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packet start word. whenevee tdiilae sigRalssarened benteansfereedi from  tiahsenitting chlp to a receiving chip over the
20 interchip bus, the transmitting chip first must drive the packet start command word out onto the bus. A sync signal

is then generated in order to indicate that the data on the bus represents the start of a valid command packet. The

sync signal is typically sent in the same clock cycle as the packet start word. A preamble is sometimes sent in the

clock cycle before the packet start word. Thus, the receiving chip must first save the preamble before responding

to the command. It can then be seen that one additional clock cycle is required at the beginning of each packet

25 to send the preamble prior to sending the remainder of the command packet.
Summary of the Invention

The inventor of the present invention has recognized that communication latency times can be reduced by

overlapping command packets which are sent over an interface. Under one aspect, the preferred embodiment of the

invention is a method of reducing the number of clock cycles required for communication of information packets over

30 an interchip communication bus. The interchip communication bus is connected between a transmitting chip and a
receiving chip. The method comprises the steps of: outputting a first information word over the interchip bus in a
first time interval; registering the first information word within the transmitting chip in the first time interval, so that
the first information word is available during a second consecutive time interval; receiving the first information word
at the receiving chip in the first time interval; registering the first information word at the receiving chip in the first
35 time interval, so that the first information word is available during a second consecutive time interval; generating

a second information word within the transmitting chip within the second time interval; comparing the registered first
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information word output onto the interchip bus during a first time interval; and a comparator circuit having a first
input in communication with the first input of the select circuit and a second input in communication with the

20 temporary storage circuit. The comparator circuit compares the first information word stored within the temporary
storage circuit with a second information word on the first input of the select circuit during a second time interval.
The comparator circuit further causes a third information word on the second input of the select circuit to be output
in place of the second information word by the select circuit during the second time interval when the first and
second information words contain substantially the same information.

25 In a preferred embodiment, the select circuit comprises a multiplexer, and the temporary storage circuit
comprises a register.

in a still further embodiment, the comparater circuit causes the third information word on the second input
of the select circuit to be output by the select circuit when the first and second information words have an identical
bit pattern.

30 : in another preferred embodiment, each the time interval is one clock period in duration or, alternatively, each
time interval is multiple clock periods in duration.

Under still another aspect, the preferred embodiment of the invention is an apparatus for reducing the
number of clock cycles required to complete a data transaction over an interchip bus. The apparatus comprises
means for selecting an output from first and second inputs. The cutput communicates with the interchip bus. The

35 apparatus further comprises means for storing a first information word during a first time interval. The means for

storing is in communication with the output of the means for selecting. Finally, the apparatus comprises means for
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interchi 5 bus. TheTtﬂpcRiﬁ ﬁtl'ﬁ isCSRoWH fﬁrﬁlﬁde a pair of integrated circuit {IC) chips 110, 120 connected by an

interchip communication bus 130 on the motherboard within the computer system 100. In one embodiment the

interchip communication bus 130 comprises a five-bit control bus which is used to transfer command signals from
the transmitting chip 110 to a receiving chip 120, The five-bit controf bus actually includes five lines in one
embaodiment, where four lines are reserved for command words and the fifth line is reserved for the synchronization
30 signal. It will be appreciated by those of ordinary skill in the art that a four-bit bus is convenient for one
smbodiment of the invention, while smaller or Iafger buses may be used as called for by other specific applications.
In this embodiment, the chip set 107 is divided into two chips because the number of ﬁins required to connect the
chip set 107 with the PCI bus 108 and the microprocessor bus 105 would be cost prohibitive on a single integrated
circuit. The IC 120 of the chip set 107 receives data lines from the microprocessor bus 105, while the IC 110 of
35 the chip set 107 receives address and control lines from the microprocessor bus 105. As with the microprocessor

bus 105, data signals on the PCl bus 108 are transmitted to and from the chip 120 within the chip set 107, while
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A PREAMBLE input 207, a PACKET_TYPE input 240, and a MODIFIER input 212 of the packet serve as

separate inputs to a multiplexer circuit 220, The multiplexer circuit 220 selects each input 207, 240 and 212 as
needed to form each command packet to be sent over the interchip bus 130. The output of the multiplexer 220

20 is under the control of a state machine 230 via a select bus 238.

