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ABSTRACT

This paper presents a single chip realization of a counter/timer circuit, which is
used in random signal processing and nuclear gamma ray spectrometers. The circuit
contains a counter to count the repetition rate of a selected pulse train coming from
a single channel analyzer circuit. Also, it contains a timer to measure the
accumulation period. The timer possesses a predetermined time facility so that
processing lasts for a certain adjustable predetermined period. The counter and the
timer are synchronized to start and stop simultaneously at the beginning and end of
the counting interval. A multiplexed BCD to 7-segment decoder/driver is also
included in the circuit. The multiplexing allows the decrease of pin count of the chip.
Two stages are designed, simulated and implemented for a single channel, however
more stages and channels can be added by copying the designed circuits. Schematic
Flow of Xilinx v.1.21 is used as the design strategy with top-level schematic design
containing VHDL and schematic macros.
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INTRODUCTION

Many random signal processing applications involve digital pulse height analysis. An important
example is a system used to analyze the amplitude distribution of the voltage spectrum of pulses
developed by a nuclear radiation detector (1). According to the number of input channels under
consideration, it uses single channel analyzer (SCA) or multi-channel analyzer (MCA). The function
of the single channel analyzer is to analyze the input signal pulse height distribution, i.e. to measure
the pulse repetition rate of pulses whose amplitudes lie within the predetermined voltage interval E
and E+A E. E is called the base line and A E is the channel (window) width. If E and A E are
adjustable, the equipment can be used to measure the pulse height spectrum, which indicates the pulse
repetition rate associated with the pulse height E within the interval A-E. Fig. (1) shows input-output
relation in SCA (2). The single channel analyzer consists of two voltage discriminator circuits whose
discrimination (threshold) levels are different by a small adjustable amount (A E) such that signals
whose amplitudes lie between E and E+A E exceed the discrimination level of one discriminator but
not the other. The system contains a counter to count the repetition rate of the selected pulse train
coming from the single channel analyzer circuit. Also, a timer is necessary to measure the
accumulation period. The timer should possess a predetermined time facility so that processing lasts
for a certain adjustable predetermined period. The counter and the timer should be synchronized to
start and stop simultaneously at the beginning and end of the counting interval. A MCA is in principle;
equivalent to many single channel analyzers with their windows arranged contiguously <3).

A circuit is implemented previously (I) using 7400 family of medium speed TTL integrated
circuits to realize the above mentioned controlled counter/timer circuit. In this paper, we propose a
design and implementation for the circuit, which utilizes the huge resources afforded by recent
programmable devices such as FPGA and CPLDs.
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Fig. (1) Input-Output Relation in SCA.

DESIGN FLOW AND CIRCUIT DESCRIPTION

Synthesis tools and HDLs provide designers with a great number of benefits compared with
schematic capture tools. But Schematic capture designs have two important advantages over HDL
designs: Size and Speed. This is deeply investigated in counter design particularly (4).

In this paper, Top design schematic is selected as Design Flow in Xilinx Foundation
environment (5). BCD to 7-Segment VHDL macro is synthesized and added as a macro symbol to a
Foundation project. Other schematic macro symbols are created and added to the project. Fig. (2)
shows the schematic diagram of complete 2 stages controlled counter/timer circuit. It comprises
counter/timer blocks, three-state buffer blocks, multi-input bus block, BCD to-7 Segment Block,
input/output pads and control gates. Fig. (3) shows the schematic of timer and counter building block
circuit.

SIMULATION, IMPLEMENTATION AND DISCUSSION

Fig. (4) shows the simulation of a building block counter stage with 7-segment decoder. The
complete circuit of Fig. (2) is implemented in Spartanxl chip (xcsO5xl-5-pc84) with the following
design summary:

Number of CLBs:
CLB Flip Flops:
CLB Latches:
4 input LUTs:
3 input LUTs:

Number of bonded IOBs:
IOB Flops:
IOB Latches:

Number of clock IOB pads:
Number of TBUFs:
Number of BUFGLSs:

28 out of 100 28°/
16
0
43
3
32 out of 61 52%
0
0
2 out of 8 25%
16 out of 240 6%
2 out of 8 25%

Total equivalent gate count for design: 415
Additional JTAG gate count for IOBs: 1536
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Fig. (3) Schematic Diagram of the Counter/Timer Block.
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The circuit is primarily implemented for teaching and training purposes. Fig. (5) shows the
layout of the implemented chip. The targeted 84 pin single chip can host at least 4 stages of counter
and 4 stages of timer. This means it can replace current implementation used in EAEA, which uses 2
PCBs (Printed Circuit Boards). Using of JTAG-compatible devices allow JTAG testability and in-
system programmability <5). Extension of the single channel scaling to limited number of channels of
Cascaded Multi-Channel Scaling can be implemented. An example is dual Sealer/Digital Ratemeter of
ref. (6). However, for large number of channels, processing with store-execute method should be
considered. Also, PCI bus interfacing must be included. Using of Xilinx Foundation S/W and
LogiCORE PCI32 (7> facilitate these design tasks and will be the subject of a future work.
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Fig. (4) Simulation of a Building Block Counter Stage with 7-Segment Decoder.

CONCLUSION

The circuit is used as a first relevant example to demonstrate the capabilities of Xilinx
Foundation 2.11 for Engineers of Eng. Dept. It shows an example of the designs requiring less
sophisticated logic circuitry implemented in the Engineering Dept. and is targeted to CPLD or low
power/low cost SpartanXL FPGA using Xilin x Foundation system. The implementation of the circuit
in single chip substitutes 2 PCBs. Using of JTAG-compatible devices allows JTAG testability and in-
system programmability. For implementing designs capable of doing more sophisticated radiation
measurements and analysis such as MCA functions, some sort of processing is needed. This can be
implemented using Xilin x Foundation 2.11 S/W, which will be considered in a future work.
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Fig. (5) Layout of the Implemented Chip.
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