WO 2004/ 075441 PCT/ US2004/ 000421 SYSTEM AND METHOD OF EFFI Cl ENTLY
MODULATI NG DATA USI NG SYMBOLS HAVI NG MORE THAN ONE PULSE BACKGROUND Fi el d
5 [0001] Enbodi nments of the invention relate to nodul ation. Mre
specifically, enbodinents of the invention relate to an inproved encodi ng
density 'nodul ati on schene. Description O The Related Art [0002] Various
forms of nodul ati on have | ong been used to 10 encode data with greater
efficiency so that nore data can be transmtted during a particular tine
period over a transm ssion nedium Conbinations of various nodul ation

t echni ques such waezoopuissie Wi dt h nodul ati on, anplitude nodOluatWEeMwIRNd ri se
ti me nodul ati on have been enployed to 15 i nprove the encodi ng density -of
nodul ati on schenes. See for exanple, copending application entitled
"Synbol - Based Si grakiig aNor vé¥dDl 68t ErregnRtiy MobyeArmNG paTBUEIBESt em "
Serial Nunber 09/714, 244. Howeusls, HEVING MOREMEANODNERIPULSEqUI re per-enphasi s
and channel equalization which 20 increases the cost and conplexity of the
system Moreover, in any event it rerBAGESREER rable to i nprove coding
density to allow for even higher bit rates. BRI EF DESCRI PTI ON OF THE

DRAW NGS [ 0003] Z884%re 1 is a diagram showing a generalized format 25 of a
synbol of one enbodi ment of the invention. WO 2004/ 075441 PCT/ US2004/ 000421

2 5 [0001] Embodiments of the invention relate to modulation.
More specifically, embodiments of the invention relate to an

improved encoding density modulation scheme.

_Description Of The Related Art

[0002] @ Various forms of modulation have long been used to

10" encode data with greater efficiency so that more data can be
transmitted during a particular time period over -a
transmission medium. Combinations of various modulation
techniques such as, puléé width modulation, amplitude
modulation and rise time modulation have been employed to

15 improve the encoding density of modulation schemes. BSee for
example, coﬁending application entitled “Symbol-Based
Signaling For An Electromagnetically-Coupled Bus System,”
Serial Number 09/714,244. Howevei, such schemes often
fequire per—emphasié and channel equalization which

20 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

25 of a symbol of one embodiment of the invention.




[0004] Figure 2 is a diagramshow ng the nodul ation elenents of synbol of
one enbodi nent of the invention that encodes eight databits. [0005] Figure
3a-3e are diagranms of possible synbols to 5 encode eight bits per synbol.
[0006] Figure 4 is a block diagram of a nodul ator of one enbodi nent of the
i hventi on. [0007] Figure 5 is a block diagram of the denodul ator of one
enbodi nent of the invention. 10 [0008] Figure 6 is a block diagramof the
system incorporating one enbodi nent of the invention. DETAILED '
DESCRI PTI ON [0009] Figure 1is a diagramshowi ng a generalized format of a
synbol of one enwodiomemds1 of the invention. The synbol 15 PCO@Sme400421 W t hi n
a synbol period (T9) 106. The synbol inctudes a first pulse 102 :
alternatively referred to as a basic pulse 102 and N additional pul ses
104. In Figure Iobos4js egighrd @ 086 dQye¥ershois@und hedamtipasitive
integer. Additional pulses are alternatively referred to herein as 20 |IDP
pul ses 104. [00EOEmTies lbdssyrpdl o8& ABR emhefingas of |Egdipgetionstha®,  where
i is a positive integer,, base | se 114 and j lagging slots 116, where |
is al so a posi tie\?gol%t 5&83‘? %@b%ﬁ pul se 104 includes a base pul se 118
~and m | aggi ng sl@bssR5 Wees@rd3eS3& RSkt by@inisNbegRissibbé abmboll, t¢ and m
are not necessarily equal. In Figure 1, Tvx is the wwdth of a | eading
slot 112, Th;5 i $ngovd dtilghdfoitisePPagi™rglsl ot 116 WO 2004/ 075441

PCT/USZOO4/QOO4%%OOG] Figure 4 is a block diagrém of a modulator of one
embodiment of the invention. _
fOOO?] Figure 5 is a block diagram of the demodulator of
one embodiment of the invention.
i0 tOOOB] Figure 6 is a block diagram of the system
incorporating ohe embodiment of the invention. .

