- .

" May 1972

B72-10226

NASA TECH BRIEF
NASA Pasadena Office

NASA Tech Briefs announce new technology derived from the U.S. space program. They are issued to encourage
commercial application. Tech Briefs are available on a subscription basis from the Nationat Technical Information
Service, Springfield, Virginia 22151. Requests for individual copies or questions relating to the Tech Brief program may
be directed to the Technology Utilization Office, NASA, Code KT, Washington, D.C. 20546.

Improved Feedback Shift Register
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FIGURE A. i=1
The problem: TABLE 1
Currently feedback shift registers (FSR) of s stages, ' .
which use a two tap feedback decoding structure, cannot s ! ) 2-2
generate a maximal length sequence (251 states), when 4 1 2 14
s takes on the value of certainjintegers. 5 1 3 30
. 6 1 2 62
. 7 1

The solution: P 1 g ;gg
A design has been formulated which uses a three tap 9 2 6 510
feedback decoding scheme. The taps are selected from :‘1’ f g ;gﬁg
appropriate stages of the feedback register. This results 12 2 7 2094
in the generation of near maximal length sequences 13 - - .
(252 or 254 states) for any integral value of s. These :g :13 g ;26382
sequences will be either 1 or 3 increments shorter than a 16 1 2 65;22
maximal length sequence. In addition the autocorrela- 17 1 11 131070
tion function of the three tap FSR shows a large nega- : :g } ;2 ggﬂgg
tive correlation at 180° out of phase, in addition to the 20 1 14 1048574

normal positive 0° phase. This is very useful in obtaining
sequence synchronization patterns.
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TABLE 2

v s i i 2.4
. 4 1 3 12
5 1 2 28
6 - - .
R, 7 1 4 124
S, 8 . . .
9 1 2 508
THREE TAP FEEDBACK 10 1 5 1020
FIGURE B. i #1 1 1 4 2044
12 1 3 4092
13 1 2 8188

14 - -
15 1 12 32764
16 1 7 65632
17 1 14 131068
18 5 9 262140
19 7 10 524284
How it’s done: 20 5 7 1048572

It has been found that for every integer value of s
number of stages (except for s equal to 13 in the 252
case) up to relatively large values, at least one near max-
imal length sequence can be generated providing the
three stages (designated as i, j, s) to be used in the feed-
back gating structure are properly selected. The last
stage of the feedback register is always used. This is the
s parameter. The i and j stages may vary depending on
the sequence length. As shown in Figure A, an 8 stage
feedback shift register with a three-tap structure is con-
nected to provide a 254 counting (25-2) sequence. The
selected feedback stages are i=1, j=2, and s=8. When i=1
(first stage) only four nand gates are required to imple-
ment the feedback logic.

In Figure B, the nineteen-stage three-tap feedback
shift register is connected to provide a 52,484 counting
(25—-4) sequence. The selected feedback stages are 1=7,
j=10, and s=19. Since i#] five nand gates are required
for this implementation.

By utilizing the data shown in Tables 1 & 2 (which
indicate the appropriate feedback stage selections) and
connecting the feedback logic as shown in the figures,
near maximal length cycles can be realized for each value
of s for cycle lengths of 252 and 25-4.
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