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correspond to the event time—i.e., to the current time minus the Level 1
latency time—and the voltage stored on the first cell to be read is converted
to a timing pulse. This is accomplished by driving the inverting input of a
comparator with the SCA output voltage and the non-inverting input with
a ramp. The output of the comparator is routed to an external multi-hit
TDC. For a linear ramp, the time at which the comparator fires is directly
proportional to the pulse height (plus a constant offset). Other time vs. voltage
responses can be achieved by changing the shape of the ramp signal. We note
that since the ramp signal is common to all channels, the usual concerns about
non-linear transfer functions (complexity, ease of calibration, and channel-to-
channel reproducibility) are greatly reduced.

Multiple samples can be read by repeating the cycle just described. Multi-hit
TDC’s are typically capable of recording eight to sixteen hits per channel,
which should suffice for most applications. If more samples are desired, how-
ever, they can be obtained by emptying (i.e., reading) the TDC hit memories
and then executing additional read cycles.

SCA’s with separate read and write address lines are capable of simultane-
ous read/write operation. Although in the interest of simplicity the design
of our current control logic does not take advantage of this feature, doing so
would permit effectively deadtimeless operation (8,10]. Once again, the added
“complexity cost” associated with this approach could be amortized over all
channels in the system.

3 Test Results

In this section we give “proof-of-principle” test results obtained in a prototype
16-channel CAMAC module. The setup used for these tests is shown in fig-
ure 3. The system consists of three CAMAC modules, a pulser and a shaping
amplifier. All but the SCA Q/T board are commercial modules. The control
logic is implemented in a LeCroy 2366 Universal Logic Module (ULM), which
incorporates a Xilinx 4005 series field programmable gate array (FPGA). A
number of control registers are implemented in the FPGA to allow changing
the Level 1 delay, the number of samples to be read, etc. Digital signals are
passed between the modules over differential ECL twisted-pair transmission
lines.

Figure 4 shows the output of the SCA and the corresponding TDC input signal
from the output of the voltage-to-time converter. Although the dependence
of the output pulse width on SCA output voltage is not visually striking, the
0.5 ns least-count and 16-bit dynamic range of the TDC [1] affords pulse-
height resolution on multiple samples at the 11-12 bit per sample level, taking

full advantage of the intrinsic dynamic range of the SCA.

The linearity of the system is shown in figure 5, where the output time is
plotted as a function of input pulse height. The data were obtained by inserting
a passive attenuator between the pulser and the input of the shaping amplifier.
From pedestal measurements an r.m.s. timing error of o; = 0.92 ns (equivalent
to o, = 1.45 mV) has been observed. Combining this with the ~ 3.5-V-full-
scale range of the SCA, we infer an overall dynamic range of approximately
11 bits.

4 Large-Scale Implementation

An important goal of this work was the development of a circuit suitable for
systems with large channel counts. To this end, we have sought a design that
is physically compact and requires a minimum number of components. The
SCA IC incorporates eight channels into a 30 x 30 mm? 84-pin package and
requires only an external buffer amp (available four to a package) and a com-
parator for the voltage-to-time conversion (also available four to a package),
plus the usual DC biasing and bypassing circuitry. Thus it appears that for the
packaging options most frequently employed in HEP experiments (CAMAC,
FASTbus, VME, etc.), the number of channels per board will be limited by
the availability of front-panel connector space rather than board area for com-
ponents. Although the SCA is a custom IC, a number of labs have developed
suitable designs, and nearly all of these can be fabricated in readily accessible,
low-cost, CMOS processes.

In its simplest form, this technique can be used to apply a double-correlated
sampling approach directly to a charge-sensitive preamplifier output or to
acquire a single sample at the peak of a shaped pulse (to minimize errors
due to the asynchronous relation between the sampling clock and the sampled
pulse, the sampling clock period should be less than about 10% of the peaking
time). On the other hand, if circumstances dictate, several samples can be
acquired and more elaborate pulse-analysis algorithms applied. We note that
the same hardware will perform all of these functions with minor changes in
control firmware.

5 Summary and Conclusions

We have designed, built, and tested a SCA-based charge-lo-time converter
circuit that works in conjunction with a commercial TDC. The proposed ap-
proach offers 11-bit pulse-height resolution and can be used to extract timing
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Fig. 3. Block diagram of setup used for proof-of-principle tests. The modules are
controlled and read by a personal computer (not shown).
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Fig. 4. Sample waveform from the prototype setup. The SCA output waveform
corresponding to the captured output pulse from a shaping amplifier is shown in
the upper part of the figure. The input sampling rate was 10 MHz. The lower part
of the figure is the corresponding TDC input (voltage-to-time converter output).
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