Appendix III.

Following is the latest list of tests to be completed before proceeding with the construction of the US-CMS  forward pixels. The list is organized in 10 main activities: 

1) Mechanics, 


[14 tests listed, 6 Active, 3 Completed]

2) Cooling, 


[20 tests listed, 5 Active, 10 Completed]

3) Assembly


[17 tests listed, 2 Active, 0 Completed]

4) Survey



[10 tests listed, 2 Active, 1 Completed]

5) Tests on HDI 


[16 tests listed, 0 Active, 1 Completed]

6) Tests on Port Card

[22 tests listed, 0 Active, 0 Completed]

7) Tests on Sensors

[x tests listed, y Active, z Completed]

8) Test of Readout Chip

[x tests listed, y Active, z Completed]

9) Test of bump bonding

[x tests listed, y Active, z Completed]

The person responsible for the test is indicated in square brackets. The status of each test is also indicated as Active or Completed. At the end of each group of tests the anticipated date of completion is given. The histogram at the end summarizes the status of the tests. 

· 1. Mechanical Tests [Atac/Gobbi]

· Fluorinerts

M1    Solubility of Be in Fluorinerts. Active [Atac] 

M2    Co60 exposure of Be sample in Fluorinerts. Active [Atac]

M3    Different analysis of the Be sample and liquid. [Atac]
· Brazed beryllium tube:

M4    Leak test brazed beryllium tube sample.   Completed  [Atac]
            M5    X-ray brazed beryllium tube sample.  Completed [Gobbi]
M6    Optical inspection. [Atac],  SiDet 

M7    Thermal cycling sample [Gobbi]

These results will allow us to decide if the mechanical support will be made out of beryllium. 
· 1/2-Disks

M8    Test assembling of 1/2-Disks. Active [Gobbi/SiDet], needs Zeiss 500 with touch probe. A full disk with components made out of aluminum is under construction.

M9    Test feasibility of mounting Panels on 1/2-Disk. Completed. [Gobbi]

M10  Test feasibility of surveying the Monuments on the Panels after they are installed on 1/2/-Disk. Active [Gobbi]

M11  Thermo-cycle the 1/2-Disk structure and measure deflections or possibly hysteresis in the shape. (This is important because during injection of the beam, the electronics is shut down while the cooling continues to flow at the same low temperature.) Active, [Atac, Gobbi]/Sidet, needs see-through cooling box Zeiss 500 with touch probe.  

M12  Load 1/2-Disk, measure deformations, and hysteresis, [Atac, Gobbi] Sidet, needs see-through cooling box needs Zeiss 500 with touch probe

M13 Combine M11 & M12, thermal and load. Compare results to FEA.  Active [Gobbi]/SiDet with engineering group [Ang Lee], needs see-through cooling box Zeiss 500 with touch probe. 
· Alignment Fixtures

M14 Test a variety of alignment fixtures to be used in assembly. [Gobbi]/Sidet, needs microscope and Zeiss 500 with touch probe

These tests completed by end 1999. 
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· 2. Cooling Tests [Cremaldi]
· Loop with straight tube of rectangular shape (4 different sizes). Completed. [Gobbi, Mary Albrecht]
C1    Measure (P as function of flow rates for water at room T. Completed. [Gobbi, Mary Albrecht] 
· Loop of 6 PSS

 C2    Measure (P as function of flow rates for water at room T. Completed. [Gobbi, Eric Spencer] 
C3    Mount heaters and RTD on each PSS. Measure T of PSS vs power dissipated and flow rates for water at room T. Completed. [Gobbi, Eric Spencer] 

C4    Repeat C3 with PSS in vacuum. Completed. [Gobbi, Eric Spencer]

C5    Measure coupling efficiency between heaters and PSS Completed. [Gobbi, Eric Spencer]
· Single PSS with Panel 
The following tests are carried out in a cold Box held at –(15-20)oC, in a dry nitrogen atmosphere, with fluid at –15oC and typical flow rates of (.1 - .5) LPM. [L. Cremaldi, J. Secrest, J.R. Rigby]

         Panels
Pipes


Fluid

        Date Compl.
Status

C6    Phase1
Phase2

Ethanol/water

Jan 98

Completed

C7    Phase2
Phase2

Ethanol/water              Sep 98
Completed

C8    Phase3   Phase2a, b, c

FC – 72

Jun 99

Active

C9    Phase4
Phase4

FC – 72

Dec 99


Legend:


Panels:
Phase 1 Panel:
Al trapezoidal with Al/thermofoil heaters and TRDs.



Phase 2 Panel:
C six sided with Al/thermofoil heaters elements.



Phase 3 Panel: Al six-sided with Si/Kapton/resistor heaters elements and RTDs.



Phase 4 Panel: Same as phase 3 but Near-Final design.


