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TRANSPARENT PCI TO PCI BR+DGE The invention relates to an appar a@g a_r\ga!; &,
~method ef bridging two PCl buses 5 together, and nore particul arly %
" PCl-t'o-PCl_ repeater. The performance of a personal conputer (PC) i% /
dependant upon many factors, such as the speed of the processor, ne rj‘/) &nd
i nput/out put (110) subsystem Wth the 10 I ntroduction of the peri %}r‘fli
conpohent interconnect (PCl) bus in 1992, the |I/0O subsystem was given S

hi gh€per f or mance bus fromwhich to operate. Oriqginally, the PCl bus was not
‘intended to suppl ant the%ﬁ%@éﬁf@ﬁq G ych as the I ndustry

standard architecture (I SA) bus or extended industry standard architecture
(El SA). However, pressure fromthe conputer industry and conpeting 15
buses caused t'he PCl bus to be avail abl e for expansi on bus purposes. Thus,
conput er systens may incorporate PCl devices onto the notherboard or
provi de support for add-in boards. The PCl bus is referred to as a
nmezzani ne bus, or a local bus, because it usually resides between the very
hi gh performance processor bus and the | ower performance | SA 20 or El SA

- bus. The | ogic that connects one conputer bus to another, allow ng an agent
on one bus to accesThalin@eioh rélixes be afappiratus and ARdibdest tridgirigigwd PCD bikes
vernacul ar, an agent is any entity or device that operates on a conputer
bus. An agént tQgSthes andmore partiswarlyitosa BEI-40-PElisepeptsie. Bus nmsters, or
initiators, initiate bus transactions and bus slaves, or targets, respond
to a bus transaction initiated by a bus master. Otentines, an 25
initiator is on one bus and the target is on another.

i The p.erfonnahce of a personal computer (PC) is dependant upon many factors,
such as the speed of the processor, memory and input/output (I/O) subsystem. With the
10  introduction of the- peripheral component interconnect (PCI) bus in 1992, the I/O
- subsystem was given a high performance bus from which to operate. |
| . Originally, the PCI bus was not intended to supplant the existing expansion buses,
such as the industry standard architecture (ISA) bus or extended industry standard
architecture (EISA). However, pressure from the computer industry and competing
15  buses caused the-PCI bus to be available for expansion bus purposes. Thus, computer
systems may incorporate PCI devices onto the motherboard or provide support for add-in
boards.
The PCI bus is referred to as a mezzanine bus, or a local bus, because it usually
resides between the very high performance processor bus and the lower performance ISA
20  orEISAbus. The logic that connects one computer bus to another, allowing an agent on
| one bus to access an agent on the other, is known as a bridge. In PCI vernacular, an
agent is any entity or device that operates on a computer bus. An agent can be either a
bus master or bus slave. Bus masters, or initiators, initiate bus transactions and bus
slaves, or targets, respond to a bus transaction initiated by a bus master. Oftentimes, an
25  initiator is on one bus and the target is on another.
* The bridge provides a low latency path through which the processor may directly
access PCI devices mapped anywhere in the memory or I/O address space of the -



"~ The bridge provides a | ow:| atency path through which the processor may

‘sdirectly access PCl devices mapped anywhere in the nenory or |/O address
space of the 2 conmputer system The primary function of a bridge is to
map the address space of one bus into the address space of another bus. The
PCl bus defines three physical address spacgs: menory, I/ O space, and
configuration space. Address decoding on the PCl bus is distributed; i.e.
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positively decoded by some other agent. .

10 Every PCI transfer begins with an address phase, during which an address/data
bus (AD[31:0]) transfers the address and a command/byte enable (C/BE_[3:0]) bus -
transfers a command code. One or more data phases follow this phase, during which the

same address/data bus transfers data and the command/byte enable bus transfers byte-

enable signals. In a burst cycle, mulﬁple data phases can follow a single address phase.f .

15  In PCI terminology, the requesting PCI device is known as the initiator, and the
addressed PCI device as the target. Every transfer starts with the activation of the frame
(FRAME ) signal.

A device selection (DEVSEL¥) signal is driven by the target to indicate that it is

responding to the transaction. A device decodes the address/data lines and asserts a

20  device select (DEVSEL#) signal if it owns the starting address. DEVSEL# may be

driven with slow, medium or fast timing. If no agent asserts DEVSEL# within the slow

timing parameters, the agent performing subtractive decoding may claim and assert

DEVSEL#. The “#” or “_” refers to active low signals. More details on the PCI bus and

_ particularly PCI éddressing are found in the PCI Local Bus Specification, Production

25 Version, Revision 2.1, dated June 1, 1995, which is published by the PCI Special Interest
Group of Hillsboro, Oregon and hereby incorporated by reference.

