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Switch-Debouncer IC 
Creates A Long-Period Timer

CIRCLE 520

O ne major application for
long-period timers is in
remote weather-data sta-

tions. These stations measure
environmental conditions at
regular time intervals and trans-
mit the results to a central col-
lecting facility. Since these small
weather stations are often locat-
ed in remote areas that depend
on solar-cell power during
cloudy weather, power efficien-
cy is an important factor in their
design. Size and cost are also promi-
nent considerations.

A minimum-component configura-
tion is possible for an all-surface-
mount, low-power, long-period timer.

This design can be implemented with
two low-cost components and firm-
ware that reduces power consumption
by allowing the microcontroller (µC)
to enter a “sleep mode.” Later, the µC
is awakened to perform regularly

scheduled measurements. The
circuit shown in Fig. 1 accom-
plishes this task by taking
advantage of the extra section
in a dual CMOS switch-de-
bouncer (U1).

The µC (U2) provides 32
bytes of RAM and 1232 bytes of
EPROM. (A low-cost, one-time-
programmable version is also
available.) The IN1/OUT1 pins
of the dual debouncer U1 are

configured to debounce the µC’s sys-
tem-reset pulse. The IN2/OUT2 pair is
configured as the long-period timer.
Capacitor C1 and a 63-kΩ (typical)
pull-up resistor internal to U1 form the
time constant for this purpose.

U1 initiates a 50-ms delay when the
C1 voltage reaches U1’s input-voltage
threshold. Following this delay, OUT2
turns on the n-channel digital FET N1,
which must remain on long enough to
completely discharge C1 in preparation
for the next timing cycle. The second
transition (high-to-low) at IN2 initiates
another 50-ms delay. Following this
delay, the cycle repeats. Thus, the timer
period can be calculated using the fol-
lowing equation:

Period (s) = (63k × C1 × (−ln(1 −
VT/VCC)) + 0.1s)

Table 1 shows the input threshold
voltage (VT) for U1 at various operating
voltages (VCC). The following equation
can be used to determine the C1 value
for a desired timer period:

C1 = (Period − 0.1s)/(63k × (−ln(1 −
VT/VCC)))

where Period equals the desired time
delay in seconds. 

Remote weather stations report at
certain intervals, and the time of these
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In addition to debouncing the microcontroller’s RESET input, the unused half of this dual
switch-debouncer IC (U1) is used to implement a long-period timer function.

System voltage, VCC Threshold voltage, VT
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reports is recorded by the collection
station. Since timing is not critical, the
C1 capacitor can be a tantalum type
with ±20% tolerance. If tighter timing
is desired, a surface-mount ceramic
capacitor can be substituted for C1. 

The digital FET N1 was chosen for its
low-level gate drive, which enables it

to operate properly in 3- to 5-V cir-
cuits. If a different FET is substituted, it
must be capable of discharging C1
completely before U1 changes the out-
put state to low. Specifically, it should
provide a discharge time (5RDSONC1)
less than 50 ms. If the shortest possible
period is desired, U1 can be config-

ured as a 10-Hz stable multivibrator by
removing C1 (leaving the drain of N1
connected to pin 3 of U1).

The program code, written in
68HC705 assembler, for the long-peri-
od timer is available for download at
www.PlanetEE.com by following the
Ideas for Design link.
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Single-Wire Sensors 
Interface Directly To A PC 

CIRCLE 521

O ver the years, various vendors
have developed a number of
interfacing techniques to help

address design requirements for simpli-
fied signal conditioning, reduced com-
ponent count, and lowered develop-
ment and system costs. One such
low-cost interfacing technique is the
use of pulse-width-modulated (PWM)
digital outputs to eliminate the need for
costly analog-to-digital converters
(ADCs). This approach also decreases
the number of signal wires required. 

Using this PWM approach, the mea-
sured data’s value is passed on as a vari-
able-length pulse to the measurement
and control system through a single-
wire interface. The on-period (tON) of
the pulse indicates the value of the mea-
sured quantity. Any change in the mea-
sured value will cause tON to vary. The
measured data can be captured to a
specified degree of resolution by mea-
suring tON. Modern microcontrollers
have an onboard timer/counter periph-
eral that can easily be used to measure
the pulse width.

PWM-output devices (single-wire
interface) can be interfaced directly to a
PC as shown in the figure. In a PC, there
are no unused timer/counters available
for measuring pulse widths. However,
the PC’s counter2 (a 16-bit, 8254
timer/counter), normally utilized for
the PC’s speaker operation, can be used
for measuring the pulse width of a
PWM signal. This counter operates
using a clock frequency of 1.1931817
MHz (TIMER_FREQUENCY) and can
be enabled or disabled by setting bit-0
of port 61h to one or zero, respectively.

For this application, counter2 is
operated in mode 2 (i.e., as rate genera-
tor) and is configured by loading its

control register at port 043h with a
control word value of 0b4h. Initially,
counter2 is loaded with an ffffh count
at port 042h (i.e., counter2’s read/write
I/O port) in two cycles. During opera-
tion, the input signal is sampled con-
tinuously and, at the first rising edge,
counter2 is enabled by setting bit-0 of
port 61h to one. When counter2 is
enabled, its count follows an auto-
decrement pattern of one count every
0.838095 µs (1/TIMER_FREQUEN-
CY). As long as the input pulse is high,
counter2’s count (elapsed_count) is

read back in two cycles from port 042h.
At this juncture of operation, the
elapsed count is checked to see if the
time period of the pulse is greater than
~54.9 ms (this is the maximum time
period that counter2 can measure). If
the input pulse width is greater than
this limit, the overflow counter is incre-
mented and the counter2 count is
automatically set to an ffffh count.
With the trailing edge of the input
pulse, counter2 is disabled by setting
bit-0 of port 61h to zero.

The counter data is stored in a data
array (count[i]) whose length depends
on the pulse width. If the pulse width
is less then 1 ms, the length of the data
array is 20; otherwise, it is 1. This is
necessary to minimize the error when
measuring small-pulse-width signals.
The 20 array elements are arranged in
ascending order (averagedata( )) and
the average of the 10 middle values is
used in the calculation of pulse width.
Pulse width (pulse_width) is calculat-
ed using the overflow counter and the
counter’s count data. It is then dis-
played. Before starting the next read
cycle, counter2 is reset with a count of
ffffh. This process continues until the
user presses the ‘Q’ key, which termi-
nates the program and restores the
screen attributes. 

The software listing, written in C
(Turbo C++, version 3.0) and assembly,
can be found at www.PlanetEE.com by
following the Ideas for Design link. It
was tested in the MS-DOS mode of
Win95 on a 450-MHz Pentium II. The
minimum pulse width that could be
measured was ~23 µs. The software can
be easily modified to determine tOFF or
to calculate the frequency of the input
pulse stream.
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Single-wire sensors can be acquired
directly by a PC if the counter/timer
associated with the PC speaker function is
reallocated for use by this application’s
pulse-width measurement function.


