 
5.Assembly 
6. lnstctlatton 

Item Description 

4- 32 channel on 9U/400mm VME 
6- lnstctlctton 
3-1/A 

Technical 
Cost 
Schedule 

QTY 

Notes: Assume E/D costs shared by cl subsystems. end Included In unit cost 
Prepaed eJ. Musser 

Page 11 

• • • • • 

Risk 
·Factors 

Unit Meas 
(UM) 

100 boards 
60 MD 
30 MD 

• 

~Weicht% 

41 
41 

21 

Craft/Team 
Resource 

Code 

SSC05 
SSC05 

• 

8 
4 

21 

Unit 
Producl. 
MY/UM 

0.0045 
0.0045 

sub. 
sub+cont. 

• 

Mafl 
Unit Cost 

f 

2.8 

293.365 
334.4361 

• 



l ) ~ ) ) 

WBS.XLS 

SSCL GEM DETECTOR 
SUCCESS COST ESTIMATING INPUT FORM 

Subsystem: Outer Tracker 
Estimate Type ""B~U ___ _ 

WBS. No: 50.2.2.3.7.2 
WBS Descript: Prod. Aber Data Unks 
WBSQTY: 3125 I Risk 
WBSUM: Onks 'Factors 'Weioht% 

Technical I 

~I Cost 
I Schedule 41 

Functional Activity: 1. Engineering/Design 
2. Materials & Services 
3. Inspection/ Admlnlstatton 
4. Procurement/Fabrication 

I-" 5.Assem~y 

~ 6. lnstanatlon 
~ 

Cratt/Team 

Item Descrtpltan Unit Meas Resowce 

QIY (UM) Code 

4- LED cilver/LED/80 m multlmode cable 3125 links 

3-bldcka 30 MD IUENGl 
1- riA!llnn 120 MD IUENG2 
3-testfna 3125 links 
6- lnstallatlon 1 MY SSC05 

Notes: 
Prepared e J. Musser 

Page12 

I 
I 

12 
3 
4 

I 

Unit 
Product. 
MY/UM 

0.0045 
0.0045 

sub. 
sub+cont. 

1 

Mat'I 
Unit Cost 

0.143 

0.01 
0.01 

555.795 
661.39605 



• 

._. 
~ 
0 

WBS.XLS 

SSCL GEM DETECTOR 
SUCCESS COST ESTIMATING INPUT FORM 

Subsystem: Outer Tracker 

WBS. No: 50.2.2.2.3.5.7.3 
WBS Descrtpt: Prod. Receiver Crates 
WBSQTY: 6 
WBS UM: ..;:cr;;.;at;;;.es;:;.::.... ______ _ 

Funcllonal ActMty: 1. Engineering/Design 
2. Materials & Services 
3. Inspection/ Adminlstatlon 
4. Procurement/Fabrication 
5.Assembly 
6. Installation 

Item DescripHon 

4- 9Ux400mm VME crates 
3-bld 
~ Installation 

Notes: 
Prepaed eJ. Musser 

• • • • 

Estimate Type ... s"'"u ___ _ 

I Risk . [ I ·Factors ·wetaht% 
Technical 4! 8 
Cost 4i 4 
Schedule 2/ 2 

' 

Crall/Team 
Unit Meas Resource 

QTY (UM) Code 

6 crates 
10 MD IUTECHl 
20 MD SSC OS 

Page 13 

• • • 

Unit 
Product. 
MV/UM 

0.0045 
0.0045 

sub. 
sub+cont. 

• 

Mal'I 
Unit Cost 

• 

2.5 

19.95 
22.743 

• 
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WBS.XLS 

SSCL GEM DETECTOR 
SUCCESS COST ESTIMATING INPUT FORM 

Subsystem: Outer Tracker 

WBS.No: 50.2.2.3.7.4 
WBS Descrtpt: Prod. Clock/Trigger Links 

160 WBSQTY: 
WBSUM: llnks 

Functlonal ActMty: 1. Engineering/Design 
2. Materials & Services 
3. Inspection/ AdmtnistaHon 
4. Procurement/Fabrication 
5. Assembly 
6. lnstalaHon 

Item Desc~pllon 

4 .. lft!C:IBV9rtO\J m ffilunffioc::JB Carne• CIOC er 1111KS 

1-destan 
3-testtna 
6- lnstallaHon 

Notes: 1 links per 2 chombers clock (trigger=mlssing clock) 
Prepaed eJ. Musser 

Estimate Type _B-"U ___ _ 

, Risk I 
!Factors 1Weight% 

I -techntcot - I 6' -· - -121 
Cost 1 3 3 
Schedule [ 4 4 

Crall/Team 
Unit Meas Resource 

QJY (UM) Code 

It'll 11nlil!'t. 

120 MD IUENGl 
160 llnks 
100 MD SSC05 

Page14 

Unit 
Product. 
MY/UM 

' 0.0045 

0.0045 

sub. 
sub+cont. 

Mat'I 
Unit Cost 

U.14: 

79.85 
95.0215 



"( 

1-4 
~ 
N 

WBS.Xl.S 

SSCL GEM DmCTOR 
SUCCESS COST ESTIMATING INPUT FORM 

Subsystem: Outer Tracker 

WBS. No: ..;;50;.;:.·;;;;2;;;:.2:::::.3"".7.;.;:.5'-------
WBS Descript: Prod. Slow Control 
WBSQTY: 160 

WBS UM: "'Nnks'-='--------

Funcitonat ActMty: 1. Engineering/Design 
2. Motertafs & Services 
3. lnspeciton/Admlnlstatton 
4. Procurement/Fabrication 
5. Assembly 
6. lnstaUatlon 

Item Descrtplton 

Estimate Type _B..;,U ___ _ 

Risk I 
'Fcictors - :Weight% I 

Technical 6 12 
Cost 3 3f 

j Schedule 4 41
1 

Crall/Team 
Unit Meas Resource 

QTY CUM) Code 

4- slow control cable - 12 conductor shielded twisted cair/w termln 1 km 

4- slow control -em 1 
1-dA<lnn 120 MD IUENGl 
3-testtna 60 MD IUTECHl 
6- Installation (j) MD SSC05 

1 slow control cobte/sunArtnver 
slow control= VME crate+ 3BOnO comouter + 12 VME slow control cards 

Prepared eJ. Musser 

Pagels 

• • • • • • • 

Unit 
Product. 
MY/UM 

0.0045 
0.0045 
0.0045 

sub. 
sub+cont. 

• 

Mafl 
Unit Cost 

• 

7 
24 

93.91 
111.7529 

• 



) I I 

WBS.XLS 

SSCL GEM DETECTOR 
SUCCESS COST ESTIMATING INPUT FORM 

Subsystem: Outer Tracker 
Esflmate Type ""B'""U ___ _ 

WBS. No: 50.1.2.2.2.2.4. 1 
WBS Descript: proto!ype crnplifier IC 
WBSQTY: 
WBSUM: 

Functlonal Activity: 1. Engineering/Design 

lo-" 
~ 
c.v 

2. Matedas & Services 
3. lnspectlon/Admlnlstatton 
4. Procurement/Fabrication 
5.~bly 

6. lnstcllatlon 

Item Descrtplton 

I- aa PIOTOTVPt> 1 aBSIC"Jn 
4- 1 /2 cost of 3 Harts fab runs (shaed with SCA) 
3-bld 
3-tesHnn 

Notes: run product - 3 4 Inch wafers/ ICs tested and packaged 
Prepaed eJ. Musser 

Technical 
Cost 
Schedule 

QTY 

Page 16 

I Risk 
I Factors 

Unit Meas 
(UM) 

• rvn 

1 
20 MD 

1 MY 

2! 
2i 

ai 

Weight% 

Cran/Team 
Resowce 

Code 

t)l'll .1 

BNLl 
BNL2 

a I 
2' 
al 

Unit 
Product. 
MY/UM 

l 

0.0045 

sub. 
sub+cont. 