The target indicates its readiness with an active target ready (TRDY_) signal. An-
active TRDY _ during a write access indicates that the target can take the data from the |
address/data bus. An active TRDY _ during a read access indicates that the requested

30 data is available on the address/data bus.
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addressed PCl device as the target. Every transfer starts with the
-activation of the frame (FRAME) signal. A device selection (DEVSEL#) signal
is driven by the target to indicate that it is responding to the
transaction. A device decodes the address/data |ines and asserts a 20

devi ce sel ect (DEVSEL#) signal if it owns tlge starting address. DEVSEL# may
be driven with slow, nmediumor fast timng. If no agent asserts DEVSEL#

within the slow tim I ter. > erform S ive
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si gnal . An act ithe nidthérboatd is esgentially onecload asd s PCI slot is considered two loads. Hence,

a computer system with a processor/PCI bridge, three PCI slots and a PCI/ISA bridge is

10 limited to two motherboard devices. Since oftentimes two motherboard devices is too
linﬁﬁng, it is desirable to exceed the ten load limit.

One method of extending the number of loads described in the above-referenced

- PCI Specification is to use multiple PCI buses. Multiple PCI buses provide support for . . B

more devices than can be directly connected to one PCI Bus.‘ There are two ways to

15  organize multiple PCI buses: as peers of each other or hierarchically. Peer buses redﬁite

multiple bridges on the processor bus that may affect loading. A hierarchical

configuration has advantages if I/O patterns tend to be from one PCI device to another.

If most I/O traffic goes into and out of memory, then peer buses make more sense.

However, either bus configuration requires that the bridges be configured at startup to

20  respond to an access on their primary bus only if the address falls into a specified range.

Furthermore, bridges separate the bus into two logical buses, thereby further
complicating the configuration. _

Each bridge inciudes address registers that are programmable through

configuration spabe, so that the bridge responds to an access on its primary bus only if

25  the address falls into the range specified by those registers; otherwise the access is

claimed by a subtractive decode agent. Only one set of address range response registers

is required by the PCI Specification, however if muitiple buses are provided the

complexity of the address may increase and multiple sets of registers are needed.

Generally, the address range response registers are programmed to correspond to the

30  addresses unused by the primary bus, instead of the memory space required by the



- indicates that the initiator has sent the wite data on the address/data

i bus. In a read access, an active IRDY indicates that it accepts the data
fromthe address/data bus. The 5 initiator ends or interrupts the
transfer by deactivating the FRAME signal. The target can also stop the
transfer by activation of a stop (STOP) signal. As defined, the PCl bus is
limted to ten | oads. A PCl device incorporated onto the notherboard is

essentially one | oad and PCl] slot, is gonsidered two |oads, Hence, a
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configured at startup to 20 res to an access on their primary bus
only if the adurdsssausaiprebléms since theaddressaangenhgrges miththe insestion op renpyabof

conti gur atf on.tg2oh pfieeiife dPr e tBS it d5ERK 1o SOV b SR of R ile
t hr ough and simultaneously provide a high number of PCI loads for sufficient functionality and
expandability. | |
Transparent bridges have attempted to solve the configuration problem by making
the bridge appeaf invisible to software. However, the perfonhance of such bridges are |
15  often less than desirable. Cycles that were performed on the primary bus at top PCI bus
speed take three times as long to complete on the secondary bus, if proper PCI timing

conventions are followed. Therefore, a higher performing transparent bridge is desirable.

20

A computer system of the present invention includes a PCI bridge or repeater to
increase the number of capacitive loads on a PCI bus without requiring significant
changes to software. The PCI repeater connects a primary portion of the PCI bus to a
secondary portion of the PCI bus. The portions act as one logical bus but are electﬁcally

25  separate for loading purposes. An arbiter controls access to the buses.

Transactions initiated on the primary bus and intended for a target on the
secondary bus are downstream transactions. Transactions initiated on the secondary bus
and intended for a target on the primary bus are upstream transactions. Transactions
initiated on the primary bus are echoed, passed or reflected to the secondary bus, and vice

30 versa.



configuration space, so that the bridde responds to an access on its
sprimary bus only if 25 - the address falls into the range specified by
those registers; otherwi se the access is clainmed by a subtractive decode
agent. Only one set of address range response registers is required by the
PCl Specification, however if nultiple busgs are provided the conplexity of
the address may increase and multiple sets regi sters are needed.

‘General ly, the addrgss,range.r onse, r sters are progr to . .. .
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renove this level of conplexity
is a subtractive decode agent on the secondary such as an ISA bus bridges. Since only

10 one subtractive decode agent can reside on a bus, the transaction is not subtractively
decodable both upstream to the primary bus and downstream to the ISA bus. In a first
alternative, subtractive decoding to the ISA bus by a PCI to ISA bridge is disabled if the
transaction is initiated on the secondary bus. This providés peer to peer transactions qniy _
between devices on the prixﬁafy and secondary buses. In a second method, ISA

15  subtractive decoding is enabled. After the transaction starts on the secondary bus, the
secondary bus clock is halted to allow a target on the primary bus to claim the
transaction. If the transaction is not claimed the transaction finishes running on the
secondary bus for either a secondary bus target to positively claim or the PCI to ISA bus
bridge to subtractively claim. Thus, upstream address decoding is not needed on the PCI

20  repeater.