The state machine 230 receives the PACKET_TYPE input via the bus 240, and receives a NEW_REQUEST
input via a line 242. The PACKET _TYPE input indicates the kind of data which is to be transferred over the
interchip bus 130, while the NEW_REQUEST input 242 indicates that the receiving chip 120 is ready to receive the
PREAMBLE for the next command packet. The NEW_REQUEST line 242 connects to the output of an AND gate

25 241. The AND gate 241 receives a first input via a line 243. The bus 240 and the line 243 communicate with
circuitry internal to the IC 110. The state machine 230 also outputs a ready-for-next-packet signal, RDY, via a line
244 to the circuitry within the IC 110, which indicates that the state machine 230 is prepared to receive and
process the next command packet from the circuitry within the IC 110. The line 244 serves as a second input to
the AND gate 241.

30 The output of the multiplexer 220 communicates with the control bus 130 via a driver 250. Additionally,
the output of the multiplexer 220 communicates with a register 255. The output of the register 255 serves as a
first input to a comparison circuit 260. In addition, the input of the PREAMBLE 207 is provided as a second input
to the comparison circuit 260. The output of the comparator 260 is supplied as a PREAMBLE_SENT input to the
state machine 230 via a line 265. The state machine 230 further provides a synchronization output, SYNG, via a

35 driver 270.
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PCT/ US96/ 10690 The output of the multiplexer 220 is driven onto the control bus 130 via a driver 250. The data present
20 on the interchip bus 130 are subsequently registered into the register 280 at the occurrence of the next clock cytle.
Additionally, the output is registered within the register 255 for a one clock cycle duration. In the time period which
is required to register the output of the multiplexer 220 within the register 255, another signal is output by the
multiplexer 220 to be driven out over the interchip bus 130 via the driver 250.
Within the same clock cycle that the register 280 clocks in the data on the interchip bus 130, the output
25 of the register 255 is compared to the PREAMBLE input 207. That is, the PREAMBLE is provided as a first input
to the comparison circuit 260, while the one-clock-cycle delayed output of the register 255 is provided as a second
input to the comparison circuit 260 so that the PREAMBLE and the previous clock cycle’s packet command word
output onto the control bus 130 are compared within the comparison circuit 260. If the PREAMBLE is the same
as the data stored within the register 255, then a PREAMBLE_SENT signal is asserted by the compare circuit 260
30 and is provided as ;:ontrol input to the state machine 230 via the line 265.

When the state machine 230 receives a NEW_REQUEST signal, 242, and the comparisen (ie., the
PREAMBLE_SENT) is valid over the line 285, signifying that the previous clock cycle's interchip bus command word
and the new packet’s PREAMBLE to be output over the interchip bus 130 are the same, then a SYNC signal is
asserted from the state machine 230 via the driver 270 and the PACKET_TYPE is selected instead of the PREAMBLE

35 for transmission over the interchip bus 130 via the select bus 238. If PREAMBLE_SENT is not active on line 265
when the state machine 230 receives a NEW_REQUEST signal on the input 242, and the PACKET_TYPE on the input
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line 244 g1 VeEstod trahsfolEdPRthin thdidkt cloék cycle. The following clock cycles are used to transfer the PACKET_TYPE
(indicating, among other things, the type of command) and a MODIFIER word {(which further defines the command).
Beginning with the output of the PREAMBLE word shown in Figure 3A, a total of three clock cycles occur
until the last MODIFIER word is output onto the interchip bus 130. When it is determined that the PACKET_TYPE
following the PREAMBLE has been asserted on the interchip bus 130, the SYNC signal 306 is asserted to indicate
30 the presence of the new packet. As briefly discussed above, the SYNC alerts the receiving chip 120 that the
PREAMBLE and the PACKET_TYPE have heen received on busses 290 and 295. The receiving chip 120 thereafter
interprets the data which are subsequently on the bus 285 as the remaining CMD words (if any) in the CMD packet.
For example, in the case where one MODIFIER word follows the PACKET_TYPE, as shown in Figure 3A, the
PACKET_TYPE indicates that the next CMD word belongs to the same CMD packet so that the receiving chip 120

35 reads the CMD word on the bus 295 in the following clock cycle as the expected MODIFIER data.
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i denti fi es t haransfer the buffer number indicated by the PREAMBLE 207 (see Figure 2) onto the bus 130 because the idle word

already present on the bus 130 was used to replace the buffer number. Therefore, the state machine 230 controls

the multiplexer 220 to select the PACKET_TYPE instead of the buffer number so that during the next clock period
20 the receiving IC chip 120 can act on'hoth the PREAMBLE and the PACKET_TYPE._._

In accordance with one aspect of the present invention, the buffer number which is most likely to be
accessed is defined to have the same bit pattern as the idle word (also referred to hereinafter as the default
PREAMBLE) so that, whenever this buffer is selected, the buffer number may be clocked into the register within the
receiving IC chip 120 in the same clock cycle as the preceding idle word. In a particularly advantageous embodiment

25 of the invention, the idle word code is modified to correspond to the default buffer number to increase the likelihood
of a match between the PREAMBLE and the idle word. Of course, if the buffer number in the PREAMBLE is not
the same as the idle word, then an additional clock cycle must occur before the buffer number can be latched into
the receiving IC chip 120. However, in the case where the buffer number (which comprises the first portion of the
PREAMBLE) is the same as the idle word, as depicted in Figure 3B, the SYNC signai may be asserted immediately

30 within the same clock cycle as the PACKET_TYPE since the idle word can serve as a replacement for the buffer
number.