1 

Mafl 
Unit Ca.I 

150 

558.51 
659.041a 
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~ 

·• 

WBS.Xl.5 

SSCL GEM DETECTOR 
SUCCESS COST ESTIMATING INPUT FORM 

Subsystem: Outer Tracker 

WBS. No: 50.1.2.2.2.2.4.2 
WBS Descripl: prototype SCA IC 
WBSQlY: 
WBSUM: 

Functional AclM1y: 1. Engineering/Design 
2. Materials & Services 
3. Inspection/ Administallon 
4. Procurement/Fabrication 
5.Assembly 
6. lnstaUallon 

Item Description 

1- Rad-Hard orototvne deslan 
4- 1 /2 cost of 3 Hanis fob runs (shored with oreamp) 
3-bld 
3-tesllna 

Notes: run product - 3 4 inch wafers/ ICs tested and packaged 
Prepaed EJ. Musser 

• • • • 

Estimate Type BU -----

I Fact: Weight% I 
I Technical 21

1

· 8 
I cost 2 2 
I SchedUle I al 8 
i I 

Cratt/Team 
Unit Meas Resource 

QTY (UMl Code 

2MY ORNLl 
1 

20 MD ORNLl 
1 MY NLD5 

Page 17 

• • • 

Unit 
Product. 
MY/UM 

1 

0.0045 

sub. 
sub+cont. 

• 

1 

Mat' I 
Unit Cost 

150 

558.51 
659.0418 

• • 



, 
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~ 
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WBS.Xl.S 

SSCL GEM DETECTOR 
SUCCESS COST ESTIMATING INPUT FORM 

Subsystem: Outer Tracker 
Estimate Type ..:B-'U ___ _ 

WBS.No: 50.1.2.2.2.2.4.3 
WBS Descrtpt: SCA Test Station 
WBSQlY: 
WBSUM: 

Functional Actlvtty: 1. Engineering/Design 
2. Matertals & Services 
3. lnspectlon/Admlnlstatton 
4. Procurement/Fabrication 
5. Assembly 
6. Installation 

Item Descrlplton 

4- ASIC Test Station 

3-bld 

Notes: run product - 3 4 Inch wafers/ ICs tested and packaged 
Prepaed eJ. Musser 

Technical 
Cost 
Schedule 

QJV 

Page 18 

Risk 
1Fcctors 

Unit Meas 
(UM) 

i 

SMD 

21 
4 
8 

Weight% 

Crall/Team 
Resource 

Code 

ORNLl 

4 
4i 
81 

Unit 
Product. 
MY/UM 

0.0045 

sub. 
sub+cont. 

Mal'I 
Unit Cost 

50 

53.1275 
61.6279 



WBS.Xl.S 

SSCL GEM DETECTOR 
SUCCESS COST ESTIMATING INPUT FoRM 

SUbsystem: OUter Tracker 

WBS. No: -=50..:;;·:=2.==2==.2"'.2'"'.4"'".4'------
WBS Descrlpt: prototype R/0 Controller 
WBSQTY: 50 
WBS UM: _.ch_..ip_s _______ _ 

Functional ActMty: 1. Engineering/Design 
2. Materials & Services 
3. Inspection/ Admlnistatlon 
4, Procurement/Fabrication 

~ 5. Assembly 
~ 6. Installation 

"' 
Item Description 

1· deslan 
4· two LSI Lonie rad-hard nnte arrnv fab runs @ 50 chics each 
4· aate arrnv tab NRE 
3-testlna 

Notes: 
Prepared eJ. Musser 

t t t • • 

Estimate Type _B_U ___ _ 

[ --i;acto': \Weight% I 
' Technical I 2 41 

' ' Cost I 3 3\ 
Schedule I 8 81 

Craft/leam 
Unit Meas Resowce 

QrY (UM) Code 

1.5 MY IUENGl 
100 chics 

0.5 MY IUENG2 

Page 19 

• • • 

Unit 
Product. 
MY/UM 

sub. 
sub+cont. 

• 

1 

1 

Mal'I 
Unit Cost 

• 

0.25 
76 

172.5 
198.375 

• 



""""" ~ 
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WBS.Xl.S 

SSCL GEM DmCTOR 
SUCCESS COST ESTIMATING INPUT FORM 

Subsystem: Outer Tracker 
Estimate Type -=B.;:.U ___ _ 

WBS. No: _50_.2_.2_._2._2._5._I _____ _ 
WBS Descript: prototype MCM 
WBSQTY: 500 

WBS UM: ""M""'C"'"M"'s"-------

Functtonal ActMty: I . Englneerlng/Deslgn 
2. Materials & Services 
3. lnspectton/ Admlnlstatfon 
4. Procurement/Fabricatfon 
5.Assembly 
6. lnstallatfon 

Item Desc~ptlon 

4-MCMfab 
4- MCM tab NRE 
3-testtna 
1-Deslan 

Notes: 
Prepaed eJ. Musser 

I 
i Risk 
!Factors 

Technical 8 
Cost 6 
Schedule 8 

Unit Maas 

QTY CUM) 

500 MCMs 
1 

0.5 MY 
1 MY 

Page20 

Welnht% 
32 
6 
8 

Crall/Team 
Resource 

Code 

IUENG2 
IUENGl 

) 

Unit 
Product. 
MY/UM 

sub. 
sub+cont. 

1 
1 

Mafl 
Unit Cost 

0.045 
so 

181 
264.26 

) 



I-" 
~ 
co 
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WBS.Xl.S 

SSCL GEM DETECTOR 
SUCCESS COST ESTIMATING INPUT FORM 

Subsystem: Outer Tracker 
Esttmate Type -=B..::U ___ _ 

WBS. No: 50.2.2.2.2.5.2 
WBS Descript: prototype R/0 Board 
WBSQTY: 50 
WBSUM: boards 

Functlonal ActMty: l . Engineering/Design 
2. Materials & Services 
3. lnspectlon/Admlnistaffon 
4. Procurement/Fabrication 
5. Assembly 
6. Installation 

Item Descripflan 

4- 16/3 cm 4 iaver Kcriton nc board 
3-bld 
5- Stuff wi1h MCMs 
3-test 
1-deslan 

Notes: 
Prepared eJ. Musser 

• • • • 

Technical 
Cost 
Schedule 

QTY 

Page 21 

• 

Risk 
: Factors 

Unit Meas 
(UM) 

50 boards 
10 MD 
50 boards 

0.5 MY 
100 MD 

• 

1Welght% 
41 
41 
81 

Crall/Team 
Resource 

Code 

IUENGl 

IUENG2 
IUENGl 

• 

8i 
41 

I 
81 

i 

Unit 
Product. 
MY/UM 

0.0045 

1 
0.0045 

sub. 
sub+cont. 

• • 

Mat'I 
Unit Cost 

0.2 

0.05 

81.61 
97.932 

• 



) ) l ) ) 

WBS.XLS 

SSCL GEM DETECTOR 
SUCCESS COST ESTIMATING INPUT FORM 

Subsystem: Outer Tracker 
Estimate Type ..::B"'U ___ _ 

WBS. No: 50.2.2.2.2.5.3 -...,.------::----,---..,.... 
WBS Descrlpt: prototype Controner Board 
WBSQTY: 25 

WBS UM: ..:;b""'o""'ar""ds~------

Functtonal ActM1y: 1. Engineering/Design 
2. Materials & Services 
3. Inspection/ Admlnlsfation 
4. Procurement/Fabrication 
5.Assembly 

f--' 6. Installation 
~ 
~ 

Item Descrtptlon 

.Q- 101~ cm 4 1uver l\.uu1on,,, · ~ara 
3-bld 
5-Sfuff 
3-test 
1-deslan 

Notes: 
Prepaed eJ. Musser 

Technical 
Cost 
Schedule 

I 

QTY 

Page22 

Risk 
Factors !Weight% 

4' 
4 
8 

Crall/Team 
Uni! Meas Resource 

(UM) Code 
,. ~.,oarn..: 

10 MD IUENGl 
50 boards 

0.5 MY IUENG2 
100 MD IUENGl 

8 
4 
8 

Unit 
Product. 
MY/UM 

0.0045 

1 
0.0045 

sub. 
sub+cont. 

