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The presawo oz/sweenti on pertains to the field of conputer sper/essl3idte e
particularly, 5 this invention pertains to the field of reducing

si mul t aneous switchi ng out put noise on a data bus. Background of the
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data busses. As bus frequenci B ?he data |ines becomes
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correspondi ng reduction in cl oﬁ_m,——a'ﬁ'ﬁcvvs for less tine for noise
present on dat @hd preest incensiet pdraridses He Geldaf dompurdraahied Mbretheichiggei Vi ng
end. Noise present on data lines at the tine data is |atched at the

r ecei vP ng téhigvepdipn perainstto the fiekeofreduciag sinultgneofis switchingdutpat miseOne sour ce of
noi se on attﬁ | ines may be referred to as sinultaneous switching output
noi se. Thi'&?RY%i'se results fromseveral to many output drivers on a
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i nduce sinultanequs sw tching output noise on sone or all of the 32 data
| i nes andMCTeafe NQifFePniB datblines bpeomes pi Wgigasieg)y enortenfdssue. An increase in

clock frequency, and its corresponding reduction in clock period, allows for less time for
noise present on data lines to settle before data is latched at the receiving end. Noise
present on data lines at the time data is latched at the receiving end may result in the

15  latching of invalid data.

One source of noise on data lines may be referred to as simultaneous switching
output noise. This noise results from several to many output drivers on a particular device
switching states at the same time. One example of this may include a system logic device
driving 32 bits of data at once to a graphics device over a graphics bus. The system logic

20 device may drive 32 bits of “1”’s during one clock period and then drive 32 bits of “0”’s
during the next clock period. In this example all of the graphics bus bits change state from
one clock period to the next. Such transitions may induce simultaneous switching output
noise on some or all of the 32 data lines and limit the possible clock frequency for the

graphics bus, thereby limiting the potential performance of the graphics subsystem.



graphics bus, thereby limting the potential performance of the graphics
subsystem 1 WD 02/39290 PCT/US01/31816 Brief Description of the Draw ngs
The i nvew®orn3api | be understood nore fully fromthe detaPCrUSUeEnSst6 pti on
given below and fromthe acconpanyi ng drawi ngs of enbodi nents of the

i nvention which, however, should not be taken to limt the invention to

t he speci f BoeldddsadptimnifsheBsawinped, 5 but are for expl anation and
understanding only. Figure 1 is a block diagramof an enbodi nent of a
systemincluding a system!|ogic device having a_dynam c bus inversion
encoder and a dhajspitionaal)be Bndersiqod gnade fly diwmcthe deiailed gosrigtiongivrac oder .

Figure 2 is a bl.ack di f nbodi ._of ic b i i
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syst ems10Gut &6 ididkpanadios st @fiersthhdih@@ilg. devi ce 120 having a dynami c bus

i nversion (DBI) encoder 200 and a graphics device 130 having a DBl decoder
124. The syst eRighf0l akdock dekudes an epbodimsgorf a $ys@nt malpliagd atsystent lgicsy st em

| ogi ¢ device 120. The systemlogic device is further coupled to ,a system
menory 14cexigethaying afynanisdup iverpiop encoder anv a swphiceigvicsdrrnga gyReeic 20" j s
coupled tq the graphicgs device 130 by way of an 20 output data bus 203 and
an inver si%(‘}ﬁmé’? ng&ecé)g%r_. The DBl encoder 200 conpares a set of data bits

previously pl agge oishbock diatin Seh3mBYEmERDr WidlhhnAic BE&Xhved8n Qkodtat @ bits

to be
10 Figure 3 is a flow diagram of an embodiment of a method for reducing

simultaneous switching output noise using dynamic bus inversion.