Figure 3C depicts the case where consecutive CMD packets occur and where the PREAMBLE of the second
CMD packet has the same hit pattern as the last CMD word of the first CMD packet. As shown in Figure 3C, a
SYNC is generated immediately after the last word of the previous CMD packet sent to the receiving chip 120.

35 Since this last packet word has the same bit pattern as the new packet’s PREAMBLE, the muitiplexer 220 is caused
to output the PACKET_TYPE in place of the preamble while SYNC is asserted. Consequently, only two clock cycles
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i nput generation of an early PREAMBLE in accordance with the teachings of the present invention. in practice, the state
machine 230 will also provide for control of other elements within the transmitting chip 110, but for purposes for
clarity in illustrating the present invention, this functionality of the state machine 230 is not represented in the
simplified state diagram of Figure 4.

25 Upon the initiation of a RESET, the state machine 230 enters an IDLE state 400. When the state machine
230 is in the IDLE state 400, this indicates that the state méchine 230 is ready to receive additional CMD packets
for output over the four-hit CMD bus 130. The state machine 230 remains in the IDLE state 400 under three
different conditions, as represented by a state transition path 410 which returns to the IDLE state 400.

Under a first condition, when a NEW_REQUEST signal {ie., the signal applied on the line 242) is not

30 asserted, then the state machine 230 remains in the IDLE state 400, and the muitiplexer 220 outputs the default
PREAMBLE as a command over the four-hit CMD bus portion of the bus 130. That is, when a new request has not
been made, then the state machine 230 selects the PREAMBLE 207 for output for the CMD bus 130 via the
multiplexer 220 and the driver 250. The PREAMBLE is advantageously set equal to the most commonly accessed
buffer so there is a higher fikelihood the next actual PREAMBLE is equal to the data which were sent on the previous

35 clock cycle.
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30 In addition, the MODIFIER_PTR (which is a value loaded in a counter to count the number of MODIFIER words after

the PACKET _TYPE of the current packet) is set equal to one. The state machine 230 transitions to the BSY state
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been output onto the CMD bus 130 is not true. Each time a transition is made along the path 440, the next CMD
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pattern as the idle word 0 re erred to hereinafter as the default
PREAMVBLE) so that, whenevegisterinisaid fist infarmatiog woed) a8 saidbepceiving, Ehin i 9k irst e iRtprvalyesg it is

be cl OCkegp' nto thea\faf?aglle?%ﬁﬁ Mﬁnﬁéﬂls&mﬁmme mtervacli receiving 1C chip 120 in-

t he same clock cycle a rece In a particular]|y
advant ageous enbodi nent ﬁﬁeratmg aosfacmhmfommgnmrbmthm iaqid trapsmitting, ehip mtj@esapdssecund time -
nodi fied to correspo d Ito the default buffer nunber to increase the

| i kel i hood 818" nat ch between the PREAMBLE and the idle word. OF
course, if the buffer nuntesring said legistérdeieyiifdEmation werd with said second lnfermsmoﬁsmthnéald

idle word, then an ddléﬁngqﬂp duﬁrlg%%h‘f%&éﬁlgﬁe mm; fgeur before the buffer

nunber can be Iatch ecel VI g | C chip 120. However, in
the case wgere the buff e|if sﬁidu rwaerer[hrmehmnlmmrd sake sahecasfsid secong ipformatien wotd, putputting

PREAMBLE) is the saméw ?nawn werggﬂhter%l?w%f ﬁ ipl%e?:ﬂsald@ecﬁld nﬁat ord (fﬁﬁnggg{ b\Qcond

signal may be asser® e sane cycle
the PACKETTYPE si nCﬁmi ftervhidand whersinl saldothirdsiaformetion svorl i teqnbmitted memthml time inteywal immediately

DT e cup o it e e B o6 s

CVD packet has the fonmatid worattern as the last CVvD word of the first CVD
packet. As shown in Figure 3C, a ene

after the dast word2of t wéneﬁ}ngﬁ 4sfined &%‘%g&?ﬂf‘“ gagﬁlrst {nf)orr?aﬁgn wo@?e\f/nﬁh?n é’ to mcrease
120. 35 Si fife roHlIhﬁ thad S fiRERoRatithCoet VA Se thilSams asthe kucdnd inhtmamwwds t he new

packet's PREAMBL t he multiple LS, caused.
PACKETTYPE i n pl ace 3of tfﬁe’"ﬁﬁ@zéﬁé fgd . fld e oty ““%‘i‘i@@%‘&e’n?’!‘?ﬂ“d word
only two clock uf%ﬁ(idleqﬁnrd, said second information word comprises a preamble to a command packet transaction, and said third

information word comprises a packet type code.