DETAILED DESCRIPTION

[0002] Figure 1 is a diagram showing a generalized format
of a symbol'of cne embodimént of the invention. The symbol
15 100 occurs within a symbol period (Tp) 106. The symbol
includés 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

20 IDP pulses 104.

[C010] The basic pulse 1062 includeé i leading slots 112,
where i is a positive integer, a base pulse 114 and j
lagging slofs 11é, where j is aiso a positive integer¥ The
IDP pulse 104 includes a base pulse 118 and m lagging slots
25 where m is a positive integer. Notably, i, J and m are not
necessarily equal.  In Figuré 1, Te is the width of a

leading slot 112, Tk is a width of the lagging slot 116



3 (alternatively referred to as front end slots and back end slots
respectively) of the basic pulse 102 and T10P is a wdth of the |agging
slot 120 of the IDP pulse 104. The slot w dth between | eading slots and

| aggi ng slots and 5 between the pul ses may not be equal. (00113 T53 is the
wi dt h of the base pulse 114 of the basic pulse 102. T=op is the width of
the base pulse 118 of the |DP pulse. Tse and TslIDP are selected in one
enbodi ment’ to be the m ninmum pul se that can be properly propegated al ong
the 10 comuni cati on channel wi thout the necessity of channel conpensation
such as equal i zato mworsklie basi c pul se 102 is separated PEOBS200d0000DP pul se
104 by a gap with Tgl. [0012) If additidnal |IDP pul ses are present wthin
the synbol period, they will each be separated fromtheir 15 predecessor

by a gap. It isHolerREEBRSAN Yetddlogatd asnaddbht amal spotseridavecia epdne
format. As used herein, format refers to the base gul se and | aggi ng slots.
Thus, a sane fskatet rhaBe@riVéén)aIOanh%éraS&ﬁdP‘&ﬂfallo i 3 JroesiDt®z and a

same wi dth base 1{) Ise heu;:l,é_l?mhere -f‘%d% ﬁéffg%rSQiSQQquor”ﬁ{e exi sts,
|

where x & y refé LSt Fles hal” gap occurs after

‘the last 1DP puls& lq@éth HetwkBh S12as8q émwsn@nca 1gapimy dlotEgand Anpl i t ude
nmodul ation (AM can be used separately on each pul se. This provides two
bits of nodufatberveeonehparulpas @y pet k& ARt 0 zero 25 (RZ) AMis used or
four bits of nmodulation (two per pulse) if non return to zero (NRZ) AMis

used. WO 2004/ 0?%141:& PCTfSQ%%éOquQﬁ%lof the base pulse 114 of the basic

pulse 102. Ty is the width of the base pulse 118 of the
_iDP pulse. Ts and Tsip are selected in one embodiment to be
the minimum pulse that can be properly propegated along the
10 communication channel without the necessity of channel
compensation such as equalization. The basic pulse 102 is

separated from the IDP pulse 104 by a gap with Tg.

[0012] If additional IDP pulses are piesent within the
symbol period, they will each be separated from their
15 predecessor by a gap. It is not necessary that all
additional ﬁulse have & 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
20 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'modulatiqn
{AM) can be used separateiy on each pulse. This provides
twe bits of modulation {one per pulse)_if return to zero
25 (RZ) AM is used or four bits of modulétion (two per pulse)

if non return to zero (NRZ) AM is used.



4 [0013] Figure 2 is a diagramshow ng the nodul ation elenments of a synbol
of one enbodi nent of the invention that encodes eight data bits. Pl is the
possi ble starting position of the front edge of the basic pulse. A is the
5 possi bl e polarization of the basic pulse. P2 is the possible back edge
position of the basic pulse. PP2 is a possible starting position of the
base pul se of the IDP pulse. A2 is the possible polarization of the IDP
pul se. P3 is the possible position of the back edge of the IDP 10 pul se.
In this case, referring back to the nonenclature of Figure 1, i equals 1,

j equals 3 and mvecouwaérsssd. [0014] Figures 3a-3e are di agrramgiswdpeesi bl e
synbols to encode eight bits per synbol 4n accordance wi th nodul ation

el enents di scussed in connection with Figure 2. As can be 15 seen, the

rel ative positiqpopf; t herbagR pulse Qhiabhen IsBBwipslise mamilesivhthin the
synbol period. This variance of the position of the base pulse of the IDP
pul se encodes aelemasts obne dyinbol afd obp eHicslisgAR fe Fhe W iNE$0BfERP4t a.

