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John J. Dupuis
Spectrack Systems Division

R & D Associates
P. 0. Box 1164

Cyress, CA 90630

ABSTRACT

This paper presents trade off considerations in design of a Pseudorandum Code Generator
using a microprocessor or discrete circuits.

INTRODUCTION

Pseudorandom codes (P/N) have found their way into many applications including
communications, ranging, test apparatus and minimum circuit decoders. As more is
understood on the operation of these code generators, interest in hardware generation and
applications increase. These codes may be generated using shift registers, ROM’s or
microprocessor, and the purpose of this paper is to define and examine the some of the
various trade off’s available to the designer.

P/N CODE DESCRIPTION

A P/N code may be realized by Exclusive OR ing (modulus 2 adding) two or more taps of
a shift register and feeding the result back to the input. The code obtained by this method
is the longest code that can be generated by a given number of shift register elements and
its length is defined by the equation:

1 = 2N - 1 (1)

where 1 is the number of codes and N is the number of shift elements used.

For example if 8 shift registers are used, then:

28 - 1 = 255 (2)



or the length of the code generated is 255 bits prior to the sequence being repeated. An
eight element code generator may have at least 8 different tap configuration and each
configuration results in a different set of 255 code elements.

MICROPROCESSORS

The microprocessor area has exploded in the past few years and as a result only broad
guide lines for selection can be presented. In order to cut down the number of possible
selections a series of parameters, based on the counter application are generated. As an
example, low power, for portability; all-in-one processor for a lower parts count; and
second sourcing for manufacturing back-up are the main parameters the author has
considered. These constraints help in limiting the number of devices available for an
application.

Microprocessors cannot be considered without examining the general philosophy of the
program code. In order to generate a program code model, some basic structure of a
microprocessor must be considered. The main sections attributed to all processors and
used in preparing the code models are:

• Accumulation

• Storage Registers

• Out put port

These sections can be identified in all microprocessors manufactured today. To provide a
comprehensive code for an 8 bit generator, 6 taps are used. See Figure 1.

Figure 1 - 8 Bit P/N Generator

The model code for the 8 bit generator of Figure 1 is shown in Table I. This model code
assumes that the processor has at least 3 memory locations, an accumulator and one output 



port. The model further assumes that the accumulator has a carry register and may be
shifted and rotated.

INSTRUCTION COMMENT

1. Clear Carry
2. Load Storage 1 with all 1’s
3. Load Output Port with Storage 1
4. Load Accumulator with Storage 1
5. Shift Accumulator Right 1
6. Exclusive or with Storage 1

7. Store Accumulator in Storage 2
8. Shift Accumulator Right 2 times
9. Exclusive OR with Storage 2

10. Store Accumulator in Storage 3
11. Load Accumulator with Storage 2
12. Shift Right 7 times
13. Exclusive OR with Storage 3

14. Shift Accumulator Right

15. Load Accumulator with Storage 1
• Rotate Right

17. Store Accumulator in Storage 1
18. Go To Step 3

Initial Condition

The shifting and Exclusion OR ing has
generated the results of the 1st three
combinations (1 & 2) (5 & 6) (7 & 8) and
placed the results in locations 2,6, and 8 of
the accumulator. (See Figure 1.)

This action Exclusive OR’s positions 6 and
with the result in position 8.

This action provides the final Exclusive
OR between positions 2 and 8.
The position 8 result is now in the carry
register.

This action brings the result in the carry
register around to the Bit 1 position and
the 1st cycle of the P/N generation is
complete.

Table I

MODEL CODE FOR THE 8 BIT P/N GENERATOR IN FIGURE 1



The above program codes provide the basis for a benchmark or typical program used to
evaluate specific hardware program time. Each candidate processor will be programmed
using the benchmark, and the number of clock cycles needed to execute the program times
the period of the processor clock, provide some measure of the through put performance of
the device. The benchmark program should be kept as short as possible to minimize both
the amount of labor involved and the number of errors in writing the code. However, it
must include a sufficient number of functions to fully compare various devices.

By examining the model code of Table I a benchmark program may be generated by
abstracting the operational functions. Table II provides an example of such a program.

INSTRUCTION

1. Load accumulator from memory
2. Store accumulator to output port
3. Shift accumulator to the right 1 time
4. Shift accumulator to the right 7 times
5. Rotate accumulator to the right
6. Store accumulator in memory

TABLE II

BENCHMARK PROGRAM FOR P/N GENERATOR

SELECTION OF A CANDIDATE MICROPROCESSOR

The design factors considered in selecting the four processors below are:

• Low power dissipation

• All-in-one processor

• Second sourcing for manufacturing back-up

Low power indicates the selection of CMOS devices, however, an N MOS device was
considered because of its relatively low power. Board area restrictions may dictate the
selection of a single chip device. It is obvious that many other devices could be selected
but these devices are chosen to illustrate one method limiting the selection.

