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IST silicon pad sensor design for Hamamatsu quote I

e

K] bond1ng pads=—

Enlargement of this region in 'HamamatsuDesign_17June2008_II'

silicon sensor size (cut edge): 102mm x 40mm

Active area pitch (grid size): 6275um % 596um in 16 columns x 64 rows
Distance cut edge to active area left & right: 800um

Distance cut edge to active area top: 800um

Distance cut edge to active area bottom: 1056um Hereresesiam IR

Metal-2 signal traces not shown in this design! Bt Bovitons E/22/A08

Scale:

2008

ensors

IST silicon pad sensor design for Hamamatsu quote

Silicon sensor size: 76.900mm x 40.000mm
Active area pitch: 6275um x 596um

Edge structure left & right: 800um

Top edge structure: 800um

Bottom edge structure: 1056um

12 columns x 64 rows

6 Sensors cover a bit over 1.2 in rapidity
400um gaps (max) between sensors means total gap of 2000um between sensors
leading to a spatial efficiency of 97.8% Latest Revision: OIK[2/2009

Seale Ten = 0 dm N
2009

HamamatsuDesign¥5Apr2009

IST silicon pad sensor design for Hamamatsu quote II

|

I
A=
IS |
LTS \
il }

Bias Ring
Guard Ring

Blow-up of lower left corner of 'HamamatsuDesign_17June2008_I'
showing the expected Metal-2 signal traces layout

HamamatsuDesign_17Jun2008 IT

Latest Revision: 06/24/2008

Silicon sensor size: 76.900mm 3 40.000mm
Active area pitch: 6275um x 596um

Edge structure left & right: 800um

Top edge structure: 800um

Bottom edge structure: 1056um

12 columns x 64 rows

6 Sensors cover a bit over 1.2 in rapidity

400um gaps (max) between sensors means total gap of 2000um between sensors
leading to a spatial efficiency of 927.8%

Scale:
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Request for prototype quotation will go
out as soon as funding schedule available

Gerrit van Nieuwenhuizen



APV25-S1 readout chips
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Dicing : 5-10 working days

The 6 chips are working except for 12C
Another test with 5 chips on APV module
First one more single wafer dice before all

Slide 3 Gerrit van Nieuwenhuizen



Kapton hybrids

Production IST module

Prototype

Silicon

[

EEEEEE

Prototype Production IST module

H
H
'

20.48cm

7100um x 8055um

The readout chips are W x H :

Mostly scaled from the Miro FY08 RsD prototype

IST_Module_TopView_16Jul2008

[Latest Revision: 07/17/2008

Scale: lem = 0.8cm

2008

IST_Module_TopView_25Feb2009

Latest Revision: 05/13/2009

Scale: lem = 0.8cm

Radiation Length estimate for IST module

S
: — . (5055w ],
) L= =1 Tt 1

silicon Pad Sensor i APV25-s1

cC Substrate

CF Honeycomb with CF Skins

Rapton Hybrid-Cable folded to backside of ladder
| 5.3 cm |
U 2= T 1

Silicon Sensor: 300um = 0.32%Xo
APV25-S1: 8055um X 7100um Silicon, 300um = 0.32%Xo
Rapton (polyamide), RadLen=28.6cm, 2 X 250um = 0.17%Ko
Cu traces, 17um/Cu-layer, 2 layers @ 50% coverage = 0.12%Xo

is about

Averaged RadlLen over 5.3cm width|

carbon-Carbon, RadLen=22.0cm, 0.5mm = 0.23%Xo

0.
Carbon Fiber Skin: 10miltglue = 300um = 0.11%Xo 0.060%
Ultracore Honeycomb 0.4953cm = 0.06%Xo 0.
Al Cooling tube OD 4.10mm ID 3.50mm = ..... %o o
Water, oD 3.50mm = ...%Xo :
0.23%
(OR Al Cooling tube OD 3.00mm ID 2.60mm = ..... %Xo) 0.
(Fluorinert C5F12, OD 2.60mm = ..... 4%o0) 0.
0.
0.

silicon: 2.33gr/cm3, RadLen=9.36cm
Water: lgr/cm3, RadLen=36.08cm

Readout Chip
CF Honeycomb

12% Cu Traces Hybrid
11% CF skin + Glue

11% CF skin + Glue
carbon-Carbon core
24%  silicon Sensor

05% Cooling Water

08% Al Cooling Tube
17%  Kapton

1 cooling tube adds 0.13% Xo

UltraCore UCF-119-3/16-3.5: 0.056gr/cm3, RadLen=860cm (0.09gr/cm3 E.A.?)

carbon Fiber: 1.713gr/cm3, RadLen=28cm
Aluminum (Pure): 2.70gr/cm3, RadLen=8.897cm

IST_Module_SideView_22Apr2008

Copper (Pure): 8.96gr/cm3, RadLen=1.43cm

Latest Revision: 05/13/2008

Scale: lem = 0.3cm
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2009

Shorter sensors - shorter hybrids
12 chips - less dissipation (~ 4 Watt)
-» better matched to readout

Redesign will start as soon as the dust

around the electrical engineering
transition has settled - Aug./Sept.

