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WAYS FOR PROVIDING A HIGH-SPEED ANALOG-TO-DIGITAL CONVERTER WITH
WIDE DYNAMIC RANGE

L. A. Dybitskiy, B. I. Shvetskiy, Yu. V. Yuzevich

The problem of providing a large dynamic range in conjunction
with a high operating speed and the necessity to process signals of
sufficiently high frequency in an ATsP [analog-to-digital converter]
is becoming extremely urgent.

Questions of realizing an ATsP which provides'the conversion of
signals in a band of frequencies from 0 to 100 kHz which corresponds
to a rate of change of up to 107 V/s within the dynamic range of 80 dB
(1 mV-10 V in both polarities) with a five-microsecond conversion
time and an error of about 1% are examined below. It is advisible to
accomplish the device's realization in accordance with the block-
diagram presented in Fig. 1.

The: device consists of two parts: an input unit and: an encoding
converter. The input unit contains a number of scaling amplifiers (1).
The encoding converter includes the comparison circuits (2), a
logical channel-selection device (3), a commutator for analog signals
(4), a high-speed time-pulse ATsP with a narrow dynamic range (5),
and a timer which determines the interaction order of the units.
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1.
KEY: (1) Input unit; (2) Encoding converter; (3) Input; (4) Output.

The scaling amplifiers are controlled by pulses which enter from
the timer. The amplification factors of these amplifiers are inter-
connected by the corresponding scale factors. The storage of the
voltage's instantaneous values for the time necessary to convert

analog quantities into digital is conducted upon completion of the
pulse which arrives from the timer. The voltage arrives at the com-
parison circuits and the commutator from the amplifiers®' outputs.

’i Signals from the comparison circuits control the channel-selection
F device's operation and determine the signal's arrival from the

channel-selection device to the corresponding commutator key according
to the pulse from the timer. While being closed the key connects
that one of the amplifiers' outputs in which the voltage is the
greatest and is within the limits of the ATsP's dynamic range to the
input of the time-pulse ATsP. The ATsP accomplishes the conversion
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of voltage into a code and a multiplication of the results by a
weighting factor which cormforms to the selected output-channel.

The selection of the structure and scheme of the units is con-
' ducted on the basis of the following considerations.

The scaling amplifier. Its preamplification is necessary in
order to convert the input signal at the minimum level of 1 mV. A
realization of high-precision amplifiers for the signal with the
parameters listed above in contemporary elements requires redundancy
in equipment and is solved in the dewice by the network of amplifiers
whose amplification factors are connected by the corresponding scale ’
(Fig. 1).

The task of picking up a signal to the converter is complex. In
order to eliminate a dynamic error during quantization a special
pick-up scheme - the voltage clamp is used in the device: pre-

amplification - a key with a capacitor store - output amplifier -
 § feedback (Fig. 2). This scheme allows the influence of time of pick-

up on the precision of the conversion to be eliminated, and a large
dynamic range of read voltages to be provided when the pick-up

precision is high and the drift of voltage at the output is small
as well as to achieve high load characteristic.

Fig. 2.
KEY: (1) Input; (2) Output.
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When the switch is closed the circuit is an operating amplifier.
That characteristic allows the functions of scalable amplifiers and
, clamps in some units to be combined in the instrument the equipment
to be substantially reduced, and the precision of the unit to be
i increased. :

The pulse-time converter. The selection of the structure of the
! converter is determined first of all by the little time allotted to
conversion and equals three yys. In the course of the first 0.5 Ys
a set-up of the corresponding output - channel is completed by a
method of direct comparison (units 2 in Fig. 1). For the remaining
2.5Ys the voltage is converted into code by the pulse-time method.
The pulse-time method in this case may be considered most optimum-.

A representation of data at the output of the coding converter is
accomplished in a 4-digit binary-decimal code. Such a representation
substantially hampers the construction of a high-frequency counter
because it requires the use of feedback which reduced the speed of
operation [1]. A special structure which provides the counting pulses
following with a high frequency and the representation of their

number in a binary-decimal code {2] is used in this device. The
counter here is purely binary.
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