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.BACKGROUND OF THE I NVENTION 1. Field of the Invention. The invention
relates to the field of electromagnetic interference (EM) suppression and
digital coding techniques used to suppress the interference. 2. Prior Art.

Some digit encodi ng techni ques uses three signal IeveI
two digit @ M% 'U}Mke bi pol ar format used in "T1" uses a zer m@‘mm ““‘

| evel tor inary O and a positive or negative |evel resent
a binary i . Theégsositi ve and negative Ie\zlel s are alternated to en$
zero DC | evel independent of the data whi ch i s encoded. The properti es of

this carrier systemas well as of ed. in i 1 1 Transm ssion
systens, by David R Smth, pubFrsRed { d, Rei nhold Conpany
(1985) particularly in Chapt er 5 entltled " Baseband Transmi ssion”. In a
high bit rate bipol ar system when certal n code sequences are transmtted
such as a string gnetic interference (EM) occurs
whi ch nmay exceed Mt s is particularly true since EM

is often neasured Oﬁnﬁleiéﬁf@\éﬁhﬁﬁwﬁ ow frequency bands. One technique to

reduce EM is to scr for to transm ssion and descranble it

Gata streamwith a poad fiveHRA i co§3°té@é§ﬁ%'ﬁgbg ol BiuorXe iHfode 9 Lo°
signals is excl ‘EMYSL?SpFHs@%n ﬁd“dzgtt%lh&g%qe%ﬁﬁtqugs L8&d ?@Qﬁpgr%%gqﬂé andom

code sequence scranb course requires’synchroni zation
between the t @ndontcode sequences. This is sonetines acconplished
by using a pre e ernlned al gorithmwhich is synchronized at the transmtter
and receiver. As will be seen, the present invention provides EM
suppression particularly for an encodi ng nmechani sm enpl oyi ng three distinct
signal characteristigsprgh@h. as three levels, by random zing the
transmtted signal. However, as will be seen this random zi ng does not

alter the decoded dagemsidigitdl datzpesestitgidchniques dsss tiaeblsignalilevelsesied.
encode two digital states. The bipolar format used in "T1" uses a zero
signal level to represent a binary 0 and a positive or negative level to
represent a binary 1. The positive and negative levels are alternated to
ensure a zero DC level independent of the data which is encoded. The
properties of this carrier system as well as others, are discussed in Digital

Transmission Systems, by David R. Smith, published by Van Norstrand,
Reinhold Company (1985) particularly in Chapter 5 entitled: "Baseband
Transmission”.

In a high bit rate bipolar system, when certain code sequences are

transmitted such as a string of binary ones, electromagnetic interference

(EMI) occurs which may exceed set regulatory levels. This is particularly
true since EMI is often measured over relatively narrow frequency bands.
One technique to reduce EMI is to scramble the data prior to
transmission and descramble it at the receiver. This scrambling can take
the form of exclusively oring the data stream with a pseudorandom code

sequence. To descramble, the received signals is exclusively ored with
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suppressing el ectromagnetic interference (EM) is described particularly
for a system whi ch conmuni cates data by encodi ng one data state with two
different signal characteristics such as two different signal |levels. Wth
t he present invention, the selection between the two different signal
characteristics for the one data state i s pseudorandom as opposed to bei ng
alternated. This spreads the frequency spectrumthereby reduci ng neasured
EM . 1 2 DE C 2002 4 BRI EF DESCRI PTI ON THE DRAWNGS Figure 1 is a
plurality of waveforns used to describe t prior art and the present

invention. Figyre 2 is an electrical, schematic show ng o enPadi nt of

the present | nBRSAGE PERustrands £ode SaRBTPs Lsfo TsErPEndf TASSH T or ar
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%EESEGSF&LE'NEYG MefEee  Thisdh oot A enaiedot B~ SR B od ana

: .. i i I . :