Stated slightly different]y, the, relationshi ses 20
i mproves nodul atePS?fgeésf TeilgFJénd&F? & 'po%#t}soﬁhfghgg%s\%%gu%é%tﬁﬁéy assume

depends on the dueatinoeftiderbasicigrubsechelbasid RRipal seli ssttius noveabl e
wi-thin the synbol period Tp. Conversely, in one enbodiment, the |ocation
of the base Spubsesiflet heldrigictipulofeths ¥asiedPW i n?qpls 2B€[ 0015] In this

modul aton (onePPerChRs FEoK Bisec THE J6PHer Ter PP OB pUrce) | Al & dbsumes Rz
AM One possible starting position of the base pulse of the IDP
' pulse. A2 is the possible polarization of the IDP puise.
P3 is the possible position of the back edge of the IDP
.10 ?ulse. In this case, referring back to the nomenclature of

Figure 1, i equals 1, j equals 3 and m equals 4.

[0014)] .Figures 3a-3e are diagrams of possible symbols to.
encode eight bits per symbol in accordance with modulation
elements discussed in connection with Figure 2. As can be

15 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

20  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 Te.

25 {0015] In this 8-bit modulation example, two bits are
associated with the amplitude modulation (one for basic

pﬁlse the other for IDP pulse). This assumes RZ AM. One



WO 2004/ 075441 PCT/ US2004/000421 5 bit is nodul ated by the front edge of
basic pulse. Five bits are nodul ated by the conbi nati ons of the basic
pulse and the IDP pulse. In Figure 3a, two bits are nodul ated by the back
edge of basic pulse and one bit is nodul ated by 5 back edge of |DP pul se,
whi ch yields eight possible states. |In Figure 3b, the conbination of basic
pul se's back edges (three edge positions) and the |IDP pul se's back edges
(three edge positions) results in total of nine states. Figure 3c vyields
eight states, simlar to Figure 3a. Figure 3d, e 10 provide an additional
ei ght possi bl e st@ieeserssdhe total conbi nations for Fi gur esi/Bseo@/00qgriovi de
nore than 32 states for five bits of nodul ation. These states are
addressed further below in connection with Tables 6-10. [0016] Tables 1
through 5 show grae posSLhl&dmppi Ag: Gfrodd ddie datmndie phessynipaks shown in
Figures 3a-3e respectively. TABLE 1 DoAl (1=H GH, O-LON D1P1 ( O-=edge_O, -
1=edge 1) D2=0PB2tP3xBPRIAER2ADEPXIBG AP IR ape B=LERYPIFASIPTABLE 2
DOAl (1=HI GH, Ct%g¥Vthe IDP pulse. In Figure 3a, two bits are modulated by
the back edge of basic pulse and one bit is modulated by
5 back edge of IDP pulse, which yields eight possible states.
In Figure 3b, the combination of basic pulse’s back edges
:(three edge positions) and the IDP pulse’s back edges (three
edge positions) results in total of nine states. Figure 3c
vyields eight states, similar to Figure 3a. Figure 3d, e
10 - provide an additional eight possikle 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

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

TRELE 1
Dy Al {1=HIGH, O0=LOW)
Dy Pl (O=edge 0, l=edge 1)
D2=0 - _ ' PEZ
D3=0 B
D4 P2
D5 P2 .
D6 A2 (1=HIGH, O0=LOW)
D7 P3
TABLE 2
DO Al (1=HIGH, O=LOW)
b1 Pl (O=edge 0, l=edge 1)
D2=1 PP2
D3=0 PP2
D4 T P2 & P3
D5 : P2 & P3
D6 ' - P2 & P3




D1P1(0=edge 0, l=edge 1) D2=1PP2 D3=0PP2 D4P2& P3 D5P2& P3 D6P2& P3 WO
2004/ 075441 PCT/ US2004/ 000421 A2 (1=H GH, O=LOW 5 TABLE 3 DOAl (1=HI GH,
O=LOW DI1P1 D2=0PP2 D3=1PP2 D4P2 D5A2 (1=HI GH, O=LOW D6P2 D7P3 10 TABLE 4
DOAl (1=HI GH, O=LON D1P1 D2=1PP2 D3=1PP2 D4=0P2 D5A2 (1=HI GH, O=LOW D6P3
D7P3 _ !