Detailed Description

Figure 1 is a block diqgram of an embodiment of a system 100 including a system
15  logic device 120 having a dynamic bus inversion (DBI) encoder 200 and a graphics device
130 having a DBI decoder 124. The system 100 also includes a processor 110 coupled to
the system logic device 120. The system logic device is further coupled to a system
memory 140 and an input/output hub 150.
The system logic device 120 is coupled to the graphics device 130 by way of an
20  output data bus 203 and an inversion signal 205. The DBI encoder 200 compares a set of
data bits previously placed on the output data bus 203 with a next set of data bits to be
placed on the data bus 203. The DBI encoder 200 determines how many data bit
transitions would occur on the data bus 203 as a result of the next set of data bits being
driven on the data bus 203 following the previous set of data bits. If the number of
25  potential data bit transitions is greater than a predetermined number, then the DBI encoder
200 inverts each data bit in the next set of data bits and drives the inverted data onto the

output data bus 203. The DBI encoder 200 asserts the inversion signal 205 to indicate to



pl aced on the data bus 203. The DBl encoder 200 determ nes how many data
bit transitions would occur on the data bus 203 as a result of the next
set of dav@obs®s0 being driven on the data bus 203 fol | ow@mUSHES1RT6EViI OUS
set of data bits. If the nunber of 25 potential data bit transitions is
greater than a predeterm ned nunber, then the DBl encoder 200 inverts each
data bit in_the next seéatof dat a gt and drlveg H}re i nverted data onto the

out put daths DRldleorsisr 12 hat g datapity B‘Dméi‘é‘ge@rg bdgepdesrlet B si gnal 205
to |nd! Cateetltsth lrlvVpedOGZ %tlt%?oorﬁi??lg/ %g%%@igﬁgmlfgﬁ thI de_coder 124 that the

data bits have Been 1 nver en inverts the

inverted data ?ﬁéﬁede&rﬁfn@@ﬁurﬁ&r [LR1cRk8 td 6 RE IRt Bk ahsitibie Wredet er m ned
nunber is selected to produce the fewest bit transitions. For sone

enbodi nent@ne érhlﬁadpﬁﬁﬂbet}erpmdstedmﬂemmbers seledtettoequdl onelaplfadf tidatahal f of t he

data 5 width. For exanple, for a group of 16 bits of data, the
pr edet &r mivirdil Ferpsemplodon aieroep o 16 é @@ﬂl@pmdfetemmed Rurelrer gouldtba 8bi t s woul d

change st t he, dat re | and, the _inversi naI is
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si mul t ane tput noise by limting the nunber of b|t
transiti oﬁlgérggguélglnéggg%&?he output 10 data bus. An enbodi nent of the

decoder 124 i n@lhmgﬁen%dﬁﬁgﬁt 8dsEriyét tabdvR b duREY thO4AGuNESr stiRtanbsiRCt i on on the
incom ng data and the inversion signal. In this manner, if no inversion is

i ndi cat edswitdhing ower soigrbydinjriag th2 @bmber oﬁbi’t@’a1)s1ttdnencctufrmg|omcthmoul;g1tdat a is not
inverted by the decoder 124. If an inversion is indicated (the inversion
si gnal020datp8us "1") then each bit 15 of |ncom ng data is inverted by the

decoder 124 i nAl? E:rclil (gdugqgntro?ﬁlt %receodgrhlem%clhgies an Xgﬁ circuit that performs an XOR

function on the incoming data and the inversion signal. In this manner, if no inversion is
indicated (the inversion signal 205 is a “0”) then the incoming data is not inverted by the
decoder 124. If an inversion is indicated (the inversion signal 205 is a “1”) then each bit
15  of incoming data is inverted by the decoder 124 in order to restore the original data.
Although system 100 shows a single data bus and a single inversion signal, the data
bus 203 may be divided into two or more groups. For example, a 32 bit bus may be
divided into two groups of 16 bits each. Other configurations are possible. Inversion
decisions are then made by the encoder 200 on a group-by-group basis. Each group
20  utilizes its own inversion signal.
Figure 2 is a block diagram of an embodiment of the dynamic bus inversion
~ encoder 200. Data to be delivered over the output data bus 203 is delivered to the encoder
200 via an internal data bus 201. For this embodiment, the internal data bus 201 and the
output data bus 203 are 16 bits wide. Other embodiments are possible with a data width of
25 32 bits organized into two groups of 16 bits each. Still other embodiments are possible
with other data organizations and groupings. .
The internal data 201 is delivered to both an XOR circuit 210 and an inverter

220/multiplexor 230 combination. The XOR circuit 210 also receives output data 203.
3