DA S oGO bR o S e S oS L0 e e

in detail in order ngliondR0eeafsdibddnt SRRTHER sl BRARLphRKERE on: I
, Specitic wavef'or and circul are provi I'n order to

provi de a_t hor QicyaRFISHAHGhaRIN mdiRaRisRPERbIYNEARrIQBistindt Soddr be

obvi ous) howeve es d i'n the art that “tfie present invention may
be practiced widHapaéteFiSRES saOFas threedslals) @drdﬁ%ﬁﬁiih@%éiréﬁémmd':' gure 1, a

bit stream 10 of digital data is represented by zeroS and ones. The

wavef orms bel owigals Hiwevidr! 8wl bé Yeén #is rardontiking I8t aér hacodi ng t he
data represented by the bit stream 10. The bit stream 10 may have been

previ ousl y encadiedetidata bignatx6onkequdnts, do tesGafBlihg ¢ombadsd. Wavef or m 11
represents the data stream 10 using the well-known nonreturn-to-zero (NRZ)
coding, nore specifically, NRZ(L). This waveformhas two | evels: the | ower

| evel indicating a binary 0 and the upper level a binary 1. Waveform 12
illustrates the bit stream encoded in another well known manner w ere three
iscrete signal levels are used: a zero level, a




positive level and a negative level. A binary 1 is represented by eith®&EC 2002
the positive or negative levels, the binary 0 is represented by the zero

|l evel . Wth this encoding a transition occurs with each binary 1 and the
positive and negative levels are alternated to avoid a DC conponent in the
signal. By way of example, the first two binary ones of the bit stream 10
cause a 1 2 DEC?2002 6 transition to the positive level 13 and then to
the negative level 14. The following binary O in the bit stream causes a
transition to the zero level 15. The mavefgrn116 sinply represents a
clocking signal with a period equal to the bit period shown for the various
wavefornms of Fi ﬁ i | kng signal is anded with the NRZ(L)
signal a retur f sults. The waveform 12 is the

T6 ant ol ter nati ng (ASBHEERerEDs 6 aetes e Mo BIE, 1 12 e
NRZ(L) o1 gnal - ONLsranER R i RS e  BREARTIS LRl BERLLY .y T

conj unct i on wi | Qefindicigs daiito)heating¥Rs Aall ShieWhR td drdht sispain. qure

encodi ng technique, TtUs generation 1s descri n conj unction

3. Vaveform 19 epseanalss Supay 6agfég§ﬂtm IFRAHE O oS DE

generated with any one o ural it -known pse

generators. As jwyhtidie \}\ﬁgt‘?,ﬁledibﬁ Dot Pl dni&re ?sigﬁaﬂéﬁé’ra&t%ri%ﬁé@ﬁr or

control, for exanple, er a binary 1 of a random zed representation of

waveform 17 wi lthe g @é’lé%?&t@tig‘ﬂ)sbt}{d@\'aﬁééﬂntéé’@p;%se'ﬂqgéﬁéiﬁg?ah@t‘ﬁ%{ed.A?his
mentioned earlier, the prior art encoding represented by waveforns 12 and

17 al ternates hgiregestiPfreguescyedpbontapiheYsby feaiiBingl MBEsirRdIENI esent a
binary 1. Wth the present invention, the pseudorandom code of waveform 19
controls the selection of either the positive or negative |levels. For

i nstance, while the positive |evel 23 represents the first binary 1 of the
bit stream 10 of waveform 17, a negative |level 26 (waveform 20) is used as
taught by the present invention. The determ nation to use a negative |evel
is governed by the | ow | evel of the 1 2 DE C 2002 7 pseudorandom code
sequence 19 at tinme 28. The next binary 1 of the bit stream 10 is
represented by a positive level 27 since at time 29 the pseudorandom si gnal
19 is high. When the next binary 1 occurs in the bit stream 10 (tine 30), a
negative level 31 is used to represent this binary 1 since at tinme 30 the
waveform 19 is low. As will be discussed |ater, random zing the sel ection
of the positive and negative transitions of the waveform 20) spreads the
spectral content of the signal. This has the effect of reducing the EM. In
a prior art receiver/decoder each transition fromzero is detected as a
binary 1 for the waveform 20. The direction of the transition, (i.e.,
positive going or negative going) is not significant. Therefore, the