A better understanding of the present invention can be obtained when the
following detailed description of the preferred embodiment is considered in conjunction
25  with the following drawings, in which:
Figure 1 is a block diagram illustrating a computer system accordihg to the
preferred enibodiment'
Figure 2 is a block diagram illustrating a PCI repeater accordmg to the preferred
embodiment; '



- and sinmul taneously provide a high nunber of PCl |oads for sufficient
“«functionality and expandability. Transparent bridges have attenpted to

sol ve the configuration problem by making the bridge appear invisible to
sof tware. However, the performance of such bridges are 15 often less than
desirable. Cycles that were perfornmed on t primary bus at top PCl bus
speed take three tinmes as long to conplete On the secondary bus, if proper

PCl timng conventigns aine faoll.owed. Therefare, .a higher .perfornn .
transparent bridge i ¥%4esifa .S@W@maggf@?ﬁ%s’ﬁ%dﬁPB wiite
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capacitive loads on_a PCl bus” w thout requiring significant changes to
software. The PCl r Ejgure dris adimieg tdiagranp illustratingoa targetrdisdonndee weite ttansaction a

secondary port| of:the PCl bus. The portions act as one |ogical bus but
. are electrical F@ﬁ%d%ygéﬁrgﬂegyggﬁd%ggmg, purposes. An arbiter controls
- access to she busesFighte Bactiiap disghint iIRbPHinER doWhsRédniBinst WHEe Ridkncst ended

for a target on the_secondary bus are downstream transactions. Tr ansactions .

initiated on the seFignted is atuging dikgram Hinsteatingardosvnstreage burstread sequencesar y bus -
‘are upstreamtransagtions.. Transact.ions initiated . on the | mary .bus are
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without arbiter intervention;

Figure 8 is a timing diagram illustrating a downstream burst read sequence with
10 arbiter intervention; _
Figure 9 is a timing diagram illustrating an upstream single data phase write
- transaction followed by an upstream single data phase read transaction,
Figure 10 is an upstream target disconnect write transaction followed by an
upstream read retry transaction; = o -
15 . Figure 11 is a timing diagram ﬂlustraﬁng an upstream burst write sequence;
Figure 12 is a timing diagram illustrating an upstream burst read sequence;
Figure 13 is a timing diagram illustrating an upstream single phase write
transaction positively claimed on the primary bus; |
Figure 14 is a timing diagram illustrating an upstream single data phase write
20  transaction echoed on the primary bus and subtractively claimed by the secondary bus;
and
Figure 15 is a timing diagram illustrating an upstream burst read sequence

claimed on the primary bus.

25
Turning now to the drawings, a computer system C according to the preferred
embodiment of the present invention is shown. To provide sufficient process and
capability, the computer C deploys one or more processors 100 such as the Pentium
Pro™ Processor available from Intel Corporation located in Santa Clara, California. The
30  Pentium Pro™ Processor 100 includes a primary and secondary cache. Of course, other
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5 Signals are clocked through the PCl repeater, hence, a one clock delay is
.built in. Because of the inherent delay, one of the buses will conplete the
transaction before the other. To prevent the earlier finishing bus from
starting another transaction while the later finishing bus is conpleting
the transaction, the arbiter renoves any pending grants 5 and will not
grant the bus to any device on either bus until the Iater finishing bus has
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memory unit 108. The memory unit 108 includes several slots for receiving memory

modules, such as a 72 pin extended data output (EDO) dynamic random access memory
(I_)RAM) module. The memory controller 106 provides address, control and timing to
the memoiy unit 108, while the data path unit 104 interfaces a 72 bit data portion of the
15  processor bus 102 to the memory unit 108. The memory controller 106 and the data path
unit 104 are capable of receiving a memory'request from the processor 100, queuing it
and responding after the requested operation has completed. Additionally, the memory
controller 106 provides memory error correction, including the capability of single bit
and multi bit error detection on the fly. The memory controller 106 can handle up to four
20  gigabytes of DRAM. Memory arrangements having non-interleaved, x2 and x4
interleaving configurations are supported by the memory control subsystem.
In addition to the memory subsystem, the processor bus 102 connects to one or
more peripheral component interconnect (PCI) bridges 110, such as an Intel 82454GX.
The PCI bridge 110 provides the necessary logic and control for passing bus cycles
25  between the processor bus 102 and a primary PCI bus 112. It is noted here that although
a hierarchical configuration is shown, the present invention works equally as well in
peer-to-peer configurations. |
Attached to the primary PCI bus 112 are one or more PCI devices 114, such as
a small computer system interface (SCSI) controller 114a and a video system 114b. The
30  SCSI controller 114a is connected to a hard disk drive 124 and the video system 114b,



~ .