Man 
Unit Cost 

O.; 

0.05 

76.61 
91.932 



• 

I-" 
CJ'! 
0 

WBS.XLS 

SSCL GEM DETECTOR 
SUCCESS COST ESTIMATING INPUT FORM 

Subsystem: OUter Tracker 
EsHmate Type _B_.U ___ _ 

WBS. No: -'50=.2=.2=.2=.2:;.;.7..;;:.2=------
WBS Descrlpt: prototype Data Link 
WBSQlY: 10 
WBS UM: .::lln:..::ko.._ ______ _ 

Funcitonal ActM1y: l. Engineering/Design 
2. Materials & Services 
3. lnspeciton/ Admlnlstatlon 
4. Procurement/Fabrication 
5. Assembly 
6. Installation 

Item Descripllon 

a- l~u anver/~OlmJ m CQn1e 

3-bld 

3-test 
1-deslan 

Notes: 
Prepaed eJ. Musser 

• • • • 

! Risk 
'factors 

1 

Technical 4 
Cost 4 

I Schedule 8 

Unll Meas 

QTY (UM) 

] l 11nvs 
10 MD 

50 MD 
50 MD 

Page23 

• • 

!Weight% I 
:1 
81 

Crall/Team 
Resource 

Code 

IUENGl 

IUENG2 
IUENGl 

• 

Unit 
Product 
MY/UM 

0.0045 

0.0045 
0.0045 

sub. 
sub+cont. 

• • 

Marl 
Unit Cost 

0.14< 

36.215 
43.458 

• 
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WBS.XLS 

SSCL GEM DETECTOR 
SUCCESS COST ESTIMATING INPUT FORM 

Subsystem: Outer Tracker 

WBS. No: -"so __ .=2.=2.=2.=2."'-7."'"1 ____ _ 
WBS Descnpt: prototype Reciever 
WBSQTY: 
WBS UM: ..::b;;:;oar==d,__ _____ _ 

Functional ActMty: 1. Engineering/Design 
2. Materials & Services 
3. lnspeciton/ Admlnlstatton 
4. Procurement/Fabrication 
5. Assembly 
6. lnstanatton 

Item Descrlpllon 

1.1.· ll 11 J 1 1<ecrever e 
3-bld 

3-test 
1- d...inn 

Notes: 
Prepaed eJ. Musser 

Estimate Type "'B-'-U ___ _ 

I Risk I 
Factors iWelght % 

1 Technical 4 Bi 
I Cost 4 4 
/ Schedule 8 8 

Craft/Team 
Unit Meas Resource 

QfY (UM) Code 

I :K1Qrr1 

10 MD IUENGl 

30 MD IUENG2 
90 MD IUENGl 
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Unit 
Pfoduct. 
MY/UM 

0.0045 

0.0045 
0.0045 

sub. 
sub+cont. 

Maft 
Unit Cost 

.: 

46.335 
55.602 



WBS.Xl.S 

1 sscos 33 
2 SSC02 69 
3 ORNLl 139 
4 NLOS 118 
5 IUENGl 78 
6 IUENG2 61 
7 IUTECHl 44 
8 BNLl 139 
9 BNL2 118 

10 
11 

I-' 12 
01 13 
N 14 

15 

1 33 
1 33 
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1--' 
C.1 

"" 

Prod. Total 
ProductlonTotat+Cont. 

R&D Total 
R&D Total+ Cont. 

WBS.XLS 

',")>!(; 
-145'1.8022 

I (jO z._. 9663.eS 1275 

1764.4175 
2131.2705 
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- TECHNOLOGY Epitaxial-cllann~l-JFETs meet all these require- -
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I I l · ' t • • • 

- -- - well-pro:ve~-fecbnology.- Hybrid- preamplifiers 
-- -using-discr~te-.JFE18-have been -built and suc-

cessfully--operilted-.'1p-to three yearL--
- To ac~eve~onolithic- integration- interdevice 

isolation-must-be-obtained -whue-]11'eserving the 
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BURIED LAYER TECHNOLOGY 
To achieve interdevice insulation a junction-insulated 
technology based on a diffused p+ -type buried layer which 
acts as a back gate has been developed. It uses an epi chan
nel and diffused gate, source and drain to achieve an opti
mum noise performance. 

• Psubs=0.5 .Ucm 
• Pburied=0.002 .Qcm 

• Pepi=0.5-2 .Q cm 
• t ·=4-7 µm ep1 
• isolation ring doping:> 1018 cm-3 at the surface to 

prevent surface inversion 

N-SUBSTRATE 
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Fig. 2 - Characteristics of the preamplifier labelled 4_in Table I. 
(a) Open-loop gain-frequency dependence: - -
(b) Spectral density of the noise - voltage referred to the 
preamplifier input as a .function of frequency. 
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Level 1 Cal Trigger 

Bill Cleland 
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SENT BY:Kinko's Pittsburgh II .. 516 262 5773;; 2 

H-+ 21 Trigger rate studies 

• Rate estimates from 2 QCD jets of 10 

GeV /c < ET< 640 GeV /c 

• Level 1: Analog sums followed by discrim
inators 

3K8 
1. EM shower energy: 7x7 EM sum above 

threshold Eth 

2. Hadronic isolation: each 4x4 hadronic 
sum behind central EM sum < 5 GeV 

'"· ~ 3. Lateral Isolation: each of 25.,....r.A• EM 

sums (far neighbors) < 1 GeV 

190 

/07 .. 

... 

.. 

.. 

-

-
-

-

.. 



- . 

SENT BY:Kinko's : e- s-e2 : io:2s Pittsburgh II .. 516 282 5773:# 3 

• Level 2: (a) digitized trigger sums and 
{b) selected EM and HAD <;ells 

/,,)( (,, 

1. Shower position: all ..5K5 near neighbor 
(pie(, 

sums lower than central Sx5 sum 
(,, K (,, 

2. Lateral isolation: second highest ..5xS 

near neighbor EM sum less than 1 GeV 

3. Shower shape: 3x3/5x5 ratio (centered 
on maximum Individual EM cell) greater 
than R ~ 0.95 (under study) 

4. Hadronic Isolation: Highest hadronic cell 

behind central cell < Ema.a: ~ 1 GeV (un
der study) 
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CSC Readout 

Bob Wixted 
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CSC Costing Status Summary 

17 December 1992 

Robert L. Wixted 
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OUTLINE 

CHIP FLOORPLAN AND AMPLIFIER LAYOUT -
COSTING METHODOLOGY REVIEW 

REVISED CSC CHIP COST ESTIMATE 
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Each SCA/ADC Chip 
Services 16 strips: 
4 each in the 4 layers 
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that comprise a superlayer 
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across eight strips 
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Data 

vO ect1or 

/ Data and Control Bus ( Trigger Cable ) 
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CSC Chamber Board Layout 

128 Channel Version 
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Electronics Cost Estimate 

Itern $/Board $/Chan Note Revision .... 

