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[57] ABSTRACT 

A binary DC balanced code and an encoder circuit for 
effecting same is described, which translates an 8 bit 
byte of information into 10 binary digits for transmis-
sion over electromagnetic or optical transmission lines 
subject to timing and low frequency constraints. The 
significance of this code is that it combines a low circuit 
count for implementation with excellent performance 
near the theoretical limits, when measured with the 
commonly accepted criteria. The 8B/10B coder is parti-
tioned into a 5B/6B plus a 3B/4B coder. The input code 
points are assigned to the output code points so the 
number of bit changes required for translation is mini-
mized and can be grouped into a few classes. 

20 Claims, 13 Drawing Figures 
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1 

BYTE ORIENTED DC BALANCED (0,4) 8B/10B 
PARTITIONED BLOCK TRANSMISSION CODE 

BACKGROUND OF THE INVENTION 5 

1. Field of the Invention 
The primary purpose of transmission codes is to 

transform the frequency spectrum of a serial data 
stream so that clocking can be recovered readily and 
AC coupling is possible. The code must also provide 
special characters outside the data alphabet for func-
tions such as character synchronization, frame delimit-
ers and perhaps for abort, reset, idle, diagnostics, etc. 
Codes are also used, often in combination with signal 
waveform shaping, to adapt the signal spectrum more 
closely to specific channel requirements. In most cases a 
reduction in bandwidth by constraints on both the high 
and the low frequency components is desirable to re-
duce distortion in the transmission media, especially 
electromagnetic cables, or in the band limited receiver, 
and to reduce the effects of extrinsic and intrinsic noise. 

Another aspect of codes is their interaction with 
noise and errors in the line digits. The redundancy asso-
ciated with line codes can be used to supplement other 
error detection mechanisms or to monitor the quality of 
the channel with a minimal amount of circuitry. 

Such codes generally exhibit the undesirable feature 
of enlarging error bursts in the decoded data, making 
detection by a cyclic redundancy check more difficult. 
A good transmission code should minimize these ef-
fects. 

For fiber optic links and intra-establishment wire 
links, interest centers for many reasons on the family of 
two-level codes. For wire links one prefers codes with 
no DC and little-low frequency content in order to DC 
isolate the transmission- line from the driver and re-
ceiver circuitry, usually by transformers, and to reduce 
signal distortion on the line. Although these factors do 
not apply to the fiber optic case, good low frequency 
characteristics of the code are helpful for a number of 40 
reasons. 

The high gain fiber optic receivers need an AC cou-
pling stage near the front end. The control of the drive 
level, receiver gain, and equalization is simplified and 
the precision of control is improved, if it can be based 45 
on the average signal power, especially at top rates. DC 
restore circuits tend to lose precision with rising data 
rates and cease to operate properly below the maximum 
rates for other circuits required in a transceiver. Finally, 
if the time constants associated with the parasitic capac-
itances at the front end of a receiver are comparable to 
or longer than a baud interval, a signal with reduced 
low frequency content will suffer less distortion and 
will enable many links to operate without an equalizing 
circuit. 

The Manchester and related codes are simple two-
level codes and solve the clocking and low frequency 
problems very well. They translate each bit into two 
bits for transmission and are a good choice whenever 
the high clocking rates cause no problems in the logic or 
analog circuits, the transducers or on the transmission 
line. They also reduce the data transmission rate by a 
factor of two since they encode 2 bits for every data bit 
(i.e., rate i). 

Simple 5B/6B codes translate 5 binary bits into 6 
binary digits and raise the number of information bits 
transmitted per baud interval to 0.833. Unfortunately, 
the implementation of a 5B/6B code in a byte-oriented 

4,486,739 
2 

(8 bit) system causes burdensome complexities. If the 
encoding and decoding is done serially, most of the 
circuits needed have to operate at the baud rate, which 
sometimes is at the technology limits. Also, there is no 
simple relationship between the byte clock and the 
coder clock. Finally, if the frames are not multiples of 5 
bytes, the character boundaries will not align with the 
frame boundaries, which is unattractive, whether cor-
rected or not. If the coding and decoding is done in 

10 parallel, there is no simple mechanism to align a byte 
parallel interface with a 5B/6B coder; the most straight-
forward way requires shift registers operating at the 
baud rate. 

Background Art 
An article by T. Horiguchi and K. Morita, "An Opti-

mization of Modulation Codes in Digital Recording," 
IEEE Transactions on Magnetics, Vol. MAG-12, No. 
6, November 1976, page 740, is in essence a survey 

20 article which cites a great many possible formats for run 
length limited codes having various d, k values and 
varying coding rates. It is cited for reference purposes, 
it being noted that there are no codes suggested in this 
article having parameters even remotely approaching 

25 those of the presently disclosed coding system. Simi-
larly the article is not concerned with maintaining dc 
balance in the resulting code stream. 

An article entitled "Encoding/Decoding for Mag-
netic Record Storage Apparatus," by R. C. Kiwimagi, 

30 IBM Technical Disclosure Bulletin, Vol. 18, No. 10, 
March 1976, page 3147, discloses a (0,6) rate 4/5 run 
length limited code which attempts to maintain a dc 
balance. It is noted that this code is significantly differ-
ent from the present coding system in that both the 

35 codes produced and the coder configuration are quite 
different than that of the present invention even if two 
of the rate 4/5 coders of this reference were connected 
in parallel to perform an 8/10 coding operation. 

U.S. Pat. No. 3,798,635 of Candiani, entitled "Chan-
nel Monitor for Depressed-Code PCM Transmission 
System," discloses an 8 bit to 12 bit code expansion 
system. It does not disclose the present system's dc 
balanced run length limited codes. 

U.S. Pat. No. 3,577,142 of McMillin, entitled "Code 
Translation System," discloses a system for translating a 
12 bit code into a 8 bit code and is cited as background 
but does not relate to the present run length limited 
coding systems. 

U.S. Pat. No. 3,594,560 of Stanley, entitled "Digital 
Expander Circuit," discloses a simple expander for pre-
compressed data and is similar to the two patents cited 
above representatives of the state of the art and is not 
otherwise related to run length limited coding systems. 

55 An article entitled "Binary Codes Suitable for Line 
Transmission," Electronics Letters, Vol. 5, No. 4, pp. 
79-81, 20 February 1969; generally describes a DC 
balanced rate 5/6 and 3/4 codes but does not suggest 
combining same nor does it show similar embodiment 

60 circuitry. 
No prior art is known to the inventors, which parti-

tions an 8 bit code into 5 bit and 3 bit sub-blocks for 
encoding purposes nor discloses coding circuitry for 
concurrently doing the logic manipulations for comput-

65 ing the proper code words, the disparity of said code 
words and, depending upon the disparity of the pre-
ceeding sub-block, concurrently determining whether a 
given code word or its complement will be coded. 

15 

50 
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4,486,739 
3 

SUMMARY AND OBJECTS OF THE 
INVENTION 

It is a primary object of the present invention to pro-
vide a coding system comprising a method and appara-
tus for producing a (0,4) runlength limited rate 8B/10B 
code. 

It is a further object to provide such a coding system 
wherein the code produced is DC balanced and capable 
of operating near the theoretical performance limits for 
an 8B/10B code. This means the code is near optimum 
for run length and digital sum variation for an 8B/10B 
code. 

It is another object of the invention to provide such a 
coding system wherein each 8 bit input block is broken 
into a 5 bit and a 3 bit sub-block and encoded separately 
while maintaining both DC balance and runlength con-
straints across all block and sub-block boundaries. 

It is another object of the invention to provide such a 
coding system wherein the coding hardware performs 
bit encoding, disparity, and complementation determi-
nations in parallel to minimize encoding time and logic 
levels. 

It is yet another object of the invention to provide 
such a coding system wherein the above logic, dispar- 25 
ity, and complementation determinations are logically 
combined with the uncoded data bits to provide a coded 
sub-block in a minimum number of logic levels. 

It is yet another object of the present coding system 
to provide a plurality of special purpose control charac- 30 
ters such as commas, delimiters, idle characters, etc. by 
using the extra bits in the coded blocks whereby the 
special characters may be readily distinguished from 
data, while at the same time maintaining the DC balance 
and run length limitations in such characters. 35 

The objects, features and advantages of the present 
invention are realized by utilizing a (0,4) run length 
limited rate 8B/10B code which, although somewhat 
less efficient than for example a rate 5B/6B code, never-
theless has a number of other better coding features and 
transmission parameters in the code. A more serious 
objection in the past to 8B/10B codes has traditionally 
been the complexity of the coder and decoder circuits. 