25 4, A method as defined in Claim 1, wherein each time interval is one clock period in duration.
5. A method as defined in Claim 1, wherein each time interval is multiple clock periods in duration.
6. An apparatus for saving clock cycles during information packet transactions on an interchip bus,

said apparatus comprising: .
a select circuit having an output and first and second inputs, wherein said output communicates
30 with said interchip bus, and wherein said select circuit selects one of said first and second inputs as an
output in response to a select signal;
a temporary storage circuit in communication with said output of said select circuit which stores
a first information word output onto said interchip bus during a first time interval; and
a comparator circuit haying a first input in communication with said first input of said select
35 circuit and a second input in communication with said temporary storage circuit, wherein said comparator

circuit compares said first information word stored within said temporary storage circuit with a second



\é\gT?L/Sgé?ggggo - ”mlluMIFI"IH,III'"Mthe end of the first ?:ND packet to

the end of wo@msmeond CVD ‘packet. #f,* on the, ot her hand, theCTUS96/10690
PREAMBLE had been sent separately (rather thdnh using the last word of the
first packet as the PREAVBL three . l.ock . cvcl es uld have been .
necosshry Lo compl GTURTRLVEE MY TESP B i st Rt e ot el i e i
first CVD packet's comyataentircahcdaisesithirdiatormption werd 'os saideseqyhd input df Qaid selacticiriuin ¢ HeGutput

chip 120 has no 5, djfficulty in. determpi when the | ast CVD word is .,
present on 295. Furlt AP F’rg[)‘r?"«‘;l ,secﬂ}‘fd'ﬁ""aﬂ'“'évgg'gf’\t sé@ s@%f\ﬁ'f"f'%d"""" i second fipe. intgtyg] when said
the chip 120, the ifist asdsedohdinforfatioh ordeEbntaln isibbtantially @hersgd informatiod SO i S
considered by the chip 120 to be

he . . PREANMBLE of the new C\ND
packet. THus, the i/nf or REPRIFUS A5 %’ﬂ’_@"!?ﬂ"‘"?%”"f”gm%hitﬂcﬁ'écwn*ﬁ%m\"@@éﬁ’yi ng
chip 120 - gonce Mnpdahtus BY dFiied WTlai sz%eraﬁsdahandoﬁﬁtét/gwgd Greuif comhiSes fal régRfer.
CMD packet (sanpled on bus 295) and once as a . . PREAMBLE for the ]
second CMD packet @sanpwédpggﬁtubg&defgg@y ClaimcP, wherein said comparator/tirgui$ Causes said; shird-ipformation
description Ofygid\ $ai8 Shchrdi it 6t fsaill Sdect Lifcsitio lbe 36utthh? sdi §eﬂ@ ar&n%rpsaiu_l@stfaﬁf secand
the case illustrated in Figure 3Cis set forth below Specifically,
when the | ast infimtigwerdsdrave an ddentical 8it patled packet has been out put from
the multig exer 22 t hi % e P [ LE NN . i . D .
and is cofrgpar ed tqu'he snabaseqd'entdgmwmhﬁﬂséﬂ@&ﬁ/gf@%@g@fﬁe "{@gpﬁg%m%ﬁﬁmm'
conparator circuit 1260 d apiaeatus @s dgscribed in fClain 6, ivehereim eash ime) intkrval is multiple tlask periods in -
conpar at or ci rd&y&og 260 that the PREAMBLE word is the sane as the
precedi ng CMD word, then the conparison signal is generated 15 over the
line 265 and i s apdRi ed Aneppatatys Bt raducingtheriuimberof 2186k cyoles telpired tb bamplste atlata trasdtiionaver
230 causes the [t plexer .. to output the PACKETTYPE rather than
t he PREANMBLE. "N%Fh'!'ee‘?a%@ a{’pl%r?rag'? “YRE"™ at e machi ne 230 asserts SYNC
for one ctsock period vi anebrisdorcelectingranutput fibindisst ardisecohdoinputs Ghliereincsaidl output tdmenunicates

