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WO 2004/ 075441 PCT/ US2004/ 000421 SYSTEM AND METHOD OF
EFFI Cl ENTLY MODULATI NG DATA USI NG SYMBOLS HAVI NG MORE

W RVANOCNIEL PULSE BACKGROUND Field 5 [0001] EnkoriUsmnd/e00421
of the invention relate to nodul ation. More
specifically, enmbodinments of the invention relate to

kgl e o S

with greater eff|C|ency so that nore data can be
transmtted during a pa me period over a
~transm ssi on nedi um Conbi nati ons of various
Fieddlul ati on techni ques such as, pul se width
nodul ati on, anplitude nodulation and rise tine
[oomdul at Imw@y@elb@@noﬁn’@h@y@ﬂvé@tiénI aprave tBemodulation.
encodi ng density of nodul ati on schenmes. See for
Mo ex agpé €1 f topehd) ngmiapgliineat sonfenhet LedehByshokeBasedto an
Si gnal ing For An El ectromagnetical | y- Coupl ed Bus
imSysted éncSeinal ddusbey 0847141 244. stbameer, such
schenes often require per-enphasis and channe
equal i zation which 20 increases the cost and
DesoriiptionrObf ThecRalated ARBreover, in any event it
remai ns desirable to inprove coding density to allow
for even higher bit rates. BRI EF, DESCRI PTI ON OF THE
[OQﬁQWVhEEV?BB@@T FPHOP O W@dﬁlﬂFé@PaﬁﬁgﬁoﬁPH@ Reen used to
ener zed, format 25 o enmbodi
enJedE HEa VR GRES s 30857 07 5HAsY Pes) LRBR0RPEG0AI LS san be

transmitted during a particular time period over a

transmission medium. Combinations of various modulation
techniques such as, pulse width modulation, amplitude
modulation and rise time modulation have been employed to
improve the encoding density of modulation schemes. See for
example, copending application entitled "“Symbol-Based
Signaling For An Electromagnetically-Coupled Bus System,”
Serial Number 09/714,244. However, such schemes often
require per-emphasis and channel equalization which
increases the cost and complexity of the system. Moreover,
in any event it remains desirable to improve coding density

to allow for even higher bit rates.

BRIEF DESCRIPTION OF THE DRAWINGS

[0003] Figure 1 is a diagram showing a generalized format

of a symbol of one embodiment of the invention.
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[0004] Figure 2 is a diagram show ng the nodul ati on
el ements of synbol of one enbodi nent of the invention
wo bat/o7amcodes ei ght databits. [0005] Fi gure 3BEBESHNE000421
di agranms of possible synbolg to 5 encode eight bits
per symbol . [0006] Figure 4 is a block diagramof a

offghee 5k SLfaQB otk 8 AUPERPET PRECBENSAN BEOPIGE ohne

00
LG GRkC aPRoP NPT Phe L PRRPo NGB pat at ity JBye ) vion” that
en?g@%gi Qﬂtoﬁa&gﬁ kgventlon DETAI LED DESCRI PTI ON

ure a di agram showi ng a generali zed

[0h@s it 93 ﬁréyggobeogrgnalg gAkmeRt pekstibee symbols to
I nvention. The synbol 15 100 occurs within a synbol

enB8AL 0L Hg)bigg dhesgypbel includes a first pulse 102
alternafively re?erred to as a basic pulse 102 and N
[0additi onrigpyesesiiO4. blbcki guegramNofi 8 egdallatt@roreE, one
however, N could be any positive integer. Additiona
empotisesnar efather haveveliynreferred to herein as 20 | DP
pul ses 104. [0010] The basic pul se 102 incl udes
[0Deadli ng Biguseld2is ahbleck Adagrpusiti vaei deageiilagor of
base pulse 114 and | lagging slots 116, where | is
ong| epvbadposnti 9 Fhﬁegéﬁenth@n | DP pul se 104 includes a
base pul se 118 and m | agg slots 25 where mis a
[OB@§'tiveFFﬁP€@eﬁ lﬁbﬁa@&90k dlﬁgéﬁ@ mfatdensystem
necessarllé e%ual ure 1, Tfx is the width of a
t©

inFRLRPRGLLR izem]?BglmP taofi GPR RVEREPRggi ng sl ot
116 WO 2004/ 075441 ngﬂfﬂ%o%dﬁ‘{%%ON

[0009] Figure 1 is a diagram showing a generalized format
of a symbol of one embodiment of the invention. The symbol
100 occurs within a symbol period (Tp) 106. The symbol
includes a first pulse 102 alternatively referred to as a
basic pulse 102 and N additional pulses 104. In Figure 1 N
is equal to one, however, N could be any positive integer.
Additional pulses are alternatively referred to herein as

IDP pulses 104.