recei ver need not know the pseudorandom code sequence used for encoding the
waveform 20. Thus, while the transmtted waveformis scranbl ed by the
pseudor andom si gnal, the receiver need not know that this has occurred and
certainly does not need to know the specific random zed code sequence or

al gorithmused to random ze the transmtted signal. Since the selection

bet ween the positive going and negative going transitions of waveform 20

are—+andontzed, the net result wld —be—no-net DC-eurrent—A—ctreut t—For
provi ding the waveform 20 is shown in Figure 2. The pseudorandom code
generator 40 provides the waveform 19 to the D termnal of a flip-flop 44.
The data represented by the waveform 11 is coupled by line 41 to one input
termi nal of an AND gate 42. The clocking signal 16 is coupled by a line 43
to the other input term nal of the AND gate 42. (The clocking signal is

al so used by the generator 40 to synchroni ze the output of the generator
40.) The output of AND gate 42 is coupled to the clock termnal of the
flip-flop 44 and to one input termnal of



12D~ C 2002 8 each of the AND gates 45 and 46. The other input tarpbgglgmz
of AND gate 45 receives the a output of flip-flop 44 and the other term na
of the AND gate 46 receives the QL output of the flip-flop 44. The driver
47 which may be a well-known circuit, provides a positive going transition
on line 48 when the output of the gate 45 is high and a negative going
transition on |line 48 when the output of gate 46 is high. Wen the output
of gates 45 and 46 are both low, as will occur anytinme the data on |line 41
is low, a O level signal is provided on |ine 48. Thus, by coupling the
wavef orms shown in Figure 1 to the circuié of Figure 2, the randonized
wavef orm {shown as random zed T1 ) is provided on line 48. For the
particul ar posBHIEE REGCRPRION OF THESDRAWNGSown in waveform 20, it is
assunmed that the flip-flop 44 is in one predeterm ned state upon
initialization. ThiEiguserios asplyrality ebwaveforme used tthdeseribs theqpiotartere in
its other state upon initialization, the waveform 20 woul d sinply be
reversed, thatandthe praseatpoeintibhe pul ses woul d become negative pul ses, and
all the negative pulses would be positive pulses. Figures 3, 4 and 5 are
used to illustrate Eigsie@risaneleddrapchamalisshoming ene embodimant eithehange
which is nade to the encoding circuit to inplenment the present invention.
When the preseRI6SERVEWENEANI s used, the prior art decoder/receiver of

Figure 4 may be used, wi thout change., Referring now to the prior art encoder
ongi gure 3?/ it recgi%g 3t'ﬁ@"Nﬂ?@%?alﬁcgﬁma“&toqmqrr?&?”‘i%ﬁﬁi nal of the AND
gate 50; the other FEPUt t.erm nal, .of, this AND.,gate receives the clocking
signal. These signa LESr"’r'é M’?&%@e%}'gf%%ﬁanrgﬁ%@f’ respecti vel
ongigure 1. Thegougput Lléwt§ 52 i S,.a Li%d t Eh ]l ock,.in %gpterninay
of flip-flop 51, ThEGYredlislaias amoniott Pihesencdgen st fioliE 3 itiben | nput of
this flip-flo i . 02 9 on the Qtermnal of the
fIip-roB (IiEgnégﬁeﬁggﬁﬁiﬂﬁ%ﬁpgﬁﬁg&%gﬁﬁ (I) signal shown as waveform 18 of