PCT/US2004/000421

WO 2004/075441
.
(D7 [a2 (1=HIGH, O=LOW) ]
5 TABLE 3
.| DO Al (1=HIGH, 0=LOW)
D1 Pl
D2=0 PP2
D3=1 PP2
D4 P2
D5 A2 (1=HIGH, 0=LOW)
D6 P2
D7 P3
TABLE 4
10
Do Al (1=HIGH, O=LOW)
D1 rl
D2=1 PP2
D3=1 PR2
D4=0 P2
D5 A2 (1=HIGH, 0=LOW)
D& P3
D7 P3
TABLE 5
Dy Al (1=HIGH, O=LOW)
bl Pl :
.D2=1 FP2
[D3=1 PP2
D4=1 P3
D5 P2
D6 B2
D7 A2 (1=HIGH, 0=LOW)
15
[0017] One of ordinary skill will recognize that wvarious

other mappings are possible and are within the scope and

contemplation of embodiments of the invention.



TABLE 5 DQAl (1=H GH, O=LOW D1Pl1 D2=1PP2 D3=1PP2 D4=1P3 D5P2 D6P2 D7A2
(1=H G4, O=LON 15 [0017] One of ordinary skill wll recognize that various
ot her mappings are possible and are within the scope and contenplation of
enbodi ments of the invention. WO 2004/075441 PCT/ US2004/000421 7 [0018]
Referring again to Figures 3a-e, in one enbodinent, the symbol period, TP
i's 2000 ps. (width of TLEAD the |eading slot) is 240 ps, Ts is 320 ps TLAG
(width of the lagging slot for both pulses) is 160 ps, and the gap width 5
Tgap is 240 ps. In such an enbodi ment, data rates of 4CGbps can be
achi eved on a 3Wonhamel with two ball grid array (BGApCpERREg®E21and two
connectors. A wide leading slot is used’because the |eading edge of the
first pulse is nost effected by what occurred on the channel previously.
Thus, 10 by mekigghdihe skOte Mid@ragaih t& HiRGSebideley thainechannel noise
will cause a msinterpretation of the |ocation of the

embodiment, the symbol period, TP is 2000 ps. Tigap (width of

the leading slot) is 240 ps, Ts is 320 ps Tiae (width of the

lagging slot for both pulses) is 160 ps, and the gap width

5 Tgap is 240 ps. In such an embodiment, data rates of 4Gbps

can be achieved on & 307 channel with tﬁo ball grid array

(BGA) packages and two connectors. A wide leading slot is

used because the leading edge of the first pulse is most

effected by what occurred on the channel previously. Thus,

10 by making the slot wider, it is less likely_that channel

noise will cause & misinterpretation of the location of the

front edge.

[00189] In an alternative embodiment, TP is 1250 ps with
Tieap 18 130 ps, Ts is 200 ps, Twe is 110 and Tgp is 140,

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

[0020] Tn an alternative embodiment, TP is 1000 ps. Twemo
is 110 ps, Ts is 135 ps, Twe is 100 ps and Tgap is 110 ps.

This embodiment permits data rates of 8Gbps on a 57 channel.

[0021] Figure 4 is a block diagram of a modulator of- one
20 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 ihputs, the state control unit enables or disables
various signél paths through the modulator and therefore
25 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



front edge. [0019] In an alternative enbodinent, TP is 1250 ps with TLEAD
Is 130 ps, Ts is 200 ps, TLAGis 110 and Tgap is 140. 15 This permts data
rates of 6.4 Gops on a 5"channel. [0020] In an alternative enbodi nent, TP
is 1000 ps. TLEAD is 110 ps, Ts is 135 ps, TLAGis 100 ps and Tgap is 110
ps. Thi s enbodi nent permits data rates of 8CGhps on a 5" channel. [0021]
Figure 4 is a block diagramof a nodul ator of one 20 enbodi nent of the