[0010] The basic pulse 102 includes 1 leading slots 112,
where 1 is a positive integer, a base pulse 114 and j
lagging slots 116, where J is aiso a positive integer. The
IDP pulse 104 includes a base pulse 118 and m lagging slots
where m is a positive integer. Notably, i, j and m are not
necessarily equal. In Figure 1, T¢ is the width of a

leading slot 112, Tpx is a width of the lagging slot 116
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3 (alternatively referred to as front end slots and

back end slots respectively) of the basic pul se 102
wapw40rPw1 i s a w dth of the Iagging slot 120 PET/UR®04/000421

| DP pul se 104. The slot wdth between | eading slots

and | agging slots and 5 between the pul ses may not be

. [00 ' i d
R L R e
118 i I | . IS '
1880 SEe HiBR L A10, LPLRUI S5, TRL508 RO 8 s

wid ORlo £aly .Glgﬁggrg%lné]lgéviot?ﬁgaéfdﬁﬁgoﬁﬁﬁEﬁl%g 04. The

conmmuni cat1 on out the necessity o channel

s1&OMPERsAt Lo sMch1 85 8q5aki 2aki 9Rg Iﬁggbaéi §1B¥kS8ny02
Is separated fromthe TDP pulse 104 by a gap with

beth@en [ 004 2bul fcaddiyi Apal bk DEgpul ses are present
within the synbol period, they will each be separated

fromtheir 15 predecessor by a gap. It is not
[OOETESSar Vst Hat takl widddi tifortdle palsse dudwse dlganef the basic

format. As used herein, format refers to the base
pubseseOand Taggisgtkeowsdtiihas, theshaee bPolmat 1A8sognthe

equal nunber and equal size of slots'and a sanme width
IDPasel pal seTssThas, Tater ergxsolagtaddinf epenempgdisenit to be

exists, where x &y refer to distinct additiona
theunsesnun PRAGE HRptoeelrbeaPtrePerh¥ PasPeppbepupseny the

104, . in this case, having a _gap width,Tg2. Anﬁlituge
CoRBEGEFLAN EARREANbEPASEd - aEpAFSEEFy Eno8ahaBlFde.

Thi s ovides . two bits.of dul at [,on &one per_.pul .
corpefsRhTIbL SigRr B2 28 ICRE] SANELS - s Bl CoPSFoiy CBLEE gp2 1°

ion (t p p B % hi n_r %gr 1o zero

B O A A A
[0012] If additional IDP pulses are present within the
symbol period, they will each be separated from their
predecessor by a gap. It is not necessary that all
additional pulse have a same format. As used herein, format
refers to the base pulse and lagging slots. Thus, a same
format has an equal number and equal size of slots and a
same width base pulse. Thus, where my # my a different
format exists, where x & y refer to distinct additional
pulses. A final gap occurs after the last IDP pulse 104,
in this case, having a gap width Tg,. Amplitude modulation
(AM) can be used separately on each pulse. This provides
two bits of modulation (one per pulse) if return to zero

(RZ) AM is used or four bits of modulation (two per pulse)

if non return to zero (NRZ) AM is used.
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4 [0013] Figure 2 is a diagram show ng the nodul ation
el ements of a synbol of one enbodi nent of the
WO pwentidon t hat encodes eight data bits. Pl iBCT/k82004/000421
possi bl e starting position4dof the front edge of the
basic pulse. Al is the 5 possible polarization of the
asic pulse. P2 is the , possible back e sition_of
075 hati Bigirece Bror; 189 FoosRar e, Bhes RESn0er Eren
of the base pulse of _the I1DRP pul LS tk .
<L EbRAr ) O ool SISt o6 g reeofErair 62 Hig' fvepgion chat
I b Skti t he,ba e : I :
e R f e et or B T Trg PACR TS fhe oo vins
poDPIEAS! 8 UL R OF o F OUG8e Lo £l tREUBLS: 4, phi1§gYal 81318NEhe
m equal s 4. T0014] Figures 3a-3e are diagrans of
poP9S51 bl £o 5YAPLLE1 68 cENERdELEE OBt philks . pep2syBbehei n
accordance with nodul ation elenments discussed in
poSONPES hABk Wedde FhEYIEidn AS €BB besib peese.thep2 is a
relative position of the base pulse of the IDP pulse
poyathes stahtimgheosymboh pértbd. bdbespudseancetbt The
position of the base pulse of the |IDP pul se encodes at
puleast ADnésbthe podsinlehpslexampiéont wé bhesIoP putsge.
St at ed slightl{ differently, the relationship between
P3the putseessiblenpeaibsonodll Ahrohaeks pepeneyf. thge IDP
ﬁosition the 1 DP pul se  nmay assunme depends on the
Pugseati 6f BRLEhE2BAsi EShRFEenITRECK| BP plifsBomenchgsure of
.hoveabl e within the synbol _period Tp. Conversely, in
FigWee ebotli ABHELSt he DOEQP?$E gfaPﬂeBbﬁggaEﬁuﬁse of the
basic pulse is fixed within Tp. 25 [0015] In this
-hit nmogdul ati on,exanpl [ e La
[O@}?L thegéﬁ%F?Fuag 2Pl &, &%gg%aﬁg ?f pggéﬁggepésggols to