The coding system set forth herein, as embodied in 
the disclosed method and apparatus, substantially allevi- 45 
ates the problem of coder/decoder complexity by parti-
tioning the 8 bit blocks to be encoded into sub-blocks, 
specifically 5B/6B and 3B/4B blocks. Coders for these 
blocks interact logically to provide a 8B/10B code with 
excellent AC coupling characteristics and timing prop- 50 
erties. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 comprises a functional block diagram and data 
flow diagram for the coding system of the present in- 55 
vention. 

FIG. 2 is a disparity versus time graph for the coding 
system of the present invention illustrating the DC bal-
ance maintained during the coding processing. 

FIG. 3 comprises a logical schematic diagram which 60 
performs the determination of the •5B/6B "Classifica-
tion: L functions" in the encoder. 

FIG. 4 comprises the logical schematic diagram of 
the circuitry which computes the 3B/4B "Classification 
and the S function" in the encoder. 65 

FIG. 5 is a logical schematic diagram of the circuitry 
which computes the "Disparity" Classifications in the 
encoder. 

4 
FIG. 6 comprises a logical schematic diagram of the 

circuitry which performs the control of Complementa-
tion in the encoder. 

FIG. 7 is a logical schematic diagram of the 5B/6B 
5 encoder sub-block. 

FIG. 8 comprises a logical schematic diagram of the 
3B/4B encoder sub-block. 

FIG. 9 comprises a timing diagram for the encoder 
clock. 

10 FIG. 10 comprises a logical schematic diagram for 
computing the P functions in the decoder. 

FIG. 11 is a logical schematic diagram of the cir-
cuitry for performing the 6B Classification and the K 
function computation in the decoder. 

15 FIG. 12 comprises a logical schematic diagram of the 
circuitry which performs the 6B/5B decoding in the 
decoder. 

FIG. 13 comprises a logical schematic diagram of the 
circuitry which performs the 4B/3B decoding in the 

20 decoder. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

General Discussion of the Coding Concepts and Design 

As noted above, the stream of signals transmitted 
down a channel must be constrained so that enough 
transitions for timing recovery and little or no DC spec-
tral components are present. 

A measure of the energy at and near DC is the digital 
sum variation or DSV, which is obtained as follows. 
Each channel symbol (corresponding to a possible sig-
nal waveform during a baud) is assigned an algebraic 
value corresponding to its DC component. The DSV is 
defined as the variation in the running sum of the en-
coded data stream, i.e., the maximum minus the mini-
mum value. For a binary or two level code, the one and 
zero bits are generally assigned values of 1 and —1 
respectively. In the following, the maximum DSV will 

46 be denoted by the symbol L. Note, that the number of 
levels in the running sum is L 1. This is because both 
the maximum and minimum value are included (see 
FIG. 2). 

In the present usage, run length is defined as the 
number of identical contiguous symbols which appear 
in the signal stream. For a binary code, the run length is 
the number of contiguous ones or zeros after encoding. 
What is of interest is the shortest (X) and the longest (Y) 
run lengths that appear. These two parameters are often 
given in the form (d,k) where d = X-1 and k = Y-1. The 
(d,k) representation gives the minimum (d) and maxi-
mum (k) number of bauds between unequal symbols. 
For an (0,3) code, for example, any symbol can be fol-
lowed by no more than 3 contiguous identical symbols, 
for a maximum run length of 4. Codes designed for 
digital transmission usually have a parameter d of zero. 
The preferred codes for magnetic recording, on the 
other hand, have usually a parameter value d of 1 or 
greater, i.e., the minimum spacing between transitions is 
longer than a baud interval. 

A basic principle embodied in the present invention is 
the partitioned block format. Due to reasons connected 
with error propagation, it is desirable to encode 8 bits at 
a time in code words of 10 bits to be transmitted, rather 
than 4 into 5. However, a nonlinear encoding of eight 
bits such as that described here presents difficulties in 
implementation, as well as the likelihood that a single 
error in detection will result in eight erroneously de-
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coded data bits. These problems are solved via the parti-
tioned block format: that is, the eight bits are encoded 
using coders producing less than 10 bit outputs. These 
coders interact so as to yield the desired code words. 
The result is a coder whose coding rate, complexity and 
error propagation are near the theoretical limits, and 
which has ancillary benefits in flexibility of adaptation 
to various situations. Other partitions beside the 5/6, 
were considered in the design proven, but all appear to 
have disadvantages in error propagation and other cri-
teria. 

Description of the Disclosed 8B/10B Coding System 

The following is a detailed description of the 8B/10B 
(0,4) code of the present invention with a DSV = 6, 
which can be implemented with a modest amount of 
circuitry. The code is near the theoretical limits in terms 
of the commonly used criteria of Digital Sum Variation 
and maximum run length. Beyond the 256'code points 
needed for the encoding of a byte of data, the code, as 
disclosed contains also 3 synchronizing and 9 other 
special characters for use as frame delimiters and other 
control functions. If one includes the 12 special charac-
ters, the coding efficiency amounts to 0.8066 bits per 
baud: 

CLOG2 (256+12)1: {LOG2 1024}=0.8066 
The encoder implementation assumes a parallel byte 

wide interface for data. A serial implementation is possi-
ble; however, this code is primarily intended for links 
operating at or above a few Mbit/sec, where there is 
incentive to minimize the number of logic circuits oper-
ating at the baud rate and to separate out as many lower 
speed circuits as possible for implementation in a 
denser, lower cost technology. The encoder and de-
coder circuits operate at the byte rate. 

Referring briefly to FIG. 1 the overall functional 
organization of the encoder of the present invention is 
shown. The FIGURE also represents in essence a data 
flow chart for the encoding sytem. It is assumed that 8 
bit bytes of parallel data enter the adaptor interface 10 
at the top. It will be well understood that the data could 
be provided on parallel lines from an originating system 
or could be the output of a serial to parallel converter 
which accumulates data in 8 bit blocks and transfers it 
to the adaptor interface 10 in parallel. The 8 input data 
bits are clearly shown as ABCDE and FGH. Control 
bit K as shown will indicate special characters. The first 
5 data bits ABCDE are gated into the logical function 
encoder 12 for the 5 bit sub-block and bits FGH are 
gated to functional encoder 14 for the 3 bit sub-block. 
The logical functions these blocks perform is set forth in 
the "classification" column of Table I labelled "bit en-
coding." The disparity control 16 performs the logical 
determinations specified in the "disparity" classification 
column of Table I. The outputs of blocks 12, 14 and 16 
together with the 5 bit and the 3 bit data ABCDE and 
FGH respectively proceed to the encoding switch 18 
where the final encoding operation takes place to pro-
duce the encoded sub-blocks abcdei and fghj. A de-
scription. of the logical operations and circuitry for 
performing the 'bit encoding,' the 'disparity' determina-
tions and the complementation decisions will be set 
forth more fully subsequently. 

To summarize the communications Adapter interface 
10 consists of the 8 data lines ABCDEFGH (note the 
upper case notation), a control line K, and a clock line 
CLK operating at the byte rate. The control line K 
indicates whether the lines A through H represent data 

20 

25 

6 
or control information such as frame delimiters and a 
limited set of other special characters. 

For encoding purposes, each incoming byte is parti-
tioned into two sub-blocks. The 5 binary lines ABCDE 

5 (see FIG. 1) are encoded into the 6 binary lines abcdei 
(note the lower case notation), following the directions 
of the 5B/6B logic functions and the disparity control. 
Similarly, the three bits FGH are encoded into fghj. 
The 5B/6B and 3B/4B encoders operate to a large 

10 extent independently of each other. 
The disparity of a block of a data is the difference 

between the number of ones and zeros in the block; 
positive and negative disparity numbers refer to an 
excess of ones or zeros respectively. For both the 

15 6B= abcdei and 4B fghj sub-blocks the permitted dis-
parity is either zero or +2 or —2. As an example, a 6B 
sub-block containing 4 ones and 2 zeros has a disparity 
of +2. The coding rules require that the polarity of 
non-zero disparity blocks must alternate. For this pur-
pose, there is no distinction made between 6B and 4B 
sub-blocks. 