‘invention. A three width bits wbO through wbh2 and the two IDP front edge

bits I DPFEO and | DPFEI provide the inputs to the state control unit 402.
Based on these wopwes4t he state control unit enabl es orrcaivsaploes21 vari ous
signal paths through the nodul ator and therefore 25 frequency controls the
pul ses created by the electric pulse generation units to formthe synbol.
The various sigrakatpat b$ afie sGmbyesn dihtbegioraspbgalousyy olesdalingsd. t o
effect the WD 2004/ 075441 8 PCT/ US2004/ 000421 creation of the synbols of
the forms previ Fa8l§s dedlr Pt the THHIRODSE- ‘?L% @ﬁoWi‘tr‘FecPEE’b%]nélé‘leW%e state

control unit 40 A et apl gs.n0"dmanggpass and
"1"  means stopQD s e ety oA e T M e
311S12S13 19. 06Ra#dIstop.

5 TABRLE 6
IDPFEO | IDPFEL | Wb0 | Wbl | Wb2 | SBO | SB1 | SB2 | 8B3 | 810 | S11 | SI2 | 513
19, 0 0 0 0 1 1 1
{(Enable) 0 i 1 0 1 1
' i 0 1 1 0 1
1 1 1 1 1 )
0 0 1 1 1
1 1 0 1 1
TABLE 7
IDFFEO | IDPFEL | Wh0 | Wbl | Wb2 | SBO [ SB1 [ B2 [ SB3 | SI10 | 11 [ SI2 | SI3
1. 1 0 0 0 0 1 1 1 0 i 1 i
{Enabie) 0 ) 1 0 1 1 1 1 0 1 1
0 1 0 a 1 1 1 1 1 0 1
0 1 1 1 0 1 1 0 1 1 1
1 ) 0 1 0 1 1 1 0 1 1
1 0 1 1 0-] 1 1 1 i 0 1
1 1 0o | 1 1 I 1 0 1 1 1
1 0 1 1 1 0 i 1 0 1 1
TABLE 8
10
IDPFEC | IDPFE1 | Wb0 | Wbl | wb2 | SBO | SB1 | 5B2 | SB3 | SI0 | SI1 | SI2 | SI3
20. 0O 0 0 0 1 1 1
{Enable) 0 1 1 0 1 1
1 [ 1 1 0 1
1 1 1 1 1 0
0 [} 1 1 1
1 1 0 1 1
TABLE ¢
IDPFEO | IDPFEL | Wo0 | wbl | wb2 [ SBO [ 5B1 | SB2 | SB3 | ST0 [ SI1 | SI2 | 813
21, 1 o0 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 [ 1 1 1
1 0 0 ] 1 1 1 0 1 1 i
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 ]




(Enabl e) 011011 101101 111110 0011 11011 TABLE 7 | DPFEO

| DPFEI WoOWbI Wb2SBOSB1SB2SB3SI 0$11S12S13 1. 100001110111 (Enabl e) 00101111011
01001111101 01110110111 10010111011 10110-111101 11011010111 10111011011 10
TABLE 6 | DPFEO | DPFEIWOWI Wh2SBOSB1SB2SB3SI OSI 1S12S13 20. 0000111

(Enabl' ey011011 10101 11110 00111 11011 TABLE 9 | DPFEO

_ | DPFEI WoOWb| Wh2SBC631SB2SB3SI OSI | SI 2$13 21. 100001110111 (Enabl e) 0110110111

WO 2004/075441 PCT/US2004/000421
9
TARLE 10

IDPFEC | IDPFE1 Wb0 SIFEQ SIFE1l SIFE2 SIFE3 SIFE4

0 0 1 1 1 0 1

0 1 1 1 0 1 1

1 0 1 0 1 1 i

1 1 0 0 i 1 1 1

1 1 1 1 1 1 1 g
[0022] Tables 6-9 define the back edge modulation for the

basic pulse (SBO—SB3) and the IDP pulse SI0-SI3. Table 10
5 defines the IDP pulse front edge delay states. In the
aggregate, the states provide for modulation consisteﬁt'with
. the mappings of Tables 1-5, and are implemented by state |
control 402 in one embodiment. Matching logic 410 insuzes
that the forwarded clock is time consistent with the symbol

10 generated.