€ nodulatron”(one for asi c

enéggeoéPSEtfﬁﬁtgDEePuE§ﬁ%olTEhsaeégygsﬁcBZwﬁ@h ﬁgaulation

elements discussed in connection with Figure 2. As can be

seen, the relative position of the base pulse of the IDP

pulse varies within the symbol period. This variance of the

position of the base pulse of the IDP pulse encodes at least
one bit, and in this example, two bits of data. Stated
slightly differently, the relationship between the pulses
improves modulation efficiency. The position the IDP pulse
may assume depends on the duration of the basic pulse. The
IDP pulse is thus moveable within the symbol period Tp.
Conversely, in one embodiment, the location of the base

pulse of the basic pulse is fixed within Tp.

[0015] In this 8-bit modulation example, two bits are
associated with the amplitude modulation (one for basic

pulse the other for IDP pulse). This assumes RZ AM. One
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WO 2004/ 075441 PCT/ US2004/000421 5 bit is nodul ated

by the front edge of basic pulse. Five bits are
woreadlozi4ed by the conbi nati ons of the basic puPGEUSENG000421

the I1DP pulse. In Figure 3a5 two bits are nodul ated by

t he back edge of basic pulse and one bit is nodul at ed

by .5 f I h yield h

55043 BPEOLELEsDY HISFLOATS S60ct HE Cabrnt Lo of F1e

bipd agﬁg%'sa 132808 UEES oohbliet 12048 o 'g{ags)lf%lse
I

anaeﬁﬁ%t§ ghgggln?ﬁgPTﬁgugkaﬁgz %@bgﬁﬁggﬁgxg%h%dﬁiated by

thBr ngﬁeeaaea@@ bhanal ehght aw%h%l 8%t @Ltse%rodmeatté?i aly
conbi nations for Fi gures 3a-e, provide nore than

baskatage ber rbeveubisks th@ﬁd§h@HU%nelﬁﬂQS®o%@&b$%iﬁﬂétes
addressed further below in connection with Tabl es

In6¥16urk00L6] thablkesbl nbhrieuglk 5balkiw @ned spossiddex edges
mappi ng of 15 the data to the synbols shown in Figures
(tBaeBeergspeotiivebys) EnE theo IAP PididleGd, ba@dkOdgddels Rithree
(OC=edge_O, 1l=edge 1) D2=0 PP2 D3=0 PP2 D4 P2 D5 P2
edPd ARsEIiHNGH, rOsuLONs DN RItaTABILENZ npOsAlatEer=H G4 gure 3c
O=L
yields eight states, similar to Figure 3a. Figure 3d, e
provide an additional eight possible states. The total
combinations for Figures 3a-e, provide more than 32 states
for five bits of modulation. These states are addressed

further below in connection with Tables 6-10.

[0016] Tables 1 through 5 show one possible mapping of

the data to the symbols shown in Figures 3a-3e respectively.

TABLE 1
Do Al (1=HIGH, O=LOW)
D; Pl (O=edge 0, l1l=edge 1)
D2=0 PP2
D3=0 PP2
D4 P2
D5 P2
D6 A2 (1=HIGH, O=LOW)
D7 P3
TABLE 2
DO Al (1=HIGH, O0=LOW)
D1 Pl (O=edge 0, l=edge 1)
D2=1 PP2
D3=0 PP2
D4 P2 & P3
D5 P2 & P3
D6 P2 & P3




D1 P1 (O=edge_O, 1l=edge 1) D2=1 PP2 D3=0 PP2 D4 P2
& P3 D5 P2 & P3 D6 P2 & P3 WD 2004/ 075441
WEMANBA004/ 000421 6 D7 A2 (1=H G4, O=LOW 5rd¥BEH08000421
DO Al (1=HGH, O=LON D1 P4 D2=0 PP2 D3=1 PP2 D4
P2 D5 A2 (1=HHGH, O=LOWN D6 P2 D7 P3 TABLE 4 10 DO

