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Summary

Time measurements with picosecond (ps) resolution would benefit both fundamental high energy physics research and medical applications.  We consider here the front-end chip for a system to readout a large-area array of micro-channel plate photomultipliers (MCP-PMT).  Each MCP-PMT would have its own digitization electronics mounted directly on the back side of the tube.   Figure 1 shows the block diagram for a front-end chip for a system with 1 ps resolution.  The signal from the MCP-PMT is captured by a constant fraction discriminator (CFD) with very low time-walk (< 1 ps) to generate a “start” signal. The “stop” signal is generated by the output of a phase-locked loop (PLL) with jitter less than 1 ps that is driven from a global system clock.    
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Fig (1): Proposed Picosecond Front-end Chip  Block Diagram.  The sub-blocks consist of a constant-fraction discriminator (CFD), a phase-locked loop (PLL), and a time-to-analog converter. The output is then fed to an analog-to-digital converter (A-to-D), described elsewhere. 
The time-to-digital converter (TDC) includes two parts: a coarse TDC and a fine TDC. In a typical high energy physics application, the collider beam crossing clock would be the time reference. The coarse counter counts at a 2 GHz rate to allow a large dynamic range.  The fine TDC generates the final sub-nanosecond portion with 1 ps resolution.

We have designed schematics for portions of the sub-blocks shown in Figure 1 using the new IHP SG25H2 process, which includes CMOS and very high frequency SiGe bipolar transistors, 

Two types of time-to-analog converters have been simulated. The first is a Wilkinson time stretcher in which the time interval between the “start” and the “stop” signals has been stretched by a factor of 200.  In this case the digitization would be done with a 5 GHz 10-bit counter, resulting in a least count of 1 ps.
The second design we have simulated is a time-to-amplitude converter (TAC) with a sensitivity of 1mV/ps.  The maximum input time interval of 1ns will convert to a 1.0V voltage that is held in a capacitor. A 10-bit analog-to-digital converter would  give a least count of 1 ps. 

Based on preliminary simulation results using the toolkit for the SG25H2 process, both the Wilkinson time stretcher and the TAC   approaches work well and could achieve a time resolution of  ~1 ps. 

The first chip submission will concentrate only on building a stable voltage control oscillator (VCO) and a zero-crossing voltage comparator.  The VCO is a key component in construction of a low-jitter phase-locked loop. Building a fast zero-crossing voltage comparator will demonstrate that the low-walk constant-fraction discriminator can meet our requirements.  We will describe both designs and the simulated performance.
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