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FIGURE 1

without phase compensation the result is poor. In Figure
1b’s circuit, the phototransistor’s internal capacitance and
the amplifier’s gain bandwidth limit the overall speed. To
cancel the side effect of the phototransistor’s CCB, the ampli-
fier needs a small capacitor in parallel with R. Choosing the
right value for the compensation capacitor is a difficult task,
because the current-to-voltage converter exhibits a two-pole
response. Also, to ensure stability, you need to consider
phase compensation and bandwidth together.

Fortunately, there is another way to get the best of the
phototransistor bandwidth. You can isolate the phototran-
sistor’s internal capacitance with a transistor (Figure 1c). The

transistor, with its low output impedance and its large gain
bandwidth, holds the signal voltage across the phototran-
sistor to a stable dc value. The versatile BC847 can do the job,
and, with Siemens’ SFH320, the circuit can reach a trans-
mission speed of 153.6 kbps. You can’t increase the speed
beyond this point, even with the fastest op amp, because of
the photoelectric delay that the charging and collecting
processes cause. (DI #2188) e

To Vote For This Design, Circle No. 527 

Cost-sensitive mC applications often employ resistor chains
to implement crude DACs. You can extend this method by
exploiting the way in which many mCs allow individual
output pins to be set to either low (“0’’), high (”1’’), or float-
ing (“F”) states. A converter can thus respond to ternary
rather than binary codes.

The resistive network in Figure 1a has three inputs. Allow-

ing each input to be either 0, 1, or F results in the transfer
characteristic in Figure 1b. Allowing for two duplicate cases
results in 25 distinct output levels. Thus, the technique
achieves roughly 41/2 bits of resolution while using only three
pins of a mC and five resistive elements. The transfer char-
acteristic is symmetrical about midrail and does not extend
to the supply rails, making it inherently suitable for use in

Technique increases low-cost DAC’s resolution
JEREMY DEAN, THOMSON-THORN MISSILE ELECTRONICS LTD, BASINGSTOKE, UK

Providing three possible inputs—1, 0, and F (floating)—to the resistor network (a) produces a ternary-code transfer charac-
teristic (b).
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A simple DAC demonstration circuit comprises a PIC16C84 µC and a single-inline-resistor array.

single-supply applications. Note that the characteristic is
nonlinear, which shouldn’t matter for many applications.

A practical circuit implementation uses a single-inline
array to form the resistive network (Figure 2). The PIC16C84
(Microchip Technology, www.microchip.com) code in List-
ing 1 uses a look-up table to convert binary inputs to the
required ternary outputs. (You can download this listing
and the related look-up table from EDN’s Web site,
www.ednmag.com. At the registered-user area, go into the

Software Center to download the file from DI-SIG, #2189.)
You can expand or contract this ternary technique with-

in reason. For example, using four mC pins gives 75 distinct
output levels, and even just two mC pins gives seven levels.
By saving pins, the technique is ideally suited for use with
the PIC12C50X family, which has very limited I/O in an
eight-pin package. (DI #2189) e
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FIGURE 2

LISTING 1—PIC16C84 DAC CODE

http://www.microchip.com
http://www.ednmag.com
http://www.ednmag.com/reg/download/files/di_sig/di2189z.zip
http://www.ednmag.com/reg/download/files/di_sig/di2189z.zip