D7 A2 (1=HIGH_O=LON D6 pE%ng€5§IG§r b=tom 1

5 TABLE 3
DO Al (1=HIGH, O=LOW)
D1 Pl
D2=0 PP2
D3=1 PP2
D4 P2
D5 A2 (1=HIGH, O=LOW)
D6 P2
D7 P3
TABLE 4
10
DO A1 (1=HIGH, O0=LOW)
D1 Pl
D2=1 PP2
D3=1 PP2
D4=0 P2
D5 A2 (1l=HIGH, O=LOW)
D6 P3
D7 B3
TABLE 5
DO Al (1=HIGH, O=LOW)
D1 Pl
D2=1 PP2
| D3=1 PP2
D4=1 P3
D5 P2
D6 P2
D7 A2 (1=HIGH, O0=LOW)
15
[0017] One of ordinary skill will recognize that various

other mappings are possible and are within the scope and

contemplation of embodiments of the invention.
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TABLE 5 DO Al (1=H GH, CG=LON D1 P1 D2=1 PP2 D3=1
PP2 D4=1 P3 D5 P2 D6 P2 ID7 A2 (1=H GH, O=LOW 15
WO 0®1/p754@ne of ordinary skill will recognize tP@eI/US2004/000421
vari ous other mappings are7possible and are within
the scope and contenpl ation of enbodi nents of the

' ti . WD 2004/ 075441 PCT/ US2004/ 00042
[Ob{E%{ipr: ﬁglegﬁﬁﬂngoaﬁf"éﬁr ég gggfreisnggﬁg’eﬁ%lo&%r?[eg?,w]
. iod P_i.s.2Q00 T i d f g
emf?%%‘.sﬂ 001 BR5" pefingl gt GO 1855 TuR0M RUL ULty (po8en of
i . fapnbath pul bS. 169 DS,y
P aag Lot Loy o) sl it

1a88tag" 2188 @hr46bRE pGABRE achheved sonaadB3@hechrnelidth
a\%at hgtvvo bal | rgri d a?r aye ?BGA) pac%z?ges1 and tm@%@q )

ToGONBEOLOr s . A Whdgukbgadhngmpbatmes t, Usidd abecause dhelGbps
Teadi ng edge of the first pulse is nost effected by
canhbt acatiered on théO¢hahsehepr enithushv. bEAUS grlill yrray
maki ng the slot wider, it is less likely that channel
(BGA) spankbbecaasd awni sionhecpoetsat i @nwildet leadicat isdpt is
of the front edge. [0019] In an alternative _
usedbbdicapne, tTP ileatdsg pslow vf the first pulse is most
effected by what occurred on the channel previously. Thus,
by making the slot wider, it is less likely that channel
noise will cause a misinterpretation of the location of the

front edge.

[0019] In an alternative embodiment, TP is 1250 ps with
Tieap 18 130 ps, Ts is 200 ps, Trac 1s 110 and Tgap is 140.

This permits data rates of 6.4 Gbps on a 5”channel.

[0020] In an alternative embodiment, TP is 1000 ps. Trgap
is 110 ps, Ts is 135 ps, Twae is 100 ps and Tgep is 110 ps.

This embodiment permits data rates of 8Gbps on a 5” channel.

[0021] Figure 4 is a block diagram of a modulator of one
embodiment of the invention. A three width bits wb0 through
wb2 and the two IDP front edge bits IDPFEO and IDPFEL
provide the inputs to the state control unit 402. Based on
these inputs, the state control unit enables or disables
various signal paths through the modulator and therefore
frequency controls the pulses created by the electric pulse
generation units to form the symbol. The various signal

paths are driven through a plurality of delays to effect the
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TLEAD is 130 ps, T,s is 200 ps, TLAGis 110 and Tgap

is 140. 15 This permts data rates of 6.4 Gops on a
wo2eharael . [ 0020] In an alternative enbodi meneCT/UR2004000421

1000 ps. TLEAD is 110 ps, §Sis 135 ps, TLAGis 100

ps and Tgap is 110 PS- This enbodi nent pernits dat a

CThRbeR AP Sof Bk GPMECASAAIALOr 6P BRo 30 e e Scsﬁl%ed

%ESSIEVEp ?ronpghgggp g I%PEE 3E%D%§%?ro rOVI 400

bagga bAPYLE GAphRE .St ahe therkr Qlabli@st w402 me%@%e%a%r!a and w17

hese inputs, the state control unit enables ofr
meghgagkgﬁ various signal paths through the nodul at or
and therefore 25 frequency controls the pul ses created
by the electric pulse gemaBaki 6n units to formthe
synbol . The various signal paths are driven through a