IC's (see summary table) $ 281 $ 4.39 1 A 

PCB Fab. (0.15 $/cm2 ) $ 48 $ 0.75 2 B ... 
Connectors (Male & Female) $ 64 $ 1.00 3 C,D 

Misc. Parts (W.A.G.) $ 20 $ 0.32 4 B -
Assy (1500 leads at $ 0.06/lead) $ 90 $ 1.41 5 B,D 

Q/A (20 min) $ 10 $ 0.16 6 B 

Test (1 inan-hour) $ 30 $ 0.47 7 B 

Rework (20% at 2 hrs/ea) $ 12 $ 0.19 8 B 

LVPS (200 mW/chan at$ 5.00/W) $ 64 $ 1.00 9 D,E -
Mounting Hardware (W.A.G) $ 20 $ 0.31 4 D,F 

Packing & Shipping $ 20 $ 0.31 4 B ... 
Subtotal $ 659 $ 10.30 

Contingency (30%) $ 198 $ 3.08 10 ... 
Grand Total $ 857 $ 13.40 

• Assumptions 
- 64 channel board of area 32 x 10 cm2 (8 layers) 
- Includes P /A shaper, SCA/ ADC, DCC, & 1st Level Trigger 
- SDC chip costing rules 
- PC costs based on discussions with U.S. & Canadian vendors 
- Assume SMT for automated assembly 
- Fixed costs of R&D, EDIA, & NRE not included 

.. 
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Notes on CSC Costs 

1. IC costs are based on a cost model employed by an SDC group fro1n 
LBL. The model is summarized in the accompanying· tables. 

2. Assun1es an eight-layer board of dimension 32 x 10 cm2 and$ 0.25/in2 

per layer-pair. The latter figure is based on detailed discussions with 
U.S. and Canadian PCB vendors. Various groups within SDC have 
independently come to the same conclusion. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

Based on costs of the input and output connectors used in prototype 
electronics. Actual costs may be lower due quantity purchase and due 
to careful choice of an economical connector. 

Engineering judgement. 

Assumes 1500 leads per board at $ 0.06 per lead. Although our discus
sions with vendors indicated a cost of$ 0.03 per lead, we have adopted 
the higher value used by SDC. 

Assun1es 20 minutes per board at $ 30/hour. 

Assun1es one hour per board at $ 30/hour. 

Assu1nes that 20% of boards will require rework and that the average 
rework time will be two hours at $ 30/hour. 

Assumes 200 mW/ channel at $ 5 /W delivered to the chambers. This 
is the value assumed in the LRS estimate. 

A detailed ele1nent-by-element contingency analysis has not been per
fonned. 
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Comments on PC Board Costs from Phase 2 Analysis 

A) A reanalysis of the SCA/ ADC chip, which now contains the shaping 
amplifiers as well the first layer of trigger elen1ents, yields sirnilar results 
to the first analysis. 

B) The design now under consideration calls for 128 channels per board. 

... 

Thus many of the fixed costs will be amortized over twice the nurn- ..,, 
her of channels. However, the increased density rnay result in modest 
increases in the per-board costs. 

C) A new connector scheme has evolved. No new estimate of the cost has 
been made. • 

D) These items will benefit from additional work. In particular 1110re de
tailed designs will allow us to obtain to vendor quotes, which will in
crease our confidence in the estimated costs. 

E) The original cost estimate is generous in terms of cost per watt, but 
rnakes no allowance for the problems of on-detector cooling. An ap
parently inexpensive scheme for water cooling has been proposed, but 
it needs additional study. 

F) Work to be carried out in collaboration with GEM mechanical engi
neers should help to better define the cost of mounting hardware. 
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IC Cost Summary 

SDC IC Costing Rules 

Size Area Yield Fab. 

Tiny 6.8 mm2 70% $ 2.05 

Small 35 mm2 65% $ 11.17 

Medium 50 mm2 60% $ 17.65 

Non-recurring expenses (NRE): 
- $ 25K per design for masks 
- $ 5K per design for testing setup 

CSC IC's 

Pkg 

$ 1.00 

$ 1.50 

$ 2.00 

Test Total 

$ 7.50 $ 10.55 

$ 8.00 $ 20.67 

$ 8.50 $ 28.15 

Description Type Chans/Pkg $/Chan Revision 

P/A Shaper Tiny 8 $ 1.32 A 

SCA/ADC Medium 16 $ 1.75 B 

ALP Medium 64 $ 0.44 c 

DCC Medium 64 $ 0.44 C,D 

Trig Medium 64 $ 0.44 C,D 

Total $ 4.39 

20'7 



Comments on IC Costs from Phase 2 Cost Analysis 

A) It should be possible to i1nple1nent sixteen channels per package, re
sulting in sornewhat reduced costs. 

B) A second analysis using ORBIT pricing data rnore detailed chip-area 
estimates yields cornparable costs. 

C) In the current design, the ALP, DCC, and Trigger chips will service • 
128 channels each. 

D) The function and design of these chips is not well understood at this 
point. Additional R&D effort is needed to better define their require
ments. 
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CSC System Cost Summary 

• Additional Front End WBS Elements (added cost per 1000-channel
rnodule) 

- HVPS & Cable 

- Fiber Data Links 

- Trigger Cable 

- Total additional per channel (w. 30% contingency) 

• Grand total per channel: $13.40 + $0.90 = $14.30 

• Channel Count 

1050 K fine cathodes 

160 K anodes (or coarse cathodes) 

1210 K total 

$ 200 

$ 370 

$ 120 

$ 0.90 

• Fixed cost of R&D, prototypes, etc. $ 2760 K (from LRS report) 

• Total Front End Cost 

$2760 K + 1210 K x $14.30 = $20.l M 

• There is an additional$ 6.6 Min the LRS report for the Level 1 trigger. 
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CSC Chip Revised Preliminary Costing 

Chip Size 5.1 by 5.7 mm 29 sqmm 

4 inch wafers 270 chips .. 
80% litho yield 229 chips 

60% test yield 137 chips 

$750/wafer $5.44 per chip .. 
Package $1.45 ea 

Testing $10.00 ea 

Total cost $16.89 per chip .. 
Cost per Channel ($1.75) $1.05 

.. 

... 

.. 
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Calorimeter Trigger 

Dario Crosetto 
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GEM Trigger meeting 

December 11, 1992 

Ll Trigger 3D-Flow system, boards, cables. 
D. Crosetto 

Tranparencies 
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On request by the audience 
at the presentation of Dec. 11, 1992 

Addendum to the 
technical note GE\! TN-92-2.tS 

3D-FLOW SYSTEM PO\VER CO:'\'St:\IPTION DISSIPATION 

WRITTEN COST ESTIMATES from SEVERAL lj';DUSTRIES have calculated the power 
consumption of a "3D-Flow" processor from 200 to 250 mW. 

(This calculation included the Multiply Accumulate (MAC) Unit that is not strictly neces
sary for pattern recognition algorithm, but is essential if it is desired to have a digital filter 
on the input digitalized signal. By dropping the \1..\C unit, the power consumption will drop 
considerablv) 

Based on the power consumption of a 30-Flow chip with MAC unit = 200 mW, the total 
power consumption will be: 
· One 30-Flow board with 16 x 3D-Flow processors= 3.2 W 
· One stage with 1280 "3D-Flow" processors= 256 \V 
·Several stages can be assembled. assuming a system with 16 stages= 4,096 \V 

·Different rack assemblies can be made: 

· subdividing the system in a pentagon racks {as shown in Fig. la), 2 boards in the row and 8 
boards in the column will be accomodated for each stage, this will give 16 boards per stage 
per rack = 51.2 \V. In the case of a 16 stage s~·stem, the power per rack will be 819.2 W. 
·subdividing the system into a 10-sided cylinder racks (as shown in Fig. lb); a system with 
16 stages will have a rack dissipation of 409.6 W. 

Connnectors on the board can be alligned vertically in the two side (left and right) of the 
board, allowing air flow from bottom to top on the 30-Flow chips. 

/ / R"'t"K r. ... K 
1.dh 
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Interconnection hr:t,veen Front-End Processors (FEP) 
(1 FEP array layer in perspective view) 

3rd Int. Co.if. on Advance Tor.~nology. Como. June 25, 1992. Dario Crosetto 

iS 

.~~~~~~~~~~~~~ 

215 



. ' -
• • !' .. • - · .. - . ·- . . . . ·. 

.. - · .. - . . . . . .·. ·- . . . 