Non-zero disparity code points are assigned in com-
plementary pairs to a single data point. The encoding 
functions generate one of them; if it violates the alter-
nating polarity rule, the complete sub-block is inverted 
in the encoding switch to conform with the required 
disparity. 

Disparity and polarity determination in the 6B en-

30 coder is followed by the corresponding operations of 
the 4B encoder, then the running disparity parameter is 
passed along for encoding of the next byte. 

The majority of the coded sub-blocks are of zero 
disparity and are, with some exceptions, independent of 

35 the running disparity, i.e., they do not have a comple-
mentary alternate since they don't need one. 

The 10 encoded lines abcdeifghj would normally 
interface with a serializer for subsequent transmission. 
The `a' bit must be transmitted first and `f last. 

40 The 8B/10B encoding is accomplished by encoding 
the bits ABCDE of the input byte into the line digits 
abcdei in a 5B/6B encoder following the coding plan 
and rules specified Table I, and the bits FGH in a 3B/4B 
encoder into the line digits fghj following the rules of 
Table II. 

Referring now to Table I, the first column headed by 
NAME gives the 32 decimal equivalents for the input 
lines ABCDE, assuming A is the low order bit and E 
the high order bit. For regular data (D.x) the line K 

50 must be held at zero. A few code points can be part of 
special characters, which are recognizable as other than 
data; such code points are named D/K.x or K.x and 
have an x or 1 in column K. To encode special charac-
ters the K line must be one. The code points designated 

55 K can only be special characters while the ones desig-
nated D/K can be either depending on the setting of the 
K line. 

In the CLASSIFICATION column, the entry L04 
means that there are no ones but 4 zeros in ABCD; L13 

60 means that there is I one and 3 zeros in ABCD, etc. The 
letter L indicates that this logic function or classifica-
tion is part of the 5B/6B encoder. Analogous functions 
are defined for the 6B/5B decoder in Table IV and 
labelled P. An accent to the right of a symbol is used to 

65 represent complementation; thus E' means the comple-
ment of E. 

In the column under the left 'abcdei' heading there 
are all the code points listed which are generated di-

45 
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rectly by the 5B/6B logic functions from the ABCDE 
inputs. The coding table was designed so that a minimal 
number of bits need to be changed on passing through 
the encoder, and such that the changes which are re-
quired, can be classified into a few groups applicable to 
several code points. All the bits in Table I, in the "abc-
dei" column which require action by the 5B/6B logic 
functions other than complementation of the complete 
sub-block, are in bold type, assuming that the extra digit 
i is normally added with a value of 0. 

When the inputs meet the logical conditions listed in 
the left sub-column under the column marked CLASSI-
FICATIONS, BIT ENC, then the bold type bits are 
changed to the values shown in the left abcdei column; 
e.g., if L04 holds, then the b and c digits are forced to 
ones as shown for D.0 and D.I6. The second entry in 
the CLASSISFICATION, BIT ENC. column for D.16 
(L04.E) and D.31 (L40.E) applies to the i digit. For lines 
with no classification entry, the ABCDE bits translate 
unchanged into abcde and the added i bit is a zero. 

It should be understood that the logic statements or 
definitions pertaining to the various data input configu-
rations as specified in the two columns marked 'bit 
encoding' and 'disparity' represent the logic which the 
logic function circuitry of blocks 12 and 14 and the 
disparity control circuitry of block 16 (all on FIG. 1) 
must perform. The actual logic operations are per-
formed in the detailed logic circuitry set forth in FIGS. 
3, 4, 5 and 6 which are all described more fully subse-
quently. In these tables the data bits or values are 
clearly marked and defined by i.e., ABC or their com-
plements A'B'C' as well as the particular logic functions 
wherein a. is an AND function and a +denotes an OR 
function, etc. The same defintions apply also to the 
logic functions and explicit circuitry set forth in Table 
II, IV and V. 

The alternate abcdei column to the right of Table I 
shows the complementary form for those ABCDE in-
puts which have an alternate form. Individual 6B (and 
4B) sub-blocks are complemented in conformity with 
the disparity rules. At all sub-block boundaries the run-
ning disparity is either + 1 or —1 and never zero (see 
FIG. 2). FIG. 2 is described more fully subsequently. 

The column D-1 indicates the required running dis-
parity for entry of the adjacent sub-block to the right 
(i.e., the next sub-block to be coded). An x in the D-1 
column means that D-1 can be +or —. Stated differ-
ently the disparity of the current sub-block is zero. In 
this code the polarity of the running disparity at sub-
block boundaries is identical to the polarity of the most 
recent non-zero disparity block. 

As an example for encoding of the first line D.0 of 
Table I: If the running disparity matches D-1= +, then 
the output to the encoder will be 011000; otherwise the 
entire sub-block is complemented to 100111. 

The DO column indicates the disparity of the encoded 
sub-block to the left (the sub-block being coded), which 
is either 0, +2 or —2. The disparities (i.e., columns D-1 
and DO) for the "alternate" code points on the right side 
of Table I and II are exact complements of those to their 
left and are not shown in the Tables. 

Similar to bit encoding, the encoder hardware deter-
mines directly from the ABCDE and K inputs the dis-
parities of a sub-block without really counting ones and 
zeros. The respective logic functions performed for 
classification of code words in terms of disparity re-
quirements are shown in the separate column in Table I 
marked "Disparity." 

8 
In Table I, line D.7, a pair of zero disparity 6B sub-

blocks is assigned to a single data point with an entry 
disparity constraint similar to those applicable to non-
zero dispairty sub-blocks. This coding feature reduces 

5 the maximum digital sum variation from 8 to 6 and, 
combined with an analogue rule in the 3B/4B encoder 
for D/K.x.3 of Table II, (explained further subse-
quently), eliminates all sequences of run length 6 and 
most of those with run length 5. 

10 The technique of assigning a pair of complementary 
zero disparity sub-blocks to a single code point is also 
used uniformly for all 4B sub-blocks which are part of a 
special character as shown in Tables II and III for the 
special characters designated as K.28.I, K.28.2, K.28.3, 

15 K.28.5 and K.28.6. 
Table H follows the conventions and notations of 

Table I. In Table II some lines have 2 entries in the 
column for the classification of disparity; the left classi-
fication refers to the entry disparity D-1 and the right 

20 one to DO. 
The encoding of D.x.P7 (Primary 7) and D/K.y.A7 

(Alternate 7) requires an explanation. The D/K.y.A7 
code point was introduced to eliminate the run length 5 
sequence in digits eifgh. The A7 code replaces the P7 

25 encoding whenever: 
[(D —1= ±) AND (e= i =0)]OR [(D — 1= —) AND 

(e=i= NOR (K =1) 
Note, that FGH =Ill is always translated into 

fghj = 0111 or the complement if K = 1. 
30 The D/K.y.A7 encoding can generate a run length 5 

sequence across the trailing character boundary in the 
ghjab bits; however, this sequence is preceded by a run 
length of only 1 in digit f, with one exception: If the 
leading character is the special character K.28.7, a run 

35 length 5 sequence across the trailing character bound-
ary is preceded by another run length 5 sequence in 
cdeif. For the significance of these distinctions see the 
following discussion of special characters. 

The zero-disparity 4B sub-blocks of K.28. I, K.28.2, 
40 K.28.5 and K.28.6 are handled similarly to D/K.x.3 

with respect to complementation in order to generate 
some special characters with byte synchronizing or 
comma properties. The first number (28) is the decimal 
equivalent for abcde, the second number is for the deci-

45 mal equivalent of bits fgh, x is for don't cares. 
Special characters are defined here as extra code 

points beyond the 256 needed to encode a byte of data. 
They can exist because of the 2 extra bits inserted by the 
encoding process (i.e., 8 bits expanded to 10 bits). 

50 They are generally used to establish byte synchroni-
zation, to mark the start and end of frames and some-
times to signal control functions such as abort, reset, 
shut off, idle and link diagnostics. The set of 12 special 
characters shown in Table III can be generated by the 

55 coding rules defined in Table I and II. This set of special 
characters includes the most useful ones from a larger 
set which could be defined, if needed. They all comply 
with the general coding constraints of a maximum run 
length of 5 and a maximum digital sum variation of 6. 