Cooling Pipes:



Phase1 Pipe:

Brass trapezoidal



Phase2 Pipe:

Al penta design



Phase2a, b, c Pipe:
Al penta design-reduced length or reduced cross section.

Albrecht] 
· Conductivity of Materials  (Kt)

These measurements are taken with an apparatus that measures thermal resistance or equivalently the temperature drop through layers of material in response to a heat source, operating in/out of the cold box. These measurements are performed at (-15 to +5)oC






Date Completed
Status
C10
Thermal Expansion of C-C
       Sep 98

Completed
C11
Kt carbon Materials

       Sep 98

Completed
C12
Kt  Al/Kapton/glue/grease
       Jan 99

Active
C13
Kt  Si Kapton/glue/grease
       May 99

Active
C14
Selection for final design
        Dec 99
· Mechanical, Cooling System Tests

The setup for this test is presently assembled, Active. [Gobbi]

A cylindrical support structure, similar to the one at LHC where the pixels will be installed, has been assembled. This unit is surrounded by a thermal shield to be operated at a temperature as low as –20oC. This is the temperature at which silicon strips and pixels will be operated. With this structure tests of the cooling, the mechanical, and the electrical system of the forward pixel system (1/2-Disks, Space Cylinder, and Service Cylinder) are to be carried out. Electrical tests will involve also studies of the routing of the power and signal lines.

Cooling loops with 1, 6, or 12 PSS as well as a full ½-Disks will be subjected to a variety of tests.
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C15   Measure (P over a 6-Blades loop and also including the lines in the service cylinder vs Flow-Rates, for different coolants at different temperatures. [Cremaldi jr]
C16   Mount heaters on each PSS and measure T on the PSS vs different coolants, rates and coolant temperature. [Cremaldi jr]
C17   Add 2 Panels with Heaters (in place of the ROC) and RTDs on one of the PSS and measure T over the Panels as function of Flow Rates and coolant T. [Cremaldi sr, jr]

C18  Search for oscillations of the PSS and pipes in the service cylinder especially when the flow changes from laminar to turbulent. Active. [Peter Zweber]
C19  Determine when condensation sets in as a function of the coolant's T, the flow rates of the dry gas (through the installation Tube), and the Power dissipated by the electronics. [Cremaldi jr]
C20  Measure T on the PSS when  the power to the front end electronics is shut off (before a new beam injection). How fast does the temperature drop? and when the power is turned back on how fast the system reaches a stable temperature? so that data taking can be resumed.

These tests completed by end middle 2000.

3. Assembly Tests  [Atac/SiDet & Micro Detector Group]

· Panel 

AP1      Test the position of the Monuments relative the 4 mounting holes on a panel. Active. [Atac/Sellberg]SiDe,  requires microscope and Zeiss 500 with touch probe (Aluminum panels are presently being built. Monuments are on hand.)

AP2      Glue HDIs on Panel. [Sellberg], Particle Detector

AP3      Select glue, try out gluing procedure. Active. [Atac,Sellberg], Particle Detector

AP4      Subject Panel with HDI to thermal cycling.

AP5      Measure electrical noise. [Atac]

AP6      Thermal cycling.

AP7      Glue Power Flex cable.

AP8      Thermal cycling of Panel.

AP9      Wire bonding to copper pads. 

· Blade

AB10     Design assembly jig to mount Panels on PSS.

AB11     Determine how accurately the Panels can be assembled into Blades. 

AB12     Develop assembly jig to survey monuments of both Panels on the Blade. 

· ½-Disk 

AD13     Develop assembly jig to mount Blades in ½-Disk. 

AD14     Develop jig to support rings during assembly of ½-Disks.

AD15     Develop jig to support ½-Disk during mounting of cooling bypass tube.

AD16     Develop jig to support ½-Disk during survey with the Zeiss 500 and touch probe.

AD17     Develop technique to mount Port Card to outer Ring.

These tests to be complete mid 2001.

· 4. Survey Tests [Atac]

· Panel

SP1    Dice Monuments. Completed. [Cremaldi]
SP2    Glue Monuments on Panels. Active. [Sellberg], Particle Detector
SP3    Survey monuments optically. Active. [Sellberg], Particle Detector

SP4    Survey monuments with touch probe. SiDet

          Compare the two measurements. [Atac]
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· Blade

SB5    Survey Monuments on a Blade (on both Panels). [Atac, Sellberg], SiDet, requires Zeiss 500 with touch probe, and jig to hold Blade vertically. 

· ½-Disk

SD6    Survey Blades after assembly into ½-Disk with inner and outer rings. [Atac, Gobbi] Sidet, requires Zeiss 500 with touch probe and microscope. 
SD7    Relate position Blades (Monuments) to reference marks on Rings. [Atac, Gobbi] Sidet, requires see Zeiss 500 with touch probe and microscope.
SD8    Repeat SD2 at –15oC. [Atac, Gobbi] Sidet, requires Zeiss 500 with touch probe and microscope, as well as the see-through cooling box.
· ½-Disks in Space Cylinder

SDS9    Investigate how to survey the reference marks on the Rings of each ½-Disk relative to the Space Cylinder. [Atac, Gobbi] Sidet, requires Zeiss 500 with touch probe. 