Local I I I I 1 C > Ii for i 

Threshold < 

1, ... , 8. 
• I C i I ! 8 maxim um 

1 
1 

1 1 1 
1 2= Ii + C. 

i=l 

EM~~ 

IF trr:::=J > - > ·[fil~ 1=-.J---
1 THEN~ A 'I 

OR ?check ------~ 
1 noNT-To-ua: 

. ~AO:!> 
EM~>-) EM~ -

m::rr....--' C I 

Threshold < C em+ Iem; \~~) < Threshold 

4 x 4 simpllfied trigger towsr 

THEN HAO!> 

EM~ 

Jet 

Check for 
ISOLATION 

EM~~...,........-

LJ__...JL--__.~ ~ = ~~--
~·~ .L 

3 12 12 

Threshold < Ca+ I;IB.+ I;~+ I;oai 
i=l l i=l i=l 

16 16 

Threshold < 2: EEMi + ,l: Ea1 
i=1 i=l 

216 finding _. J .. 1 

UJ 
~ 
c.l 
~ 

UJ 

l.(J 
.,-; 

\1/ 
,.. -....., t:D UJ =· ~ Q) - c.i I 

"t:: ..;...) 

= rn ! 
"" . I 
Q) ~I 

A. C'j 

!' 
>::: ... 
..... .... ...., ... 
"" . 0: 
t:D -"" : 

:;:.... . 

i:: 
<. 

I 

'\ 

.. 

-
.. 

.. 

.. 

... 

.. 

-
.. 



-

-

Algorithm flow-chart 
Corpus Christi 10/2/92 

Phase 1: 

Phase 2: 

Phase 3: 

•em" > threshold 

' yes 
set code 

"had" iem" 

< threshold 

set code 

isolated ? 

set code 

no Co.lorlMetry In HEP 

Do.r!o Crosetto 

no 

no 
possible jet ? 

set code 

output code 

1 two "em· s= (north 1 x 2) > threshold 
2 two "em" sum (east 2 x 1) > threshold 

4 "had" i em" (north 1 x 2) < threshold 

8 "had" i em• (eaat 2 x 1) < threshold 

16 isolation achined 

32 poasible jet found 

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

a possible electron was found, 
--

no 

but it was not i_solated from 'the sorrounding energy, 

~ and that cell may be part of a 4 x 4 jet. 
') 1 ., 
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Unrolled "Barrer .;. unfolded END CAP = Towers processor array f 1.....,1 fr499er granalarlty •xarnpld 

Experiment -'i>'fl 6t Mul'Tl!llW of 

I ONE TO'vVER ONE PROCESSOR 
procenors 
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6.0 30-FLO\iV ClllP ASSEl\tlilLY 

A price/perfo1111ance 111a1ket study led Lo design a11 eco.~2!!1ical 3I~ow proccss9r .. s:.hU\witlt only 
rour 30-Flow processor cells. This will require fron1 (50,000 ~o_ sg:qoo _gate¥) (depending on the 
technological process used and functionality of the processor). 

A1nong the n1ore econn111ical packaging tir(: available the Quad Flat Packs (QFPs) and the Land 
. Grid Package (LGA). ...- • ·= - ·• 

;\ 3D-Flow chip accon1odating four 30-Flow processors could be packaged in a 25 111111 x 25 nun 
LGA. 

N 
N 
N 

'• 

'TO(" 

FIGURE 7. Functional scheme of a chip with 4 x 3D-Flow processors . 

• • • • • • 4 • • 4 
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7.0 3D-FLOW BOARD LAYOUT 

The .~~1.sic_.~l~.~1~S!!!. for the construction of a prograinnrnble Lt~vel-1 trigger suitable for different 
caloriinctcr sizes and with different event ra1es, is a . .f.C:U.Jls>l!rf!-2.i!!LL'i x.JT~-Flow processors (4 
in. x 4 in.) or a PCil board with 64 x 3D-Flow processors (5 in. x 5 in.) 

_. ,..,==: sw:u;; .. ;Jt =-~-,-..,··~ 

~ The ~!!D.C:s..in using one of the two boards is the following. The PCB hnarcl (5 in. x 5 in.) with 
w §.1--2S1Q.:flq\V..P.[2.S~'>~.Qr. will have an l!l&Jl~:!:Y,'.)St but ii will allow to build a11 equivalent systen1 as 

with the 16 x 3D-Flow PCB boards in al111ost half size in dian1eter and hight as shown in Figure 
-·~'¥ .. •J/'K•' • ' 

" 

13 and Figure 14. . • 

· Edge connectors of PCB board of Fig. 9 and Fig I 0 have 120 contacts each (spaced 0.050 in), 
while edge connectors in Fig. 11 and Fig. 12 have 240 contacts each (spac(·d 0.025 in). 
Other connectors are surface 111ounting with contacts spaced 0.050 in. The JD-Flow chips asse111-
blcd on the 16 x JD-Flow processor board can be packaged in QFP or in LCI/\, while the 3D-Flow 
chips assen1bled on the 64 x 3D-Flow processor board can use the Multi Cliip Module (MC!vl) or 
the Tape Automated Bonding (TAB) technique. 

I 0 
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. rad it ionally, system ho11st:s that need to 'f· .quickly im plc1nc11t tl'ch11ology·'.in!cnsive, 
high-complexity hoards would turn to full
sc1vii::e board vendors, <ipplicillit)n-specilk 
hoard.vendors, or their own in-IHlllSL'. hoard 

111anufacn1;·ing. But 1u~w with p;uchtcis ri'.quiring 
111ixed assem.bly technologies, cl1oo~i11g a board 
manul'acturing soh11ion,is more complicated. I ligh-, ' 

volume, mixed-technology asst.:mhly is a capilal-
i111,:nsivc proposition thill requires a $?0-30 million 
111vestme111 in eq11ip111e111, a cost that's out nf reach lnr 
mu'.;t assembly htH1ses at11l s111aliu um1panit:s that du 
their own,mam1faquring. Eqnipmenl delivcry;sct-up 
:111d opcra1iu11al learning n\1ves are additi(\nal tktails · 
to consider. Systc\H houses rnn avoid all this, h>' 
cl11ploying the scrvin:s 1\f.S-MOS Systems' fll_l' 
business unit. 

fllJ' injects adv;111ced tecltnulogy and oilers 
improved design ncxihility, prnd1,1ct yidc\ and lurn
al\llllld time. By using Bl.P's full-service moditle 
ma1111l~ic1urii1g capahiliL y and advanced technology, 
designers can bring 111ull iple lcchnology modules to 
market quickly. · · 

J\d,1a11c~ed 

J•ac~lu1gi11g 

'l'eehnolog:t' 

QFP ~'i t Fntnrc ,q .. ............_. 
l'in count 08 ii. 376 pin 

Inner lead piich 12011111 jOfiITT 
Outer lead piieh 0.5111111 0.3111111 

!Indy thickness :l.l°l1111n I .On11n 

COii 

l'in COHiil 161\ pin 2'.i<> pin 

Paci piich 13011111 I 0011111 
llody 1hickncss 1.0111111 O.Bmm 

TAB 

l'in COHiii 200 pin 500 pin 

Inner lead pitch 12011111 B011111 
Outer lead pitch 1B011111 I ·1011111 
llody 1 hidrnrss I. 3111111 0.!1111111 

~ 

I .. 

) 
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Electronics Costing Meeting PU 12/16/92 

Comments on Muon Trigger Electronics Costing 

• Approximate estimate of hardware 

• Costing methodology 

• Proposal for continuation of cost estimates 

We will do only barrel and then multiply by some factor to 
be determined (but of order 2) 

241 M. Atiya 

\ 



Electrnnics Costing Meeting PU 12/16/92 

CSC Facts 

The CSC chambers come in a stack of 4 chambers. 
SLl = 2 stacks of 4 each (irrelevant for the trigger) 
SL2, SL3 = 1 stack each. 