- A better understanding of -the present invention can be obtained when the
follow ng detail ed description of the preferred enbodinent is considered in
conj unction 25 with the followi ng drawings, in which: Figure 1 is a '
bl ock diagramillustrating a conputer.systemaccording to the preferred
enbodi ment; Figure 2 is a block diagramill gst rating a PCl repeater
accordi ng to the preferred enmbodi nent; 6°Figure 3 is a timng di agram
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target retry read transaction; gure 5 is a tinmng diagram
illustrating a M\mmﬂheannmgﬁ WS| 113 aséqumdarym(‘éthuelss ThePCI repeager 116
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read sequence with 10 arbiter intervention;
transparently to system software thereby increasing the number of PCI loads w1thout

adding significant complexity to the system software.
Attached to the secondary PCI bus 118 are one or more PCI devices or slots 120
and a PCI to ISA bridge 122. The PCI to ISA bridge 122 passes cycles between the:
10 secondary PCI bus 118 and an industry standard architecture (ISA) bus 128. Attached
to the ISA bus 128 are a keyboard controller 130, a ROM 134 and a multi I/O unit 136
supporting two serial ports, a paralle! port, a floppy disk controller connected to a floppy
drive and an integrated drive electronics '(lDE) interface for connecting to an optional '_ - -
IDE hard disk drive or CD ROM drive. | ' o
15 Now turning to Figure 2, there is 1llustrated a block diagram of the PCI repeater |
116. The repeater 116 is comprised of a primary bus unit 200 connected to the primary
bus 112 and a secondary bus unit 202 connected to the secondary bus 118. Each bus unit
has selectable voltage translators 204 for converting signal voltage levels to a common
voltage, such as 3.3V. For example, if the primary PCI bus 112 and the PCI repeater 116
20  operated at 3.3V and the secondary PCI bus operated at SV, the voltage translators 204
of the secondary side would convert output signals to 5V and input signals from 5V to
3.3V. To facilitate the voltage translation, the primary side is connected to a +Vp voltage
and the secondary side is connected to a +Vs voltage to select the voltage. This is useful
for applications such as a portable computer and docking station where the portable
25  computer may operate at a 3.3V level to conserve power, but the docking station operates
at the conventional 5V level. The repeater 116 can be placed in either the portable
computer or the docking station to provide a connectable PCI bus to the docking station.
Also included in the repeater 116 are read prefetch buffers (RPB) 208 and write
posting Buﬂ'ers (WPB) 210 for each side, and an arbiter 206 for arbitrating access
30  between the primary PCI bus 112 and secondary PCI bus 118. The read prefetch buffers
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 Figure 9 is atimng diagramillustrating an upstream single data phase
.Wwite transaction followed by an upstream single data phase read
transaction; Figure 10 is an upstreamtarget disconnect wite transaction

foll owed by an upstreamread retry transaction; 15 Figure 11 is a
timng diagramillustrating an upstream burst wite sequence; Figure 12 is
atimng diagramillustrating an upstream Burst read sequence; Figure 13 is
atimng diagramillustrating an_upstream single phase wite transaction
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on the primary bus, 25 Turning now to the draw ngs, a conputer systemC
according to t$eeopdary BGIhusesprecreawirad tor operate gt Eiecsame; fomiensYonAnaltstative To
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Lerr] Processop, 100 incl udgs goprimary and secondary cache. of course.
The primary bus unit 200 contains conventional configurable address decode
logic for positively and subtractively claiming transactions from the primary PCI bus
10 112. The secondary bus unit 202 lacks any address decoding for reasons disclosed
below.
The PCI repeater 116 is different than a conventional bridge because it prefers
not to store and forward data. Generally, incoming signals are clocked on a rising edge
 of the PCI bus clock and passed through to the other bus. However, it is a function of the
15 repeater to control the echoing or repeating of signals from one bus to another without
violating any of the PCI operating rules. The functionality of the PCI repeater will be
discussed with respect to downstream cycles and upstream cycles. Single and burst data

cycles are subsets of each.