10PrEd AlTbP¥e10f wieT ays [ wo2 ¢kBe ¢kl NerdDsBV04E0 (344 ] s12 | s13

19 PCTHUSZ0047 0004210 creadil oniof the synbol s of |the
f aeasbyey evi pusl Y descri bed. | 0abl @s|[6110) show t he
response of [the|sbafe control 1uni® 400 |based on thg
inputs. In these tables|"0" |ndansipas8 and "1" |means
stop. 5 TABLE 6/| DPFEO® | DPFEI WO I 20SBO1SK] 1Sp2 1
SB3 SO Sl1ls12[s13] 39 0 0 0 01 1 1 (FRahl &) [011]11

011 101101 11111000111 1211011

TABLE 7
IDPFEO | IDPFEL | Wb0 | Wbl | Wb2 | SBO | SB1 | SB2 | SB3 | SI0 | SI1 | SI2 | 8I3
1.1 0 0 0 0 1 1 1 0 1 1 1
(Enable) 0 0 1 0 1 1 1 1 0 1 1
0 1 0 0 1 1 1 1 1 0 1
0 i i 1 0 1 1 0 1 1 1
1 0 0 1 0 1 1 1 0 1 1
1 0 1 1 0-1] 1 1 1 1 0 1
1 1 0 1 1 0 1 0 1 1 1
1 0 1 1 1 0 1 1 0 1 1

TABLE &
IDPFEO | IDPFEl | Wb0 | Wbl | Wb2 | SBO | SB1 | SB2 | SB3 | SI0 | SI1 | SI2 | SI3
20. 0 0 0 0 1 1 1
(Enable) 0 1 1 0 1 1
1 0 1 1 0 1
1 1 1 1 1 0

0 0 1 1 1
1 1 0 1 1

TABLE 9
IDPFEO | IDPFEL | Wb0 | Wbl | Wb2 | SBO | SB1 | SB2 | SB3 | SI0 | ST1 | SI2 | SI3
21. 1 0 0 0 0 1 1 1 0 1 1 1
(Enable) 0 1 1 0 1 1 0 1 1 1
1 0 1 1 0 1 0 1 1 1
1 1 1 1 1 0 0 1 1 1
1 0 0 0 1 1 1 0 1 1 1
0 1 0 1 1 1 1 0 1 1
1 0 0 1 1 1 1 1 0 1
1 1 0 1 1 1 1 1 1 0
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TABLE 7 | DPFEO | DPFEI WO Wl Wh2 SBO SB1 SB2 SB3 SI O
SI1SI12S13 1. 100001110111 (Enable) 0O
wdz204@a73841 1 01 1 01 001111101 0 1 BCIUS20084/000421
0111 100101110491 1011201111012
11011010111 10111011011 TABLES8
10 | DPFEO | DPFEI V%C)V%It¥95%§ Q%SBl SB2 SB3 SI O SI|
S12 S13 20. 000011 le) 011011101
101 11 110 0011111 11 TABLE O
IDPFRSEEEPPHBCE] WO Wbl SHEE0 SBOSEEAL spo SEES? ) o XFF3 g)lp SIFEL
&3 12191 90900l 1 0413 (Frable)o0 1 Poq 1 >
PRI PRERPACE PP PROT I SPAS i W S S P
r'-n|101n111a1n14411n4-4 ¥[\r-4[4 41
,\:-;ILJ.lJ.—UJ.J.OJ.U UOJ.J.J._LTUJ.J. iULJ'.L Tl
1+ 1 1 1 1 1 1 0
[0022] Tables 6-9 define the back edge modulation for the
basic pulse (SB0-SB3) and the IDP pulse SI0-SI3. Table 10
defines the IDP pulse front edge delay states. In the

aggregate, the states provide for modulation consistent with
the mappings of Tables 1-5, and are implemented by state
control 402 in one embodiment. Matching logic 410 insures

that the forwarded clock is time consistent with the symbol

generated.

[0023] Figure 5 is a block diagram of the demodulator of

one embodiment of the invention. The data is received in
input 518 while the forwarded clock is received at clock
recovery circuit 520. The clock is recovered in the clock
recovery circuit 520 and passed into the demodulator as
shown. The data is similarly forwarded into the demodulator
as shown. Comparison of delayed data with the AM threshold
and the clock yield the two AM bits and the front edge bit
of the basic pulse via a bit mapping unit 526. Comparison
of the data with various levels of delay of the clock yields
the two IDP front edge bits via bit mapping unit 524.