The average chamber is -120 cm wide by -300 cm long 
Each chamber has 256 cathode strips (~<!>) 
Each chamber has 128 anode gangs (TO) 

Assuming 48 sectors then each sector in SL2 and SL3 has 
an "average" chamber in stacks of 4 (in reality they are 
different in size and a bit smaller ) 

Assume that each of SL2 and SL3 has 8 chambers in Z 

Note that the 48 sector is under consideration still by the 
mechanical engineers. 

242 M. Atiya 
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Electronics Costing Meeting PU 12/16/92 

General conunents on the muon trigger 

Need to determine two parameters at the Level 1 trigger 

• ~<I> at the level of 2.0 cm in the barrel and 0.5 cm in the 
Endcap 

• TO (beam crossing time) 

The number of barrel trigger segments is about 16000 and 
20000 
SL2 = (600*2*3.14)/2.= 2000*8 = 16000 
SL3 = (800*2. *3.14)/2.= 2500*8 = 20000 

(assuming SL2 and SL3 triggers at 2.0 cm segments 
and 3/4 coincidence) 

243 M. Atiya 



Electronics Costing Meeting PU 12/16/92 -
On Chamber Trigger Processing Unit (TPU) 

... 
Neighbor Link 

1+1 16 Trigger 
Cl 1+2 

1+3 processing 
Channel -

1+1 Element 
C2 1+2 Front End 

1+3 To Electronics Room or On-Detector 
IC 

IC 
1+1 (A trigger primitive) 

C3 1+2 ... 
1+3 

1+1 

C4 i+2 

1+3 -
Neighbor Link 

-
Total Count for TPU - 32-,000 

-
-
... 

244 M. Atiya 
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Electronics Costing Meeting. PU 12116/92;. 
·---·--... 

On Detector or-EJe.ctronics RoD.m Trigger Boards (TB) 

Qr.I· o.tec;tor or BectroniCS Room itQqq; 

TPE input __ .,.; O AM 

1 • 
-
-

31 -

Total count for TB= 32,000/32 - 1024 
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Electronics Costing Meeting PU 12/16/92 

On Detector or Electronics Room Trigger Boards (TB) 

TPE input ---+ 0 

31 

On Detector or Electronics Room Board 

Encode AM 

=
=-
=-

Protocol/Logic 

Total count for TB = 32,000/32 - 1024 
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Electronics Costing Mceling PU 1_2116192· ______ . 

TB boards 

1 crate per secta.li €4!& ~). 
Each crate • 22 ~aa.rds; ~tQW· -.t 02;4) 
Crate ove~ad 

Crate 
+5.-5.+2 V supplies 
Crate Controller (Never in the histoliY, ofHil:El?-less than S
IOK) 

Cost of complex Digital PC board (see graph) 
Number of IC's on each TB board (yet to be done) 
MiscelJaneous Jogic (yet to be done) 
System control and monitors (yet to be done) 
Testing and debugging fixtures (yet to be done) 

OOPS 

TO logic(?) 
Cathode/anode correlation (?) 
Level 1 overhead handling 
DAQ overhead handling 

247 
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Electronics Costing Meeting PU 12/16/92 

TB boards 

1 crate per sector (48 crates) 
Each crate has 22 boards (total -1024) 
Crate overhead 

Crate 
+5,-5,+2 V supplies 
Crate Controller (Never in the history of HEP less than 5-
10K) 

Cost of complex Digital PC board (see graph) 
Number ofIC's on each TB board (yet to be done) 
Miscellaneous logic (yet to be done) 
System control and monitors (yet to be done) 
Testing and debugging fixtures (yet to be done) 

OOPS 

TO logic(?) 
Cathode/anode correlation (?) 
Level 1 overhead handling 
DAQ overhead handling 

248 M. Aliya 
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Electronics Costing Meeting PU 12/16/92 

The "Unofficial" costing rules 

Based entirely on recent experience with complex logic boards 
Production runs 10-100 

Assume 4 years for design and construction 
(FY 94-98) 

Overhead 

8 FfE Senior Engineers 
12 FfE Junior Engineers 
24 FfE interns 
12 FfE technicians 
Design Station support for 4 years 

Design 

6 month cycles per design 
Overhead on a design is small ( < $1 OOK) 
A design is either an IC or a board. 

Components 

TPU is a small IC (or part of a medium IC) 
TPU cable is 80 feet per 16 signals or $5/signal 
TPU connectors are $4 per 16 signals 

249 M. Atiya· 



Electronics Costing Meeting PU 12/16192 

The "Unofficial'.' costing.rules 

Based entirely on recent experience with:. compkx logic boards 
Production ru_ns 10-100 

Assume-4y,ear.s- for. design and construction 
(FY 94-98:): 

Ovel!'head 

8 FfE Senior Engineers 
12 FTE Junior Engineers 
24 FfE interns 
12 FfE technicians 
Design Station support for 4 years 

Design 

6 month cycles per design 
Overhead on a design is small(<..;:: $100K) "f1r~ \o ~
A design is either an IC or a board. 

Components 

TPU is a small IC ( or part of a medium IC) 
TPU cable is 80 feet per 16 signals or $5/signal 
TPU connectors are $4 per 16 signals 
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Electronics Costing Meeting PU 12116192 

1500 

1000 

Cos_t. of a i'astBus size PC board 
(EDRV3.0) 

-+-48'1• 
-&lyra 

---.-a 1yra 

-++-12 lyra 

ot=======:::t:======::::i~~~--
1 week ........ 

251 



Electronics Costing Meeting PU 12116192 

Assembly costs for complex digital boards 

Automatic Soldering 
DC testing 
Functional testing 
FuU debugging 
Mechanical• + Misc. 

$200/FastBus size boai;d 
0.25 FI'E days/board 
0.5-1 FTE days/board 
0.2 FI'E days/board 
0.2 FTE days/board 

252 
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Electronics Costing Meeting PU 12/16/92 

2000 

1500 

1000 

Cost of a FastBus size PC board 
(EDR V3.0) 

-+-4 lyrs 
__._6 lyrs 

-.-a 1yrs 

~121yrs 

500~::::::::::::::::::::::::._,,,._ __ "===::::::::::=:== 

ot========t========::t-~~~---< 
1 week 4 weeks 12 weeks 

M. Atiya 



Electronics Costing Meeting PU 12/16/92 

Assembly costs for complex digital boards 

Automatic Soldering 
DC testing 
Functional testing 
Full debugging 
Mechanical + Misc. 

$200/FastBus size board 
0.25 FTE days/board 
0.5-1 FTE days/board 
0.2 FTE days/board 
0.2 FTE days/board 
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6.x GEM Data Acquisition and Second Level Trigger Systems 

6.x.1 Introduction t 
The Data Acquisition System is responsible for bringing the data for the relevant 

physics events to mass storage in an efficient way. It also provides the context in which 
the level 2 and level 3 uiggers run and brings the data to these triggers. 

A design goal specific to the GEM DAQ system is that all front-end chips are read 
after each level I trigger. This way no data has to be stored on the front-end chips during 
the level 2 decision. Only buffers of moderate size will be needed to de-randomize the 
level I uigger rate fluctuations. It also allows for level 2 implementations with large la
tency. 