first CVD packet ser.téead as, \Eihﬁ buffer nunber of the second CMD
packet. In this nmadff&s GCERER cycle is saved during the consecutive
packet t ransm sgneans Sor sibiing a first information word Huriyg! i dirsé times intervsi] wlieeinaid gueansfor

whi ch represents the .operation ?f t.he .@t@tﬁ na&ﬁlifne 23? W th respect to the
generation of an eAMfiR9 SRERNRNEATIR Wit saig oupur of saif meags for, selectin; apd 1\ 5" of ¢ he
present invention. |n predsiforacompaligy said diks€ information wordsteiad Within2sdfd mwlads! forodtdiag with a
provide fgor control of other elenments wthin the transmtiing chi 0. .but
Por pur pies f or  second ioraten g R et g 3 FaACeateclon et At st e ke,
this functionality wbreih B meamticr comyafinigsuses AQhiid Snfdnmution veghd rseith betéhd input loh'id means for
sinplified state disag:r am (Bf Fi

re 4.
ting to be outpu?%rjl pFace of said second information word by said means for selecting during said -
second time interval when said first and second information words contain substantislly the same

informatian.



25 Upon the initiation of a RESET, the state machi ne 230

- enters an | DLE state 400. When the state machi ne 230 is in the |IDLE

- state 400, wWdpgs2seydi cates that the state machine 23Q is readCTIUS6/2A580 ve
addi ti onal CMD packet s for output over the four-bit CVD bus 130.
The state machine 230 remains in the | DLE state 400 under three

different conditions, as represented Qy4a state transition path 410 which
returns to the IDLE state 400. Under a first condition,
when a NEW REQUEST signal (i.e., the signal applied.on the |ine 242) is not

30 asserted, then the state nachine 230 remains in the |IDLE state 400,
and the nultiplexer 220 outputs the default PREAMBLE as a comrand
over the four-bit CVD bus portion of the bus 130. That is, when a new

request has not. been nade, ther hi ne 230 sel ects the

PREAMBLE 207 for output for the CVD bug 130 via the mul ti pl exer 220
and the driver 250. The PREAMBLE is ant age@usly sqt equal to the nost

comonl y accessed buffer so «pere is &higher] |ikelihood the next
actual PREAMBLE is equal to the data®wji ch were sent fon the previous 35

cl ock cycle. WD 97/ 32308

PCT/ US96/ 10690 Anot her condftipen under which state machi ne

230 renains in the IDLE state 400 is when a |& PREAMBLE REQD signal is
asserted (indicating to the state nmachine 230&]hat @ PREAMBLE i s requi red
for the new packet which is to bg answRitted over the CMD bus
130) and the PREAMBLERQSENT signal is inactivg{i.e., |nd|c3ang
that the CVD word senty on bus 130 in the p | SPPS cl ock peri od was Qet

equal to the PREAMBLE he 5 Qecause a PR IS
requi red and because the word on ftt BO in the E;:
previous clock cycle will not serve gs fhe approprlafﬂ PREAMBLE, thesstate

pl exer 220 over the
line 238 which al | ows the PREAMBLE orf@he bus 207 tol®{opagate onto the CMD
bus 130. Thus, the i &syed- EM d—i-s —equat ﬁ"fhe-PREANBLE

The final condition under WhIETINE he Y 4 R

state 400 is when: 1) the | |
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10 °© PREAMBLE-REQD signal is not asserted, or the PREAMBLE SENT signal is
asserted; and 2).the NEW REQUEST signal is asserted while the

MODI FI ER_REQD signal is deasserted. That is, since 1) a PREAMBLE is not
required, W05!7,323080r the CVMD word on the bus 130 in the prepCOASIU069k

cycle is equal to the PREAMBLE which is to be sent; and ' 2) the new
packet being request e% has no MODI FI ER words, this indicates that, if the
current packet requir a WREAMBLE, this PREAMBLE was al ready

i ssued on the previous chpck p cﬁ and that the current packet ends with
15 the current PACKETRYPE ) word. Conseguently, the state machi ne 230
is capabl e of accepting alhew gacket for transfer over the CVD bus
130 in the next clock pprtoy. Thus, thej state machi ne 230 remainssdin the

| DLE state ~400. g Under this last condition{where the
state machi ne 230 renmafhsaw t hifn the‘&lﬂE state 400, the state

machi ne 230 causes th% PACKETTYPE t oNbe_Jsent over the CMD bus 130}via the
nul ti pl exer 220 and t®el & iper |20 290. In addition, the SYNC $ignal is
asserted via the driv‘gr 2 ile the RDY signal is also assertegl @ver the
l'ine 244. X The st i transiti ofsfrom
the IDLE state 400 toVa (busy) state 420 via rapsiti on pat

