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STAR Heavy Flavor Tracker – test of Si chips in Run VII
The STAR collaboration proposes to test three pixel sensor chips in Run VII (Winter 2006-2007).  The chips are CMOS active pixel sensors (APS) based on MimoSTAR II technology.  The chips will be stacked to form a ‘telescope’ and we propose to place them about 1 meter from the STAR interaction point (IP) and up close to, but not touching, the beampipe.  The maximum voltage on the Si chips is 3.3 volts because no drift voltages are required for an APS pixel sensor.    The maximum voltage on any wire is 3.3 volts and the maximum current, integrated over all wires exiting the detector, is less than 1 amp.

The essential elements are shown in the figure, below.  The aluminum support arms are shown in gray and they support the Si chips and the ribbon cables that interconnect the chips to the outside world.  The long axis of the aluminum support arms is approximately 1 inch long.  The window for the Si chips is approximately 0.5 inches wide.
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The chips and support arms will be enclosed in a small ventilated housing and cooled by pulling a modest vacuum through an attached flexible pipe which will come out the back of the housing.
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The total mass of the plastic housing is less than 50 grams.  
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Figure 3: The APS Si pixel sensors mounted inside the plastic housing with the cooling tube attached.
The flexible plastic tubing attached to the housing has an inside diameter of 0.5 inches, is approximately 2.5 meters long, and is made from Teflon PTFE which meets the Underwriters Laboratory ‘vertical burn’ specification for flame retardant materials UL94-V0.   A small diameter carbon fiber rod runs down the center of the Teflon tube to provide stiffness when inserting and retracting the detector.
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Figure 4:  Additional details regarding the Teflon tube.
Air cooling will be provided by a commercial vacuum cleaner that draws a regulated amount of air through the plastic pipe.  If the air cooling fails, then the noise on the APS pixel sensors will go up and the gains will change.  We do not expect any other significant consequences due to a cooling failure because the power dissipated in the test apparatus is so low (a few watts, see below.)

Electrical connections to the chip will be made with 28 gauge twisted pair Cu wire.  These wires are the same twisted pairs used in Cat 5 Ethernet cable, but our cables are individually shielded with an Al foil shield and then packed flat in a ribbon cable containing 4 twisted pairs per cable.  Each ribbon is 0.25 inches wide by 0.1 inches thick.  A maximum of 9 ribbon cables, and more likely only 4, will connect the Si chips to the external electronics.
CMOS APS pixel sensors do not require high voltages in order to collect their electronic signals.  APS sensors collect free electrons by diffusion, only, and so the only voltages required are characteristic of the Si bias voltages that are intrinsic to the Si medium.  Therefore, we do not plan to put a potential on the ribbon cables that exceeds 3.3 V.  The maximum current, distributed over all the ribbon cables, will not exceed 1 amp. [Final check with Leo req’d].  The predominant sink for the current isn’t the APS pixel sensor but rather the line driver that is soldered onto the end of the twisted pair cables before they are attached to the chip.
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Figure 5:  Schematic diagram of am APS Active Pixel Sensor (MimoSTAR II) and its line driver.
The motherboard for the APS pixel sensors will be located outside the STAR TPC but inside the endcap for the magnet.  A location inside the annulus of the STAR FTPC readout electronics box has been chosen for the location of the pixel sensor motherboards.  This location is about 2.5 meters from the location of the pixel sensors. 
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Figure 6:  Schematic diagrams for the APS pixel sensor Motherboard.
The Motherboard is the source of all voltage and current going to the APS pixel sensors.  See Figure 6. The Motherboard is driven by the STAR MWC power supplies using existing wiring, however it only uses the +8 V provided by these supplies.  Each motherboard is independently protected with a 5 amp fuse. [Final check with Leo req’d].
In addition, there are individual current latch-ups for each APS pixel sensor channel on the Motherboard.  The current is regulated and if the current goes too high, then the channel is automatically shut down. 
The final leg of the data-path from the pixel sensors to the computer is accomplished by sending the data over Cat-5 Ethernet cables from the motherboard to a PC on the floor of the STAR hall.  There will be a total of 8 cables running between the motherboards and the PC and one cable running to an Ethernet router.  Each cable will be terminated with an RJ-45 connector and the cables will run through existing cable trays.
Communication between the PC and the STAR control room will be done by using the existing optical fiber runs that go between the East wall of the STAR hall and the control room.
Summary:  We propose to install a small Si pixel detector in STAR for R&D tests during run VII.  A ‘telescope’ consisting of three layers of Si pixels will be placed inside the inner field cage of the STAR TPC and up close to the beampipe.  All of the voltages provided to the detectors are very low (less than 10 volts) and the total power dissipated inside the TPC inner field cage is extremely modest (less than 5 watts).  [Final check with Leo req’d].
References:

Additional details about the APS pixel sensor test can be found in:

http://www.lbnl.leog.org/sept_test_description.pdf
Animated engineering drawings are available on request.