[0023] 'Figure 5 is_a block diagram of the demodulator of
one embodiment of the invention. The data is received in
input 518 wiile the forwarded clock is received at clock
recovery circuit 520. The clock is recovered in the clock
15 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 baéic pulse via a bit mapping unit 526. Comparison
20 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

25  turn yields the width bits wb0 through wb2. The state



1011010111 1111100111 10001110111 0101111011 1001111101 1101111110 WO
2004/ 075441 9 TABLE 10 PCT/uS2004/ 000421

| DPFEQ DPFEI Wh0SI FECSI FE1SI FE2SI FE3SI FE4 0011101 0111011 1010111 11001111
11111110 (0022] Tables 6-9 define the back edge nodul ation for the basic
pul se (SBO- SB3) and the IDP pulse SIO SI3. Table 10 5 defines the I DP pulse -
front edge delay states. In the aggregate, the states provide for.

nodul ati on consistent with the mappings of Tables 1-5, and are inplenented
by state control 402 in one enbodi ment. Mtching |ogic 410 insures that

t he forwarded clwokomastdime consi stent with the synbol 10P{J8R0H043! [ 0023]
Figure 5 is a block diagram of the denodu’ator of one enbodiment of the
invention. The data is received in input 518 while the forwarded clock is
recei ved at cl ockontrecoweirty 5eRrimtire52thatThie dhiocapsinecover®® in the -

cl ock outputs the right bits base on the state and the group

defined by the position of the IDP pulse.

[0024] Figure 6 is a block diagram of the system_
‘5 incorporating one embodiment of the invention. The
. processor 600 includes a modulator 400 and demodulator 500.
The processor is coupled to a chip set 602 which is coupled
to a memory bus 612 and an I/0 bus 610. The chip set
includes a memory contreoller 614 which alse includes a
10 hodulator 400 and a demodulator 500. The memory controllex
interacts with the memory 604.0ver memory bus 612. In such
an embodiment, the memory interface may may or méy not
include a modulation 400 and démodulator 500, as a benefit
. is achieved even where only the communication between the
15 ‘processor 600 and the memory controller 600 occurs at the
high speeds provided by the described modulatien scheme. An
1/0 device 606 which also contains a modulator 400 and a
demodulator 500 is coupled to I/0 bus 610 and méy receive
symbols modulated as previously described such that a
20 position of an additional pulse within the symbél pericd
encodes at least one bit. The I/O device may include, for

example, & disk contreller.

f0025]- In another embodiment, the memory controlier is

embedded in the procéssor. Such an embodiment may or may
25, 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



15 recovery circuit 520 and passed into the denodul ator as shown. The data
is simlarly forwarded into the denodul ator as shown. Conpari son of

del ayed data with the AMthreshold and the clock yield the two AMbits and
the front edge bit of the basic pulse via a bit mapping unit 526.

Conpari son 20 of the data with various |evels of delay of the clock yields
the two IDP front edge bits via bit mapping unit 524. Del ays of the clock
conpared with the data signal also fed into state mapping units 528 and 530
whi ch then provides their state information to bit mapping unit 532 which
in 25 turn yiel dgoedemdddt h bits wb0 t hrough wh2. The st REEFUROHPOBAY 075441
PCT/ US2004/ 000421 10 control unit 522 ifdSures that the bit mapping unit -
532 outputs the right bits base on the state and the group defined by the
posi tion of the dubPnpulesery[£d24befi gwleoh irs sachl oclemtipdigrarh of the system
5 incorporating one enbodi ment of the invention. The processor. 600

i ncl udes a nodul @SErM4T0 2afRiRISRBILE AEEEBB0-eTRBID GEREYT A% BRlpl ed to a

chip set 602 whigh jggdqugg%egld Egm?ﬁh{eﬁ% LYsDUS BLKeBRdBNud //Q=RUsH10. The

chip set includes nmenory contro 14 which al so includes a 10
nmodul ator 400 and a denodul ator 500. The nmenory controller interacts with
the nenory 604 o\éR6hrenpiy thes f61egoing spedsfimatépbodrehtvenennditory

a0 & bonet £ | SREBIIBTEAPR) S T S oNy Fhe s iaiinRSe or bt ween e 15
- processor 600 angect-ber Merery;QQnhbpéds, 660 1BCeHE Stiait thﬁious

modifications and changes can be made thereto without

départing from the broader spirit and scope of embodiments

of the invention as set forth in the appended claims. The

10 specification and drawings are, accordingly, to be regarded

in an illustrative rather than a restrxictive sense. .