• 1802 - Manufactured by Hughes and RCA, this device is a CMOS general-purpose
processor with low power requirements.



• Motorola 6800 - This CMOS, all-in-one processor with time and programming is
identical to the 6800 series. The power is estimated at 50 mW. A similar design is now
being undertaken by Mitel.

• Intel 8048 - The CMOS of the 8048 is an 8-bit processor requiring approximately
50 mW.

• 3870 - This N-type MOS (NMOS) single-chip processor is manufactured by Mostek,
Motorola, and Fairchild. Fairchild states that their device requires only 125 mW.

A benchmark program, typical of P/N code generation, was applied to the above
processors and the results are listed in Table III.

Manufacturer Device
Power
(mW)

Machine-Level
Prog. Steps     

Clock
Cycles

Max. Oper.
Frequency

    (MHz)     

Time Used on
Benchmark

Program
        (MS)        

Temp.
Range
(EC)   

Fairchild F3870 125 15.5 62 4 31    0E-70E

RCA, Hughes 1802 40 28 224 6.4 35 -55E-125E

Mitel, Motorola 6800 (CMOS) 50 35 35 4 8.75 -55E-125E

Intel 48series (CMOS) 50 14 210 4 52.5 -55E-125E

Table III

BENCHMARK RESULTS AND COMPARISON OF MICROPROCESSORS

From this comparison the 6800 CMOS processor would be a good selection. However,
microprocessors may be used in other functions of the circuit as well as the P/N
generation. As an example, it may be used for synchronizing a system, testing input/output
conditions etc. Thus other factors such as the number of I/O ports needed may enter into
the selection process.

DISCRETE CIRCUITS

There are two basic discrete circuit configurations for generation of P/N codes considered
in this paper. The typical P/N generator (see Figure 1), and the ROM, counter combination
(see Figure 2).



Figure 2 - 8 Bit ROM, Counter P/N Generator

In order to realize the 8 bit generator illustrated in Figure 1 in hardware, an 8 bit serial
input, parallel output shift register and two quad Exclusive or gate packages are needed.
This would be reduced by one gate package if only four taps were selected.

The circuit may be designed using CMOS, TTL, or ECL logic. The technology selected
will determine the speed of the P/N generator and the poser dissipated. Typical values for
cycle time and power dissipation are listed in Table IV.

Cycle Time Power Dissipation

CMOS 500 NS. 9 mW

TTL 100 NS. 80 mW

ECL 10 NS. 530 mW

Table IV

CYCLE TIME AND POWER DISSIPATION FOR A CONVENTIONAL
P/N GENERATOR

Thus the designer is faced with the typical power speed tradeoff.

The design of the ROM counter combination has at least the same cycle times of the
typical P/N generators but the ROM has two advantages. One, in the case of the 6 tap
generator, the parts count could be reduced by one and two, several codes may be
programmed in the ROM and selected by indexing the counter. As an example, the first
255 words of memory would represent taps 1,2,5,6,7, and 8 and the next 255 words would
represent a new P/N code using taps 2,3,4, and 8.



CONCLUSION

The design of P/N generators can be realized using three basic designs.

Microprocessor

Typical P/N generator

ROM, counter combination

The microprocessor has the advantage of a low parts count (1 part), provision of additional
control logic and the ability to change the P/N taps in software. The main disadvantage of
the microprocessor is its slow cycle time. This problem may be solved by ECL or
CMOS/SOS devices but the power dissipation will increase.

The conventional P/N generator has the main advantage of higher speeds, at the cost of
power dissipation and increase in parts count.

The ROM, counter has the advantage of reduced parts count and of anumber of different
tap programmed at different address levels of the ROM. The disadvantage is that the ROM
counter combination is slower than the conventional generator.

The purpose of this paper was to present trade off considerations in the design of P/N
generators. Table V provides a summary of the three types of designs considered. The
selection may be further refined by consideration of special conditions such as radiation
and/or reliability.
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Configuration Technology
Parts
Count

Cycle
Time 

Approx.
Power
Dissipation           Comments               

Microprocessor CMOS 1 3 us 50 MW a. Can provide system
control in addition to
P/N generation

b. P/N taps may be
changed in software

Typical P/N
Generator

CMOS
TTL
ECL

3
3
4

500 NS
100 NS
10 NS

9 MW
80 MW

530 MW

ROM, Counter CMOS
TTL
ECL

2
2
3

800 NS
200 NS
30 NS

12 MW
120 MW
680 MW

Several P/N codes may be
stored.

Table V

SUMMARY OF P/N GENERATOR DESIGNS