Figure 1. This signal is coupled to the clock term nal of the flip-flop 53
and one input term nal of each of the AND gates 54 and 55. The ot her i nput
termnal of the AND gate 54 is coupled to the Qtermnal of flip-flop 53;
the QL termnal of this flip-flop is coupled to the other input term nal of
the AND gate 55. The driver 56 provides the M.T-3 signal .(line 57j shown
as waveform 21 of Figure 1. Again, as was the case with the driver of
Figure 2, when the output of the AND gate 54 is high the signal on line 57
i s high; when the output of the AND gate 55 is high, the signal on |line 57
is low, and, when the outputs of both the AND gates are |low, the signal on
line 57 is at the zero |l evel. The connection between the Q termnal of the
flip-flop 53 and the D termnal of the flip-flop assures that the positive
goi ng and negative going transitionsfromthe zero |l evel of the signal on
line 57 alternate. The prior art decoder of Figure 4 receives the signal on
line 57 at an equalizer/slicer 60. This well-known circuit provides a
threshol d voltage for the conparators 61 and 62. The M.T-3 signal {waveform
21 of Figure 1 ) is coupled to the negative term nal of the conparator 61;
and, the inverse of this signal (through the inverter 63) is coupled to the
negative ermnal o a conparator 62. The outputs of the conparator 61 arid
62 are coupled to the OR gate 64. The output of this OR gate is the NRZ(I)
signal which is coupted-t e—one i nput—termnal—ef-exclusivre—ORgate 66. The
NRZ(1) signal after being delayed by one clock tine in the flip-flop 65, is
coupled to the other input termnal of this exclusive OR gate. The out put
of the gate 66 is the NRZ(L) signal (line 67). ~ 2 D E C 2002 10 To

i npl enent the present invention with the prior art circuits of Figures 3
and 4 requires that the pseudorandom code be coupled to the D term nal of
the flip-flop 53 as shown in Figure 5. That is, by way of exanple, the

out put of a pseudorandom code generator 40 of Figure 2 is coupled via a
line 70 to the flip-flop 53. Placing the pseudorandom code on the D
termnal of this flip-flop (rather than the QL signal as shown in Figure 3)
causes the negative and positive going transitions of the MIL-3 signal to
be random zed. Consequently, the output signal on line 71 wll correspond
to the waveform 22 of Figure 1 again assuming that the flipflops are in
predeterm ned states upon initialization. Otherwi se a reversal of this
wavef orm may occur. As nentioned, this random zed waveform may be decoded
by the prior art circuit of Figure 4 without change to the circuit of
Figure 4. In the prior art, as previously nentioned, data is sonetines
scranbl ed on encodi ng and descranbl ed on decoding to spread the spectral
energy and thereby reducing EM. Wth the present invention, particularly

b1 o M o 1 o — M [T LT M o,



1 2 DEC 2002 11 For exanple, if the clock rate for the data being 7 pec 2002
transmitted is 100MHz and a notch in the EM spectrumis desired at 35MHz,
the data can be exam ned by passing it through a 35MHz band pass fitter to
determ ne the signal content at 35MHz. Wiere the spectral content is found
to be high at the output of the filter, a predeterm ned bit pattern can be
forced into the pseudorandom code to cause the spectral energy at 35MHz to
be shifted to a higher or |ower frequency. Mre specifically, referring to
Figure 3 a delay is added into the signal .on line 52 to allow the NRZ(I)
signal to be exanmined for the 35N+E conpofient. The filters input is coupled
to line 52 and_j A ch as generator
40 of Figure 2254 P 3-.J ghal content at

?F{}”JZL | Z‘pféidféeég“u d@?pﬁﬂéar;&&‘ﬁ %fwhﬁg:@@hﬁﬂn%&s{sgﬁ%@i W28 ol Eé?eto
beon descr | bad SRRPEALS P eertisl oSy e Ay SRR uBR fea”si Gna
é“é“%::? 2005 158 SpRf e, R Mt AERLRS ancyBEfes %e%nﬁnngzﬁg o
Cronal char act SepER e Aran DB Rl RS R TR BB e o ng
a random zed Sgr%%k.ona“% GRbF Sl dMEoRSRE: Raldohte lldiRRlL el na

characteristic a function of said 'Tandom ze e i nprovenent

def | ned by ! aLRAUIR Sidbrt6 prhyiddderboednainan Ak o S pfostht eam of

pseudo random st gnal's. n a e or co nicating digital

data where one;QidifibH, it Wil se'o%vro%@rﬁé\ﬂ@&@rdtdoané Wll@'difﬁfﬁfeeé‘rtt tidtgpal 1evels
and another state Is represented by a third signal [evel, an I npr ovenent

