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1 Features
e Maximum accuracy 100ppm in the 1 to 10,000 RPM range
e Basic counter is composed of two chips (82C54-2 and GAL16V8a)
e 32-bit wide counting register
e 16-bit pre-scalar
e Overflow trap
e Little needed CPU intervention
o Resetable during any phase of the conversion cycle

e Readable status for conversion in progress

2 Introduction

The Intel 82C54-2 is a 10 Mhz programmable interval timer with three in-
dependent 16-bit counters. In this application, all three timers are loosely
chained together to form a very flexible general purpose period counter that
can measure one-time events up to 7 minutes and repetitive signals through
10 Mhz (of course the resolution varies considerably in this range). While



this counter is suitable for many applications, the usage presented here is
automotive: the measurement of engine RPM. With its 32-bit output, the
counter is more suited to 16-bit CPU’s where 32-bit integers are common.
With the selection of moderate pre-scalar values, the accuracy of the counter
is within 1 RPM over the 1 to 10,000 RPM range making it well suited for
instrumentation and computer-aided-tuning.

3 Theory of Operation

In the following discussion, a general understanding of the 82C54 timer and
generic array logic (GAL) devices are assumed. For more information, consult
the National Semiconductor data book “Programmable Logic Devices and
Design Guide” and the Intel data book “Peripherals”.

Counters 1 and 2 of the 82C54 are chained together to form a 32-bit
counter used to count a 10 MHz reference clock while counter 0 is used as a
16-bit input pre-scalar/divider. The pre-scalar selects the number of input
pulses during which the reference clock is gated. All counting operations are
under the control of a GAL based state machine whose defining equations
and state machine descriptions are presented in appendix A. Figure 1 shows
the schematic of the proto-type counter that takes as an input the signal
from a MSD ignition module tach port (should also work with GM’s HEI
and other ignitions) and interfaces directly to the “DIY_EFI_bus”. In this
configuration, the 82C54 is I/O mapped into the locations Y0, YO+1, Y0+2,
and Y0+3. The GAL chip is mapped into Y1 where YO0 and Y1 are decoded
select lines form the CPU bus.

During the typical conversion process, the 82C54 is first initialized by
writing three control words to the control register (Y0+3). This initializes
the output pin and operating mode for each counter. The pre-scalar is place
in mode 1 (hardware retriggerable one-shot), the low order word counter in
mode 2 (rate generator), and the high order word counter in mode 4 (software
triggered strobe). The state machines are next initialized by a writing 0 to
Y1. This places all outputs in both chips into a known initial state. Next, the
initial counter values are load by writes to YO (the pre-scalar; counter zero;
value is the number of input cycles to count), Y0+1 (the low ordered word;
counter one; value of 0000H), and Y0+2 (the high ordered word; counter two;
value of FFFFH). When the CPU is ready to start the conversion process, a
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