60 The first group of 8 special characters K.28.x, Table 
III, can be recognized as other than data by observing 
that abcdei = 001111 or 110000. In data we have never 
c=d=e=i.

The second group of 4 special characters K.x.7, Table 
65 III, is characterized by eifghj = 101000 or 010111. The 

distinction from data is the encoding of FGH into A7 
(0111 or 1000), where according to Table II, P7 (1110 
or 0001) would be used for data, for valid data 
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fghj= 1000 requires that ei =00 and fghj = 0111 must be From the diagram it is immediately evident that the 
preceded by ei = 11. A comma indicates the proper byte maximum DSV between arbitrary points is 6. Since the 
boundaries and can be used for instantaneous acquisi- disparity is bounded, the code is free of any DC compo-
tion or verification of byte synchronization. To be use- nent (i.e., DC balanced). 
ful, the comma sequence must be singular and occur 5 FIG. 2 also reveals some of the dynamics of the dis-

with a uniform alignment relative to the byte bound- parity parameter, i.e., how long it can remain at extreme 

aries; in the absence of errors the comma must not occur values. Thus, the disparity of this code cannot exceed 

in any other bit positions neither within characters nor 121 for longer than 2 baud intervals; similarly, it cannot 

through overlap between characters. Three characters remain above 1 11 in excess of 6 baud intervals. 

in this code (K.28.1, K.28.5, K28.7) have comma prop- 10 On the other hand, the disparity can remain non-zero 

erties; they are marked with an asterisk in Table III and for the duration of a complete frame minus 10 baud 

the singular sequence is printed in bold type. These intervals. It is readily seen from FIG. 2 just what the 

three characters are also the most suitable delimiters to necessary conditions for this are. If, for example, the 

mark the start and end of a frame. data portion of the frame starts with a Disparity of + 1 

The singular comma in this code is a sequence of run 15 and throughout the frame

length 2 or more ending with digit b followed by a run (abcdei = 110100, OR 101010, OR 101100) AND 

length 5 sequence; where this second sequence is not (fghj =1010)

permitted to be the RL 2 sequence of another comma; the diparity will not return to zero until the ending 

in other words, if two or more RL -_2/RL5 sequences delimiter; the delimiters as described in 3.2.3.1 all con-

overlap, only the first, third or any odd numbered one is 20 fain at least one nonzero-disparity sub-block and cross 

recognized as a comma. This rule is necessary, because the zero disparity line in the center of the character

in some situations the K.28.7 comma is followed by between the e and i bits, as shown by the bold lines. The 

another run length 5 sequence in digits ghjab. dynamics of the disparity parameter are relevant to the 

A sequence of contiguous K.28.7 characters would 
design of the AC circuits associated with the transmitter 

generate alternating RL = 5 sequences of ones and ze- 
25 and receiver. 

ros, which is not useful for character synchronization 
The run length was defined previously, as the number 

and is poor for bit clock synchronization. For this rea- 
of contiguous identical symbols; since the code at hand 

son, no adjacent K.28.7 characters are allowed. 
is a binary or two-level code, the run length is simply 
the number of contiguous ones or zeros after encoding. 

Despite the restrictions placed on it, the K.28.7 30 What is of interest is the shortest and the longest run 
comma is often preferred over the other two, because in length, which are one and five in this code. 
the synchronized state no single error can generate a FIG. 2 also shows, which bit positions could poten-
valid K.28.7 from data. To get the same level of immu- tially be part of a run length 5 sequence. Potential 
nity from noise with the other two commas one can RL=5 sequences start with bit positions c, e, g and j. 
define the frame structure so the delimiters are always 35 However, inspection of Table I shows that the 6B al-
followed by a 6B sub-block with non-zero disparity. phabet does not include any code points for which 

The parameters used in the present description to a=b=c=d and that c=d=e=i is confined to the 
describe the spectral properties of the code are the K.28.x special characters; these constraints render im-
digital sum variation, the disparity, and the run length. possible any RL=5 sequence starting with j and limit 

The maximum DSV between arbitrary points in this 40 those starting with c to the comma sequences listed in 
code is 6. Sometimes the DSV is quoted with reference Table III. The RL = 5 data sequence starting with e is 
to specific bit positions, such as the end of a character, eliminated through the alternate code point D.x.A7 of 
and a lower figure usually results. For the code de- Table II, which in turn is the sole generator of the 
scribed here the maximum DSV between any two i/f or RL =5 sequence staritng with g; note, however, that 
j/a bit boundaries is 2. 45 this sequence is always preceded by RL = 1 except 

As described previously, the term disparity is used when overlapping with the K.28.7 comma. Single er-
here to designate the excess of one bits over zero bits in rors or short error bursts in the encoded line digits of 
a defined block of digits or the instantaneous deviation any block code can generate a longer error burst in the 
from the long-term average value of the running digital decoded message. For the 8B/10B code proposed here 
sum. All 6B and 4B sub-blocks individually and the 50 the effects of line digit errors are always confined to the 
complete 10-baud characters have a disparity of either 0 6B or 4B sub-blocks in which they occur and generate 
or +2, i.e., each valid character in the 10B alphabet has error bursts no longer than 5 or 3, respectively, from a 
either 5 ones and 5 zeros, or 6 ones and 4 zeros, or 4 ones single line digit error. This derives from the fact, that 
and 6 zeros. each 6B or 4B sub-block is uniquely decodable on the 

It is instructive to plot the disparity as a function of 55 basis of just the values belonging to that sub-block and 
time or baud intervals as is done in FIG. 2, where each without any reference to disparity or other extraneous 
one bit is marked by a line segment extending over 1 parameters. The only exceptions are the special charac-
baud interval and rising at a 45° angle; conversely, a ters K.28.1, K.28.2, K.28.5, K.28.6, for which the de-
zero bit is represented by a falling line. As an example, coding of the fghi bits is dependent on the abcdei bits; 
starting at the circled +1 disparity value on the left 60 however, adverse effects from this are limited since 
most j/a bit boundary, a 110100 digit pattern would lead special characters usually appear only at specified slots 
along the upper contour to disparity = + 1 at the i/f bit with respect to the frame boundaries and often are not 
boundary. Alternatively, starting from the same point, a covered by the CRC. 
pattern such as, for example, 001010 (abcdei) leads to a The inherent redundancy of the code can be used for 
disparity of —1 at the i/f bit boundary. All data charac- 65 error detection. Errors in the line digits will often gen-
ters and special characters of Tables I, II and III are erate invalid characters or violations of the disparity 
represented in FIG. 2. The bold lines represent the rules. Simple circuits (not shown in this application) can 
comma sequence. monitor for such irregularities. Generally, whenever 
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the number of erroneous ones in the line digits of a 
frame is not equal to the number of erroneous zeros, it 
will be detected as a code violation and in many of the 
other cases as well. 

From the previous section, one can conclude, that the 
CRC used with this code should detect at least any 
combination of double errors in the line digits, if it is to 
make a significant impact on the combined guaranteed 
level of error detection. A double error in the line digits 
can generate in the worst case 2 error bursts of length 5 
each after decoding. Fire codes are well suited for this 
application. Peterson and Brown teach in "Cyclic 
Codes for Error Detection," Proceedings IRE, Vol. 49, 
pp. 228-235, January 1961, Theorem 8, how to specify 
generator polynomials for cyclic codes with the capa-
bility to detect two burst of errors. With 16 check bits 
two bursts of combined length ten or less can be de-
tected in frames as long as 142 bytes; 24 check bits can 
accomplish the same thing for frames as long as 36862 
bytes. Other intermediate options are available, e.g., 
there is a polynomial of degree 24 which can detect two 
bursts of combined length sixteen in frames up to 958 
bytes long. 

A CRC can generally detect any single error burst of 
a length, which does not exceed the number of check 
bits. With the 8B/10B code described here, any single 
error burst in the encoded digits of length 15 or less 
cannot grow to more than 16 bits after decoding. Simi-
larly error bursts of length 25 and 35 in the encoded bits 
translate into error bursts no longer than 24 and 32 bits, 
respectively, after decoding. 

In summary one can conclude, that for all frame 
lengths of practical interest a 24 bits or longer Fire code 
combined with the inherent error detection capability 
of the 8B/10B code can detect any three errors in the 
line digits, provided the beginning and end of the frame 
have been correctly established. 