Al t hough system 100 shows a single data bus and a single inversion signal,
the data bus 203 may be divided into two or nore groups. For exanple, a 32
bit bus ma@oba29di vided into two groups of 16 bits each. BXhEs01/31816
configurations are possible. Inversion decisions are then nade by the
encoder 200 on a group-by-group basis. Each group 20 utilizes its own

i i i . Fi 2 i bl ock dj . nmbodi, f . th

il e s o SRS UG 1
ata bus 203 1. i h . . Vi I, b 201.
ot s e T Y0 B9 RSP0 BB S22 P 20t

are 16 bi te3ebdfie odthitert tRIOE PR R 2Rl BetbiBisds Wneth¥f thindnilabadadd st h of 25 32
bits organized into two groups of 16 bits each. Still other enbodi nents are

possi bl e trusitionefdvad byl dieK QR gpanitivatckaeds @predegermired ngaberTHer thist er nal dat a
201 is delivered to both an XOR circuit 210 and an inverter
220/ nuft i prasxde e3@limenshapredetmmitpd aumbr iv¢ightu Othep gobegdiments &eei ves out put

data 203. 3. 02/ 39290 PCT/ US01/ 31816 . The oujput. data 203 represents a
current sBPSSBte ‘Eféﬂge{’ﬂﬂﬁrPgefletﬂﬁnséﬁuwggﬁsaﬁil%%sq %"sﬁé‘?f‘b‘ﬂ’w&ﬁn%‘ g‘f’ﬁ‘éc C“Aput dat a
201 and t ] i ' L hatd Lk cylt. 240

recei ves ?ﬁ%&%%g%%fgg%ﬂ?ﬁg%Qfggg%g%gﬁﬁgﬁpgggEéégggﬁfﬁggngﬁgtqg%u%he nunber
of data bbio ddubratisds i@ nliRbads Bita bt @antiRnd BRlcalsitiy prétetpamed auhbedet er m ned
nunber. For this 5 exanple enbodi nent, the predeterm ned nunber is eight.

Ot her enbedintemdl $nvarséon sppngisiOBlieassesfedg ot her predeterm ned nunbers. It is
al so possible to inplenment the encoder 200 using . a progranna

. ment th der . bl
predetl®r ni ned hbgipisinal inversing signa} 8PS issislivraeddp therm tiglpxas 23 ¢ a2 latfﬁo

g?;g;tm e::] ﬁ?ﬁ(ﬁegl?hﬁh%tgngH%eergionogign%?Eﬁ ig IasJEse er \ ﬂla{c%‘tiin()gqgat%Cp?eec%%rr%l}ﬁgd

number of data bit transitions is exceeded, then the multiplexor 230 delivers the output of

the inverter circuit 220 to a latch 250. If the internal inversion signal is not asserted, then
the multiplexor 230 delivers the non-inverted internal data to the latch 250. The latch 250

15  then latches the output of the multiplexor 230 onto the output data bus 203. The internal
inversion signal 209 is latched onto the inversion signal 205.

The inverter 220/multiplexor 230 combination may be implemented as an XOR
circuit where the internal data bus bits 201 are each XORed with the internal inversion
signal 209. When the internal inversion signal 209 is asserted, then each of the internal

20  data bits 201 are inverted and delivered to the input of the latch 250. If the internal
inversion signal 209 is not asserted, then the XOR operation will leave the internal data
bits 201 unchanged.

Figure 3 is a flow diagram of an embodiment of a method for reducing
simultaneous switching output noise using dynamic bus inversion. At block 310, a firstn

25  bits of data are delivered over a data bus. The number of bit transitionsbetwéen the first n
bits of data and a second n bits of data are counted at block 320. As indicated at block
330, if the counted bit transitions exceeds a predetermined numbér, then the next n bits of

data are inverted at block 340. The inverted next n bits of data are delivered over the data
4



an internal inversion signal 209 is asserted. 10 The internal inversion
signal 209 is delivered to the nultiplexor 230 and a latch 260. |If the

i nt er nal wavesedon signal 209 is asserted, indicating thaPCTHe01/31816
predeterm ned nunber of data bit transitions is exceeded, then the

mul tiplexor 230 delivers the output of the inverter circuit 220 to a |atch
250. If the internal i1inversion signal is not asserted, then the
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specific exemplary embodiments thereof. It will, however, be evident that various
modifications and changes may be made thereto without departing from the broader spirit
and scope of the invention as set forth in the appended claims. The specification and

