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A HIGH SPEED 10 BIT D/A INTEGRATED CIRCUIT

M. B. RUDIN and R. L. O’DAY
Fairchild Semiconductor

Palo Alto, California

Summary    A new high speed 10 Bit D/A integrated circuit is described as well as the
basis for its design. Principal applications are given, notably a successive approximation
A/D employing the circuit as its feedback D/A.

Introduction    The use of monolithic linear integrated circuits in PCM telemetry A/D
converters is not new. As early as 1961-62, T. I. had built pure IC laboratory units, and
in the period 1962-63, Fairchild and Radiation Inc. teamed to build an experimental
PCM IC model. More recently, Autonetics and TRW Systems have claimed similar
achievements. But none of the LIC’s used in these models has been available
commercially.

What is new about the D/A LIC reported in this paper is that it is capable of full scale
production, requires little special applications know-how, and yet performs with a
combination of speed and accuracy rivaling the best discrete component versions for
both ground and aerospace environments.

This paper describes in order, (1) basis for selection of the converter technique, (2) the
new circuit, and (3) performances achievable with D/A and A/D subsystems built around
the new circuit.

Selection of a Converter Technique for Integration    From the standpoint of the
semiconductor manufacturer seeking a profitable product, the major advantages of
integrated circuits are economics and ease of application (not the usual miniaturization,
reliability, etc.). But to achieve an economic advantage, large volume is essential to write
off development costs. Therefore, the market must be broad, and the IC must have a high
degree of flexibility. Some of the characteristics considered especially desirable for
telemetry system applications were:1/ (1) 10 bit linearity and 8 bit accuracy over a
100EC. range; (2) 0 to 1 megabit/second; (3) ratio conversion with a variable (Bridge
supply) reference. Also non-telemetry applications made two other features desirable; (1)
variable full scale D/A output voltage; and (2) code formats other than binary, especially
BCD.



With these precepts in mind, the various known D/A and A/D techniques were
examined. The result was selection of a form of the familiar successive approximation
D/A feedback technique for the following reasons: (1) I. C. Compatibility: The general
technique lends itself nicely to I.C. monolithic construction in contrast to such
techniques as cyclic, charge storage converters, etc. (2) Performance: Successive
approximation can provide both accuracy and moderate to high conversion rates
required. (3) Minimum number of Functional Blocks: The scheme uses common
functions for both A/D and D/A conversion. This means fewer IC designs to develop,
fabricate, test, and stock -- thus minimizing production costs. It also means fewer parts
for the user to become acquainted with, qualify, stock, and test.

A current summing design was chosen over voltage summing because it avoids the
problem of switch voltage offset, and it permits high speed switching by current steering.
Also control circuit to signal circuit isolation could be accomplished simply without a
large number of active devices or transformers.

The selected configuration, Figure 1, shows the functional blocks of the current
summing D/A converter. Practical limits on IC circuit and process complexity as well as
the desire for flexible coding and voltage output resulted in the independent IC blocks
shown by Figure 2. The grouping of the individual current sources, reference unit, and
logic buffers on a single chip provides excellent temperature tracking and speed. The
current setting resistors may be either discrete or film at the user’s option, and they have
no reactance limitations, as they pass only DC. In the future these resistors might be built
on the current source chip, but the present state of production technology is such that
accurate thin film resistors on the current source chip are not yet economically feasible.
Also they were not initially of interest because of the desire for code flexibility. The
trans-impedance amplifier can be satisfied by a number of available IC operational
amplifiers using an external feedback resistor. The data holding register may be
comprised of individual bipolar element IC’s or available 4 Bit registers in parallel. As
large scale arrays become available, the entire register function can be provided by one
device.

The D/A converter blocks may be used as a feedback element for a successive
approximation A/D. A typical converter is shown in Figure 3. The trans-impedance
amplifier may be omitted by using the configuration given. The input buffer amplifier
capability is provided by several available IC operational amplifiers. The comparator is a
low level, high gain device with input currents compatible with the less significant bit
current value of the DAC. The digital programmer may be one LSI or a series of
available 4 Bit counters.

The Circuit    The D/A chip circuit is shown in simplified form by Figure 4. The
individual current sources are transistors operated in a common base configuration to



provide a high output, impedance. The bias for the sources is provided from a
temperature compensating regulator. The individual currents are selected by the choice
of the external emitter resistor value. Current switching is accomplished by steering
diodes controlled from the logic inputs. The operational amplifier is operated in the
trans-impedance mode so that the point Vs is a virtual ground. Then the summed current
Is x Rs is the voltage out of the amplifier and the analog equivalent of digital input. It is
seen that any full scale voltage and many code formats may be selected by varying the
resistor values. However, the converter has been optimized for binary and BCD coding.

System Performance    The general specifications for a 10 Bit Binary DAC and ADC
are given by Tables 1 and 2 respectively. The temperature performance is graphically
presented on Curves 1 and 2. The system configurations for obtaining these performance
numbers are shown by Figures 5 and 6. The entire converter is compact enough to easily
fit within a small component oven should the user desire greater accuracy versus
temperature performance. As may be seen from Curves 1 and 2, an oven temperature
stability of ±5EC. is more than sufficient for a 0.1% converter.

A voltage reference input terminal is provided to allow full scale current to be adjusted
±10% for transducer excitation normalization.

Besides meeting all common PCM telemetry performance requirements, the circuit has
four very important terminal characteristics from the standpoint of ease of application:

(1) The fact that switching by current steering permits only DC to flow in the current
setting resistors, eliminates the problem of switching transients commonly
encountered in A/D resistance ladders.

(2) The fact that the summing line output of the circuit is a 10 meg ohm current
source, driving a virtual ground in the D/A configuration, can be used to eliminate
pickup problems on the summing line. This fact can also be applied in the A/D
configuration by using the D/A summing op amp as a buffer prior to the
comparator.

(3) The logic inputs are capable of being driven by all common forms of IC logic
because of the small voltage range required, 0 and + 2.5V, and because of the
small input current, 10Famps.

(4) Finally, the inclusion of a precision matched voltage reference on the chip
eliminates a major source of production complexity for the user.

Conclusions    A new digital-linear interface circuit has been developed which can
greatly improve the economics and logistics of PCM telemetry encoders, and D/A



readouts, while providing performance comparable to the best discrete component
designs.
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Table 1 - Typical D/A Converter System Specifications

Table 2 - Typical A/D Converter System Specifications



Fig. 1 - Current Summing Digital to Analog Converter Functional Blocks

Fig. 2 - Current Summing D/A Converter I. C. Blocks



Fig. 3 - Successive Approximation Current Summing A/D Converter

Fig. 4 - Simplified D/A Converter



Fig. 5 - D/A Converter

Fig. 6 - A/D Converter



Curve 1 - Percent Change in Full Scale Current Versus Temperature

Curve 2 - Percent Non-Linearity Versus Temperature