hi gh speeds provided by the described nodul ati on schenme. An 1/0O device 606
whi ch al so contains a nodul ator 400 and a denodul ator 500 is coupled to
|/ O bus 610 and may receive synbols nodul ated as previously described such
that a 20 position of an additional pulse within the synbol period encodes
at least one bit. The I/O device may include, for exanple, a disk
controller. [0025] In another enbodiment, the nenory controller is.
~enbedded in the processor. Such an enbodi nent may or may 25 not have a chip
set, but in‘any event, the nenory interface would need to have the
correspondi ng noaak@weosssdenodul ator to gain a benefit offCrivezodeweri bed
nmodul ati on techni que WO 2004/ 075441 PCT/ U82004/ 000421 11 during nenory
accesses. Also, in such an enbodiment (assuming a chip set is present)the
chip set. need not have the nodul ator angl.adepodul ator for a benefit to be
realized. [0026] In the foregoing specification, the invention has 5 been
described with ﬂ@ﬁéreﬁdéaﬂGE@pEtlflc enbodi nents thereof. It will, however,
be evident that various fications and changes can be nade t heret 0

wi thout departitig fFdMieR %?%ﬁﬂé? pirit and scope of embodinents of the

invention as set for&pads%lgpgl%gp§gg§gﬁllgé BurihBea 10meReCHE#iGRL, | eRe and

drawi ngs are, accordingly, e regarded in an |IIustrat|ve rather than a
restrictive s.enmrsmﬂ%%%%g%iwﬁzeﬂémﬂomak edh2 PhaddeVB

modulation; and
transmitting a second pulse during the symbol period
following a gap, the second pulse moveable within the symbol
period such that the position of the second pulse within the
10. symbol period modulates at least one bit.
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.
15 4. The method of claim 3 wherein the amplitude modﬁlation
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.
20 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
25 within the symbol period modulates at least one bit; and

where N is a positive integer.



VWhat is clainmed is: 1. A nmethod conprising: transmtting a first pulse
during a synbol period, the 5 first pulse providing both front and back
edge phase nodulation; and transmtting a second pul se during the synbol
period follow ng a gap, the second pul se noveable within the synbol
period such that the position of the second pulse within the 10 synbol
period nodul ates at |east one bit. 2. The nethod of claim1l wherein a
'p05|t|on of a base pulse of the first pulse is fixed within the synbol
period. 3. The nethod of claim 1 further conprising anplitude nodulating
both the first plP3®¥Ypidlthe second pul se, 15 4. The net F&EUSFNPYUPn 3
wherein the anplitude nodulation is non-’?eturn to zero (NRZ) anplitude
nodul ation. 5. The nethod of claim1l wherein the first pulse has at | east
one | eading sl ot’-andthe meshod oheclagginghsretn witth N t3neliréamR hg*slis6e wi der
than the lagging slot. 20 6. The nethod of. claim1 further conprising:
transmtting N &8di WeoﬁﬁFO%I%§ed?ﬁlnﬁ f‘hje Bl 5*Ser Pl wach additi onal

pul se followng.a g its d nd each additional pulse
noveabl e within 8t heajp m%n}d?%tmenr o éselu%%%?%atl ?’ﬁe_ posi tion of the additional

pul se 25 within the émgk ﬁﬁ@eoﬁa{ﬂi}%maab@& Pulkeasiat@neabiisasangne where N
is a positive integer. WD 2004/ 075441 PCT/ U52004/ 000421 13 7. The net hod

of claim®6 wseréeadime shofidehid izond¢agiuloseslagging slot;

a second pulse having a second base pulse width with a
leading edge and at least one lagging slot, the leading edge
positicnable within a symbol period to encode at least one
bit.

10 9. The modulation symbol of claim 8 wherein the first
pulse.and the second pulse each encode at least one bit
based on an amplitude of the pulse.