Gerrit van Nieuwenhuizen




Test readout system

Winstruments LabVIEW 8.6 FPGACU GEM CU APV | -

\%
ot v m = ] .
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—- - { { 1{; USB<'>|2C

fiehe s s RO HRIREY

I'\\

LU

Have all components for the test readout
APV test boards, transition board

o - THI ﬂj ! GEM_CU, FPGA_CU, programmer
il e e i USB<=>DI/O, USB<=>12C

(T | . ; o
sl e | LabView 8.6 program

* e ey Standalone C program
s e R

2000

1800 F [ [TI[] LT

_IIJ_L—I
l-|—|

BOC walue [a,ul

; W GEM_CU worked in FGT test beam exp.
o JL
s ]H || Problem: channels are being dropped

Will discuss solution today......uuuesmnunnne

40,8641, 2200,12

Slide 5 Gerrit van Nieuwenhuizen



Production readout system

Cable bre

Estimated cable run 65 feet

[ Westeyl - TPC sec 2/3 boundary —
sec 2/3 tray out of magnet = 2™ level
platform ceiling tray = 2C7/8/9 ]
Cable length to be minimized. ..

FGT Cables

24 FEE signal & power combo
24 HV coax

(4 of each per disk)

FGT electronics integration — reminder/update

External FEE cable (gach)

Signal:

15 twisted pairs (24AWG foam PE)
Power:

+1.8V @ 0.90 A (fused for 3 A)
-1.8V @ 1.56 A (fused for 5 A)
remote sense

Fi
7

ak connectors/boxes

located just outside of west support
cylinder, on TPC wheel. This point
also provides FGT detector ground
tie (to TPC wheel).

Internal FEE cables : custom low-
mass aluminum design with silicone
& FEP extruded insulation, solder
terminated (copper clad aluminumy,
15pr 30AWG & 10c 22AWG

Wiener

raluia

Wiener crate
(FGT custom)
% 220mm cards

All standard cables will have the
required CL2 or CMG rating.
Custom cable shall be constructed
to meet the UL-1581 Vertical Tray

requirements, but not tested by UL =l

(to kill all FGT power)

Argonne’

NATIONAL LABORATORY

ISEG 8 ch HV™
-4 kV @ 2 mA

ARC module -

8 2
o/ 1 !
© [ ‘\Hé\iﬁ /'\\
b / )Q

ethernet trigiclk

ARM

[APV Readout Controller)

ANL] [IUCF]

(APV Readout Module)

DDL fiber

ite, 20090511

T

seiremo sl |

For the IST we would need 3 crates plus 1 spare crate.

Breakdown:

- 24 15T ladders with 3 modules each == 72 cables with 12 APV/cable

Slide 6

- 72 'HY' (+200V, 500uA) channels
(looks like Wiener also makes on-demand modules)

Gerrit van Nieuwenhuizen



Mechanical support system

50 cm IST in SolidWorks
Clamping 'Crown' rapid prototype
85 cm prototype ladder

Slide 7 Gerrit van Nieuwenhuizen



Cooling system

EisolidWorks i Oeid -9 8 E- Pigton Walve.SLDASM * (J~ Sckdtorks Search ; R, e

BE-0-5-0-8C-0- - - - s Bl -D-FoHiE--&-F- B

Sazemtle | Lot | St | Swshone [ OWec Pt | 1S90 A EHD Do - -8 x%
(71818 13m0

L YT L 145020

= B inputData | 138048 ?

] Computationsl Doman
iy Flid Subdomains
= B Boundsry Condition:
u Ervironmant Pressure |
B Ewironment Pressure 2
¥ Goals
& 5 Mass Flow Ruste 1
5G Volume Flow Rabs |
B, 56X - Comporent of Force | Erescor (o
= B8 fesuks
M Mash
= T Cut Plots
T Cuk Pty
B Cuk Plok 2
& 0-Profie Plots
<@ Surface Plots
é Lsosurfaces
= EE Flow Trajectories
EE Fiow Traiectones 1
ﬂ Fiows Trapectories 2

| 131987
bl 124088 p 4
L 1aa7s SohdWorks

110984

License for FloWorks

Jim Kelsey is simulating IST liquid cooling system

Soon to decide on under-pressure water cooling (old SVT)
or fluorocarbon based system

Slide 8 Gerrit van Nieuwenhuizen



Wire bonding

Instrumentation Division BHD llltlﬁ:rﬂl

[I AL LABODRATORY

Giving up on LNS wire bonder IST prototype bonded in 1 day
Service contract terminated Discussion with Veljko Radeka next week

Slide 9 Gerrit van Nieuwenhuizen



IST prototype

e o . — - ot T8 i

% of sensors bonded

= 1 mil wire @ 44 um pitch!

