FPGA Based TDC for MIPP TOF System
The planned prototype is an FPGA based TDC module to be connected directly with the PMT outputs of the MIPP TOF system.  The module will utilize circuits on the FAST_TDC module, a concept-verification design developed and tested recently.

Existing FAST_TDC Module

The FAST_TDC module is a 6U VME card shown in the following picture:
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An FPGA (EP2C8T144C6) is used to implement the TDC plus part of self-trigger and DAQ circuits.  A test measuring time difference of two correlated NIM input signals has been performed.  Several 90 degree BNC adapters (see picture above) are inserted into one of the NIM inputs to change the relative time difference at about 140ps steps. The test result is shown in the following picture:
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The picture is in BMP file format that is directly generated by an FPGA and sent out via Ethernet connection.  The three peaks from left to right correspond to time difference of the two NIM inputs with 0, 1 and 2 BNC adapters inserted, respectively.  The RMS width of each peak is about 10ps which is usually only achievable with high precision AISC TDC.  See our IEEE NSS-MIC 2008 paper: “The 10-ps Wave Union TDC: Improving FPGA TDC Resolution beyond Its Cell Delay” for details.
Proposed New TDC Module

The new TDC module will use many circuits developed in the FAST_TDC module with the following improvements:
· Power supply improvement.  During the test of the FAST_TDC module, degrade of the TDC resolution due to power supply noise has been seen.  Linear voltage regulator will be used for the power nets supplying the TDC FPGA.

· Support of large channel count.  An FPGA will serve least 16 channels. Possibilities of 24, 32 and 48 will also be studied.  It is possible that a mother card/daughter card structure is required for convenience of future improvement.
· Resolution of the TDC.  Based existing experience, a delta t RMS resolution of 25ps among all channels should be achievable with current FPGA resource usage.
· Synchronization of multiple modules.  In the final system, several modules are required.  Therefore, the timing relationship across several modules is to be constantly monitored.

· Add time over threshold (TOT) measurement.  The TOT measurement comes from encoding the trailing edge of the input.  The trailing edge provides only one measurement, rather than two.  So its resolution will be 40ps, but it should be good enough for time walk correction purpose.

· Measure the cross-talk effect across channels.

· DAQ support.  Firmware and software will be developed so that the modules can be read out via either VME or the MIPP readout card interface.
The following table lists main features of the proposed TDC module.
	Device: EP2C8T144C6, Price: $28 (April 2008)
Operating Frequency: 400MHz, Total Logic Elements: 8256

	
	
	Notes

	Leading edge resolution:
	25ps (RMS T)
	20ps single hit

	Maximum time error:
	+-50ps
	Estimate only, to be measured

	Number of channels:
	16/FPGA
	16, 32 or 48/module

	Time over threshold (TOT) resolution:
	40ps
	The trailing edge resolution

	Minimum TOT pulse width:
	2.5ns
	

	Double hit separation:
	2.5ns
	Channel can be re-hit 2.5ns after the previous trailing edge.

	Hit word size:
	32 bits
	

	Internal buffer:
	128hits/ch
	

	Data outputs rate: (via LVDS pairs)
	4x200Mbits/s/FPGA
	1.56M hits/sec/CH from TDC FPGA

	Buffer full error probability:
	< 1/(10^34years)
	@ 500k hits/sec/CH

	
	
	


The new TDC module development will need following resources with an assumption of making one version of prototyping of a daughter card/mother card combination.
· Material: ($5.5K total)
· Printed circuit board of the daughter cards: $1.5K (One run of 5-10 cards.)
· Printed circuit board of the mother card:  $2.0K (One run of 5-10 cards.)
· Components: $2.0K

· Personnel: (1.3 FTE total over about 12 months)
· Engineer: 0.5 FTE

· Layout Technician: 0.1 FTE

· Assembly and Testing Technician: 0.2 FTE

· Computing Professional: 0.5 FTE