430 whenever it is detefxired that: 1) either a PR i s not qui r ed,
or the CVMD word on bus 130°TTr e previous cl gck kycle wasjequal to
t he PREAMBLE whi chl nt: anll 2) a new request|has been nhde which

25 requi res MODIFIER words. That §s: 1) if the PREAMBLE REQD signal is
not asserted, or the PREAVMBLESENT |_——s+ghel—-s—asgerted; and 2) if the
NEW REQUEST signal is asserted over $he_line 242 whilelP? PACKET TYPE
indicates that the CMVMD packet contalfps one or nore MOD|FI ER words, the

state nmachine 230 transitions from tNRe | DLE st ate 0O to the BaY
state 420. Thus, this indicates th t he PACKET TYPE %ﬁo i@to be out pOt
over the CVD bus 130 via ti@nultiplexer 220 Zafd the driver 2508
whi l e the SYNC si g(1|ai rs—atso—assertpt—vta—the—drtvrer—p+—30 n»
addi tion, the MODI FI ERP ich is p value l'oaded in a counter tp couh}\'
t he nunmber of MODI FI ER hor t he PACKETT)PE of the furrent

e machine 230 trahsitions to|the BSY
he state nachi me 2B0O i s unabl ato

packet) is set equal ? on
state (i.e.,

process a new request&uwti loth bnt packet tranpsfef is N
conpl ete). N statp chine 230 fqema|ns in the BRY state
420, as represented by a*tra ti-on m% 440, wh a B5 LAST| MODI FI ER
signal is not asserted (i}. el il e MAhe signal hi 1di&ates t hat the
packet's | ast CVMD word hgs ¥ output ont¢ t bus 1B0 is not
true. Each tine a transi §iQr ong the path 4 t he next} CVD
bR
N
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WD 97/ 32308 , - 10

PCT/ US96/ 10690 . word (i.e., the next MODIFIER word from bus 212) is
propagat ed wglegsizoe command bus 130 via thgamul tipl exer 220 PCT/US96/10680d t he
driver 250. In addition, the MODIFIERPTR is increnented until the |ast
MODI FI ER word of the current 3 proketcyryAseached. Once the | ast word

of the packet has been propagifea onto the bus 130, tHe state machi ne 230
transitions fro he BSY staté 420 back to the |IDLE stiate 400 via a state
transition pat @%Eﬁvéf dicgtedl]in 5 Fijgur 4,[tﬁe[tra55|tion al ong
t he path 450 occu s en t € AST | ER STgnal IS agsert |Thi s causes
t he rd out fput ontolthe CNleus 130|to equa“ to the | ast
CMD word in th cu?vent packet, whil e, the state ; machine 230 asserts

the RDY si gnabeajppng ZPREAMBLE XPACKET_TYPE X MODIFIER X NQDDEY X eIDRE eSens

invention has b 3 t hat
t he foregoing descripﬂion is illlustratli ve and'not restrictive.
Those of ordinary ~g'll in the art w | |—app+aci ate t hat nany obvi ous 10
nodi fi cations ce - ~avent | ®MNGv Maout deps he
spi.rit or central characterlstlcs For exanpl e. those of ordi nary
skill in the art will appreciate that the present invention will be npst
ef fective when inplenmented in u on with an interchip bus
having fewer bits inits CVD word so « i kel'i hood of having

i dentical CMD words is nore significant; however, in practice

busses on the order of six-bits or nore could also be inplenented

in accordance with the present inygpkkopychdditionally, the present

i nvention can be inplenmented ifffaword—serra}l5 manner, where a
packet's CMD words are sent sgrially over a sijngl e signal line between

chips. In this G828 r——qzxgjsrgral des wor oundary
‘ing Ipreé of M/pet*&;¥1?Another
+nique CND word pattern Ho signify the
t

informati on as wel
i npl enent at i one§
’ _ hus el ininating the need for a

presence of th

separate SYNC,| i
in either or botd 3 4 e \yer—¢ — her
clock rate operation. IaCCOrdrAgly, thd scope df t he |Hvent|on|should be

interpreted 20 n view of | owi ng appended cl ai s.
p 30}5'\ &-h-e—f—Q-L\ES A#}g g app

LELS

£7g. 35

2 CLOCK CYCLES

302 )I
NP s

ILAST WORD | | | 1 |

|or PREVIOUS| | | I |
{PACKETN | 1 1 .

