
August 20, 2001 • ELECTRONIC DESIGN 83

ideas for design
INNOVATIVE DESIGNS FROM READERS

W. Stephen Woodward
University of North Carolina, Marine Sciences, Venable Hall, CB3300, Chapel Hill NC 27599-3300;  E-mail: woodward@unc.edu

16-Bit PWM Optoisolated 
DAC Is PC-Controlled

CIRCLE 520

T here was a time when an “honest”
(e.g., DNL < 1/2 LSB) 16-bit digi-
tal-to-analog converter (DAC) was

an expensive, premium component.
Nowadays they’re almost jellybeans—
almost. Some applications, however,
can still benefit from multichip 16-bit
DAC solutions. The circuit presented
here (see the figure) was designed to
serve one of these applications. It fea-
tures a virtually perfect DNL, which is
an inherent characteristic of PWM con-
version. It also includes an optoisolated
output and an interface to the ubiqui-
tous PC’s parallel (printer) port. 

A general description of DAC circuit
operation is as follows: control of the
16-bit PWM conversion waveform
comes from the relative phase of the
500-Hz square-wave outputs of two 16-
bit ripple-carry counters (comprising
U4, 5, 6, and 7) free-running from a
common 30-MHz RC clock (U3B). The
phase is determined by the initial val-
ues loaded into the counters before the
clock is enabled and the states of PC
port bits D5 and D6. Depending on
this phase, the duty cycle of the output
of exclusive-OR U2C can be varied lin-
early from 0% to 100% in increments

of 0.0015% (1/216). The PWM wave-
form is then split into two complemen-
tary drive signals and applied to the
anti-parallel LEDs and inverted (i.e.,
VCE < 0) phototransistors of optoisola-
tor U8. 

The operation of the U8 phototran-
sistors in inverted mode reduces their
on-state saturation voltage to the sub-
mV range. Thus, the dc component of
the isolated square wave is accurately
(to 13-bit precision) equal to the prod-
uct of the PWM duty cycle and the U9
voltage reference. The dc component is
extracted by the three-pole, 14-Hz, uni-
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Criss-crossed ripple counters equalize the carry propagation delays of the four ‘HCT393s to eliminate unacceptable zero-offset in the PWM
waveform.



ty-gain, low-pass filter (U1). The sub-
pA bias current of U1 limits the error
term arising from the net 9-MΩ filter
resistance to negligible levels. Also, the
good CMR of U1 preserves better than
14-bit integral nonlinearity (INL).
While the output ripple of the filter is at
the sub-16-bit level, its 16-bit settling
time is approximately 0.1 s. 

A closer look at the circuit reveals
such details as the criss-crossed connec-
tion of ripple counters U4-U7. The pur-
pose of this curious topology is to
equalize the carry propagation delays of
the four ‘HCT393s. Together these
delays, of the order of 20 ns/bit, repre-
sent more than 10 DAC LSB-bits. If left
uncompensated, the manufacturing
tolerances in the counter chips could

result in an unacceptable (up to several
LSB-bits) zero-offset in the PWM wave-
form. Adding the cross-connects allows
each ‘393 to contribute equally to both
counters. It distributes the propagation
delay of the four chips equally over the
two 16-bit counting chains, thus can-
celling this error source. 

Downloading a DAC setting from the
PC to the PWM DAC involves a three-
step process. First, the D7 bit is cleared
to disable the clock. D4 is set to clear all
the counter bits. Then, D4 is cleared
and D5 and D6 are toggled the requi-
site number of times to enter the
desired output value into the MSB byte
(D5) and LSB byte (D6) of the conver-
sion value. The somewhat large num-
ber (up to 256) of interface operations

required to enter the conversion value
using this “unary” serial means is out-
weighed by the simplification it affords
in the conversion logic. The ability to
use non-presettable counter chips was
quite convenient. The actual time
required for download of a new conver-
sion is, in any case, much faster than the
settling time of the U1 filter. 

Following the download of the con-
version value, bit D7 is set to enable the
clock. Then, the continuous generation
of the PWM waveform commences. An
example of suitable code for keyboard
input and downloading of DAC set-
tings is presented in the MSBasic listing.
This code listing is located at www.Plan-
etEE.com (click on the Ideas for Design
icon). 
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Window Comparator Enhances
Integrator Circuit’s Flexibility

CIRCLE 521

A simple to use window com-
parator can make short work of
integrator, antiwindup, and

reset circuits. Control systems that
incorporate an integrator stage need
some form of integrator reset or anti-

windup function. An integrator drifts
with time and is subject to saturation
when driven by large error signals. This
saturation effect causes the device’s
output information to become invalid
and out of phase with the commanded

system response. In this circuit, an
LT1042 window comparator is used to
detect and initiate integrator reset as
required (see the figure).

Integrator design starts with deter-
mining the accuracy necessary for the
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This easy to use window comparator building block is used to enhance performance and add intelligence to analog integrator circuits.