15  drawings are, accordingly, to be regarded- in an illustrative rather than in a restrictive sense.
Reference in the specification to "an embodiment,” "one embodiment," “some

embodiments,” or "other embodiments” means that a particular feature, structure, or
characteristic described in connection with the embodiments is included in at least some
embodiments, but not necessarily all embodiments, of the invention. The various

20  appearances of "an embodiment," "one embodiment," or “some embodiments” are not

necessarily all referring to the same embodiments.



transitions do not exceed the predeterm ned nunber, then the next n bits of
data are delivered over the data bus at block 350. The preceding
enbodi newo o/3®90et hod may be repeated for every subsequral/UR0IHIB® of data
to be delivered over the data bus. For this 5 enbodi nent, n equals 16 and
the predeterm ned nunber is eight, although other enbodinents are possible
usi ng ot her data wi dths and predeterm ned nunbers. Although sone of the
previously discussed enbodi nents nention a systen1|ogic device transmtting
data to a graphics device over a grap £S5 ot her enbodi nents are
possi bl e usi ng any system device as a nltter having a DBI encoder and
usi ng any i @tdgmeggvi ce as a receiver having a DBl decoder. In the
foregoi ng specification the invention has been described with reference to
specific exenplary enbodi nents thereof. It will, however, be evident that
various nodi f il cAhiappsatas)dopésnges may be made thereto wi thout departing
fromthe broader spirit and scope of the invention as set forth in the

appended cl ai Mg pit TiasitdHesekdctiGaditcOR tAd¥brhme WhaihkNOSexPhil traffae@bve\@d Y, to be
regarded in an illustrative rather than in a restrictive sense. Reference

in the spggif u??%ét@ﬂh&lpa pidfet SRR n BB of bit Qﬁﬁltﬁﬁp%bm ai:ed wiAE

enbodi nent s, ot her ‘enbodi nents"” neans that a partlcu ar feature,
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20
enbodlnenﬂﬁdm“%mgq@ﬂ%%ﬂrﬁgﬂfd“”%P%@%% ﬁgﬁﬁ”%@%ﬁg&g ?%g%Bmeﬁecessarily

all referring.to the sane enpodi nents, 5 WD 02/ 39290 PCT/ US01/ 31816 CLAI M5
transitions when compared with the current bus transaction; an:

10 an inversion circuit to invert the bits of the next bus transaction in response to an

assertion of the inversion signal.

2. The apparatus of claim 1, wherein the bit detection circuit includes a first XOR
circuit to sense a number of bit transitions between the current bus transaction and the next

15  bus transaction.

3. The ‘apparatus of claim 2, wherein the bit detection circuitry includes a circuit to
determine whether the number of bit transitions sensed by the first XOR circuit exceeds
the predetermined number.

20

4. The apparatus of claim 3, wherein the inversion circuit includes a second XOR
circuit to perform an XOR function between the next bus transaction and the inversion

signal.



VWhat is clainmed is: 1. An apparatus, conprising: 5 a bit transition
detection circuit to determ ne whether a next bus transaction would result
i n great avObhamo@ predeterm ned nunber of bit transiti onsP@hERcaswar ed
with a current bus transaction, the bit transition detection circuit to
assert an inversion signal if the next bus transaction would result in
greater than the predeterm ned nunber of bit transitions when conpared
with the current bus transaction; and 10 an inversion circuit to invert the
bits of the next Thbapatatanselaim Qriuiher cagpdinge firg lach todasketht oatputaff t he

i nversion signal. 2. The apparatus of claim1, wherein the bit detection

circuit ingd 6@ >0R biidikit, thefrst il pfovide tsBsRedbufiidan ciferdal datd Bu8nsi ti ons
bet ween the current bus transaction and the next 15 bus transaction. 3.