conpri si ng t he ppé&dtst iMerlioRvngy be paaéta:@dqmrﬂﬁﬁitrﬁe@r@iemfambta% ecting
between said two different signal characteristics~as a function of said
randomi zed signal . 4Refbning firet fockigudeet ea binstrdami 10abf Siyrdleddta ig epr esent ed by
a signal having a signal level of approximtely zero and the other digital
state is represeptegdnind by RéfdsREGlords] TdEkavefoPmPbEldWw #O9Bit stream

illustrate various methods of encoding the data represented by the bit
stream 10. The bit stream 10 may have been previously encoded with, for
example, the 4 to 5 FDDI coding.

Waveform 11 represents the data stream 10 using the well-known
nonreturn-to-zero (NRZ) coding, more specifically, NRZ(L). This
waveform has two levels: the lower level indicating a binary 0 and the
upper level a binary 1.

Waveform 12 illustrates the bit stream encoded in another well-

known manner where three discrete signal levels are used: a zero level, a
pdsitive level and a negative level. A binary 1 is represented by either the
positive or negative levels, the binary 0 is represented by the zero level.
With this encoding a transition occurs with each binary 1 and the positive
and negative levels are alternated to avoid a DC component in the signal.

By way of example, the first two binary ones of the bit stream 10 cause a




13 alternating between positive and negative signal |evels, an inprdvebeft2002
to reduce certain electromagnetic interferences conprising the steps of:
using said signal |evel approxinmately zero to represent said one digital
state; and, randomy sel ecting between said positive and negative signal

| evel s to represent the other digital state. 5. In a nethod of

comuni cation of a digital signal where alternating between two signal
characteristics is used to signify an event, an inprovenment conpri sing:
generating a pseudorandom signal; and using said pseudorandom signal to

sel ect between said two signal characterfstics. 6. In a method of

comuni cation of a digital signal where alternating between two signal

char act eri st i transiionsethe positigmleivpl 43 asddhen toatihei nagativertevel 1donthe si ng:
using a control signal to select between said two signal characteristics;
and, gener at i fojjowingibinant 0an tha bih stroamxeausen adrangitinn o e 2am0 devel ABi bi t s
alternating between said two signal characteristics. 7. The inprovenent
defined by clai m 6Thaavaeforaail 8 sipplyrrepresegtsd closkingl signalgvithoa pedodde a
predeterm ned spectral response in said digital signal. _ f~E~'LA~~"~IE~~JT
SHEET 14 8. Asqu@jaithe bi pesiodshond togihe wanpusavaveigias ot bigwedi fhea 2 D E
C Z002 an encoder coupled tqQ receive sEi g\“%(%st,al Ei %nal for encoding said
digital signathigglorking3gnalds ppaad withithe N gignasameleint9-zeu(REK f er ent

i gnal Ievels: - - i
Stanal 1 Vel S ncoding results. The waveform 12 is the widely used "T1" carrier system

which results from anding wavetorms 11 and 16 and alternating the
transitions such as was done for waveform 12.

The NRZ(l) waveform 18, also well-known, can be generated
directly from the NRZ(L) signal along with the clocking signal 16 as will be
shown in conjunction with Figure 3.

The MTL-3 waveform 21 also is a well-known encoding technique,
its generation is described in conjunction with Figure 3.

Waveform 19 represents a pseudorandom code sequence which
may be generated with any one of a plurality of well-known pseudorandom
generators. As will be seen, this pseudorandom code is used to select or
control, for example, whether a binary 1 of a randomized representation of
waveform 17 will be represented by a positive or negative level.