10. The modulaticn éymbbl of claimIB further comprising:

7 N additional pulses each with having a base pulse with
©15 a leading edge and at least one lagging slot and the leading

edge of each additiohal pulse positionsble within the symbol |

period to encode at ‘least one bit.

11. The meodulation éymbol of claim 8 wherein at least one

of the first pulse and the second pulse encode at least one

20 bit based on a rise time of the pulse.

12. The modulation of symbol of claim 8 wherein slot size
is nonuniform.
12. A system comprising:

a bus;

25 - a processor coupled to the bus, the processor.including

a modulator to encode data as symbols, €ach symbol including



and the second pul se do not all have a sane format. 8. A nodul ati on synbol
conprising: a first pulse. having a base pulse wdth, at |east one 5

| eadi ng slot and at | east one lagging slot; a second pul se having a second
base pulse width with a |eading edge and at |east one |agging slot, the
|'eadi ng-edge positionable wthin a synbol period to encode at |east one
bit. 10 9. The nodul ati on synbol of claim8 wherein the first pulse and

t he second pul se each encode at |east one bit based on an anplitude of the
pul. se. 10. The nodul ati on synbol of claim8 further conprising: N

addi tional pul se¥0e®&WSHilt h having a base pulse with 15 EEHUSH#/W2edge and
at | east one lagging slot and the |eadi ng®* edge of each additional pulse
positionable within the synmbol period to encode at |east one bit. 11. The
nodul ati on synbdt otast & Mmi8swherleenamat al eastndopelsofsuchethar st pul se and

t he second pul se encode at |east one 20 bit based on a rise tinme of the
pul se. 12. The rRY§&EERT OF ébeBFS%fOchh? nMegoRAer &S iehiniay gympal '

nonuni form 13. A _system conpr. a bu 25 a processor coupled to the
bus, the proceséﬁ?lﬁiérﬁﬁ%ﬁﬁ a gEIéF B ?o encode data as synbols, each-

synbol i ncl udi ng VO 2094/ OZéé%uggéte%ZQgé/@&%g;or KhoAlnk £asingal i 51

pul se and a second pul se such
5 demodulator to receive a symbol encoded by the modulator and

._decode at least one bit from a position of the base pulse of
the éecond pulse within the symbol period; and
a memory device coupled to the chip set.

14. The system of claim 13 wherein the modulator encodes at
10 . least on one bit in each of the first pulse.and the second

pulse through amplitude modulation.

15. The system of claim 14 wherein the modulator employs

non-return to zero (NRZ)'amplitude modulation.

l¢. The system of claim 13 wherein the modulator encodes at
15 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 =lot of the second pulse.

18. The system of claim 13 wherein the device is less than
20 57" distant from the processor and the modulation has &

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.



position of a base pulse of the second pulse within a synbol period
encodes at | east one bit; a chip set coupled to the processor and including
a 5 denodul ator to receive a synbol encoded by the nodul ator and decode at
| east one bit froma position of the base pulse of the second pulse within
‘t'he synbol period; and a nenory device coupled to the chip set. 14. The .
system of claim 13 wherein the nodul ator encodes at 10 | east on one bit in
each of the first pulse and the second pulse through anplitude nodul ati on.
15.- The system of claim 14 wherein the nodul ator enploys non-return to
zero (NRZ) anpl YQUE/4RIHUI ati on. 16. The system of cl ai mPEEURABOMEH t he
nodul ator encodes at 15 | east one bit ifh a | eading slot of the first pul se
and at |east one bit in a lagging slot of the first pulse. 17. The system
of claim 16 wherei n teesypckn afi chrisgndddesrean ¢zdstsyshel binclpdea N aggi ng
slot of the second pulse. 18. The system of claim 13 wherein the device is
| ess than 20 52d¢i&icaat PrbiRst ﬁ%c}bg’éé'é’é%& bzAE PHEemBat B9 o Has a

payl oad of nore than six gi bits per second. 19. The system of claim13
wherein the devi g’ ﬁ%r%ﬁgﬁéﬁne§ﬁg“distant fromthe processor and the
nodul at or has a payload of nore than four giga bits per second. WO

2004/ 075441 PCTI'US2004/ 000421 @ 15 20. ‘The system of claim 13 wherein each
synbol includes N additional pulses each having a base pul se position that
encodes at |east one bit. . :