An 8B/10B encoder, serializer, deserializer and de-
coder thave been built and operated as part of an experi-
mental 200 Mbaud fiber optic link. The circuit diagrams 
shown in FIGS. 3-8 and 10-13 include some slight 
streamlining changes for the purpose of clarity. The 
Tables I, II and III should be referred to for details of 
the more fundamental logic. The plus and minus signs 
associated with the line names of the logic diagrams 
refer to the more positive or more negative line levels, 
respectively; e.g., +L13 in FIG. 3, is at the more posi-
tive level, if L13 is true; — B is at the more negtative 
level, if B=1. 

The encoder and decoder have been implemented 
with MECL 10000 Series circuits from Motorola Corp. 
All flip-flops shown are of the positive edge triggered 
type. 

The encoder is clocked by a byte rate clock derived 
from the transmitter (shown in FIG. 9). The byteclock 
(+SBYTECLK, S for Sender) is also passed on to the 
data source buffer, which responds after each positive 
clock transition with a new byte ABCDEFGH K on 15 
parallel lines labelled +A, —A, +B, —B, +C, —C, 60 
+D, —D, +E, —E, +F, +G, +H, +K, —K. The 
encoded bytes are delivered to the output buffers in 
FIGS. 7 and 8. The lines —a, —b, —c, —d, —e, —i are 
updated after each positive transition of the + SBY-
TECLK (FIG. 7), the lines —f, —g, —h, —j after posi- 65 
tive transitions of the — SBYTECLK (FIG. 8); this 
staggered transfer is possible because of the partitioned 
structure of the code. 
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12 
The circuitry of FIG. 3, performs the generation of 

some of the basic classifications of Table I (Encoder: L 
Functions), from the encoder inputs. For an explanation 
of the imput and output notations refer to the previous 
description of Table I. For a detailed description of the 
logic convention utilized in these FIGURES reference 
should be specifically made to an article entitled "Doc-
umentation Standards Clarify Design," by John F. 
Wakerly, in Computer Design, February 1977, pages 
75-85 (specifically see page 77). This article generally 
discusses the use of dot inputs on various logic circuit 
devices and also the use of positive and negative inputs 
for certain logic design applications. Also see "1981 
Supplement of the TTL Data Book for Design Engi-
neers," second edition, published by Texas Instruments 
Corporation, from pages 321-325. The reference ex-
tends the discussion in the reference set forth above and 
indicates the use of the arrows on inputs and outputs as 
a substitute for the above described dots on the inputs 
and outputs where essentially complementary or nega-
tive value inputs and outputs are required for design 
purposes. 

The circuits of FIG. 4 generate the classifications of 
Table II. The F, G, H and K inputs are buffered. 
—PDL6 or —NDL6 is at the down level, if the running 
disparity as seen on the transmission line following the 
i bit of the 6B sub-block is positive or negative, respec-
tively, as illustrated in FIG. 2. PDL6 and NDL6 are 
generated in FIG. 6. It should be noted that the number 
4 appearing with certain of the bit values (F4, G4, H4, 
K4) distinguishes the output of the 4 buffers from their 
inputs and are valid during 3B/4B encoding. 

The circuitry of FIG. 5 implements the disparity 
classifications of both Tables I and II. All inputs are 
from FIG. 3 and 4 or the data source, except for 
(L13.D.E) which can be found in FIG. 7. The mnemon-
ics for the outputs are as follows: P for Positive, N for 
Negative, S for Sender as a distinction from analogue 
functions labelled R in the decoder at the receiving end; 
D-1 and DO refer to the respective columns in Table I 
and II; the number 6 associates a function with 5B/6B 
encoding and Table I, the number of 4 with 3B/4B 
encoding and Table II. As examples, + PD-1S6 is at the 
up level for any input which has a +sign in the D-1 
column of Table I, +NDOS4 is at the up level for any 
input with a minus sign in the DO column of Table II. 

The upper flip-flop in FIG. 6 keeps track of the run-
ning disparity at the end of the i bit and the lower flip-
flop does the same for the j bit. The gates to the right 
make the decision, whether the alternate, comple-
mented code points of Table I and II apply, on the basis 
of the running disparity and the D-1 entry disparity 
classifications of FIG. 5. The gates to the left determine 
how to update the flip-flops taking into account the DO 
disparity of the sub-block being encoded, complementa-
tion and the running disparity at the end of the previous 
sub-block. + PDL4 is at the up level for a positive run-
ning disparity at the end of the j bit. The 2 flip-flops 
shown in FIG. 6 can be replaced by a single flip-flop, 
but this requires an additional clockline from the serial-
izer, running at twice the byte rate. 

FIG. 7 performs the actual transformation of the 5 
input bits ABCDE into the 6 abcdei output bits accord-
ing to Table I. The gates to the left of the Exclusive-Or 
gates (E) bring about all the bold type bit changes of 
Table I. 

The circuitry of FIG. 8 performs the 3B/4B encoding 
according to Table II. 

IPR2024-001428
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FIG. 9 shows the timing relationship between the 

events in the encoder. 

4,486,739 

Logic Circuits for the Decoder (FIGS. 10-13) 

The logical functions for the decoder and their classi-
fications are defined in Table IV and V. For decoding, 
the i and the j bits are dropped and some of the remain-
ing bits are complemented as indicated by bold 0 and 1 
entries in the tables. 

The circuitry of FIG. 10 generates some fundamental 
logic functions for decoding, very similar to FIG. 3 for 
the encoder. The inputs for FIG. 10 are the encoded bits 
and are normally assembled at the receiving end of a 
transmission link by a Deserializer in a 10 bit wide paral-
lel register (not shown). 

The circuitry of FIG. 11 executes the decoding classi-
fications of Table IV and the K function, which indi-
cates a special character, as stated in explicit form at the 
bottom of Table V. The two input functions dependent 
on the ghj bits are coming from FIG. 13. 

The circuitry of FIG. 12 uses the logic functions 
generated in FIG. 11 for the actual 6B/5B decoding 
according to Table IV. 

The circuitry of FIG. 13 shows 4B/3B decoding 
according to Table V. 

All the encoder and decoder circuits of FIGS. 3-8 
and 10-13 are operating at the byte rate. An examina-
tion of the critical delay shows that the gate delays for 
the encoder and decoder should not exceed 1 baud 
interval. 

In order to determine the circuit count, each exclu-
sive OR gate (E) is counted as 3 gates. The gate count 
for the encoder (FIGS. 3-8) is 89 gates and 17 flip-flops; 
the decoder (FIGS. 16-19) requires 79 gates and 9 flip-
flops. At low and medium data rates, where the gate 
delays are much less than a baud interval, some trivial 
design changes can significantly reduce the circuit 
count. For one, when the encoding and decoding delays 
are only a fraction of a byte time the 10 buffer flip-flops 
at the output of the decoder (FIGS. 11, 12, 13) and the 
encoder buffers of FIG. 7 or FIG. 8 or both, can be 
eliminated. Therefore, at the low end an encoder and 
decoder can be implemented with an appropriately 
lower circuit count. 

It would be obvious to extend the teachings of the 
present coding system to other block sizes. Thus, if one 
wanted to encode 11 bits (8 data, 3 control) for example, 
using the teachings of the present coding concept, the 
input block would be broken into three sub-blocks to 
produce a 5B/6B, 3B/4B, 3B/4B parallel encoder obey-
ing all of the present run length and disparity con-
straints. 

INDUSTRIAL APPLICABILITY 

While the intended application of the present coding 
system is primarily high speed computer links, it com-
pares also favorably with Manchester coding in less 
demanding applications. For a given data rate the clock 
rate is reduced to 62.5% of the rate required for Man-
chester coding, while most of the important attributes 
of the Manchester code are preserved. 

The main attraction of the present 8B/10B coding 
system compared to, for example, Manchester code for 
high speed fiber optic links is the reduction in the clock 65 
rate by a factor of 0.625, corresponding reductions in 
the required speed of the logic gates and the risetimes of 
the fiberoptic components. Depending on the specific 

14 
data rate, the lower ratio of baud rate to byte rate helps 
single technology and single chip implementations of 
the logic functions associated with the communications 
adapter including coder/decoder, serializer, deserial-

5 izer and clocks, resulting in some logic cost savings 
despite the higher circuit count. Manchester coding 
more often requires extra high speed circuits in the 
clocking and coding area. 