20
Dom transactions or cycles refer to transactions initiating on the primary
PCI bus 112 and targeting a device on the secondary'PCI bus 118, or buses below. The
PCI repeater 116 is the only subtractive decode device on the primary PCI bus 112, in
compliance with PCI conventions. Subtractively decoding the downstream transactions,
25  rather than positively decoding, further eliminates BIOS (basic input output system) and
operating system ovei'head. The PCI repeater 116 generally echoes on the secondary PCI
bus 118 the entire transaction as it happens on the primary PCI bus 112 regardiess of
whether the transaction is intended for the secondary bus 118. The PCI repeater 116
reflects the primary PCI bus 112 delayed by one clock, therefore, the PCI repeater 116

30  adds two clocks to all downstream transactions - one for cycle start and one for data
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- 7 types of processors can-be used with mininmal changes. The Processor 100 =

.is connected to a Pentium f[err] host bus called the Processor Bus 102 which
is a high performance bus utilizing gunning transceiver logic (GIL) as
generally defined by the Pentium/|[err] specification. 5 . In
addition to the Processor 100, the processqgr bus 102 is connected to a data
path unit (DP) 104, such as an Intel 82452 and a nenory controller (M)

106, such b 82453GX which coll ectively trol
ubsyst em for Ao PR tprcticy pafveR biiedt i sl Sk, SRk ot s
i nterface conpagedtidary bus; Wil appéar ko delic®2dpHOprimey bad aya)subdeively idacatedh

unit 104, the nmenory controller 106 and the 1 menory interface
conponent s col [teagggcfieny form a nenory control subsystem for the nenory unit

108. The nenory unit | ver.al . sl ots, £ or .recelvi [ _
nodul es, such )alts a ngs@%m&ﬁ eﬁﬁ?ed((fg%}ﬂed@ﬁg r@ﬂ}%gg&s .
menmory (DRAV) agulia tolfle tRg@ron GRNéccohdaey PTAGhusr N8I steSFRAMIES ps ADIA 10! B
~and timng to the nenory unit 108, while the data path_unit 104-interfaces -
a 72 bit data [SEBE[Ripand IRI2Y 15 Signglseshaed dionpthie secondancPEhbusyid§dp phe initiatorog.
The nenory con . t | bi.e
recei vi ngya rnetr(r)tq)l?{l/lg ﬁ’é‘&'&’*gg? e?ﬁg%tf&g&p%@gs‘gor %él&éu@%?ﬁgﬁgf gxn%]f’ﬁpstream
respondi ng af t erandabiion; signabsséohdedfromahe initiabsronthepdcohdaty PO dis 1 18wl thy targéte
menory controller 106 proyides pemry error._correction, including the

capability of SPthfrrmary PGLbpsHi2 are % HDIALPIC/BEL:Qls and ARDY] 5. Signals
me m)-r y confy ol leffoedGfont fH gty BcyBud P12 8'the initiator on the secondary PCI bus 118 are

TRDY_p, STOP_p and DEVSEL p.
Now referring to Figure. 3, there is illustrated a timing diagram of two single
DWORD transactions initiated on the primary PCI bus 112 and fargeted to the secondary
PCI bus 118. The first transaction is a wﬁte transaction positively claimed by a device
15 on the secbndary bus 118 using medium timing and the second transaction is a rt_add
transaction subtractively decoded on the primary bus 112 and secondary bus 118. In the
following Figures, signal names ending with a small “p” are primary PCI bus 112 signals
and signal names ending with a small “s” are secondary PCI bus 118 sigﬁals, as shown
in Figure 2. The underscore after the signal name indicates the signal is active low. The
20  broken circles indicate a turn-around cycle as defined in the PCI specification.
In response to a transaction initiated on the primary PCI bus 112, the PCI repeater
116 asserts FRAME s, AD[31:0]s, and C/BE_[3:0]s one clock delayed (clocks 2 and 8)
on the secondary PCI bus 118. IRDY_ is also echoed onto the secondary PCI bus 118
on clocks 3 and 9. Although not shown, other master signals, such as a LOCK _ and
25  IDSEL signals are also echoed as needed on the secondary PCI bus 118. |
The PCI repeater 116 senses DEVSEL p deasserted on clocks 5 and 11, and
therefore, accepts the cycle using subtractive decode timing on behalf of the secondary | .
PCI bus 118. For write transactions, once DEVSEL _s is sampled low (clock 5), the PCI
_ repeater 116 copies the states of the slave signals (DEVSEL_s, TRDY_s and STOP_s)
30  from the secondary PCI bus 118 to the primary PCI bus 112 (clock 6). After the PCI