The appar aahwﬁlrmértglp%vrae%he mﬁé@e)ﬂp&lf@thpﬁ;stﬁ@m%u@n circuitry includes a
circuit to determ ne whether the nunber of bit transitions sensed by the

first: circuit exceeds the predeterm ned nunber. 20 4. The apparatus of
claim3, wherein the inversion circuit includes a second XOR circuit to

f XCR f upct b t the i (
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7. The apparatus of claim 6, wherein the current and next bus transactions are

10  sixteen bits wide.

8. The apparatus of claim 7, wherein the predetermined number of bit transitions is

eight.

15 9. A method, comprising:
determining whether a next bus transaction would result in greater than a
predetermined number of bit transactions when compared with a current bus transaction;
and
providing an inverted version of the next bus transaction.
20
10. The method of claim 9, further comprising providing an inversion signal to

indicate that the next bus transaction is inverted.



and further to provide the latched output to the first XOR circuit. 5 6.
The apparatus of claim5, further conprising a second latch to latch the

i nver si ow@osmbo and to provide the |atched inversion sigpal/Usa/aBieext er na
inversion signal. 7. The apparatus of claim®6, wherein the current and
next bus transactions are 10 sixteen bits wde. 8. The apparatus of claim
7, wherein thelpr&dettedndongdismgnber of bit transitions is eight. 15 9. A
met hod, conprising: determ ning whether a next bus transaction would result
in greater thagelferify £fiet ebits ofedtanuerbeitadiisbi t transacti ons when conpared
with a current bus transaction; and providing an inverted version of the
next bus tr ans@&ﬁlhﬁ)@blt traf3itibds béﬂ@@enmﬂéﬂ@ﬂl isifs of dah B Pa sebord hisies ofanmy i si ng
providing an inversion signal to indicate that the next bus transaction is

inverted. 7 d&%ﬁﬁﬁ%@h&@%’thﬁ%ﬁéé Bl Ganshibns &cB&RL Mdetéiﬁh’iﬂéﬁ InGiinB&t

delivering a first Its of data over a data bus; countlng bit transitions

between the fif n%{artl gg'letnéxtq{blg :fﬁatgglgi s qn%r@dntﬁ A ir 4Rt Bunte Gt erg1 ni ng

whet her” t he coun transitions excee a predet m ned nunber ;

i nverting. the.next dglets of dat

erting an inversion signal if the
and.arg
count ed blt nsitions excee predeterniined nu;

delivering the next n bits over the data bus.

12. The method of claim 11, wherein inverting the next n bits includes performing

10 an XOR operation between the next n bits and the inversion signal.
13. The method of claim 12, wherein n is sixteen.

14. The method of claim 13, wherein the predetermined number is eight.

15
15. A system, comprising:
a processor;
a first logic device coupled to the processor, the system logic device including a
dynamic bus inversion encoder, the dynamic bus inversion encoder including
20 a bit transition detection circuit to determine whether a next bus

transaction would result in greater than a predetermined number of
bit transitions when compared with a current bus transaction, the

bit transition detection circuit to assert an inversion signal if the



transitions exceed the predeterm ned nunber; and delivering the next n bits
over the data bus. 12. The nethod of claim 11, wherein inverting the next n
bits i ncwaex3performng 10 an XOR operation between therParpxsowBiRi6t s and
the inversion signal. 13. The nethod of claim 12, wherein n is sixteen. 14.
The met hod of claim 13, wherein the predeterm ned nunber is eight. 15 15.
A system conprising: aeyrhwsswsestionavoiildrrssult|ip gieateritbon the prdelpingnkedt o t he
processor, the system |l ogic device including a dynam c bus inversion
encoder, the dynam ¢ busumbeesfbitorandiime céren congpakdi wich (RO cwrrdni bust r ansi ti on
detection circuit to determ ne whether a next bus transaction would result
in greater than a predetgpgicti@taminber of .bit transitions when conpared
with a current bus transaction, the bit transition detection circuit to

assert an inversi Orhnﬁhﬂa'i’ﬁ&n élf‘cuft BeinSert¥ie 87 FIIRXKPLE tidROdfichli@l6 next bus

transaction would result in greater than the predeterm ned nunber of bit

transi i ons when conparqg?ghk@)&ﬂg?s &{ﬁﬂ% Hﬁmoﬁ%%ﬂ&@ﬁ&'on and an

inversion circuit to invert the (0] e next s transaction in 5

response to an_ass t he i.nv and a second | ogi c device
coupled to t he? eicP%c{ fogf@'&le%lc %O\IIJPI %ltov t%g%rs?@)glc v1ce via 'B0s

16. The system of claim 15, wherein the bit detection circuit includes a first XOR
circuit to sense a number of bit transitions between the current bus transaction and the next

10  bus transaction.

