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IST silicon pad sensor design for Hamamatsu quote I

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:
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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 Hamamatsubes 1\ N5 ADr2009
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

IST silicon pad sensor design for Hamamatsu quote II
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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

Scale:
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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%

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

Expect FY10 funds in July???

Gerrit van Nieuwenhuizen



APV25-S1 readout chips

8 wafers procured = enuf chips
1 wafer diced (5-10 wor ki ng days)

6 chi ps mounted, chips work but 12Cis
not working, so very useful for tests

1 prototype partially bonded

Testing still hanpered by
reluctant readout system

|'d like to wait with further
dicing until nore test
result are avail abl e
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Wire bonding

Instrumentation Division Blllll)lnﬁi,ﬂill
NATI 1“?__!.'_\'--.1‘ L LABORATORY
- Home

Bonding of prototypes is taking place at BNL
Production bonding will take place at BNL

- needs to be scheduled carefully

- will be supervised by Don Pinelli

- we will supply a person to do the bonding

1 IST prototype was partially bonded (14) in a
few hours with 25 mil wire

25 mil is too thick and current tools are too wide
to comfortably bond the APV chip

New tools and wire are available but using them
was delayed by recalibrating machine

Don Pinelli will bond 1 full prototype this week

Gerrit van Nieuwenhuizen



Kapton hybrids

Prototype

Production IST module
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(50 a8cm |

The readout chips are W x H : 7100um x 8055um

20.48cm

Mostly scaled from the Miro FY08 RsD prototype

TST_Module_TopView_16Jul2008
[Latest Revision: 07/17/2008

Scale: lem = 0.8cm

2008

Radiation Length estimate for IST module
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silicon Pad Sensor

| 5

CF Honeycomb with CF Skins

Kapton Hybrid-Cable folded to backside of ladder

{ APV25-S1
cC Substrate

.3 cm

Silicon Sensor: 300um = 0.32%Ko

APV25-S1: 8055um X 7100um Silicon, 300um = 0.32%Xo

Rapton (polyamide), RadLen=28.6cm, 2 X 250um = 0.1

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

Carbon Fiber Skin: 10mil+glue = 300um = 0.11%Xo

Ultracore Honeycomb 0.4953cm = 0.06%Ko

Al Cooling tube OD 4.10mm ID 3.50mm = ..... %Xo

Water, OD 3.50mm = ...%Xo

(OR Al Cooling tube OD 3.00mm ID 2.60mm =
(Fluorinert C5F12, OD 2.60mm =

..... 4%o)

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

carbon Fiber: 1.713gr/cm3, RadLen=28cm
Aluminum (Pure): 2.70gr/cm3, RadLen=8.897cm
Copper (Pure): 8.96gr/cm3, RadLen=1.43cm

Cu traces, 17um/Cu-layer, 2 layers @ 50% coverage = 0.12%Xo

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

Averaged RadlLen over 5.3cm width|

7%X0 is about

049%  Readout Chip
060% CF Honeycomb

12%  Cu Traces Hybrid
11%  CF skin + Glue

CF skin + Glue

23%  Carbon-Carbon core
24%  silicon Sensor

05% Cooling Water

08% Al Cooling Tube
17%  Kapton

1 cooling tube adds 0.13% Xo

cococooocococoo
R
i
%

IST_Module_SideView_22Apr2008

Latest Revision: 05/13/2008

Scale: lem = 0.3cm
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Silicon Prototype Production IST module

IST_Module_TopView_25Feb2009
Latest Revision: 05/13/2009

Scale: lem = 0.8cm

2009
Shorter sensors - shorter hybrids
12 chips - less dissipation (~ 4 Watt)

- better matched to readout
Shorter flex cables

Ben Buck and | will sit together tomorrow
for the redesign, Gerard will check too

Production expected in July 2010

Gerrit van Nieuwenhuizen



Test readout system

NATIONAL
INSTRUMENTS

FPGA_CU GEM_CU APV
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Using Ben Buck's new firmware which works with Ben's slow LabView program

FPGA_CU had to be replaced because | blew it up

Currently using a DagMxBase C program to talk to readout system, handshaking
seems to be working but no data readout (although visible at APV level)
plus some other mysteries

We'll check again against Ben's setup tomorrow
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Production readout system

Slow Controls DAQ Server
| .
|_|-
Services g
H
Readout Crates
'
3 6
B E E
70 feet I ElZ|E|E|E = LS
A lEEIEIEEE
s
24 Ladders
@ E i i B
e (1111 Modified VME Crate
l___':!!!!!! T EEEEE -18 APV Readout Modules

- 3 APV Readout Controllers

Inside STAR TPC -

Middle support Cylinder

\

Power Supply Rack GND
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Grounding scheme determined
First prototypes of ARM/ARC system ready May/June 2010.

Gerrit van Nieuwenhuizen




Test pre-prototype readout system

'VME' crates

Green: raw cable RX output including
reflections and clock crosstalk

Black: Filtered signal ready for A/D converter

10 ft of cale!

e 4.00G57/s 9 Acqs
4 i
.\v. i
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‘;‘*w-., Lf‘\._ﬂ '

i : : 3 ] v, ; ;

I Tdamven M10.0ms Ch3 J 24mV 9 Mar 2010
D 25.0ns Runs After 02:18:45

Ref1l 288mv 25.0ns s 0.