- 20 - gigabytes of- DRAM Menory arrangenents having non-interl eaved, x2 and
-X4 interleaving configurations are supported by the nmenory control
subsystem . In addition to the nenory subsystem the processor bus 102
~connects to one or nore peripheral conponent interconnect (PCl) bridges
110, such as an Intel 82454GX. The PCl bri qe 110 provides the necessary
logic and control for passing bus cycles 2 bet ween the processor bus 102

d PCI 2. 1t ] ted t alt h hi | cal
Sont gurat1 on rEPaRaie ssnses, PESISHL 8 and FRON 5 sefried i (Jook 5, JRDY i s
peer -t 0- peer CehdseridPio &ﬁﬁylet@iﬂe&?ﬁ@&nbﬁ ohlifie Ricbiiddry PEﬂ)u@PFB it tHinSactiof OF

nore PCl devices 114, such 'as a snall conmputer systeminterface (SCSI)
controller 1 14:anmlﬁﬂesapmhd@umy_\sféhblmﬂ46 onelolocBdater (SR:Gk 63.0 Echaing DEVBBIam S

connected to a har k dr,ive. 124 vi deo em 114b,

el udl ng vi dod R RIY=S 18 eprndity R bus 17 ahred it She S artes it the fnal
PCl. devi cess 114espandibility feP&t@tingithe Bydiéloe 116 accordi ng to the present
i nvention is connected between the primary PCl bus 112 and a secondary PCl

bus 118. The PCl r effonresd cykies, arice theiCl atgiegter b6l ssnsos DENSEEcowncitad,(clock 18ks

118 fromthe p PCl 12 .bu ses bot h p s_one
| ogi cal PCl ﬁe”%?% rﬁ?ﬁ’at?regleé f,%q)esltflng SS%PSF 8F ﬁ}f %ve s1gr}a§]@$/gﬁ¢+§ eﬁ{})g tem
software t her elssrople 8@ AD[I 100 ffonihe secnd By PCIRE S 1846 RWrimary PCI bus 112.

The PCI repeater 116 preferrably does not post any data transfer that consists of a single

10  data phase. This simplifies the design of the PCI repeater 116 and allows the repeater
116 to back out from any transfer which is retried by a target. The resulting latency
across the PCI repeater 116 is 2 clocks in addition to the target latency.

| Now referring to Flgure 4 there is 1llustrated a target disconnect write transaction
followed by a target retry read transaction. In response to a write transaction initiated

15 | on the primary bus 112, the PCI repeater 116 asserts FRAME_ s, AD[31:0]s, and
C/BE_{3:0]s one clock later (clocks 2 and 8) on the secondary PCI bus 118. The
assertion IRDY p is also echoed on the secondary PCI bus 118 on clocks 3 and 9.

The PCI repeater 116 senses that DEVSEL_p remains deasserted on clocks 5 and
11, and therefore, accepts the transaction using subtractive decode timing on behalf of

20  the secondary PCI bus 118. For write cycles, once DEVSEL _s is sampled asserted
(clock 5), the PCI repeater 116 copies the states of the slave signals (DEVSEL s,
TRDY_s and STOP_s) from the secondary PCI bus 118 to the primary PCI bus 112
(clock 6). A write transaction disconnected on the secondary bus 118 is also
disconnected on the primary PCI bus 112 because the STOP _p signal is driven on the

25  primary side concurrently with TRDY p. Waiting on DEVSEL_s and TRDY_s before
accepting the data on the primary PCI bus 112 ensures that the initiating master has the
final responsibility for executing the transaction.

For read transactions, once the repeater 116 senses DEVSEL _s asserted (clock
13), the repeater 116 copies the states of the slave signals (AD{31:0]s, DEVSEL s,
30 TRDY_s and STOP_s) from the secondary PCI bus 118 to the primary PCI bus 112
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addi ng significant conplexity to the systemsoftware. Attached to the
secondary PCl bus 118 are one or nore PCl devices or slots 120 and a PCl to
I SA bridge 122. The PCl to | SA bridge 122 passes cycles between the 10
secondary PCl bus 118 and an industry standard architecture (I1SA) bus 128.
Attached to the I SA bus 128 are a keyboard ﬁ)ntrol |l er 130, a ROM 134 and a
multi I/Ounit 136 supporting two serial aparallel port, afloppy

di sk controller,co d to,a floppy |vea at ed )

el ectronics (I Dg"mgg .ggggedfgqnse é’ettf‘ B‘Paéﬁg‘bspi o‘ﬁ o [ ‘é‘? edqngp@ry
drive or CD ROMW, ﬁ)egﬁﬁfﬁﬂ& :
illustrated a bI%g(’:Eyngg%a?;emthngT hlggéﬁﬁﬂéggg?eg% : e rs}a&ggng‘#@fg vlsnéh
conprised of a PRDYampynegatedunit 200 connected to the pri mary bus 112 and a
secondary bus unit 2 conhected to th condary bus 11 Each bus un|.t
has sel ectabl e vol t af@% FEATIOG: & ‘32‘6"4%56 rEo‘ﬁv‘«[-,l?‘/ﬁan‘Fé! & strgam, bigst MEite