veo D( " PACKEL TYPED( MODIFIER)( IDLE X IDLE X

| PREAMBLE | , | | ,
OF NEW . :
PACKET

F06 ~ /EARLY \
SYNC

Fig.3C




WHAT | S CLAIMED | S - : 1. A net hod of reducing the
nunber of clock cycles required for comuni cation of information

packets ovVQip #is2iddt er chi p conmuni cation bus, said interchi ppCcomSesosst i on
bus bei ng connected between a transnitti ng chip and a receiving
chip, said nmethod conpri sing t/he.%eps of: 5

outputting a first information ward over g d interchip bus in a first ti
i nterval; ' > registering said first information
word within said transmitmy i ng ch|p in said first tine interval, so

that said first infornmat@on wor d:| s avail able during a second consecutl vé"z"
tinme interval; 5 receiving said first |nformat|0:n

OUT£UT)

S
word at said receiving c'f-glp in sglvﬁl‘j irst timidinterval,; 2
registering said first i®formati 4rowprd at saipd receiving chip in said =
first tine interval, so it is Ogis lavZCIabIe during a second i
consecutive time intervah Ona & generating a second
i nformati on word V\nthlngaldtr tting ChIFDWIEhIn said second tine &
i nterval; corrparmg;_%&bl regi stered first ~
i nf or mat i on word @ th sasd secgw |nformat|on W thin said _ —
transmtting chi radur i ndisai d nd tine intes and 15 1 g
if said registereg firs |nfor on word is tﬂ'ﬁiama as said sedBnd =
i nformation word, '-‘-'OUtpu |ng ‘a ird infornati&rf",\/\ord o\r
said interchip bu@- ig pl ce,,.of% d second informati on word dur&dfff said o©
second I |rre i @ {2val, and whegpin said third ig®rmatiorf
word is transmttgd in thlrdg |ntervalz| nmadl ately o8 &
following said s ond tifre |nter\5;1I if saldﬁegasteredflrst in cﬂsmatlonf:
word is not the sane as %aid s&cald i nformati gbord. 20T
2. A net hod 3% deflgedlrgjla m 1, Wne(r)g:a said first infoOn#tion vvo‘r’d
is defined so as Eomcrgase g& t he pr lity that the fywst =
information word{¥i ||l be ghe dapgelas the secmn@ i nf or mati on worje =
3. A net ho¢@as defiined ib‘.ur(i‘;ualml, whelein said first inflmation £
word conprises a Gommnogword § = or an kdke word, said sedad AL
i nformati on word gorrprl s&s a d{ganble to a cgr’r{ﬁand packet trans%tl on, arg
said third b o o S 3 &
~ — S ml&.l m bred
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(post*

i nformation word conprises a packet type code. 25 4.43’0&51&1’/
nmet hod~-as defined in Caim1l, wherein: each ti-me. |nterval S one cI ock

peri od

in durati A et hed—as—def —A—Ca—a-

1, wherein each AHONAT, | SEARGH,) ﬁEﬁPé‘ cl ock peri qd‘é‘“?"l‘i°“d'l.i‘f"g‘lfl"i“8‘rf&°

6.

An apparatus for saving clock cycles during | RGPPSR packet

transag
a sel e¢
out put
said s
out put
t enpor
circuil
onto s
a conp
I nput
comrun
ci rcui
st oragge
said f
wher ei
word o
in pla
second} t
i nf or npt
7.

conprip
in da

trons—omamnterchtrp—bus; Sartappar atus—conprtsty:

C BoxClly FBXT Oﬁa‘vliEn'gisahA@U(OputInuaioulot-umﬁofancﬁrssdwnd [ nputs, wherein said

COTMTOTT TAates 30 wrth—sar a1t BFLHI P L)Ub aTdWeT er 1

bl ect ’I‘hbrt%b'l'lﬁlcﬁlefe%?ﬁl%s Qﬁ@nt?éne'iﬁidjtﬁe' AbseraRp aosfﬁﬁqﬂeluuepwéfe?&mersxgn

i ﬁ&ﬁp
1r§es oragér%mh(r%ggsl N co%‘lnu‘rr;,i%cyfl on with said output of said sel ect

whi ch stores a first informati on word out put

i d i nterchip bus dur NEWaABSERAGe interval; and
ar at o€ustorized dironitry implementednpnithe tramsmnttmgoend ofaniinterelipd fir st

pf corintlirtiedtbsit bus$$130) reduces the nufiibee Wftclédl cicles ¢odsiréd Bo! tranSmit
CESAtPA %ﬂ&&tss g{/?r H‘E’W&?ﬁ?’p ebAm@Ecatios Bus (1 %ﬂ% r T'h@ p?&k@t conpar at or

gf{g%a%rnt ?1&52 ﬁo%ol'slé S(lptgﬁt'alcaped u;tx'n? the' Rl tlglgs(?l [1t %nrrp%?(rjy on
;

