September 14, 2009

LG 

DRAFT

Development Outline for the PXL Readout Cable

The development of the Pixel detector readout cable is expected to be quite challenging. The readout cable is located between the thinned sensor and a carbon fiber stiffener plate and carries control signals, data signals and power to and from the ten sensors that make up a PXL ladder. This readout cable is projected to be the single largest contributor to the radiation length of a ladder and thus we will make significant efforts to keep the X0 as low as possible. An initial design study based on limiting the number of layers in the low mass region of the cable and fitting the power and trace requirements to two sides of a flex PCB indicated that an aluminum conductor based cable could give a radiation length of less than 0.1 %. Using this design concept (http://rnc.lbl.gov/hft/hardware/docs/Phase1/cable_power_gnd_trace_optimization.doc ) as the baseline goal, we will detail the development steps used to validate cable designs and sensor performance to reach this low X0 design. In addition, a presentation was given detailing this process at an IPHC collaboration meeting in June, 2009. The presentation may be found here (http://rnc.lbl.gov/hft/hardware/docs/iphc_2009_06/Flex_Cable_Development_LG.ppt) 
We envision the development of the cable to be used in the prototype Phase-1 based detector to be a four step process with four associated test beds. This prototype cable will serve as the basis for the design of the final sensor cable design. These steps along with the associated development and testing stages that lead to a prototype Phase-1 based cable as well as the additional steps leading to the final sensor pixel cable are listed below.
Infrastructure Test Stage

The goal of this test bed is to evaluate the general design of running 10 sensors on a ladder and find and test the working envelope of bypass capacitance and power supply and ground connection. In this test we will test extensively:
· LVDS clock multi-drop.

· JTAG daisy chain.

· Sensor and system bypass capacitor requirements.

· Power and ground routing and stiffness.

· Noise and cross-talk.

· General operation.

In order to accomplish this testing program, we expect to produce a large and highly configurable FR-4 based PCB. This testing board will allow for the operation of ten sensors in the running configuration, but with significant additional capabilities that will not be available on a ladder sized PCB. The envisioned board configuration capabilities include:

· Analog readout available from all sensors (RDO limit is one sensor or 8 channels at a time)
· Jumper selectable power source to each individual sensor.

· In series replaceable resistor for each sensor power supply (analog and digital)
· Jumper removable board level capacitor bypassing.
· Removable individual sensor capacitor bypassing.
· Readout over 2m fine wire as per final ladders.
· Readout through the full HFT data path including Mass Termination Boards (MTB). 
· All buffering and drivers use the same chips as the final ladder.

It is expected that this testing will be comprehensive and result in an understood set of operational parameters and parameter envelope for sets of ten sensors operated in a ladder configuration. This will be necessary for the next phase of cable development.
Production Prototype in FR-4 with Cu Conductor

Taking the knowledge gained in the Infrastructure Test Phase, we now attempt to fit the readout cable traces into the required size of the ladder readout cable. The object of this test is to produce a real size FR-4 PCB with Cu conductor that contain the layout and signal paths that we will use for the final detector. In addition to the full functionality testing, this will allow for the full data path testing as well as optimizing the wire bonding and assembly development and testing. In addition, all testing stages from this stage on will be tested with the carbon fiber stiffener plate in place. This production prototype is expected to have the following attributes:
· Correct size and the same layout geometry as the final cable.

· The testing of this cable is via digital output only. All other testing functionality removed.

· Prototype of final termination, JTAG daisy chain and capacitive bypassing scheme.

· All buffering and drivers use the same chips as the final ladder.
· Power provided from MTBs.

· Readout over 2m fine wire as per final ladders.

· We will attempt to have the thickness of the Cu layer mimic the final cable to give the correct power and ground impedances.

The testing of this cable is via digital output only. General function will be tested as well as discriminator transfer function widths and noise as compared to the probe test results from the sensor prior to their loading onto the cable. It is understood that this design may take multiple iterations to troubleshoot and optimize.
Production Prototype in Kapton with Cu conductor

This cable is a pre-production cable in Kapton with Cu traces and is the direct translation of the previous stage cable into a Kapton flex cable design. This will involve some reshaping of via entries and other automated kapton flex design translations from standard FR-4 PCB design. The attributes and testing plan for this stage are as above in the FR-4 version. It is expected that we will be using this cable extensively in the production prototyping process.

Production (Phase-1) Cable in Kapton with Al Conductor.
This is the culmination of the Phase-1 based cable design. We expect that this cable may take several manufacturing attempts to achieve an acceptable product. The soldering and bonding pads will be gold plated to allow for solder and wire bonding adhesion. This cable should have the same electrical characteristics as the above cable, and we will test it in the same way.
Production (Final PXL) Cable in Kapton with Cu Conductor

After the successful development of the Phase-1 based prototype cable, we expect the transition to the PXL final sensor cable design to be relatively simple. The number of digital differential output pairs has now decreased by half. The power requirements have only modestly increased. We will examine the operation envelope in the individual testing phase and compare it to the Phase-1 sensor. The final PXL sensor shares all of the attributes of the Phase-1 sensor but has additional on-chip zero-suppression. The readout speed is also reduced from 160 MHz to 150 MHz. The cable development for the final PXL sensor will follow the same path as the last two phases of the Phase-1 development.
Production (Final PXL) Cable in Kapton with Al Conductor

As before, after the successful implementation in Kapton with Cu conductor, we will move to Al conductor based fabrication. It is expected that any production difficulties encountered in the initial Phase-1 based production are now understood and overcome. 