1o a commonsvol {ragcticit! CWRe birstitg 28§ ﬁémlr\%;)ea'tefr 1188s Qélhé%fﬂbyy&%%

and the PCl repeater 116 20 operate d the secondar
operated at 5V, bunstedata withgzere mxtsstmsonncezmd trahsfehis aseapbsddtr the darget. \hhd E|CI

convert output Signa to 5V .an from 3.3V, T
facilitate the '\'78%‘3'91 6 SenseRa @%ﬂgﬁg% &8312‘5@’6&] W B A&y
vol tage and theas%&fémcsme the @@nsa%u&pm%ﬁ@vﬂte transh¥ion/ %ééﬁ@atér‘llo‘é@h&%sérhe
voltage. This is useful for applications such as a portable conmputer and

docki ng stati onm&@tphekﬁ@ml@@mfwemwwm tppasagtien. dnstgad tis PCI

| evel t th k t
convent | ondp o epeEba 15 dre g AeBR b BRDY. £ hn i RGN sl il gloek 6, the
portabl e conputdeclofollofngihe képeateps 216 Qd%eﬁtihg&h@ﬁtsﬂ dafd tFaABdtE6h akthe silfttackns

to the docking station,
decode timing on the primary bus 112 at clock 5. The delay is needed to insure that the

PCI repeater has the next transaction’s byte enables (which are available at clock 8, the .

- first clock following TRDY _p asserted) in time to meet the PCI Specification timing.
15 In response to the transaction initiated on the primary PCI bus 112, the PCi
repeater 116 asserts FRAME_s, AD[31:0]s and C/BE[3:0]s one clock delayed (clock 2)
on the secondary bus 118. A request/grant signal pair (REQ1_/GNT1_) corresponds to
a master on the primary side requesting/gaining access to the bus 112. The PCI repeater
116 senses DEVSEL p deasserted on clock 5, and so subtractively decodes the
20  transaction on behalf of the secondary bus 118 by asserting DEVSEL_p on the primary
bus in clock 5. On the secondary bus 118, a target 120 decodes the address and
command using medium decode timing and asserts DEVSEL _s and TRDY _s in clock
4. In turn, the PCI repeater 116 senses the assertion of DEVSEL_s and TRDY_s and
echoes TRDY_p onto the primary bus one clock later (clock 5) to begin the subsequent
25  data transactions. Although medium decode timing is illustrated on the secondary bus,
any timing is supported with the effect being a longer first data transaction. The PCI
repeater 116 accepts the data with zero wait states. If the target 120 is unable to accept
- the data with zero wait states, the PCI repeater buffers the data in the write posting buffer

210. The secondary side delivers the data at a rate limited to the speed of the target.



Al'so included in the repeater 116 are read prefetch buffers (RPB) 208 and

.wWwite posting buffers (WPB)' 210 for each side, and an arbiter 206 for
rarbitrating access 30 between the primary PCl bus 112 and secondary PCl

bus 118. The read prefetch buffers

but could be any depth. An alternative enboﬁ ment can.have an exter nal
A single clock input is used to provide timng for both the

arbiter.

primary and secondar
secondary PC
alternative 5

buses BPEHTRaRInb BierepoRf sfoed befeeh hCiyfiaece i B iAot T
repehief coBla end Npl Wille infihished @HélesCin s it oktit Buffer 210. If a bus

synchroni zation logic for operating the buses at different frequencies,

al t hough t he PCOmast

The PCl

“primary PCl bus_ 10 112. The secondary bus unit 202 | acks any address

' decodi ng for reBkeseforegacserdggde theqreforredumboiment, tpprevent any Bitialorfiom optaining .

th ti . D ! ; . t : o
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bus cl ock and pPGEabiter 1 Dofrhe héedit 8topt grarting\the prifav§ \PEOT buk 112 evhile ftigfnistong of
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the burst sequence on the secondary PCI bus 118. At the same time no other initiator can
access the secondary bus 118 because the repeater will not relinquish the secondary PCI

bus 118 until it empties its write posting buffer 210. A sideband signal no more grants
(NOMOGNTS_) forces the arbiter 111 to stop granting requests. While the |
 NOMOGNTS _ sigxlal is asserted, the arbiter 111 deasserts any pending grant signals, for
example (GNT1). When the burst sequence is completed on the secondary PCI bus 118
(clock 10), the PCI repeater 116 deasserts the NOMOGNTS_ signal. After the

NOMOGNTS _ signal is deasserted, the PCI arbiter 111 is free to issue grant signals
again. .
On clock 6, the first data is accepted by the repeater 116, on the primary side,
which causes the data and byte enables for the next transaction to become available. The

PCI repeater 116 then asserts IRDY _s to allow the write data transfer to occur. The write |

transfers then continue until the initiator is done, or disconnected by the PCI repeater 116
aéserting STOP_p as shown in Figure 5, clock 9. The STOP_p signal is asserted if the
write posting buffers are approaching their limit, as in this example. Although the PCI
repeater 116 adds additional latency to the transaction, the effective burst rate approaches
the limit of the PCI bus.