The 8B/10B code of the present invention brings 
with it also a welcome improvement in the fiberoptic 
power budget by + 1.6 dB for a PIN sensor with bipolar 
front end and by +3.5 dB with an FET front end result-
ing from the reduced bandwidth at the receiver ampli-

15 fier. For LED links an additional 1.5 db gain or more in 
the power budget is realized, because the lower baud 
rate makes more powerful LED sources available. The 
LED device designer has to make a trade-off between 
power and bandwidth. Published diagrams, which are 

20 supported by theory and practical experience, show the 
log (Optical Power) versus log (Bandwidth) of LED 
devices as straight lines falling at the rate of about 7.5 
db/decade for frequencies up to 140 MHz and almost 
twice as steep beyond that. 

25 For typical copper wire transmission lines the attenu-
ation increases proportionally to the square root of 
frequency in the area above 100kHz. Therefore, the 
lower baud rate of the 8B/10B code results in approxi-
mately 26% less attenuation than Manchester code. On 

30 the other hand, the increased run length results in more 
timing distortion, but adverse effects from this can be 
avoided to a great extent by signal shaping at the trans-
mitter, by equalization and with better performing tim-
ing circuits. 

35 Communication links using multipair cables and oper-
ating at several Mbit/s are often limited in distance by 
near end crosstalk (NEXT). The signal to NEXT mar-
gin is significantly improved by use of the 8B/10B code. 
Consider, as a point of reference a Manchester coded 
link with 30 dB attenuation measured at one half the 
baud rate (1 MHz for 1 Mbit/s Manchester). The atten-
uation of a 1 Mbit/s 8B/10B signal over the same link is 
reduced to 23.7 dB, increasing the available signal to 

45 NEXT margin by 6.3 dB through lower signal attenua-
tion alone, if the distance is held constant. 

An additional marginal improvement is realized 
through the reduction in the crosstalk noise, because the 
power spectrum of 8B/10B coded signals is shifted to 

50 lower frequencies. If the NEXT loss for a long line is 
Ko dB at frequency fo, it can be found for any other 
frequency, f, by 

10 

40 

NEXT loss=Ko— 15 log to f/fo dB 

55 
The shape of the power spectrum for the present 

8B/10B signal is comparable to the Manchester spec-
trum, but frequencies are reduced by a factor of 0.625 
and for random data the energy is shifted even more 

60 toward the lower frequencies. Therefore, it can be esti-
mated conservatively that a reduction of the near end 
crosstalk of 

(15 log 0.625) dB= —3.06 dB 

results from the frequency reduction. The potential gain 
in signal to noise ratio over Manchester code is thus 9.36 
dB, reduced slightly by higher residual distortion. 
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TABLE I 

5B/6B ENCODING 

NAME ABCDE K 

CLASSIFICATIONS 

abcdei DO 

abcdei 
ALTER-

NATE BIT ENC. DISPARITY D-1 

D.0 0 0 0 0 0 0 L04 L22'•L3I'•E' + 0 1 1 0 0 0 1 0 0 I 1 1 
D.1 1 0 0 0 0 0 L13-E' L22'•L31'•E' + 1 0 0 0 1 0 - 0 1 1 1 0 1 
D.2 0 1 0 0 0 0 L13-E' L22'•L31'•E' + 0 1 0 0 1 0 - 1 0 1 1 0 1 
D.3 I 1 0 0 0 0 L22•E' X 1 1 0 0 0 1 0 
D.4 0 0 1 0 0 0 L13•E' L22'•L31'•E' -I- 0 0 1 0 1 0 - 1 1 0 1 0 I 
D.5 1 0 1 0 0 0 L22•E' X I 0 1 0 0 1 0 
D.6 0 1 1 0 0 0 L22•E' X 0 1 1 0 0 1 0 
D.7 1 1 1 0 0 0 L31•D'•E' - 1 1 1 0 0 0 0 0 0 0 I I 1 
D.8 0 0 0 1 0 0 L13•E' L22'-L3I'•E' + 0 0 0 1 1 0 - I I I 0 0 1 
D.9 1 0 0 1 0 0 L22•E' X 1 0 0 I 0 I 0 
D.10 0 1 0 1 0 0 L22•E' X 0 1 0 1 0 1 0 
D.11 1 1 0 1 0 0 X 1 I 0 1 0 0 0 
D.12 0 0 1 1 0 0 L22•E' X 0 0 1 1 0 1 0 
D.13 I 0 1 1 0 0 X 1 0 1 1 0 0 0 
D.I4 0 1 1 1 0 0 X 0 1 1 1 0 0 0 
D.15 1 1 1 1 0 0 L40 L22'•L31'•E' + 1 0 1 0 0 0 - 0 I 0 1 1 1 
D.16 0 0 0 0 1 0 L04, L04•E L22'•L13'•E - 0 I 1 0 1 1 + 10 0 1 0 0 
0.17 I 0 0 0 1 0 L13•D'•E X 1 0 0 0 1 1 0 
D.I8 0 1 0 0 1 0 L13-13'-E x 0 1 0 0 1 1 0 
D.19 1 I 0 0 1 0 X 1 1 0 0 I 0 0 
D.20 0 0 1 0 1 0 L13•D'•E x 0 0 1 0 1 1 0 
D.21 1 0 I 0 I 0 X 1 0 1 0 1 0 0 
D.22 0 I I 0 1 0 X 01 1 010 0 
D/K.23 1 1 1 0 1 X L22'•L13'•E - 1 1 1 0 I 0 + 0 0 0 I 0 1 
D.24 0 0 0 1 I 0 L13•D•E L13•D•E + 001 100 - 1 1001 1 
D.25 1 0 0 I 1 0 x 10 0 I 1 0 0 
D.26 0 I 0 I 1 0 X 0 1 0 1 1 0 0 
D./K.27 1 1 0 1 1 x L22'•L13'•E - 1 1 0 I 1 0 + 0 0 1 0 0 1 
D.28 0 0 1 1 I 0 X 0 0 1 1 I 0 0 
D/K.29 1 0 I 1 1 X L22'•L13'•E - 1 01 1 10 + 0 1 0 0 0 1 
D/K.30 0 1 I 1 1 X L22'1.13.-E 01 1 1 10 + 100001 
D.31 1 1 1 1 1 0 L40, L40•E L22'•L13'•E 1 0101 1 + 010100 
K.28 0 0 1 1 1 1 L22•K K - 0 01 1 1 1 + 1 10000 

TABLE II 

3B/4B ENCODING 

NAME FGH 

CLASSIFICATIONS 

f g h j DO 

fghj 
ALTER-

NATE K BIT ENC. DISPARITY D-1 

D/K.x.0 0 0 0 x F'•G'•H' F'•G' + 0 1 0 0 1 0 1 I 
D.x.1 1 0 0 0 (FrG)•H' X 1 0 0 I 0 
D.x.2 0 1 0 0 (FG)•H' X 0 1 01 0 
D/K.x.3 I 1 0 x F•G - 1 1 0 0 0 0 0 1 1 
D/K.x.4 0 0 1 x F'•G' -I- 0 0 1 0 I 1 0 1 
D.x.5 1 0 I 0 x 1 0 1 0 0 
D.x.6 0 1 1 0 X 0 1 I 0 0 
D.x.P7 I I I 0 F-G, F•G•H - 1 I 1 0 + 0 0 0 I 
D/K.y.A7 1 1 I xF.G.1-14S+K) F-G, FG-H - 0 I I 1 + I 0 0 0 

S = {e•i•(D- 1= -)} + {e'-i'-(D - 1= +)} 
K.28.1 1 0 0 1 (F*G)•H' (FG)•K + 1 0 0 1 0 0 1 1 0 
K.28.2 0 1 0 I (F=-cG)-H' (FAG)-K + 01 0I 0 1 0 1 0 
K.28.5 I 0 1 1 (F*G)-K. + 1010 0 0101 
K.28.6 0 1 1 1 (FAG)-K + 0 1 1 0 0 I 0 0 I 

K.xRESTRECTED TO K.28 
K.y RESTRICTED TO K.23, K.27, K.28, K.29, K.30 

TABLE III 

SPECIAL CHARACTERS (K = 1) 