· Space Cylinder relative CMS Tracker

STK10    Investigate how to survey the position of the a) Space Cylinder with the Forward pixels relative to the CMS tracking system, and b) the relative position of the two ½-Disks relative to each other, after they have been installed. [Atac, Gobbi]
These tests to be complete end 2002.

· 5. Tests on HDI and Power Flex Cable [Barnett/Schnetzer]

· Acquire Bias Voltage cables.

BVC1  Measure break down voltage Completed. [Barnett]
BVC2  Test irradiated prototype. 

BVC3  Test connection to pixel method.

These tests to be complete end 1999.

· Acquire 1st HDI prototype.

HDI1   Mechanical tests, before and some after irradiation. 

HDI2   Gluing tests, before and on some after irradiation.

HDI3   Wire Bonding tests, before and on some after irradiation. 

HDI4   Soldering tests, before and on some after irradiation.

These tests to be complete end 2000.

· Acquire 2nd HDI prototype.

HDI5   Mechanical tests, before and on some after irradiation. 

HDI6   Gluing tests, before and on some after irradiation.

HDI7   Wire Bonding tests, before and on some after irradiation. 

HDI8   Soldering tests, before and on some after irradiation.

HDI9   Cross talk tests. 

These tests to be complete mid 2001.

· Acquire final HDI.

HD20   Mechanical tests, before and on some after irradiation. 

HD21   Gluing tests, before and on some after irradiation.

HD22   Wire Bonding tests, before and on some after irradiation. 

HD23   Soldering tests, before and on some after irradiation.

HD24   Cross talk tests. 

These tests to be complete mid 2002.
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· 6. Tests on Port Card [Schnetzer]

· Acquire CCU (Communication Control Unit), PLL (-Delay), and Optical Driver from CERN.

PC1    Test control of CCU using input and output Data and Clock lines.

PC2    Connect CCU to PLL and test L1 (Level 1 trigger) and Clock output of PLL. 

PC3    Test I2C output s of CCU.

PC4    Connect CCU to Optical Driver and test control of threshold setting.

  These tests to be complete mid 2000.

· Acquire 1st TBM (Token Bit Manager) prototype.

PC5    Construct a Token Bit Manager Test Bed. This will be a special hand wired/assembled Port Card with the Readout Chips simulated by high speed programmable logic devices.

PC6    Check pins/solder bumps for mechanical dimensions location and solderability. 

PC7    Connect TBM to CCU and test I2C control of TBM.

PC8    Test TBM output of Token, L1 trigger and Clock.

        These tests to be complete mid 2000. 

· Acquire 2nd TBM prototype (includes either internal or external DAC).


PC9    Test TBM writing of trailer and header to data lines.


PC10  Test functionality at Hi/Lo/Nom supply voltages.


PC11  Test functionality at Hi/Lo/Nom signal voltages.


PC12  Test functionality at Min/Max ambient temperatures.


PC13  Test functionality Pre/Post radiation exposure.


PC14  Test emission/sensitivity to EM radiation.


PC15  Measure cross-talk.

These tests to be complete mid 2001.

· Acquire prototype Port Card.

PC16  Construct a Port Card Test Bed. The FEC (Front End Controller) will be logically simulated.

PC17  Configure CCU, PLL, TBM, and Optical Drivers on Port Card and test system.

PC18  Test emission/sensitivity to EM radiation.

PC19  Measure cross-talk.

These tests to be complete mid 2001.

· Assemble a complete system including Blade with attached Readout Chips.

PC20  Test complete system with ROC/HDI/Port Card/Optical Driver.

PC21  Test emission/sensitivity to EM radiation.

PC22  Measure cross-talk.

These tests to be complete mid 2001.

· 7. Tests on Sensors [Bolla/Chien]

The tests for the sensors can be found in section 14 of the 1998 Lehman review (Bolla).  

· R&D
TSR1 

TSR2
· Production

TSP1 


TSP2

These test to be complete end 2002.
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· 8. Tests of Readout Chip [  ] 
· R&D

All the tests necessary to design the readout chip are carried out in Europe at PSI or Aachen. Test of prototype readout chips, at different stage of development, are to be supplied to the Forward Pixel group after the chip has been bump bonded to sensors. Such units will be tested in the States. At the moment the necessary equipment and software needed to carry out these is located at at SiDet. We are awaiting PSI to supply the prototypes so we can start learning how to use the chip. Most of the tests will involve recording radiation while the chip operating parameters are changed.

· Production

PRO1  

These test to be complete end 2002.
· 9. Tests on Bump Bonding [Lander]

BB1 

BB2    

BB3    

These test to be complete end 2002.
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