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1. INTRODUCTION

The purpose of this thesis is to develop a simple Block Sum Register and
to construct an arithmetic unit capable of addition, subtraction, multipli-
cation, reciprocal, and division using the Block Sum Register.

Burst processing is a method of information representation and process-
ing developed by Dr. W. J. Poppelbaum (1). Burst processing has been shown to
be useful for video and audio signal processing. The main idea of burst pro-
cessing is to represent information by blocks or bursts of unweighed binary
digits and to perform simple, low precision processing on these blr-ks.
Figure 1 shows the representation of numbers by a block of length ten. Note
that only the number of ones in the block determine the value represented,
not the position within the block. Higher precision can be obtained, as
shown in Figure 1, if the average of the successive blocks are taken. There-
fore, to represent a number to 1% precision, ten bursts of length 10 each
will suffice and .1% precision will then require one hundred bursts of length
10 each. ‘

Bursts of length 10 are convenient for decimal arithmetic and will be
assumed for the rest of the paper. It is obvious that a single burst can
represent eleven numbers from 0 to 1.0 in increments of .1 and thus is
capable of approximating a value between 0 and 1.0 to 10% precision. This
inherent coarseness of the burst representation results in greatly simplied
arithmetic circuitry. The trade off for this simplicity is that burst
encoding has lower information capacity than weighed binary: a single burst

can represent 11 values, whereas 10 bits of weighed binary can represent 2]0

values.
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2. THE BLOCK SUM REGISTER

2.1 Current Summing Register

The Block Sum Register or BSR is a devife defined to yield a quantized
analog output proportional to the number of ones in a block of length N.
Figure 2 shows the BSR and an implementation for a BSR of length 10 using a
10 bit shift register driving 10 current sources. This implementation is
essentially a current summing digital to analog converter with equally
weighted resistors instead of binary multiple resistors. Large output step
sizes are possible with this design since the base voltage of each current
source is a minimum of 3.5 volts. The burst can also be held in the shift
register with the clock stopped without affecting the BSR output. In
practice the current sources require close matching of the transistors,
which suggest monolithic transistors, and/or variable resistors in order to

assure uniform step sizes.

2.2 Charge Summing Register

A different approach to implementing a BSR results in some reduction in
complexity and weighted binary output rather than analog output. This would
be desirable in interfacing burst and binary processing. Since the number
of ones in the shift register can be determined by summing the number of
ones entering the shift register and then subtracting the number of ones
leaving the shift register, only the first and last bit of the shift
register need be examined. Figure 3 shows an implementation based on

considering each one to be a unit of charge and using a capacitor to store
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these charges. A one entering the shift register would turn on the
charging transistor and increment the charge in the capacitor by a unit. A
one leaving the shift register would turn on the discharge transistor and
remove a unit of charge from the capacitor. Outputs of .25 volts per step
with 10 steps for a maximum of 2.5 volts have been obtained. Linearity of
5% is possible, with the restriction that the capacitor is charging in the
linear portion of the capacitor characteristic. The disadvantage of this
design is that the output is dependent on the shift register clock
frequency. This is due to the quantity of charge corresponding to one is
proportional to the duration of each pulse. Also as the frequency is
lowered, either the collector voltage of the charging transistor or the
capacitance must be increased in order to maintain linearity. Replacement
of the capacitor with an up-down counter controlled by the first and last

bit yields parallel binary output.

2.3 Load Current Register

The most satisfactory BSR in terms of simplicity and linearity of out-
put steps takes advantage of the electrical characteristics of the shift
register. As shown in Figure 3, if a 10 ohm current sensing resistor is
placed in the ground path of the shift register, the variation in current
drawn by the shift register as a function of the number of ones or zeroes
can be detected. This variation is exactly a quantized analog output
suitable for BSR's. The utmost in simplicity is achieved with the BSR
composed of a shift register and a resistor. The step size is highly
dependent on the particular shift register used. While all of the 11 shift
registers examined showed current variations, only the Signetics 8273 10-bit

shift register exhibited sufficient variation in current to be of use.
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Figure 4 shows the Signetics 8273 used as a BSR and its characteristics.
Two sample outputs are shown. The linearity of all Signetics 8273 examined
were within 3% per step. The step size varies from .0085 volts to .010
volts for different chips. The difference in step size and minimum voltage
level are acceptable since low cost op amps provide the necessary gain and

level shifting while also providing the required buffering.
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3. A BURST ARITHMETIC UNIT