NAME ABCDE FGH K D-I abcdei fghj DO 
D-1 abcdei fghj 

ALTERNATE 
DO 

K.28.0 0 0 1 1 1 0 0 0 1 0 0 1 1 I 1 0 1 0 0 0 + 1 I 0 0 0 0 I 0 1 1 0 
K.28.1. 0 0 1 1 1 I 0 0 1 - 0 0 1 I 1 1 1 0 0 1 + + 1 I 0 0 0 0 0 1 I 0 - 
IC28.2 0 0 I I 1 0 1 0 1 001 1 1 1 0101 + + 1 10000 I 010 
K.28.3 0 0 I 1 1 1 I 0 1 001 1 1 1 0 0 1 1 + + I 1 0 0 0 0 1 I 0 0 -
K.28.4 0 0 1 1 1 0 0 I I - 0 0 1 1 1 1 0 0 1 0 0 + 1 1 0 0 0 0 1 1 0 1 0 
K.28.5. 0 0 I I 1 1 0 1 1 0 0 1 1 I 1 I 0 1 0 + + 1 I0000 0 1 0 1 
K.28.6 00 1 1 1 0 1 1 1 001 1 1 1 01 I 0 + + I 10000 1001 
K.28.7. 0 0 1 I 1 1 1 1 1 - 001 1 I 1 1000 0 + 1 1 0 0 0 0 0 I 1 1 0 

K.28.7 MUST NOT BE CONTIGUOUS TO ANOTHER K.28.7 
K.23.7 I I 1 0 1 I I I 1 - 1 1 1 0 1 0 1 0 0 0 0 + 0 0 0 I 0 1 0 1 1 1 0 
K.27.7 1 1 0 1 I I I I I - I 1 0 1 1 0 1 0 0 0 0 + 0 0 1 0 0 1 0 1 I 1 0 
K.29.7 1 0 1 1 1 1 1 1 1 -  1 000101 1 10 0 + 010001 01 1 1 0 
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TABLE III-continued 

SPECIAL CHARACTERS (K = 1) 

D-1 abcdei fghj DO 

NAME ABCDE FGH K D-1 abcdei fghj DO ALTERNATE 

IC.30.7 0 1 1 1 I 1 I I 1 - 0 1 1 1 1 0 1 0 0 0 0 + 1 0 0 0 0 1 0 1 1 1 0 

'SINGULAR COMMA (FOR BYTE SYNCHRONIZATION) 

TABLE IV 

NAME 

D.0 
D.0 
D.1 
D.1 
D.2 
D.2 
D.3 
D.4 
D.4 
D.5 
D.6 
D.7 
D.7 
D.8 
D.8 
D.9 
D.10 
D.11 
D.12 
D.13 
D.14 
D.15 
D.15 
D.16 
D.16 
D.17 
D.18 
D.19 
D.20 
D.21 
D.22 
D/K.23 
D/K.23 
D.24 
D.24 
D.25 
D.26 
D/K.27 
D/K.27 
D.28 
K.28 
K.28 
D/K.29 
D/K.29 
D/K.30 
D/K.30 
D.31 
D.31 

6B/5B DECODING 

ABCDE K abcdei DECODING CLASS 

0 1 1 0 0 0 P22.b.c.(e=i) 0 0 0 0 0 0 
I 0 0 1 1 1 P224i.e.(e=i) 0 0 0 0 0 0 
1 0 0 0 1 0 P13.1' 1 0 0 0 0 0 
01 1 101 P31.1 1 0 0 0 0 0 
010010 P13.1' 0 1 0 0 0 0 
I 0 1 1 0 1 P31.1 0 1 0 0 0 0 
1 1 0 0 0 1 1 1 0 0 0 0 
0 0 I 0 1 0 P13.1' 0 0 1 0 0 0 
1 1 0 1 0 1 P31.1 0 0 1 0 0 0 
1 0 I 0 0 1 

1 
0 1 0 0 0 

0 1 1 0 0 1 0 1 1 0 0 0 
1 I I 0 0 0 1 1 1 0 0 0 
0 0 0 1 1 1 P13.d.e.i 1 1 1 0 0 0 
0 0 0 1 10 P13.1' 0 0 0 1 0 0 
1 1 I 0 0 1 P31.1 0 0 0 1 0 0 
1 0 0 1 0 1 1 0 0 1 0 0 
0 1 0 1 0 1 0 1 0 1 0 0 
1 1 0 I 0 0 1 1 0 1 0 0 
001 101 0 0 1 1 0 0 
1 0 1 I 0 0 1 0 1 1 0 0 
0 1 I 1 0 0 0 1 1 1 0 0 
1 0 1 0 0 0 P22.a.c.(e=i) I 1 1 1 0 0 
0 1 0 1 1 I P22.a'.c'.(e=i) 1 1 1 1 0 0 
0 1 1 0 1 1 P22.b.c.(e=i) 0 0 0 0 1 0 
1 0 0 1 0 0 P22.15'.c'•(e= 0 0 0 0 0 1 0 
1 0 0 0 1 1 1 0 0 0 1 0 
0 1 0 0 1 1 0 1 0 0 1 0 
1 1 0 0 1 0 1 1 0 0 1 0 
0 0 I 0 1 1 0 0 I 0 1 0 
1 0 1 0 1 0 1 0 1 0 1 0 
0 I 1 0 1 0 0 I 1 0 I 0 
1 1 1 0 I 0 1 1 1 0 1 X 
0 0 0 10 1 P13.e' 1 1 1 0 1 x 
0 0 1 1 0 0 a'.b'.e'•i' 0 0 0 1 1 0 
1 1 0 0 1 1 a.b.e.i 0 0 0 1 I 0 
1 0 0 1 1 0 1 0 0 1 1 0 
0 1 0 1 1 0 0 1 0 1 I 0 
1 1 0 1 1 0 1 1 0 1 1 x 
0 0 1 0 0 1 P13.e' 1 1 0 I 1 x 
0 0 1 1 1 0 0 0 1 1 1 0 
0 0 1 1 1 1 c•d•e•i 0 0 1 1 1 1 
1 10000 c%d%e'T 0 0 1 I 1 1 
1 0 I I 1 0 1 0 1 1 1 X 
0 1 0 0 0 I P13.e' 1 0 1 1 1 x 
0 1 1 1 1 0 0 1 1 1 1 x 
1 0 0 0 0 1 P13•e' 0 1 1 1 1 x 
1 01 0 1 I P22.a.c.(e=i) 1 1 1 I I 0 
0 1 0 I 0 0 P22.a..c'.(e=1) 1 1 1 1 1 0 

NAME 

D/K.x.0 
D/K.x.O 
D/K.x.1 
K.28.I 
D/K.x.2 
K.28.2 
D/K.x.3 
D/K.x.3 
D/K.x.4 
D/K.x.4 
D/K.x.5 
K.28.5 
D/K.x.6 
K.28.6 
D.x.7 

10 TABLE V-continued 
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K= (c=d=e=i) OR (P13.e'•i•g•h.j) OR (P31.e.i'.e.hV) 

Having thus described our invention, what we claim 
as new, and desire to secure by Letters Patent is: 

20 1. A method for producing a DC balanced (0,4) run 
length limited rate 8B/10B code from an unconstrained 
input data stream comprising a multiplicity of 8 bit data 
blocks, said method including partitioning the 8 bit 
block into two sub-blocks consisting of 5 and 3 contigu-

25 ous bits, examining each sub-block to determine if any 
of the individual bits require alteration and altering 
predetermined bits based on said determination to pro-
duce an alternate code pattern, determining the dispar-
ity (DO) of the current output sub-block being coded, 

30 ascertaining the disparity (D-1) of the last non-zero 
sub-block coded and selecting a first code pattern as the 
current output sub-block for certain of the output sub-
blocks if the last non-zero disparity in the output code 
pattern was of a first polarity, assigning the complement 

35 of said first code pattern if the last non-zero disparity 
was of the opposite polarity. 

2. A coding method as set forth in claim 1, wherein 
the encoding of the 5 bit input data sub-block and the 3 
bit input data sub-block is performed substantially con-

40 currently. 