Level I 
Trigger 

Control Network 

Figure 1. Overview of the GEM DAQ system 

The level 2 and 3 algorithms will be executed in the general purpose processors of the 
on-line farm. Hence, the event data must be transported to the farm at rates up to the 
maximum specified level 1 trigger rate of 100 kHz. It also means that there are basically 

25'i' 
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Funct Code 

EN3 
M&S 
EN3 
M&S 
EN3 
M&S 
P/F 
EN3 
M&S 
l&A 
P/F 
EN3 
M&S 

EN3 
M&S 
EN3 
M&S 
EN3 
M&S 
PIF 

EN3 
M&S 
l&A 
P/F 
Em 

) 
) 

Item Description 

XBAR DAQ System 

Design & Simulation 
Design & Simulation 
Layout 
Layout 
Bid Package 
Bid Packaae 
Procurement 
Software Development 
Software Development 
Testing 
Testing 
Prototype Setup 
Prototype Setup 
EOCTOTAL 

Deskin & Slmulalion 
Design & Slmulalion 
Layout 
Layout 
Bid Package 
Bid Packaae 
Procurement 
Software Development 
Software Development 
Teatlna 
Teatlna 
Prototvoe Setup 

) 
) 

GEM (XBAR) DAQ WBS 

QTY l.M CRAFT RATE 

1.6 MY 113 
1 LS 0 

0.5 MY 113 
1 LS 0 

0.25 MY 44 
1 LS 0 
1 LS 0 
1 MY 69 
1 LS 0 

0.75 MY 69 
1 LS 0 

0.75 MY 113 
1 LS 0 

1.5 MY 113 
1 LS 0 

0.5 MY 113 
1 1,.$ 0 

0.2·5 MY 44 
1 1..S 0 
1 LS 0 
1 MY 69 
1 LS 0 

0.75 MY 113 
1 LS 0 

0.75 MY 113 
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-
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• 

- Request Latency (empty ring) 

-
First Ring ••..• 72 Nodes X 1 6 Bytes X 1 nsec/Byte = 1 .2 µsec 
Cross-connect ...•. 1 6 Bytes X 1 0 nsec/Byte = 0.2 µsec 
Second Ring •.... 72 Nodes X 1 6 Bytes X 1 nsec/Byte =- 1 .2 µsec 
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Item Description 

SCI DAQ System 

Design & Simulation 
Design & Simulation 
Layout 
Layout 
Bid Package 
Bid Package 
Proa\IC'9(Mllt 
Satt\11¥e O't\'elopmenl 
Satt\11~e O.eveloomenl 
TeatillQ 
TeaUno 
Prototype Selup 
Prototype Setup 
EDCTOTAL 

Design & Slmulatlon 
Desl1111 & Simulation 
Layout 
Layout 
Bid Packaae 
Bid Packaae 
Procurement 
Software Development 
Software Development 
Teatlng 
Testing 
Prototvoe Setup 

• 

GEM (SCI} DAQ WBS 

QTY lM CRAFT RATE 

1.5 MY 113 
1 LS 0 

0.5 MY 113 
1 LS 0 

0.25 MY 44 
1 LS 0 
1 LS 0 
1 MY 69 
1 LS 0 

0.75 MY 69 
1 LS 0 

0.75 MY 113 
1 LS 0 

1.5 MY 113 
1 LS 0 

0.5 MY 11 3 
1 LS 0 

0.25 MY 44 
1 LS 0 
1 LS 0 
1 MY 69 
1 LS 0 

0.75 MY 113 
1 LS 0 

0.75 MY 113 

Page 1 

• • 

LAB(m LABOR MATERIAL L6~ TYPE 

6133. 75 

1.5 169.5 0 169.5 
0 0 40 40 

0.5 56.5 0 56.5 
0 0 30 30 

0.25 11 0 1 1 
0 0 2 2 
0 0 2483 2483 
1 69 0 69 
0 0 40 40 

0.75 51.76 0 51.76 
0 0 40 40 

0.15 84.76 0 84.75 
0 0 15 15 

4.75 442.5 2650 3092.5 

1.5 169.6 0 169.5 
0 0 20 20 

0.5 56.6 0 56.5 
0 0 10 10 

0.25 11 0 11 
0 0 2 2 
0 0 435 435 
1 69 0 69 
0 0 25 25 

0.75 84.75 0 84.75 
0 0 40 40 

0.75 84.75 0 84.75 

• • • • • 



G_E!v1 WB.S_ 

- -- -- - - . ·- I 
cost number !total 

I 
50.3. SCI DAO.System- I 

50.3.x EOC: 4850 512 2483200 
50.3.x.y L_ink. Receiver.- 5~0 16 800 
so.a.x.y LJnk qecoaer. 3;Q 16 480 

- SQ.3..x.y LinkFJFO~ .. 60 16 960 
~3'.x.y Uni( OMA-

I -· - ----~ 
30 16 480 

50.3.x.y sci; 1 menace 400 1 400 
50.3.x.y: SGJ;~ 80 1 80 
!ilil. 3.X.Y.· S"CJ, CC>ntwl; 200 1 200 
50.3.x •. y. Bilttilr. ~: 100 8 800 
50.3.x.y PC: B"oaD:I: 200 1 200 
50.3.x.y SCI: ClllDI& 50 1 50 
50.3.x.y cratelpow&r 6400 0.0625 400 

50.3.x SCI Switch 434560 1 434560 
50.3.x.y Link Decod8r 200 256 51200 
50.3.x.y Link Encoder 200 256 51200 
50.3.x.y SCI Interface 4001 512 204800 
50.3.x.y SCIFIFO · 100 512, 51200 
50.3.x.y SCI OMA 80 512 40960 
50.3.x.y PC Board ' 200 64 12800 
50.3.x.y SCI Cable 50 64 3200 
50.3.x.y crate/power 6400 3 19200 

i 
50.3.x EDD ·5330 128 682240 
50.3.x.y Link Tranceiver 500 41 2000 
50.3.x.y Link FIFO 100 8 800 
50.3.x.y Link OMA 50 8 400 
50.3.x.y SCI Interface 400 1 400 

- 50.3.x.y SCIOMA 80 1 80 
50.3.x.y SCI Control 200 1 200 
50.3.x.y PC Board 200 1 200 
50.3.x.y SClcallle 50 1 50 
50.3.x.y Fiber 1 800 800 

- 50.3.x.v crate/oower 6400 0.06251 400 

-
Page 1 
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50.3.x.v 
50.3.x 

50.3.x.y 
50.3.x.y 
50.3.x.y 
50.3.x.y 
50.3.x.y 
50.3.x.y 
50.3.x.y 
50.3.X.)'. 
50.3.x.y 
50.3.x.y 
50.3.x.y 
50.3.x.y 
50.3.x.v 
50.3.x 

N 
...J 
i\:) l 50.3.x.v 

50.3.x.y 
50.3.x.y 
~0.3.x.y 

~0.3.x.y 

50.3.x.y 
50.3.x.v 
50.3.x.y 
50.3.x 

50.3.x.y 
50.3.x.y 
50.3.x.v 
50.3.x.v · 

• 

M&S 

ENG 
M&S 
ENG 
M&S 
ENG 
M&S 
P/F 
ENG 
M&S 
l&A 
P/F 
ENG 
M&S 

ENG 
M&S 
ENG 
M&S 
l&A 
P/F 
ENG 
M&S 

ENG 
M&S 
P/F 
ENG 

t 

Prototvoe Setup 
Switch TOTAL 

Design & Slmulallon 
Design & Slmulallon 
Layout 
Layout 
Bid Package 
Bid Package 
Procurement 
Software Development 
Software Development 
Teatlna 
Testlna 
Prototype Setup 
Prototype Setup 
EDD TOTAL 

Deakin & Simulation 
Deakin & Simulation 
Software Develooment 
Software Development 
Teatlna 
Testing 
Prototype Setup 
Prototype Setup 
Trig Supervisor TOTAL 

Oeslan & Simulation 
Design & Simulation 
Procurement 
Software Oevelooment 

• ' 

GEM (SCI) DAQ WBS 

1 LS 0 

1.5 MY 113 
1 LS 0 

0.5 MY 113 
1 LS 0 

0.25 MY 44 
1 LS 0 
1 LS 0 
1 MY 69 
1 LS 0 

0.75 MY 11 3 
1 LS 0 . 

0.75 MY 11 3 
1 LS 0 

0.5 w 113 
1 LS 0 
1W 69 
1 LS 0 

0.75 w 113 
. 