Delays of the clock compared with the data signal also fed
into state mapping units 528 and 530 which then provides
their state information to bit mapping unit 532 which in

turn yields the width bits wb0 through wb2. The state
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1101111110 W 2004/075441 PCT/US2004/ 000421
9 TABLE 10 | DPFEO | DPFE1 WO SI FEO SI FE1 SI FE2 SI FE3
WEReEA754910 1 1 1 01 0111011 101 0 HCWUS2004/000421
111

1001111 11110 0 [0022] Tables 6-9
define the back edge nodul ation for the basic pul se

LRI Le NS B0 S g@%@#ﬁ}%ﬁlﬂ% e
ooBBLSIRLE, R LALE" LR o B 2 o

deiﬁgﬂleamég %ﬂeb% %@a@m canthal 1492 tﬁurls%ne errbodl ment

chi ng | oqi O insures that the forwarded cl ock
is time consistent with the synbol 10 generat ed.

[onQ@S] Firggi:@eb 6 S 52 ablaek Kdicagiammoio t herdeymatidnat or

one enbodi nent of the invention. The data is
1nb©€:9b\t@dlh@ onepeinbahd mehitl @ ft ke ef anwasndedrel ockd s
received at clock recovery circuit 520. The clock is
proeeeggered0ion inké uckeck hodudadwver VOO racuil tde@ldtor 500.
passed into the denodul ator as shown. The data is
Thei pirbaekky ofroiwacder liegt Got lae ciiépodgitated? wisl athgwin.coupled
Conparison of del ayed data with the AMthreshold and
tot RememeEk gl @1t2h@ntdw@nAm/l§>i faisarfd Ot-he Theomhiad e thi t
of the basic pulse via it mapping unit 526.
inedipgsi SoRePOLaf Ctolﬁlérél’étl&rvmﬁlﬁ‘ Vadichu 45y e s afe 1 ay

Elg@%rch%%ka%hegddemodulator 500. The memory controller
interacts with the memory 604 over memory bus 612. In such
an embodiment, the memory interface may may or may not
inciude a modulation 400 and demodulator 500, as a benefit
is achieved even where only the communication between the
processor 600 and the memory controller 600 occurs at the
high speeds provided by the described modulation scheme. An
I/0 device 606 which also contains a modulator 400 and a
demodulator 500 is coupled to I/0 bus 610 and may receive
symbols modulated as previously described such that a
position of an additional pulse within the symbol period
encodes at least one bit. The I/O device may include, for

example, a disk controller.

[0025] In another embodiment, the memory controller is
embedded in the processor. Such an embodiment may or may
not have a chip set, but in any event, the memory interface
would need to have the corresponding modulator/demodulator

to gain a benefit of the described modulation technique
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the two IDP front edge bits via bit mapping unit 524.
Del ays of the clock conpared with the data signal also
WO e@4/07380 state mapping units 528 and 530 whi BCT/URN4/000421
provides their state inforidation to bit mapping unit
532 which in 25 turn yields the width bits wb0 through
The state WD 2004/815441.PCT/U 2004/ 0 0421 10
duEbH?r@?maﬁVta§§§S§ﬁ§ure that Th&Yt e SPing uhit- 532

out puts the ht . bi.ts t 0
(=38PRHRE by S B65 croR T TR B hir s e G sh et Hhave
thgI QuEE18¢L3 anfl gl‘élﬁloglbggﬁ:%@ b tl%eb%yl%tfg_@ £ be_realized.
I'ncorporating one embodi nent of the invention. The
processor 600 i ncl udes a nodul ator 400 and denodul at or
[099@3 Th@np'%ﬁge%%‘%%g'oin%mé@)le@ﬁftl‘éa%l%m P3R! 602 Whidi has
is coupled to a nenory bus 612 and an I/ O bus 610.
bedhedeBipipel wiftl WeEs randempoy spertirdld embei naiiteh
al so includes a 10 nodul ator 400 and a denodul at or
thB@8ofTheIemly , c bwiveaklrer bel rivedaotts thatth wae avenor y
604 over nenory bus 612. In such an enbodi nent, the
mone oy tiinher bade cimy gesy con gy macte theglaide v thout
nmodul ation 400 and denodul ator 500, as a benefit is
depehiténad favan thisebacanley tSivd rddmamsi caOren Hetamdwlimpnts
15 processor 600 and the nenory controller 600 occurs
Ofaﬂ:h?hénvﬁ%ﬁo@p@@dsseﬁr dPirddd 15y Hke appsadsseslaims.  The
nmodul ati on schene. |/ O device 608 ich a
SPEGAtAFAS TR nBad é?tré‘t””&‘@@ &t ra® \ggt Sor B¢ gregarded