As mentioned earlier, the prior art encoding represented by

waveforms 12 and 17 alternates between positive and negative transitions
to represent a binary 1. With the present invention, the pseudorandom
code of waveform 19 controls the selection of either the positive or
negative levels. Forinstance, while the positive level 23 represents the
first binary 1 of the bit stream 10 of waveform 17, a negative level 26
(waveform 20) is used as taught by the present invention. The

determination to use a negative level is governed by the low level of the



a random signal generator for generating a pseudorandom signal; and{2apgc 2002
'sel ector for selecting between said two different signal |evels under
control of said pseudorandom signal. 9. An conmunication system conpri sing;
an encoder conprising; an encoder neans coupled to receive said digital
signal for encoding said digital signal such that one binary state is
represented by two different signal |evels, a random signal generator for
generating a pseudorandom signal; and, a selector for selecting between
said two different signal |evels under control of said pseudorandom signal
a decoder conprising neans for recognizing7said two different signal |evels
as representing said one binary state; and a |ink_coupl ed between said
encoder and dedséedoranddm apeesequescaABRt igeed. Ahainaxhbinary § of thebit
n_.A{3. A3 . A{_!'#, WX]4}J . ) .

{upj e [ V] ca] ca]stedaralpdareprgseataskhcapositivajeve e3 singecalj tirnegoahe

cMaV] ca]lca] calcal] cal calca] calc”aljc”alcalcal calca ' 5
K vl cal cal gseu]dora]mdo]m sllgna!l 19 ié high]. W]henLtJI]w n]ext binary 1 occa/rs in the bit

stream 10 (time 30), a negative level 31 is used to represent this binary 1
since at time 30 the waveform 19 is low. As will be discussed later,
randomizing the selection of the positive and negative transitions of the
waveferm 20, spreads the spectral content of the signal. This has the
effect of reducing the EMI.

In a prior art receiver/decoder each transition from zero is detected
as a binary 1 for the waveform 20. The direction of the transition, (i.e.,
positive going or negative going) is not significant. Therefore, the receiver
need not know the pseudorandom code sequence used for encoding the
waveform 20. Thus, while the transmitted waveform is scrambled by the
pseudorandom signal, the receiver need not know that this has occurred
and certainly does not need to know the specific randomized code
sequence or algorithm used to randomize the transmitted signal. Since
the selection between the positive going and negative going transitions of
waveform 20 are randomized, the net resuft will be no net DC current.

A circuit for providing the waveform 20 is shown in Figure 2. The

pseudorandom code generator 40 provides the waveform 19 to the D
terminal of a flip-flop 44. The data represented by the waveform 11 is
coupled by line 41 to one input terminal of an AND gate 42. The clocking
signal 16 is coupled by a line 43 to the other input terminal of the AND
gate 42. (The clocking signal is also used by the generator 40 to
synchronize the output of the generator 40.) The output of AND gate 42 is

coupled to the clock terminal of the flip-flop 44 and to one input terminal of



%gx<KM wW'a~yt oj e [ V] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c"a} %%Ecca?%%
. ] ca] ca] ca] ca] ca] ca] ca] c*a] cal] ca] ca] ca] ca] c”a] cal a. w. OK! CERAET#' ' =(((
)***,1111115U566]| vgl gb] X] ] ca] ca] ca] ca] ca] caU] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! 6788; <<<<<
=Wep====>>5>>7?G?] ??? @ @aadbAt AyAAl wr mhc”Y] ] ] ca] ca] ca] ca] ca] ca]ca]c"a]ca]ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]c”a] ca]c

a] ca] ca] ca] ca] ca! AA) Bx BBBBBBCCCC<De DDDEEPE_EEEAFFFFF6GGGSHAHHH} xsnid_Z]]1]] ¢
a]J ca] ca] ca] ca] ca] ca] ca] ca]ca] ca] ca]ca] ca]ca]ca]ca]c

a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ct] ca! HHBx BBBBBBCCCC<De DDDEEPE_EEE
AFFFFF6 GGGSHAHHH} xsni d_Z]]1]] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca

1 ca] ¢ a] ca] ca] caddtrortaboaliDajted 48]andl461] Tied othke m{ﬁﬁ!é?hﬂ\ﬁéﬁif AND gate _
10%& ()-y10%& ()- 10%& ()- = 38&%310% & ()- 13&$10%&' ()- 0@L0%& ()-1rX]iK-

G0k {124 1B Gy p QU arant Rl AR,

010%&' ()- . nt 1G98’ 46 rdceivieisthe Q\BLABGAIADthe flip-flop 44. The driver 47 which may
be a well-known circuit, provides a positive going transition on line 48
when the output of the gate 45 is high and a negative going transition on
line 48 when the output of gate 46 is high. When the output of gates 45
and 46 are both low, as will occur anytime the data on line 41 is low, a 0
level signal is provided on line 48. Thus, by coupling the waveforms
shown in Figure 1 to the circuit of Figure 2, the randomized waveform
(shown as randomized T1) is provided on line 48. For the particular
positive and negative transitions shown in waveform 20, it is assumed that
the flip-flop 44 is in one predetermined state upon initialization. This is not
significant since if the flip-flop 44 were in its other state upon initialization,
the waveform 20 would simply be reversed, that is all the positive pulses
would become negative pulses, and all the negative pulses would be
positive pulses.

Figures 3, 4 and 5 are used to illustrate a prior art coding and

decoding circuit and the change which is made to the encoding circuit to

implement the present invention. When the present invention is used, the

prior art decoder/receiver of Figuare 4 may be used without change.
Referring now to the prior art encoder of Figure 3, it receives the
NRZ(L) signal at one input terminal of the AND gate 50; the other input
terminal of this AND gate receives the clocking signal. These signals
correspond to the waveforms 11 and 18, respectively of Figure 1. The
output of gate 50 is applied to the clock input terminal of flip-flop 51. The
Q\ output of flip-flop 51 is applied to the D input of this flip-flop. The signal
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on the Q terminal of the flip-flop (line 52) is the well-known NRZ(l) signal
shown as waveform 18 of Figure 1. This signal is coupled to the clock
terminal of the flip-flop 53 and one input terminal of each of the AND gates
54 and 55. The other input terminal of the AND gate 54 is coupled to the
Q terminal of flip-flop 53; the Q\ terminal of this flip-flop is coupled to the
other input terminal of the AND gate 55. The driver 56 provides the MLT-3
signal (line 57) shown as waveform 21 of Figure 1. Again, as was the
case with the driver of Figure 2, when the output of the AND gate 54 is
high the signal on line 57 is high; when the output of the AND gate 55 is
high, the signal on line 57 is low; and, when the outputs of both the AND
gates are low, the signal on line 57 is at the zero level. The connection
between the Q\ terminal of the flip-flop 63 and the D terminal of the flip-flop
assures that the positive going and negative going transitionsfrom the zero
level of the signal on line 57 alternate.

The prior art decoder of Figure 4 receives the signal on line 57 at
an equalizer/slicer 60. This well-known circuit provides a threshold
voltage for the comparators 61 and 62. The MLT-3 signal (waveform 21 of
Figure 1) is coupled to the negative terminal of the comparator 61; and,

the inverse of this signal (through the inverter 63) is coupled to the

negative tefminal of the comparator 62. The outputs of the comparator 61
and 62 are coupled to the OR gate 64. The output of this OR gate is the
NRZ(1) signal which is coupled to one input terminal of exclusive OR gate
66. The NRZ(l) signal after being delayed by one clock time in the flip-flop
65, is coupled to the other input terminal of this exclusive OR gate. The

output of the gate 66 is the NRZ(L) signal (line 67).
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To implement the present invention with the prior an circuits of

Figures 3 and 4 requires that the pseudorandom code be coupled to the D

terminal of the flip-flop 53 as shown in Figure 5. That is, by way of

example, the output of a pseudorandom code generator 40 of Figure 2 is

coupled via a line 70 to the flip-flop §3. Placing the pseudorandom code

on the D terminal of this flip-flop (rather than the Q\ signal as shown in

Figure 3) causes the negative and positive going transitions of the MTL-3

signal to be randomized. Consequently, the output signal on line 71 will

correspond to the waveform 22 of Figure 1 again assuming that the flip-

flops are in predetermined states upon initialization. Otherwise a reversal

of this waveform may occur. As mentioned, this randomized waveform

may be decoded by the prior art circuit of Figure 4 without change to the

circuit of Figure 4.