-» probably can do all bondings
Readout chips operational

=» [2C works, can set parameters

-» chips are reading out
Sensors show up in the right place
Speed demon at 16ms/channel

-» ~25 seconds per sensor

Desperately need working readout

1|

Slide 10 Gerrit van Nieuwenhuizen



CDR & Schedules

[7 CDR_IST_Outline_23Jun2009.txt  x

0 The Intermediate Silicon Tracker

0.1 Introduction
% REFER TO CHAPTER 4 FOR REQUIREMENTS ***
= 15 RADIATION GOING TO BE ADDRESSED IN CHAPTER 47 =+
* AND THIS ALL RESULTED IN............ Lo

Reworking IST section CDR

11ST radius and silicon sensor geometry

-» Focusing on design choices e

4 Mechanical support structure and stability
5 Cooling
7 Readout system

0.3 The Silicon Pad Sensors
c e u es, 1 Internal Layout

2 Required sensor characteristics
S rr 3 Quality control
o YIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII 0.4 The APV25-51 readout chip
1 Description of functioning
2 etc

0.5 The Detector Modules
1 Layout
2 Module assembly
3 Cooling performance
4 Quality control

0.6 The Support Structure
1 IST barrel layout

2 The ladders
132 1.3 0°n| =1 Strip Detector I 3345 mons Thu 1109 Tue 124341 $2,344.907.45  35.69 $878,241.58  $3,223,149.02 Surrow[30%] v
133 % =l Mechanical 23.55 mons Thu 1109 Thu 102140 $447,777.38 | 3556 $IT9 11115 $626,889.04 v v
134 0% + Design 1.8 mons Thu 14409 Thu 2/19.09 $61,956.00 40 $24.782.40 $86,738.40 v
139 0% + Pre-production 1 mon Fri22009  Thu 311909 $2,500.00 4 $1,000.00 $3,500.00 138 e
141 0% +| Procurement/Fabrication 10.55 mons Thu 123109 Thu 102110 $383,321.38 40 $153,328.75 $536,650.64 hd
1435 0% First IST ladder produced 0 mons Wied 5510 Wed S5M0 000 a $0.00 000 144 L
146 0% = Hectrical 1%.4mons Thu 1109 Mon 628140 $1,553,900.08 3538 $561,838.63  $2,115,738.71 v v
147 0% +| Design and Requirements 134 mons Thu11/0% | Mon 14140 $2.587.00 4 $1.034.50 $3,621.80 w ,__]
159 0% + Pre-production 2mons Mon 2/9/09 Fri 4309 $39,600.00 32.5 $14,280.00 $53,880.00 =
164 0% + Procurement/Fabrication 19.15 mons Thu 1809 Mon 62810 $1,511,713.08 | 31.82 $546,523.83 $2,058,236.91 hd v
176 0% =l Assembly Testing/QA 37.45 mons Thu 129109 | Tue 1213111 $343,229.48  38.57 $137,291.79 $480,521.28 b
7T 0% + Component Testing 24.4mons Thu 1:29/09 |Mon 121310 $21,523.84 el $8,609.54 $30,133.38 b b
183 0% + Assemble modules 11.25 mons Thu 3/410 Wed 141211 $0.00 40 $0.00 $0.00 v d
197 0% + Assemble ladders 10.25 mons Tue 74310 Mon 42511 $0.00 40 $0.00 $0.00 v v
200 0% + Testing 13.75 mons Tue 727710 Mon 3/15/11 $0.00 40 $0.00 $0.00 v d
203 0% #| Ship to BIL 0.25 mons Tue 3416411 Mon 322/11 $0.00 40 $0.00 $0.00 ;
205 0% IST ladders shipped to BML 0 mans hlon 8/22M1 | hlon 8/2211 $0.00 o $0.00 Fo.oo 203
206 0% + Layer Integration 4.05 mons Tue 82311 Tue 124311 $0.00 40 $0.00 $0.00 p—
210 0% Blectrical sssistance B1 whs Maon 96M0 Fri 1154111 $663,333.69 40 $27,333.55 $95 667 44 192 208FF IT Elec Eng Project[20%] ' - - - i
211 0% Mechanical agsistance B1 whs Maon 96M0 Fri 154111 $54,203.62 40 33,681 .45 F17 88507 21055 T Mech Eng Project[20%] W - .
212 0% Technical assistance 40 wks Tue 7720010 Mon 4725011 $169,165.14 40 67 BE7 .25 F$236,835.39 3455 199FF MIT Tech Proj =
213 0% =1 Milestones 5.6 mons Mon 14110 Wed 61610 $0.00 [] $0.00 $0.00 ’ v
214 0% IZT Design finalized 0 mons hon 111100 hon1M1M0 000 a $0.00 000 147 134 e
215 0% IST Silicon sensors procured 0 mans Wed BAEM0 Wed BMEM0 000 a §0.00 $0.00 163 *
216 1.4 % + Integration 3T.5mons Wed 123108 | Tue 114541 | $1.665,410.91 | 40.59 $945, 75476 $2,611,165.67 Videbaek[30%] A v
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Concluding remarks

Sensors

Readout chi ps
Hybri d/ cabl e

Readout systens
Mechani cal support
Cool i ng system

Wre bondi ng

| ST prototype nodul e
CDR & Schedul es
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