N AV N S e S s

position of an addltlonal pul se within the synbo
period encodes at |east one bit. The 1/0O device may
i ncl ude, for



exanpl e, a disk controller. [0025] In another
enbodi nent, the nenory controller is enbedded in the
w@e@eeswar . Such an enbodi nent may or may 25 POL/UBEN€000421
a chip set, but in any evern2, the nenory interface
woul d need to have the correspondi ng
nodul at or/ denodul ator to 'ih benefit of the
descri bed nodul ation techn —\D 2004/ 075441
WhP Ag82904/0%0421 11 during nenory accesses. Also, in
Uch®an~&mbodi mérit (assum ng a chip set is
present)th [ t._need not have the nodul ator and
L Genddth }ac g8 %%P%éfﬁgséﬁ Fit to be realized. [0026] In
the, foregoing specidf.ication, the i.nventiQn S been
desEFFBS%lﬁFgH r@fgﬁgﬁ%epPgsgpggﬁ Eg'énﬁ EF%gh§§§10d% the
thereof. It will, ho r,._ be evident that. various
flﬁﬁgiPP ﬁFigﬁgvéﬁ&n@hgﬁégsfggﬁtbgn%aﬁgéﬁuﬁ%ﬁﬁ)Rﬂﬂ%%ut
gﬁgarting fromthe broader spirit and scope of
mogdRi B4 78nt §7%F the invention as set forth in the
appended c¢l ai,ns. The 10 specificati,on and draw ngs ,
ar e FT2RSBLGtAGOy & £68RE) %@’;F&ediurilﬁlga%fﬁ ST e tod
rather than a restrictive sense. WO 2004/ 075441
£opepriiBg064 /6080430 FLCERA RS SHh MO ViSG RIS Hdd s the  symbol
met hod conprising: transmtting a first pulse during a
pegjRBoEUSEr ithat tt%@ pesition of $&pRAdihPWotsh iighin the
and back edge phase nodulation; and transmtting a

syBbeanepiose n@giilagesha ts yiepsit g &d-t-

2. The method of claim 1 wherein a position of a base

pulse of the first pulse is fixed within the symbol period.
3. The method of claim 1 further comprising amplitude
modulating both the first pulse and the second pulse.
4. The method of claim 3 wherein the amplitude modulation
is non-return to zero (NRZ) amplitude modulation.
5. The method of claim 1 wherein the first pulse has at
least one leading slot and at least one lagging slot with
the leading slot wider than the lagging slot.
6. The method of claim 1 further comprising:

transmitting N additional pulses during the symbol
period each additional pulse following a gap after its
predecessor and each additional pulse moveable within the
symbol period such that the position of the additional pulse
within the symbol period modulates at least one bit; and

where N is a positive integer.
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follow ng a gap, the second pul se noveable within the

synbol period such that the position of the second
w@eioge73ut hin the 10 synbol period nodul at es aPCT/E88204/000421

one bit. 2. The nethod of cBaim 1l wherein a position

of a base pulse of the first pulse is fixed mﬁthin

the mbol . peri o e thod o f.urth
n%ﬁ%stﬁfhgﬁpﬁrguaéalﬂn ul'™ %rel %ﬂ ﬁt %4? lon pulses
t he sec uIs .. Jh Ia|n13
an%ﬂ?si R ERESanprFELt ARGURLL B 7 & HaRer SPAPR o
zero Rﬁ% nglltude EodulatLon. 5. The net hod of
8. ¢l af mM"eRhEFEPR BHEDP; §PTpufSeHas at Ieast one
| eadi ng sl ot and at | east one | aggi ng slo h th%
Ieaﬂ|ﬁ§r§FoPu%FlePaYﬁ8ﬂ Fh@a?SgB%gSGSW&Qt . RSt one
hod of claim 1 further conprising: transn1tt|ng N
le%aanguékaF BOfses 4BRPRgOPReLegABBL Spefiod each
addi tional pulse followng a gap after its
pr ede&®S9Bf RHYSBaBRVAREi Ri éﬁ&PnGupé‘éerTB\‘ﬂéﬁﬁl igthhigth a
the synbol period such that the position of the
leaddngi efiaP pofsat2BeaptnPact haosyrBorlpéri endeaddnes edge
at least one bit; and where Nis a positive integer.
poWD: 200407544 Lh PCTAUSZODAL0DEZ20d I8 PNCPRe @it Ae@sef one
claim6 wherein the N additional pulses and the
bitecond pul se do not all have a same format. 8. A
nodul ati on synbol conprising: a first pulse having a
9. bas€hpuhsdubktiihp aymbeasbfonéail Beatiemgisl dheadd ratt
| east one | agging slot; a second pul se having a second
pubaseapdl sbewsdthndi phlae keatli rgcedge adndeatstl east bdre
| aggi ng slot, the | eading edge
based on an amplitude of the pulse.