S8e0 averdbe interehip:bus (130) sg fbébdﬁ&onﬁqumwm at ang
N s@l@t boundary contain the samealata, dhiscdatadan beasaved as separaie; ¢gromandi on
n wards byahedeceipitig chips@20) seitkint a singleiclockocywde.o (Fhistis
~eac§23°onﬁﬂi§1eﬂ€tﬁ?&§2h ﬂ{@géﬂﬁmﬁan\ﬁf@sﬂb}ﬁ%ﬁaﬁ% Qfdnat iviiieticvetdrnewy sai d
z{&e 'i' nt n t blt tfoi”lﬂe $RECRAd/or last
Wﬂﬁd 9 ‘% Pagket wuch & hh a%ﬁtﬂﬁ gr%ﬁgéf%#@ A7g dptentionally

elé‘x&aﬂﬂﬁ tgpgg@ase the pro ab1 ity o con@cuuve conma a Vg ﬂgﬂf i ned
nsagne wiiormatiogai d t enporary storage circuit conprises a register. '

Form PCT/ISA/210 (continuation of first sheet(2))(July 1992)x
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An" appar atius as:defined in Caim®6, wherein said conparg

9. :
AP

circuit causes said third infornmation - word on said secgss
saird select ciycyit to be output by said select circuit when SEIMpE
sécond PG ot i on VERSTRULBEALFROBTY PRUNZATION pat o n el

i op uaNTRERAONAY Rrefic A N Winryfiatd FnBri nfe BTkl Wobefrion gy ecn

%0623;—9

appal @b hserasiostPateni GasificationG:ai m 6, Wher|qi meaclionhl FiBlichtdh Nadiek: | S MWO 97/82308

cl ocK pPeFf1e9600, HO1J 13/00, HOUY $B4 ON. | A1 12. An appar at us
for reducing the r}ﬂr_mer’ of clock cyfl eq @3xbtermatiohalRyblicasiop Pete:e & September 1997 (04.09.97)

meansx) Gitersatib@CApphigtion Nombérput  fROTMAISHE/ 10690 m)cbeg%mmsnﬁmm €N, JIM¥ BR,11Ks MNONZ, SG,
omruni cat e W sai ‘nterchip bus;

(%%W%g}aﬁ rst i ﬁ?’&?eﬁﬁ?‘si‘ﬁr?sﬁér d during a first time interval,

in said neans for $Paplisheg) 1S i n comuni cation with

sai dj GuPgertty Dfta:sai d nmeans for sel ecting; |and With international search report.

f or O%8¥Jar i ng slavarhA?9 £1.0398 or magﬁ pn word stored within said neans
toring wth a 20 second information word on said first
| Nput7H hpglicintl SAPBNNG FIBCTRONIELEO.IIDARRAKRE |2 second tine interval,
wherjei n s Samshngrdain Buifdipg, 2600 2@ TeepyyngRouCweg-4 third i nformati on word on said
second i npSeos0&ze ans for selecting to be output in
Pl aclerH invetrd MOPE Q1 Rahddl, 3F; Pa1sh ROy ¥ckoRY | Sai d means for sel ecting during
sai Laguna Hills, CA 92653 @@s.0ond tinme interval when said first and second

i nfgrmati on words contain substantially {he sanme
i nf or('(f‘étt‘iﬁegﬁ SIMPSON, Andrew, H.; Knobbe, Martens, Olson &

f, 16th floor, 620 Newport Center Drive, Newport Beach,
CA 92660 (US).

trangactiron over an rntercnrp U1, sal d apparatus conpri sing. 15

(54) Title: METHOD AND APPARATUS FOR REDUCING LATENCY TIME ON AN INTERFACE BY OVERLAPPING TRANS-
MITTED PACKETS

(57) Abstract .

Customized circuitry implemented on the transmitting end of an interchip communication bus (130) reduces the number of clock
cycles required to transmit control packets over the interchip communication bus (130). The packet transaction protocol is predicated upon
the relationship between consecutive command words sent over the interchip bus (130) so that, if consecutive words at a packet boundary
contain the same data, this data can be saved as separate command words by the receiving chip (120) within a single clock cycle. This is
accomplished through the generation of a synchronization signal whenever a new packet is started. In a preferred embodiment, bit patterns
for the first and/or last word of a packet which are found to be statistically more prevalent are intentionally juxtaposed to increase the
probability of consecutive command words having the same information.
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