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Linear Feedback Shift Register Taps

This table lists the appropriate taps for maximum-length
LFSR counters of up to 168 bits. The basic description and
the table for the first 40 bits was originally published in
XCELL and reprinted on page 9-24 of the 1993 and 1994
Xilinx Data Books.

Table 3: Taps for Maximum-Length LFSR Counters

Responding to repeated requests, the list is here extended
to 168 bits. This information is based on unpublished
research done by Wayne Stahnke while he was at Fairchild
Semiconductor in 1970.

n XNOR from n XNOR from n XNOR from n XNOR from

3 3,2 45 45,44 .42 41 87 87,74 129 129,124

4 4,3 46 46,45,26,25 88 88,87,17,16 130 130,127

5 53 47 47,42 89 89,51 131 131,130,84,83
6 6,5 48 48,47,21,20 90 90,89,72,71 132 132,103

7 7,6 49 49,40 91 91,90,8,7 133 133,132,82,81
8 8,6,5,4 50 50,49,24,23 92 92,91,80,79 134 134,77

9 9,5 51 51,50,36,35 93 93,91 135 135,124

10 10,7 52 52,49 94 94,73 136 136,135,11,10
11 11,9 53 53,52,38,37 95 95,84 137 137,116

12 12,6,4,1 54 54,53,18,17 96 96,94,49,47 138 138,137,131,130
13 13,4,3,1 55 55,31 97 97,91 139 139,136,134,131
14 14,5,3,1 56 56,55,35,34 98 98,87 140 140,111

15 15,14 57 57,50 99 99,97,54,52 141 141,140,110,109
16 16,15,13,4 58 58,39 100 100,63 142 142,121

17 17,14 59 59,58,38,37 101 101,100,95,94 143 143,142,123,122
18 18,11 60 60,59 102 102,101,36,35 144 144,143,75,74
19 19,6,2,1 61 61,60,46,45 103 103,94 145 145,93

20 20,17 62 62,61,6,5 104 104,103,94,93 146 146,145,87,86
21 21,19 63 63,62 105 105,89 147 147,146,110,109
22 22,21 64 64,63,61,60 106 106,91 148 148,121

23 23,18 65 65,47 107 107,105,44,42 149 149,148,40,39
24 24,23,22,17 66 66,65,57,56 108 108,77 150 150,97

25 25,22 67 67,66,58,57 109 109,108,103,102 151 151,148

26 26,6,2,1 68 68,59 110 110,109,98,97 152 152,151,87,86
27 27,5,2,1 69 69,67,42,40 111 111,101 153 153,152

28 28,25 70 70,69,55,54 112 112,110,69,67 154 154,152,27,25
29 29,27 71 71,65 113 113,104 155 155,154,124,123
30 30,6,4,1 72 72,66,25,19 114 114,113,33,32 156 156,155,41,40
31 31,28 73 73,48 115 115,114,101,100 157 157,156,131,130
32 32,22,2,1 74 74,73,59,58 116 116,115,46,45 158 158,157,132,131
33 33,20 75 75,74,65,64 117 117,115,99,97 159 159,128

34 34,27,2,1 76 76,75,41,40 118 118,85 160 160,159,142,141
35 35,33 77 77,76,47 46 119 119,111 161 161,143

36 36,25 78 78,77,59,58 120 120,113,9,2 162 162,161,75,74
37 37,5,4,3,2,1 79 79,70 121 121,103 163 163,162,104,103
38 38,6,5,1 80 80,79,43,42 122 122,121,63,62 164 164,163,151,150
39 39,35 81 81,77 123 123,121 165 165,164,135,134
40 40,38,21,19 82 82,79,47,44 124 124,87 166 166,165,128,127
41 41,38 83 83,82,38,37 125 125,124,18,17 167 167,161

42 42,41,20,19 84 84,71 126 126,125,90,89 168 168,166,153,151
43 43,42,38,37 85 85,84,58,57 127 127,126

44 44,43,18,17 86 86,85,74,73 128 128,126,101,99
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Efficient Shift Registers, LFSR Counters, and Long Pseudo-Random Sequence Generators

LFSR Counters, 3 to 168 Bits

Conventional binary counters use complex or wide fan-in
logic to generate high end carry signals. A much simpler
structure sacrifices the binary count sequence, but
achieves very high speed with very simple logic, easily
packing two bits into every CLB. Such Linear Feedback
Shift-Register (LFSR) counters are also known as pseudo-
random sequence generators.

An n-bit LFSR counter can have a maximum sequence
length of 2"-1. In that case, it goes through all possible
code permutations except one, which would be a lock-up
state. A maximum length n-bit LFSR counter consists of an
n-bit shift register with an XNOR in the feedback path from
the last output Qn to the first input D1. The XNOR makes
the lock-up state the all-ones state; an XOR would make it
the all-zeros state. For normal Xilinx applications, all-ones
is more easily avoided, since “by default” the flip-flops wake
up in the all-zeros state. Table 3 describes the outputs that
must be used as inputs of the XNOR. LFSR outputs are tra-
ditionally labeled 1 through n, with 1 being the first stage of
the shift register, and n being the last stage. This is different
from the conventional 0 to (n-1) notation for binary
counters. A multi-input XNOR is also known as an even-
parity circuit. Note that the connections described in this
table are not necessarily unique; certain other connections
may also result in maximum length sequences.

Examples

« A 10-bit shift register counts modulo 1023, if the input
D1 is driven by the XNOR of Q10 and the bit three
positions to the left (Q7), i.e. a one is shifted into D1
when Q10 and Q7 have even parity, which means they
are identical.

« An 8-bit shift register counts modulo 255 if the input D1
is driven by the XNOR of Q8, Q6, Q5, Q4, i.e., aone is
shifted into D1 if these four outputs have even parity,
(four zeros, or two ones, or four ones).
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