3. A coding method as set forth in claim 2 including 
automatically adding an extra bit of a predetermined 
value to each input sub-block to form each output sub-
block, said predetermined value being subject to change 

45 if it is determined that a predetermined code pattern in 
said current input sub-block requires changing said 
extra bit. 

4. A coding method as set forth in claim 3 wherein 
said alternate code pattern is generated by controlling 

50 the complementation of individual bits of said input 
sub-block and said extra bit in accordance with the 

4B/3B DECODING, K FUNCTION 

NAME f g h j DECODING CLASS FGH K 

D.x.7 0 0 0 1 f.g'.11' 1 1 1 0 
D/K.x.7 0 1 1 1 g.h.j 1 1 1 x 
D/K.x.7 1 0 0 0 g'.11'.j' 1 1 1 X 

TABLE V 
4B/3B DECODING, K FUNCTION 

K 
55 

fghj DECODING CLASS FGH 

0 1 0 0 f'.1)%j' 0 0 0 x 
1 0 I 1 f.h.j 0 0 0 x 
1 0 0 1 1 0 0 X 
0 I I 0 c'.(f.e'•i'•(h*j) 1 0 0 I 
0 1 0 1 0 I 0 x 60 
1 0 I 0 c',1'.e'•i'•(h*j) 0 1 0 1 
1 I 0 0 1 I 0 x 
0 0 1 1 f•g'.11.j 1 1 0 X 
0 0 1 0 0 o I x 
1 1 0 1 f.g.j 0 0 I x 
1 0 1 0 1 0 1 x 65 
0 1 0 I c'•cl'.e.i'•(h j) 1 0 I I 
0 1 I 0 0 1 1 X 
1 0 0 1 c'.d'.e'•i'•(h*j) o 1 1 1 
1 I 1 0 1 1 1 0 

logical content thereof to alter same when necessary. 
5. A coding method as set forth in claim 4 wherein 

the selection of the particular input bits to be comple-
mented is accomplished by logically combining individ-
ual predetermined bits of said input data sub-block. 

6. A coding method as set forth in claim 5 wherein 
the step of computing the disparity of a current sub-
block includes the steps of performing a logic analysis 
of the input bits of said current sub-block and the output 
of the bit encoding step to determine the disparity of the 
current sub-block. 

7. A coding method as set forth in claim 6 including 
the step of notifying the coding system when a specific 
input 8 bit block is to be representative of a special 
character outside of the domain of the normal 256 char-
acters representable by the 8 bit code pattern and pro-
ducing specially encoded output sub-blocks whenever 
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such special character indication accompanies a given 8 
bit input sub-block. 

8. A coding method as set forth in claim 7 including 
factoring said special character indication (K bit) into 
said bit encoding and disparity determining steps for the 5
3 bit input sub-block, whereby all of the 4 bit encoded 
sub-blocks for the special characters have an alternate 
form which is assigned based solely on a determination 
of the last non-zero disparity (D-1) sub-block. 

9. A coding method as set forth in claim 8 wherein 10
the step of encoding said special character sub-blocks 
distinctly from encoded data sub-blocks, includes deter-
mining if a predetermined run length and disparity is 
present in the immediately preceding output sub-block 
and providing a first output sub-block for such special 
character if said predetermined run length is present 
and a second output sub-block if said predetermined run 
length is not present. 

10. A coding method as set forth in claim 9 wherein 2
the step of providing said second output sub-block com-
prises complementing said first output sub-block in 
accordance with both a run length and disparity deter-
mination. 

11. A binary data encoding apparatus for producing a 2
DC balanced (0,4) run length limited rate 8B/10B code 
from an unconstrained input data stream including 
means for supplying consecutive 8 bit data blocks to 
said apparatus, means for partitioning the 8 bit input 
block into two sub-blocks consisting of 5 and 3 contigu- 3 
ous bits, means for testing each input sub-block to deter-
mine if any of the individual bits require alteration dur-
ing encoding and altering predetermined bits based on 
said determination to produce an alternate code pattern 
from said input bit pattern, means for determining the 3 
disparity (DO) of the current output sub-block being 
coded, means for determining the disparity (D-1) of the 
last non-zero sub-block coded and generating a first 
code pattern as the current output sub-block for certain 
of the output sub-blocks if the last non-zero disparity 4
sub-block in the output code stream was of a first

means for generating the complement of said first 
code pattern if the last non-zero disparity sub-block was 
of the opposite polarity. 

12. A data encoding apparatus as set forth in claim 11 4
wherein said means for partitioning includes means for 
gating the 3 bit and 5 bit input data sub-blocks into the 
encoding apparatus for substantially concurrent encod-
ing. 

13. A data encoding apparatus as set forth in claim 12 5
including means for concatenating an extra bit of a 
predetermined value at the end of each input data sub-
block to form each encoded output sub-block, and 
means for changing the predetermined value of said 5
extra bit if it is found that a predetermined bit pattern is 
present in said current data input sub-block. 

14. A data encoding apparatus as set forth in claim 13 
wherein the means for generating the complement of 
said first code pattern comprises means for combining 6 
the output of said testing means and in said disparity 
determining means do produce a complementation sig-
nal which causes the complement of said first code 
pattern generated by the system to be gated to the out-
put thereof as the encoded output sub-block. 6 

15. A data encoding apparatus as set forth in claim 14 
wherein said means for complementing includes means 
for evaluating all of the input data bits of both sub-

blocks and also the polarity (negative or positive) of the 
last non-zero encoded sub-block. 

16. A data encoding apparatus as set forth in claim 15 
wherein the means for determining the disparity (DO) of 
the current sub-block includes means for logically com-
bining the input bits of said current sub-block with the 
output of the testing means to determine if the disparity 
of the current sub-block (DO) is zero, positive or nega-
tive. 

17. A data encoding apparatus as set forth in claim 16 
including means for indicating that a particular 8 bit 
input block is a special character outside of the domain 
of the 256 characters normally representable by the 8 bit 
input data block and means actuable in response to said 

5 indication for producing a specially encoded 4 bit out-
put sub-block from said input 8 bit block whenever such 
special character indication accompanies a given 8 bit 
input block. 

18. A data encoding apparatus as set forth in claim 17 
0 wherein the means for encoding said special character 3 

bit sub-block distinctly from a 3 bit data character input 
sub-block includes means for determining if a predeter-
mined run length is present in the immediately preced-
ing encoded 6 bit output sub-block for the associated 5 

5 bit data input block and for providing a first 4 bit en-
coded output sub-block for such special character if said 
predetermined run length is present and a different 4 bit 
coded output sub-block if said predetermined run length 
is not present. 

O 19. A data encoding apparatus as set forth in claim 18 
wherein the means for providing said different 4 bit 
coded sub-block includes means for complementing 
said first encoded 4 bit output sub-block. 

20. A binary data encoding apparatus for producing a 
5 DC balanced (0,4) run length limited rate 8B/ 10B code 

from an unconstrained input data stream including 
means for supplying consecutive 8 bit data blocks to 
said apparatus, means for partitioning the 8 bit input 
block into two sub-blocks consisting of 5 and 3 contigu-

O ous bits, said partitioning means including means for 
gating the 3 bit and 5 bit input data sub-blocks into the 
encoding apparatus for substantially concurrent encod-
ing in separate circuitry provided for each sub-block, 
means for concatenating an extra bit of a predetermined 

5 value at the end of each input data sub-block to form the 
additional bit of each encoded output sub-block, means 
for testing each input sub-block to determine if any of 
the individual bits or the extra bit require alteration 
during encoding and altering predetermined bits based 

0 on said determination to produce an alternate code 
pattern from said input bit pattern, means for determin-
ing the disparity (DO) of the current output sub-block 
being coded including means for logically combining 
the input bits of said current input sub-block with the 

5 output of the testing and altering means to determine if 
the disparity of the current sub-block (DO) is zero, posi-
tive or negative, means for determining the disparity 
(D-1) of the last non-zero sub-block coded and generat-
ing a first code pattern as the current output sub-block 

O for certain of the input sub-blocks if the last non-zero 
disparity sub-block in the output code stream was of a 
first polarity, means for generating the complement of 
said first code pattern if the last non-zero disparity sub-
block was of the opposite polarity, said complementing 

5 means including means for evaluating all of the input 
data bits of both sub-blocks and also the polarity (nega-
tive or positive) of the last non-zero encoded sub-block. 

* * * * * 
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