10. The modulation symbol of claim 8 further comprising:

N additional pulses each with having a base pulse with
a leading edge and at least one lagging slot and the leading
edge of each additional pulse positionable within the symbol
period to encode at least one bit.
11. The modulation symbol of claim 8 wherein at least one
of the first pulse and the second pulse encode at least one
bit based on a rise time of the pulse.
12. The modulation of symbol of claim 8 wherein slot size
is nonuniform.
13. A system comprising:

a bus;

a processor coupled to the bus, the processor including

a modulator to encode data as symbols, each symbol including
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positionable within a synbol period to encode at | east

one bit. 10 9. The nodul ati on synbol of claim8
wob@reia4t he first pul se and the second pul sePEHUB2004/000421

encode at |east one bit baded on an anplitude of the

pul se. 10. The nodul ati on synbol of claim8 further

c risin N additional, pul ses_each.with h VI
atbggg buﬁs IFPEnPULEe, apgag 8088§ PEAGSaf 3

| aggi ng sl ot. and the | eadi f ch ad |ona
POUFL8RpB2i £i BAABI BUWFERPH CHE § %88% Bdefod 2 aogymbol

at least gne bit. 11. The Eogulatlon synbol of claim$8
peﬁﬁ@ﬁe?ﬁcﬁgeﬁe§§t18ﬁét o€t Réfirst pul se and the

second pul se encode at | east one 20 bit based_on a

ri sé FNAB 8FLt REUPdESe FO1ENeTRECREAT AL PO &Pcs%ﬂdag a

of claim8 wherein slot size_is nonuniform 13.
dengduéaresnbPi §PRGLVeaahgyMbog énspééés§arté@uﬂQQ¥%ﬁ§or and

the bus, the processor including a nodulator to
deepdedetdarasis oagnbalts freach SPRBEHONNefudingg bAge pulse of
2004/ 075441 PCT/ US2004/ 000421 14 at least a first
thpubseoaddralsecoaghpal saesgymbrRaregiogesianidon of a
base pulse of the second pulse within a synbol period
encadmsmatyl dayticeneobiptledatehithesehipogsited to t he
processor and including a 5 denodul ator to receive a
l4syniibe ewsteadoby ctlhe midduivatoe iandhedsoodd catod egstodes at
one bit froma position of the base pulse of the
lesstond pukseiw tihi rache ofynhel fiesitogulaed and the second
pulse through amplitude modulation.
15. The system of claim 14 wherein the modulator employs
non-return to zero (NRZ) amplitude modulation.
16. The system of claim 13 wherein the modulator encodes at
least one bit in a leading slot of the first pulse and at
least one bit in a lagging slot of the first pulse.
17. The system of claim 16 wherein the modulation encodes
at least one bit in a lagging slot of the second pulse.
18. The system of claim 13 wherein the device is less than

5” distant from the processor and the modulation has a

payload of more than six giga bits per second.

19. The system of claim 13 wherein the device is more than
10” distant from the processor and the modulator has a

payload of more than four giga bits per second.



a nmenory device coupled to the chip set. 14. The
system of claim 13 wherein the nodul at or encodes at
waQookezael on one bit in each of the first pul seCHOS20041600421
second pul se through anplitfude nodul ati on. 15. The
system of claim 14 wherein the nodul ator enploys
on-return to zero. (NRZ) anplituyde nodul at .
sys?@ﬁ18VSE?§|ﬁ¢1§l%ﬁ@réﬁnngﬁ§eﬁﬁdﬁﬁg oFyghg dé?%%pdés N
15 |l east one bit in a leadin lot of .the fir ul se
adgh§ignal| sadeesngapht PANLRY gggﬁﬁs Bndts S0Pt lﬂnr sf?“at
pul se. 17. The systen1of claim 16 wherein the
engpdaFattohe8AEoABE Pat-l east one bit in a |agging slot
of the second pulse. 18. The systemof claim13
wherein the device is less than 20 5" distant from
the processor and the nodul ati on has a payl oad of
nore than six giga bits per second. 19. The system of
claim 13 wherein the device is nore than 10" distant
fromthe processor and the nodul ator has a payl oad of
nore than four giga bits per second. WO 2004/ 075441
PCT/ US2004/ 000421 15 20. The system of claim 13
wherei n each synbol includes N additional pulses each
havi ng a base pul se position that encodes at | east
one bit.



