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The CMS Tracker

A. Cattai — CERN -

@ overview of the CMS Tracker
@ organization of the module production
@ QA&C tests across the production

@ logistic and control of production
@ conclusion ......... In few years!
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The CMS TK is made with silicon detectors of two different thickness:
320um in the inner region (r< 600 mm) and 500um in the outer region.

These are single side detectors made of one (thin) or two (thick) daisy-
chained silicon sensors from 6” wafers.

189
mm 117 mm 88 mm
96 mm 61 mm U 89 209 mm

64 mm 74 mm

pitches from 80 to 183um
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Kapton insulator and
bias carrier

the Silicon
sensor(s)

the front end RO hybrid
4 to 6 APV25 chips (128 ch)
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modules are integrated in sub-structures

CF{OWE .y :

2 Si wafer

:’f;ﬁ_\% P CF frame
A AN

coolant pipe
(steel)

- ,Tm. ‘/Si detector

module fixations

(Al or CF) oy g

Kapton bus

sub-structures are installed in
the sub-detector mechanics
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445 ¢ of silicon wafers 206 nt of silicon sensors
6,136 thin wafers 6,136 thin detectors (1 sensor)
18,192 thick wafers 9,096 thick detectors (2 sensors)
24328 wafers 15232 detector modules

9,648,128 strips electronics channels‘ 75,376 APV chips
26,000,000 Bonds
17000 Opto-hybrids

33000 optical fibers

~ 100um stability in space (25n%) and time (10 y) at -10°C
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how are we organized to complete this task

ina /[inm amount of time ?7?
[amited
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4 Sensors quality assurance centers l

O [oduiessssembiycorers ]

1 1 Bonding and testing centers

8 centers for integration of the modules in the TK ¢ 'b-structures

4 centers for the sub-detectors assembly
(TOB-TIB-TID-TEC)

1 TK ASSEMBLY

the sensor QA&C is a pilot project in the TK (see talk of GM Bilei)
The rest is/will be organized with a similar strategy
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Strategy of QUAC

TWO distinct phases:

the pre-production: learning phase

1 O 200 detectors are now being produced
O production chains (hardware-software) commissioned
The experience gained during this period, will indicate the tests that are

essential during the module production N
O
2 the production phase W

QO established a list of tests to be performed

on independent parts & modules

identified when/where, along the module
production chain, the tests will be performed
O constructing the tools/equipment

O
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in the Tracker

e _

e in case of anobject: design and standardization of the part for the whole TK
e in case of aprocedure: definition - conception - realisation - commissioning
of the tools and software
* the compilation of the technical-specification documents
e contact with factories — tenders — contracts — procurements of parts
» the product risk analysis
» the definition of the quality assurance and control
» the definition of the non-conformities and the assessment of their severity level
» the compilation of a quality plan document
» the definition and standardization of the repair procedures
» the provision, distribution and trace-ability of spares parts
the definition of shipping procedures
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» the product trace-ability

« performing the operation according to the specification document
« performing the testing according to the specification document

« qualifying the product according to predefined acceptance criteria
» recording the non-conformities

* repairs (when applicable)

» the data trace-ability

« informing the Production Committee of damages or faults in the production chain
« functioning and maintenance of the local equipment

 training of personnel

» shipping of parts or materials
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frames sensors FE hybrid

wien perugia




All the sensors, frames and hybrids are optically inspected upon reception.

Fast tests are performed on the FE hybrid

after the module assembly \

Mechanical tests (planarity and alignment) are performed on sample basis.

Fast tests are performed on all the FE hybrids

* Mechanical tests (traction and/or shear) of glue samples from each module assembly
batch will be done systematically.
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After being assembled at the Gantry centers, the modules go to

where they are (after bonding) installed on adequate single module supports and they
undergo long-term stability tests at low temperature (Sj sensors at T=-10 C)

hardware “is” standardized among the 12 centers
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All the modules are optically inspected at reception

Modules will be tested upon their arrival depending on the status of the shock
recording system installed in the package

Fast tests are performed on all the FE hybrids

after bonding "

Fast tests are performed on all the FE hybrids
Bonding quality is checked
All modules undergo a thermal cycling ranging between T = - 20 Claad- 40 C.
(FE electronic is not powered. The thermal stress will force weak bonds to fail)
All the modules undergo fast acceptance tests at room temperature

0 g

repair procedure in situ classified for the full acceptance tests
or shipped to the Repair center (V bias scan and infrared light response)
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Only WO test set-ups are foreseen at different level of production.

