
Variable Range PWM A/D
for COP820CJ

This application note is an extension of AN-607. The basic
difference between the previous version and this new ap-
proach (patent pending) is that the microcontroller can vary
the computing range as required by the signal being mea-
sured. This can be done totally in software without any
additional hardware.

Microcontrollers such as the COP820CJ that have an on
board comparator allow for a very cost effective A/D (refer to
Figure 1). Note that there are two back to back diodes in the
circuit diagram in addition to the input resistor and R/C
network. The diodes provide a speed up path that assists in
initializing the capacitor to equal the unknown input voltage
prior to a conversion.

Since the on board comparator has an input limitation of
0.4V to VCC − 1.5V, time and resolution would be wasted if
the R/C network was driven with a PWM signal that was
either at GND or VCC the entire sample time. The waveforms
(Figure 2) used in this example, have a duty cycle for the
high and low pulses. High pulses consist of 8 instruction
cycles at ground and 16 cycles at VCC. Thus providing an
upper range of 16/24 (VCC) or 3.30V for full counts with VCC

= 5V. Low pulses consist of 5 cycles at VCC and 19 cycles at
ground. Thus providing a lower range 5/24 (VCC) or 1.041V
for zero counts. Equation 1 below illustrates various mea-
surements:

Let:

VL = VCC (low pulse duty cycle);average voltage

VH = VCC (high pulse duty cycle);average voltage

EQU. 1:

VIN = VL + (VH − VL) x (Ton counts/Total counts)

The flow chart (Figure 3) and code listing (Figure 4) uses 100
counts over an input range of 1.0V to 3.30V for 23 mV per
count resolution. Many variations of this technique are pos-
sible to meet almost any range or speed desired. Simply
change the number of counts or the high and low duty
cycles. For example, with a known input range of
1.25V–2.5V the low pulse would consist of 6 cycles high and
18 cycles low. High pulses would consist of 12 cycles high
and 12 cycles low. Another alternative could involve a rough
measurement to determine the approximate range of the
input. Following this, duty cycles with an average voltage just

below (low pulse) and just above (high pulse) the initial
measurement can be used to give a high resolution result
relatively fast.
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FIGURE 1. Basic Circuit
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FIGURE 2. Pulse Waveforms
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FIGURE 3. PWM Flow Diagram
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FIGURE 4. Code Listing
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Notes

LIFE SUPPORT POLICY

NATIONAL’S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT AND GENERAL
COUNSEL OF NATIONAL SEMICONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or
systems which, (a) are intended for surgical implant
into the body, or (b) support or sustain life, and
whose failure to perform when properly used in
accordance with instructions for use provided in the
labeling, can be reasonably expected to result in a
significant injury to the user.

2. A critical component is any component of a life
support device or system whose failure to perform
can be reasonably expected to cause the failure of
the life support device or system, or to affect its
safety or effectiveness.
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National does not assume any responsibility for use of any circuitry described, no circuit patent licenses are implied and National reserves the right at any time without notice to change said circuitry and specifications.