The use of Block Sum Registers allow on-line arithmetic operations to
be performed on burst encoded information in a simple manner with results
immediately available in analog or burst format. Since burst representation
on a single block basis approximate the information encoded to 10% precision
(with higher precision obtained through averaging), thé arithmetic circuits
can also be of 10% precision. There is difficulty achieving higher
precision in multiplication and division, since the average of products
and quotients is not the same as products and quotients of the averages.
Addition and subtraction does not suffer from this problem. This problem
has been considered by Bracha (2) and the results show that with some
restrictions on the rate of change of the input sequences of burst operands,
the error can be kept to a minimum. The operands in this arithmetic unit
are assumed to be positive numbers.

The output of the BSR is either a current or a voltage, so analog
arithmetic methods can be applied to burst encoded operands: Analog
arithmetic has the advantages of virtually no delay and fairly simple
circuits. Up to 1% precision can be obtained. Due to constraints in the
multiplier, the analog voltages corresponding to the values of the burst
are defined to be negative 1 volt to negative 6 volts, in negative .5 volt

decrements, mapped onto burst values of 0 to 1.0 in increments of .1.

3.1 Burst Addition

Addition is performed by summing the voltages of the BSRs containing

the burst operands. Figure 5 shows the circuit. The result is scaled to
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(A+B)/2 to facilitate encoding into burst format. The main sources of
error come from the difference in step sizes, nonlinearity, and difference
in DC bias of the BSR outputs. Nonlinearity is less than 3% and adjusting

the summing resistors of the amplifier matches the step size and DC bias.

3.2 Burst Subtraction

Subtraction in the form of 1 + A - B can be easily accomplished by
complementing the B-burst to obtain 1 - B and then performing addition.
Figure 5 shows the circuit. The B-burst is complemented by a transistor
connected in the common emitter configuration. Scaling the results to
(1+A-B)/2 is done to allow for encoding into bursts. By leaving the result
as 1 + A - B, the problem of negative number representation is avoided.
However, the constant factor can be easily removed by adding a positive 6
volts to the summing inputs of the amplifier. The analog circuits used can
yield bipolar voltages, so negative numbers could be allowed. It is
interesting to note that any number of operands can be added or subtracted

simulanteously.

3.3 Burst Multiplication

Multiplication is based on the transconductance method (3). This
method is the simplest method for multiplication and is based on the
transistor's linear relationship between the collector current and the
transconductance. The multiplication property can be understood by

differentiation, a simplified Ebers and Mol1l equation for the transistor.
qVp e/ kt

1)

Ic = ales(e
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where Ic is the collector current

a is approximately .99

Ies is the emitter saturation current
Vbe is the base-emitter voltage in volts
kt/q = 25.69 mV @ 25°C

dI

[ %
- = (q/kt) 1
dVbe C

For small variations

Al

P
Vbe t ¢
or
=g
AIc kt IcAvbe

Therefore by letting the base voltage be one operand and the collector
reference voltage be the other operand, the collector current will be
proportional to the product of the two operands. Figure 6 shows the trans-
conductance idea implemented with a simple differential amplifier circuit.
The emitter voltage is varied rather than the collector voltage. The output

is the difference in the two collector currents.

v
B g .8
Ig - I = M 5 07ka'® VA

vB is limited to be .6 volts less than VA in order to maintain forward bias

on the base-to-emitter junction. This restricts VB to be negative, with a

maximum of negative .6 volts if the vA is positive. The major source of
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error comes from the exponential relationship between the base voltage and

the collector current. However, by dividing VA by the 10K - 10 ohm divider
network, the actual base voltage is reduced to 6mV for the maximum VA of
6 volts. This is much less than the junction constant kt/q = 25.69 mV at

25%c. Experimental results show the precision is better than 5%.