In the prior ar, as previously mentioned, data is sometimes

scrambled on encoding and descrambled on decoding to spread the

spectral energy and thereby reducing EMI. With the present invention,

particularly with encoding techniques such as T1 or MTL-3, the benefits of

the spectral spreading can be obtained without the complexity associated

with the descrambling.

The present invention may also be used where an algorithm is used
to generate the code represented by the waveform 19 of Figure 1. The
algorithm may be used to obtain a predetermined spectral characteristic in
the transmitted signal That is, instead of a pseudorandom code, the code
generated using the algorithm can be tailored to achieve some

predetermined spectrum.
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For example, if the clock rate for the data being transmitted is
100MHz and a notch in the EMI spectrum is desired at 35MHz, the data
can be examined by passing it through a 35MHz band pass filter to
determine the signal content at 35MHz. Where the spectral content is
found to be high at the output of the filter, a predetermined bit pattern can
be forced into the pseudorandom code to cause the spectral energy at
35MHze to be shifted to a higher or lower frequency. More specifically,
referring to Figure 3 a delay is added into the signal on line 52 to allow the
NRZ(l) signal to be examined for the 35MHz component. The filter's input
is coupled to line 52 and its output is coupled to a code generator such as
generator 40 of Figure 2. When the filter's output indicates a high signal
content at 35MHz, a predetermined code sequence is applied to the D
terminal of the flip-flop 53 to cause the energy at this frequency to be

shifted either to a higher frequency or lower frequency.

Thus, a method and apparatus has been described which
suppresses EMI by randomizing the transmitted signal, without requiring

descrambling at the decoder.
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IN THE CLAIMS

| Claim:

1. In a method for communicating data where one binary data state is
represented by at least two different signal characteristics, an improvement
comprising the steps of:

generating a randomized signal; and

selecting between said two different signal characteristics as a function of said

randomized signal.

2. The improvement defined by claim 1 wherein said randomized signal

comprises a stream of pseudo random digital signals.

3. In a method for communicating digital data where one binary state is
represented by two different signal levels and another state is represented by a third
signal level, an improver’pent comprising the steps of :

providing a randomized signal: and

selecting betweerj said two different signal characteristics_as a function of said

randomized signal.

4. In a method where one digital state is represented by a signal having a

signal level of approximately zero and the other digital state is represented by
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using said signal level approximately zero to represent said one digital state;
and,
randomly selecting between said positive and negative signal levels to

represent the other digital state.

5. In a method of communication of a digital signal where alternating
between two signal characteristics is used to signify an event, an improvement
comprising:

generating a pseudorandom signal; and

using said pseudorandom signal to select between said two signal

characteristics.

6. In a method of communication of a digital signal where alternating
between two signal characteristics is used to signif_y an event, an improvement
comprising:

using a control signal to select between said two signal characteristics; and,

generating said control signal based on an algorithm which inhibits alternating

between said two signal characteristics.

7. The improvement defined by claim 6 wherein said control signal is

selected to provide a predetermined spectral response in said digital signal.
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an encoder coupled to receive said digital signal for encoding said digital

signal such that one binary state is represented by two different signal levels;
a random signal generator for generating a pseudorandom signal; and,
a selector for selecting between said two different signal levels under control

of said pseudorandom signal.

9. An communication system comprising;

an encoder comprising;

an encoder means coupled to receive said digital signal for encoding said
digital signal such that one binary state is represented by two different signal levels,

a random signal generator for generating a pseudorandom signal; and,

a selector for selecting between said two different signal levels under control
of said pseudorandom signal;

a decoder comprising means for recognizing said two different signal levels a§
representing said one binary state; and

a link coupled between said encoder and decoder.