Set-ups and the software tools are standardized ﬁ therefore the results
will be homogeneous and compatible among all different centres

Set-up 1 investigates the functionality of the FE electronics, identifies dead and noisy
channels - writes results into the DB. It integrates the slow control

Set-up 2allows to readout the hybrid as foreseen in the final Tracker system.
It enables the test of several modules in parallel

It has safety interlocks for currents, temperature, low and bias voltages.
It include cooling system of adequate capacity
It is fully automated and interfaced to the database.
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24328 wafers
15232 modules

how can we cope and follows so many parts? ;.56 Apy —
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17000 FE- hybrids

17000 Opto-hybrids




Eachpart (sensor, hybrids, modules....) is identified by a bar-code (input to a DB system)
The results otachmeasurement performed on the partay timealong the production chain
are stored in the DB with the bar-code identification of the part

Supervision process:
what we have in the various centers and where specific parts are loc
Inventory and status of objects in each center

:%TlackelLogistics -- wersion 1.0.0

d

select a center - | or a status * . |
OBJECT STATUS COUNT(TR.STATUS)
EC hig_endcap I-_LISE 2

[i{e]n] module_IB.1 20mu thin dAPY.D READY 296

[i{e]n] module_IB.80mu.thin. 6APW.D1 READY a7

Moo module_IB.80mu.thin. GAPW.D2 READY 114

Moo module_0B.122mu.thick BAPY.D IN_USE 1

ile]n] module_ring_4.113_139mu.thin. 4APv.D1 READY 9

MOD rmadule_ring_5.126_156mu.thick.6APY.01 |READY 3

MOD module_ring_5.126_156mu.thick. 6BAPY.C2 |READY 4]

MDD module_ring_B.163_205mu.thick. 4A4PV.01 |READY 4]

[i{e]n] module_ring_7.140_172mu.thick. 4APY.01 |READY 2]

ROD rod122_183mu.DS IN_USE 1

SEMN 20mu.thin IN_USE 1

Eoe e
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Distribution of a measured value (broken strips, average noise, gain...)

E'E_%DataDivA - wersion 1.2.0
select |MOD bt - ‘ or harcode | || Read |
[_] restrict [1]
[ restrict [2]
ldisplay (<] | MOD - = | objectset ~ | Temp -|
[ display [v]
- -11 a
Te0— entries : 55523.0 g
mean : -3.4583 .
oo me: zosaa | 11
G50-- min: -17.000 | |-B
max: 1.0000 -9
GO0 3
5501 &
-11
a00—T
-13
460+ -10
400+ -11
-148
350 "
300 A7
2501 i
200+ 12
-9
150+ I
100+ 10
-9
50 14
1] -10
-16 -14 -12 -10 -8 -B -4 -2 1] 13 14
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When a measure on a part do not satisfy its specification the DB automatically set the

non-conformity flags
OK

be used for the Tracker constructionrart

The construction quality will be checked by monitoring continuously:

@ the statistics on non-conformities stored in the DB
@ time-evolution of the non-conformities

Any statistically significant trend in the distribution of the non-conformities
will set an alert level

reduction or total holding of all production activities

verification of all equipment (hardware/software)

running of the equipment with calibrated parts till debugging
reinforcement of the production chain by other centres (if needed)

J
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Logistic process:
Create transfer of objects from center A to center B

E%‘:TrackerLugistics - wersion 1.0.0

{:} create a new transfer:

select Mo ~ | module_1B.80mu.thin.6APV.D2 ~ | or barcode | |

last action | module_validation ~ | to center | BRUSSEL-VUB -|
quantity |1 0 | from center ‘BAFH > - |

{:} view the list of unfinished transfers:

|frum w | center |BAR] - | transfer_ID * bt |
TRANSFER_ID MAME TFPE QUAMNTITY RECEINVER TIME_ISSUIED TIME_REPLY
2 Moo module_|B.80mu thin .10 BRUSSEL-VLIB 2000-10-23 21:53:16.0 | =emphy=
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Supervision process:

Where is a specific class of objects (sensors, hybrids, modules

E'E_%DataDivA -- version 1.2.0
select SEN - - ‘ or harcode || Read |
[_] restrict [1]
[C] restrict [2]
7] display [x] + - H <location> - H CENTER -
[_] display [v]
CEMTER: from transfer_objects D1 where 1=1 H -= Typed Query H Execute Query
550 AAGHEN i
T — AACHEM-1 =
500 I — | [AACHENT
I I we are really confident to see this plot!!!
400 AACHEM-1
AACHEM-1
330 AACHEN-1
4 AACHEM-1
300 AACHEMN-1
250 ABCHER-1
AACHEMN-1
200+ AACHEM-1
AACHEMN-1
150 AACHEN-1
1 AACHEMN-1
100 AACHEM-1
504 AACHEMN-1
AACHEM-1
0 f } } f f f f t f t } f ARCHEM-1
LYOM CERM  BARI  PISA =undefineds AACHEM-1 ANTWERPEN FIREMZE HEPHY = |apcHEN-1
FERMILAB STRASBOURG BRUMEL ARCHEM-1 HE
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