17. The system of claim 16, wherein the bit detection circuitry includes a circuit to
determine whether the number of bit transitions sensed by‘the first XOR circuit exceeds

the predetermined number.

15
18. The system of claim 17, wherein the inversion circuit includes a second XOR
circuit to perform an XOR function between the next bus transaction and the inversion
signal.
20 19. The system of claim 17, further comprising a first latch to latch the output of

the second XOR circuit, the ﬁrstvlatch to provide the latched output to the bus and further

to provide the latched output to the first XOR circuit.



16. The system of claim 15, wherein the bit detection circuit includes a
first XOR circuit to sense a nunber of bit transitions between the current
bus transe@ovramdand t he next 10 bus transaction. 17. Thepepas@misfs cl ai m
16, wherein the bit detection circuitry includes a circuit to determ ne
whet her the nunber of bit transitions sensed by the first XOR circuit
exceeds the pRédEhesystemed clainmb® furtiescagrisifge ssspad datehad lasthethen 17, wherein
the inversion circuit includes a second XOR circuit to performan XOR
function hgieng@isigratardax provids the latosaidhvemsioresighat foan iextemabinoasios signeh| . 20 19.
The system of claim 17, further conprising a first latch to latch the

out put of pd &@erﬁﬁm@l&ﬁ@%m@u doipled to théﬂ@ciﬁﬂdl’lﬁ%]lc t&high to provide the |atched
output to the bus and further to provide the latched output to the first

XOR circuit. 9 WD 02/ 39290 PCT/USOl/31816 20. The system of claim 19,
further conprising a second latch to latch the inversion signal and to

providg the |abgheg, iax Sro%coup?b Gk the 3ofiiobioBlicd MURLSIQAnghgHal . the

external inversSion si‘gnal second | ogl c device 21. The
systenloftgla|n120 w%e ein the second | ogic device includes a dynamc bus
i nver si on WEIYESIOR d5PdN, apparatus, conprising: a data bus input to
receive n bits of data 10 an inversion signal input to receive an

i nversion signal; and

21. An apparatus, comprising:
a data bus input to receive n bits of data;,
10 an inversion signal input to receive an inversion signal; and
an inversion circuit to invert the n bits of data received at the data bus input if the

inversion signal is asserted.

22. The apparatus of claim 21, wherein the inversion circuit includes an XOR
15 circuit to perform an XOR function between the n bits of data received at the data bus

input and the inversion signal.
23. The apparatus of claim 22 wherein n is 16.

20 24. A method, comprising:
receiving n bits of data at a receiving device; and
inverting the n bits of data in response to an assertion of an inversion signal, the

inversion signal asserted by a transmitting device.

10



an inversion circuit to invert the n bits of data received at the data bus
input if the inversion signal is asserted. 22. The apparatus of claim 21,
wher ei n W@ 02/89280 si on circuit includes an XOR 15 circuitP€DUp@rFI8rem an XOR
function between the n bits of data received at the data bus input and the
inversion signal. 23. The apparatus of claim22 wherein nis 16. 20 24. A
met hod, conprising: receiving n bits of data at a receiving device; and
inverting the n bits of data in response to an assertion of an inversion
signal, the i2ivamsinethodiofjclaim 24 seeteadintyting the mbsnofidatarigeladesi ce. 10 WO

02/ 39290 PCT/ USO1/31816 25. The nethod of , claim 24, wherein inverting the
n bits of pgasMidga Natefinbinlsetwdeh thearbi ORIfaet thomvasioweighalt he n bits of
data and ?he. inversion signal. 5 11
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