Two-DAC circuit adds and subtracts

V MANOHARAN, NAVAL PHYSICAL AND OCEANOGRAPHIC LABORATORY, KOCHI, INDIA

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. IC,, a precision 10V reference,
provides the reference current for both multiplying DACs: IC,
and IC,. For these DACs, I...,.=10V/R,, and I, .=10V/R,. In
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The output currents, I, and I,;, depend on the respective
A and B binary inputs and the input reference currents as fol-
lows:

2N, 0
Ioa = Iger 'g—zﬁa. @)
and
2 Ng 0
Iop = Irer 'gz—fal (2

where n is the number of input bits and N, and N, range in
value from O to 2"-1, in accordance with the input binary
words.
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The DAC-08 has complementary current outputs. There-
fore, you can express the complements of I, and I as

Toa = Iys - Toa, (3
and
Top = Ips - Io, (4)
where [, the full-scale current of the DAC, is
2n 1
Ips = *Irgr- ®)

DESIGN IDEAS

IC,, serves as both a current-to-voltage converter for I,
and a buffer to the potential drop across R, because of the
flow of I,. Thus, assuming R,=R,,

Voura-8) = log *R4 - Ioa *R3

(®)

= (Iog - Ioa =Ry4.

Substituting I, and I, from Equations 3 and 4 into Equa-

tion 8 and assuming that R =R, result in

Vouta-B) = [(IFS -Iog) - (Igs - IOA)]°R4

©)
The circuit configures IC,; as a current-to-voltage convert- = (IO A - lop) *Rg
er. Thus
! I e Ny 0 -1 2 Ny ol <R
VOUT(A+B) =Ioa *Rs5 +Iop *Rs. (6) = g REF 8 on P REF g on Bu 5
Substituting I,, and I, from Equations 1 and 2 into Equa- _ Irer *Rs (N - Np).
tion 6 yields on
+ +Iggr © g—+ *Rs (DI #2226) =
| -R @)
= REFn 5 «(Ny +Np). To Vote For This Design, Circle No. 358
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Two DACs and two op amps simultaneously carry out both addition and subtraction on two 8-bit binary words.
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