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A typical way to add two binary words and provide an ana-
log output is to use several digital ICs that drive a DAC. The
circuit in Figure 1 eliminates the use of several digital-IC
packages and, hence, the need for the digital power supply.
The circuit simultaneously carries out addition and subtrac-
tion on two 8-bit binary words and presents the output in
bipolar analog form.

The hardware consists of four ICs, and the operation takes
only 85 nsec, which is the settling time of the DACs plus the
settling time of the op amp. IC1, a precision 10V reference,
provides the reference current for both multiplying DACs: IC2
and IC3. For these DACs, IREFA=10V/R1, and IREFB=10V/R2. In
this case, IREFA=IREFB=IREF=2 mA.

The output currents, IOA and IOB, depend on the respective
A and B binary inputs and the input reference currents as fol-
lows:

and

where n is the number of input bits and NA and NB range in
value from 0 to 2n–1, in accordance with the input binary
words.
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amplifier, IC1B. The resulting output
voltage drives the output transistor, Q1,
which directly drives the LED. Resistor
RE limits the maximum drive current to
approximately 80 mA, thus preventing
damage to the LED. You can reduce RE’s
value if you need higher power levels;
the absolute maximum rating for the
LED is 500 mA. If you change RE, you
may need to alter the frequency-com-
pensation network. The network com-
prises RC and CC and introduces a pole
at 0 Hz and a zero at 1/2pRCCC into the
open-loop transfer function. The zero
cancels the pole (at approximately 100
kHz) that the monitoring-photodiode
preamplifier introduces, so the pole is a
dominant pole in the feedback loop.

With the component values shown,
the 3-dB modulation bandwidth of the
source is approximately 40 kHz. You can
experimentally determine the value of the compensating
capacitor, CC by observing the voltage at Pin 3 of IC2 and dri-
ving the circuit with a square wave (Figure 2). The output is
a filtered version of the optical-output waveform. A Spice
simulation shows the phase margin to be approximately 858.
The AD822 dual rail-to-rail op amp accommodates modula-
tion-input voltage from 0 to 5V. The slope efficiency of the
entire source (defined as dP

l
/dVMOD) is approximately 1.5

mW/V and may vary slightly from unit to unit of
detector/emitter modules.

You can use this design as an IR light source in a precise
reflectrometric measurement system incorporating pulse
modulation and synchronous detection. To increase accura-
cy of the system comprising the entire optical head, you can
install the system in a thermally stabilized environment with
temperature controlled to within 0.58C. The long-term mea-
sured power stability of the source is better than 1 ppm after
initial warm-up. (DI #2243) e
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IC2 in Figure 1 delivers a clean response to a modulation-input step function.

FIGURE 2
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The DAC-08 has complementary current outputs. There-
fore, you can express the complements of IOA and IOB as

and

where IFS, the full-scale current of the DAC, is

The circuit configures IC4B as a current-to-voltage convert-
er. Thus,

Substituting IOA and IOB from Equations 1 and 2 into Equa-
tion 6 yields

IC4A serves as both a current-to-voltage converter for IOB
and a buffer to the potential drop across R3 because of the
flow of IOA. Thus, assuming R3=R4,

Substituting IOA and IOB from Equations 3 and 4 into Equa-
tion 8 and assuming that R4=R5 result in
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FIGURE 1

Two DACs and two op amps simultaneously carry out both addition and subtraction on two 8-bit binary words.
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