1 l,.S 0 
0.75 w 113 

1 LS 0 

0.5 MY 113 
1 LS 0 
1 LS 0 
2 MY 69 

Page 2 

• • 

0 0 15 1 6 
4.75 475.5 547 1 Q.2;2.6 

1.5 189.5 0 1.6~ .. s 
0 0 ~(), 2~ 

o.s 66.6 o. 5,6.5 

0 0 10 1,0 
o .. 2:5 · '' 0 11 

0 0 2 2 
0 0 61\2 6.82 
1 69 0 69 
0 0 25 26 

0.75 84.75 0 84.75 
0 0 40 40 

0.75 84.75 0 84.75 
0 0 15 15 

4.75 475.5 7Q4 1 ze..e ... 6 

0.5 56.6 0 56.5 
0 0 0 0 . 
1 69 0 6.9 
0 0 1 1 

0.75 84.75 0 84.75 
0 0 5 5 

0.75 84.75 0 8.4.75 
0 0 5 5 
3 296 11 3,0,6 

0.5 66.6 0 5.6.5 
0 0 0 0 
0 0 40 40 
2 138 0 138 

• ' ' ' • 



l l 

50.3.x.y 
50.3.x.y 
50.3.x.y 

N 
"'1 

50.3.x.y 
50.3.x.y 
50.3.x 

'"' 

l 

M&S 
l&A 
P/F 
ENG 
M&S -- --

) l l ) 

GEM {SCI) DAQ WBS 

Software Development 1 LS 0 
Testing 1 MY 113 
Testing 1 LS 0 
Prototype Setup 0.75 MY 113 
Prototvoe Setup 1 LS ·o 
Control Svstem TOTAL 

Page 3 

) l l l 

0 0 1 1 -
1 113 0 113 --
0 0 . 5 5 

0.75 84.75 0 84.76 
0 . 0 5 6 

4.25 392.25 51 443.26 
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Rack & Power Supply. Status 

Ken Freeman 
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) 

CONTROLS 
~ CRATE 

FANS 
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STATUS PAN EL 

SCIENCE 
CRATE 3 
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SCIENCE 
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,4 C.CE ~~o R l I: .s 

SU81oTAL 

FANS ( 3 t ll'~j•) 
l-IE',4T £><G./-IAWC.t=.RS (3) 

Pf PIH Q 

C/IA V/1-1E SUSRA-Cl< (':I-) 

STANDARI) CONTR.oLLER +LtN~ (~) 

Povc:R <::U.f PLtE s (>s sow..- t. 7,Vi..-) 

!=/{?[, EJJC. 5;/;HSORg (-<-t>i.) 
P V V ~(< w I Rf NC.. 

RACI' HA-R.D'IA/AR.E COST 10TAL 

7 0 7 (70 
' 

3 I S-.rJo 

t o 5r S- o~ 

6 0 C>.~C> 

I C>().e>t> 

3 OD o. oO 

?..lfo o.~ 

if?...OC>.C>O 

sS-o.oo 

t ~o.~i> 

A ~$[,A.fBL>"' / T £sT1 /H5TALLATi~f'J (80 ,L; I tt;j,e.J lf, o a D .ot> 
(ALLot,./A-f(Ct) 

[RACK TOTAL 'f f7, 3?7- 00 I 
. 5 L C> T Cf./Af?4 E ! ";2.0 /Uop ULE S 

t I 7 J 'f ~o_ ::= $ ~ 7 0 
;i.. 0 
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/UAC..f'/E/fC. FIELD 14?DATE 

~ ,M £ASC4f(£D TRANSFOR/Vf ER PERf-c>R MA-Ne E AT 
"JOS E:Pfl /./€"NI? 'r C'('C L OT/?OfV -VAR/Er:> : B 0Rt€/'ITATtt>tV1 ?Rf/tfA-R ~ l/e>LrA- <:;F 

/ ~ 

LOA!>t=D /'4/1/ L DAO ED) S/11;4LI. I LAR!;£ 

• R£Sl<LT5: ~(j)oRTf..lo4oN-1t. OR.IENIATtof" 1s Pest. 

(%> No PRof3L£/11 /?£Lov ~CJJC> C,Al(~.J' Ill 

T RA/ll'S foRA<t R Mc:>PE. ( tNr.:>s~'t!s~-fr~F1'"R9 
@) /NP l<CTANC/i" S/..f~f..ITL r (?£{.>IA.C/i/) AT }oo c;, 

(£.> lOAf) CAt$lf ~t.<BJ£cr TC> lORC"NT~ /SC>RCE. 

~ (OR£ VIBRATES wf./£tl S:AI UR ATE O. 

© coR£ /./FATS Wf./£N ~ATURATE'D. 

(!} FIELD CR4D/ENT CA(.(!:£S 'S/C/V/FfCANI 

FORCf. 

• IMPACTS - 'DfSfC./V OPTIONS 

(/) A VOfD $<>0-/CJOO CiA'<SS" Of?. ,A<Off€j 

/NSOFA-{( AS POSSIBLE. 

rt> U.St OVcR. SI 2cf) TRAN s fO/?AfcRS @ ~o /(~I 
(Of(TINU.fi TO //(Vt: s-Tl C, .-4rF fl ( C. l./c {? 

F (? E' Cl <..ff" N c ( £S. 

® USE AIR- CO(<.£ AAC.Ntrrcs AT Vt.R'r fl/(},fl 

f Re~ r.A.f t../C/e s. (coot<~/ LANL) 

<![) /UUSr !NVESfl C.AT£ FANS, /?£LA 'rS) ETC, 

(f} AJl<S[ TEST PR.t?PDS£1J ?DWER SIAPPLlf".S. 
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Electronics Integration 

Norm Lau 
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GEM Integration Status - Ken Freeman and Norman Lau (Dec. 1992) 

GEM Facility - interface to EFD, CCD and BP/MK 

GEFUR - Conventional and technical facility ground 

Electrical load 

NC power distribution 

Cooling 

Title II - Electronics Rooms 

Electronics Shop 

Cable tunnel #5 and #6 

Installation plan - Racks in the Electronics Rooms and detector hall 

Electronics Rooms Jay-out 

Cabling between the Operation Center, Electronics 
Rooms and the detector hall 

GEM Electronics - interface to GEM Project Planning team and subsystem groups 

Maintain Baseline document 

Maintain WBS 

Co-ordinate with the Project Planning team and subsystem 
groups for establishing schedules and bottoms-up estimates. 

Investigate commercial fiber link to meet radiation 
requirement, collaborate with SDC, discuss with subsystem 
groups for common data link 

Establish electronic requirements 

287 
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-
Electrical Load 

Maximum construction power to June 1996 for GEM & SDC 9.5MVA 

GEM's power requirement for the year of 1995 8.3MV A 

SDC's power requirement for the year of 1995 3.2MV A 

GEM's requirement from Jan to June of 1996 10.6MVA 

SDC's requirement from Jan to June of 1996 6.3MV A 

Total power allocation for GEM after June 1996 l 4.5MV A 

Clean power allocated for electronics load l .3MV A 

Estimated clean power for underground electronics load 3.2MV A 

In-detector and On-detector electronics l.9MV A 

Electronics Rooms (Level 1 to 4) l.3MV A 
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SPECIFICATIONS FOR 
CADWELD PRE·ENGINEERED SRG 

The Signal Reference 
Grid (SAG) shall be 
manufactured from 2 inc" 
wide by 26 AWG gage 
(0.0159 inch thick) copper 
strips on 2 foot centers. 
All crossovers shall be 
joined by welding. The 
SRG shall be furnished .i 
10 16 feet wl::e. The 
sections shall be rolled on 
tubes with the outside of 

the roll protected for 
shipment 

NOTES: 
1 . Other strip sizes are 

a·1ailabl11. 
2 Other spacing is 

available. 
3. Roll weight usually 

limited to about 200 
QOunas gross weignt 
for convenience 
{1200 SQ. It.). 
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II 
Type TW field made 

Overlapped strips frol"'I 
adjacent sections 

Misalignment allowed 
Detweei adiaee~'. 
sections 

ER!CQ<- PRGDLJCTS INC 
CLeVELA~~o. OHIO 44139 CRDWELDF. 1 ·800-248·Wt:.LO 
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