Prototype readout tested with long cable by Gerard Visser
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Mechanical support system

50 cm IST in SolidWorks
Clamping 'Crown’ rapid

prototype
Produce 50 cm ladder in August
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Cooling system

Squashed cooling tubes
3 different length kapton hybrid/cables
Supports for connectors

FloWorks shows a rise from 21C to 32C for the APV chips
(Novec 7200 at 0.5 liter/minute, 1 cooling tube)
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IST cable transitions

i 2 3 4 o ] 7 8 9 L0cm 11 12 13 14 15 16 17 18 19 Fom 21 22 Z3 24 29 26 47 28 23 30om 31 32 33 34 39 3/ F 33 33 40cm 41 47 43 44 45 4B 47 48 43 B0cm D1 52 83| 4.0 -9 pacn
1 | 1 -

Standard connector ) Since the connectors on the flex cables are pointing
65mm x 8mm x 5Smm Reinforcement outwards, the mating connectors have to point inward.
PCE: 75mmm % 50mm % lmm PCB ———  This is awkward since these services will be fully dressed
f/ he FJ - & on the MSC before the IST ladders get installled.
— It will be difficult to 'lift up' the mating connectors and
| Connector

insert the connectors of the flex cables.

Whatever the solution, after everything is plugged in, then
/’( _] L_ the fixing connector problems will be a nightmare. This
__d_,___e———~'*‘"d‘-’ means that each ladder has to be fully tested before the

Support rings (similar to ladder supports) next one gets installed.

R —————————————— !

Connector M Connector M

======.l I I-I

Connector M

Connector F

15

16

Since IST ladders are
tiled, alsc the cables
and connectors are tiled

Because the kapton flex
cable is single sided, the
connectors will face
outward (hybrids are facing
inward and the cable gets
folded over to the other
side of the ladder!)

dremam s
e .

Appr. Length Flex Hybrid+Cable

Hybrid 1: 42.6cm
Hybrid 2: 49.9cm
Hybrid 3: 57.0cm

We don't want to fold or bend

the cables, so the lengths

have to be pretty accurate. Gerrit van Nieuwenhuizen
April 27, 2010

1:2

Specially designed copper cable (~16kg/m)
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Schedules

YWHS Tazk Mame 2011 2012 2015 2014
or 4 atr1 [ atrz | ors | etrd otr1 [ a2 [ atrs [ atrd otr1 [ a2 [ a3 [ atrd otrl [ etrz | oetrd [ ctrd
1 = Intermediate Silicon Tracker P Intermediate Siicon Tracker
1.1 R&D
12 Mechanical = @ Mechanical
1.3 = Electrical @ Elsctrical
1.3.1 Electrical Design and Requirements —— £lectrical Design and Requiremerts
1.3.2 = Electrical Prototypes Production P—— El=ctrical Prototypes Production
1321 Prototype sensor drawings and masks Prototype sensor drawwings and masks
1322 Prototype sensors production 2 Protatype sensors production
1323 Prototype flex hybrid production (- Prottype flex fivhrid production
1.3.3 = Electrical Procurement/Fabrication W g Electrical Procurement/Fabrication
1331 Sensors procurement | ) Sensors procurement |
13332 Sensors procurement |l Sensors procuremert |
1333 Readout Chips Readout Chips
1334 Flex hybrid procurement 3 Flec hiylrid procurement
13.35 Cables ' Cables
1336 Transition boxes = Transition boxes
1337 Readout system @ Readout system
13.38 DAQ @ D4Q
1339 Slow Controls S 50w Cortrols
13310 On project labor G On project lahor
14 = Assembly and testing g Assembly snd testing
1.4.1 Prototypes E’=:H‘ ototypes
1.4.2 = Component Testing L g Component Testing
1421 Sensors Testing : ) Sensors Testing
1422 Readout Chips @ Feadout Chips
1423 Ladders Testing = Ladders Testing
1424 Flex Hybrids Testing e 3 Flex Hybrics Testing
1425 Cables —— Cables
14286 Transition boxes G Transttion boxes
1427 Readout system g Readout system
1428 DAQ E— D40
14.3 Assemble modules [‘.. ) Assemble madules
1.4.4 = Assemble staves ¥ P Assemble stave
145 Layer Integration - Layer Integration
1486 Installation in STAR ’*?l:: Installation in STAR:
147 Cooling system ey Cooling system
148 On project labor v @ On projsct labor
149 Contributed labor = @ Contriouted Iabor
15 Management @ Menagement
16 Milestones ; @ Milestones

Shortterm we are on track as long as the funding arrives as exr;ected
(what is holding up the bridge funding?)
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Concluding remarks

Sensor design will be finished before June
RFQ will go out to Hamatsu, June-July
Prototype production in Q1 FY2011

Waiting with dicing of more APV chips until test results are available

Wire bonding being set up at BNL
First full prototype bonding finished this week

Hybrid designs are being vetted
Shortened design finished before July
Prototype production July-August

Still smoothing out problems with test readout system
First prototypes of ARM/ARC in May/June

Mechanical engineering rebooting

Shorter design implemented + extra supports
Cooling calculations ongoing (2 vs 1 tube)
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