3.4 Reciprocal

The reciprocal function is performed by multiplying the operand by an 4
internally generated burst and comparing the product to the analog level
corresponding to a burst of .1. This scaling is used to prevent overflow
and allow for encoding into burst format. Figure 7 shows the eleven burst
values and their reciprocal. The reciprocal of a burst of zero is defined

to be a burst of 1.0 since 1.0 is the maximum value possible. Figure 7 also

shows the reciprocal representable in a single burst. The method used §
automatically generates the sequence of bursts with the exact average analog |
level corresponding to the reciprocal. In practice the precision is limited
by the comparator and the multiplier. The comparator used has a precision
of 1.2% and the multiplier contributes 5%. Experimental results show

actual precision of 5%.

3.5 Burst Division

Given the reciprocal and a multiplier, the division function can be
realized. Figure 8 shows the addition of a multiplier to the reciprocal
generator. The numerator is not multiplied by the analog level of the
single burst, which corresponds to the 10% approximation of the reciprocal, |
but is multiplied by the exact sequence of bursts which is the reciprocal
of the denominator. Maintaining the multiplier and the at 5% precision

allows quotients to be of 10% precision.
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4. PHYSICAL LAYOUT AND OPERATION OF THE AU

The arithmetic unit contains six banana plugs for +5 volts, + 15 volts,
ground and clock, two sets of ten switches and a banana plug for the output.
The arithmetic circuitry has been described and will not be considered here.

Since the load current variation of the Signetics 8273 shift register
depends not only on the number of ones in the shift register, but also on
whether the clock is high or low, the duty cycle should be 5% or less to
minimize the variations in the outputs of the arithmetic circuitry.

The two sets of input switches provide constant bursts to the arithmetic
unit. Each switch corresponds to a time slot in the bursts. The switches
are inputs to a Signetics 8274 ten bit parallel input shift register. On
every tenth clock pulse, the logic levels corresponding to the switch
positions are loaded into the Signetics 8274 shift register and shifted out
serially during the next ten clock pulses.

The internal outputs of the arithmetic circuits are in analog form.
These outputs are encoded into burst format and are available at the output
banana plug. The encoding is performed by comparing the analog output with
the voltage level corresponding to each burst value. The output of the ten
comparators are loaded into a Signetics 8274 shift register on every tenth
clock pulse and shifted out during the next ten clock pulses. ;

The photograph at the end of the Appendix shows the arithmetic unit.
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5. CONCLUSIONS

A Block Sum Register composed of one shift register and one resistor

has been developed. The BSR developed offers good linearity and ease of use.

Depending on the application some form of buffering may be necessary. The

buffering amplifier would also provide any needed level shifting or
amplification. The BSR is rated at 25 MHz minimum.

A Tow precision arithmetic unit has also been constructed using the

Signetics 8273 shift register as the BSR. The clock frequency of the shift

register is 600 KHz, due to the limitation of the 741 op-amp used. The
arithmetic unit uses 4 shift registers, 4 transistors, and 7 op-amps.
Negative numbers could be allowed since the analog circuitry can yield
bipolar voltages. Higher speeds can be obtained by using a faster op-amp
or by using a fixed gain discrete amplifier.

Burst representation lends itself to applications where precision is
not critical or when it can be obtained through averaging. The simplifi-
cations result in low cost precessing elements operating on line. The

BSR is a semianalog device performing processing in analog and storage and

transmission in digital format.
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PIN CONFIGURATION

B,F,W Package

% [T 16 Ve

o, [2] 1_53 Qg

0 [T @ o

o [ 4] 3] o

0, L5] 2] q,
cLock; 6] 111 q
cLock, (7] 10 ] "D" INPUT

GND (& [9] REsET

DESCRIPTION

The 8273, 10-Bit Shift Register is an array of binary elements interconnected
to perform the serial-in, parallel-out shift function. This device utilizes
a common buffered reset and operates from either a positive or negative edge
clock pulse. Clock 1 is triggered by a negative going clock pulse and Clock
2 is triggered by a positive going clock pulse. The unused clock input
performs the inhibit function. The circuit configuration is arranged as a
single serial input register with ten true parallel outputs.




TRUTH TABLE

21

INPUT RESET CLOCK 1 CLOCK 2 Q.+ 1
1 1 Pulse 0 1
0 1 Pulse 0 0
1 1 1 Pulse 1
0 1 1 Pulse
1 1 Pulse 1
0 1 Pulse 1
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Photograph of the AU.
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