Now referring to Figure 6, there is illustrated an attempted burst read transaction

of the prior art between a master on a primary PCI bus, such as PCI bus 112 and a target
on a secondary PCI bus, such as secondary PCI bus 118 using the memory read

command. The dotted lines illustrate an undesirable condition which the present:

invention solves. -

9 208 are preferably two DWORDs deep,

eipkeginsrangther transactionl befaye thedRE rapeates il 6 smpticaitswiitenostings .

primary bue. o PtgE s PR BalBeR b Bh AR AR ECL Bedbl Bl ot

1 ogic for pesitictiffuistadie seebhdang POl 180l O efy

SieC Wb poltingThuifive 210



- 15 repeater to control the echoing or repeating of signals from one bus
.to another without violating any of the PCl operating rules. The
functionality of the PCl repeater will be discussed with respect to
downstream cycl es and upstream cycles. Single and burst data cycles are
subsets of each. 20 Downstreamtransactiofg or cycles refer to transactions
initiating on the primary PCl bus 112 and targeting a device on the

secondary PCl bus ﬁ:int?ﬁ{_r | ' Qhé'rf Jﬁiﬁm?
subtractive decodejf%l“{egr\flla'éc?éerogl'ﬁtﬁéfa e p ?%ngqggaggun{ﬁs%?g&a%&%eonp ?%nce W th
PCl convent i oascrosSithe P@Etepeateryl Idqoppiivroart fepeaten)the PERrepieaten $ BE willbtemminate
rat her than positi vel,épgfcodj ng,. further elim nates, Bl basi¢ i

03] {
out put syst emtheHRsast or 3 §ingle data phasedelaek 4) bepause g Pg%ﬁéﬁﬁtﬁg%liggyha"e
|1 h : | ' it
Pappens. on t naenal s U (SESHMIR] okl she Pfeel g gl "R e GORSACARAT 1
intended for tpedformeaotieatrynshetion id fRad TeaeM@iningatata t Henc, ltfie trafidaetidrsis bihaken

primary PCl bus 112.del.ayed by one clock, therefore, the PCl repeater 116
30 adds tm"t‘P&'ﬁ%&FB‘“éF%‘mngeamtransact ions - one for cycle start
and one for data Figfle 6e4s8 Showded) S&onfary 'S SRk i(SBGRAS ) tsighal. Y This AlghRLisWi t h
medi um decode tim ngélg% t he seocondaryng’ﬂg, W éppear onglgvi ces on the
primary bus agprevidedoby swarbiterd yudicascuafkiter 111, to enable a secondary bus arbiter, such as
secondary bus arbiter 206. Normally, the SBGNT _ signal is asserted on clock 2 to allow

10 the secondary arbiter to issue grants, such as GNT2_. Thus, once the secondary PCI bus

118 has completed the transaction (clock 5), the secondary bus device asserting the
request corresponding to GNT2 _ will own the secondary PCI bus (clock 6).
Because of the inherent latencies of the PCI repeater 116 (and prior art repeater), |
_ atransaction on the secondary PCI bus 118 could begin (clock 6) before the primary PCI
15 bus1l2is ready to receive the echoed transaction, as shown by the transaction in dotted
lines starting on the secondary PCI bus in clock 6. |
To prevent this problem from occurring, the PCI repeater 116 of the present
invention asserts the NOMOGNTS _ signal (clock 3) as soon as the PCI repeater 116
detects a memory read command and FRAME p -is held asserted indicating that the
20  master on the primary PCI bus 112 wants to burst the read transaction. The
NOMOGNTS _ signal is held asserted until the PCI repeater 116 signals a disconnect to
the master on the primary PCI bus 112 (TRDY_p and STOP_p asserted in clock 6). This
prevents the arbiteré 111 and 206 from asserting grants signals until the transaction is
completed on both buses. If the repeater 116 detects that the master and the target are
25  on the same bus (i.e. primary PCI bus 112), it instead immediately deasserts the
NOMOGNTS _ signal after DEVSEL _p is asserted (not shown) to allow the arbiter 111
to ;.Jipeline the grants as normal. Thus, the PCI repeater 116 handles read transactions
to non-prefetchable regions where the read transaction is broken into multiple single data

transfers.
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transaction. In a downstreamtransaction, signals echoed fromthe initiator
.on the primary PCl 5 bus 112 to the target on the secondary PCl bus 118
are FRAMEp, AD[3 1:0]p, CUBE[3 :0]p and IRDYJ p . Signals echoed fromthe
secondary PCl bus 1 18 to the initiator on the primary PCl bus 112 are TRDY
s STOP s and DEVSELs. In an upstreamtransggtion, signals echoed fromthe
initiator on the secondary PCl bus 118 to the target on the primary PCl bus

112 are FRAME s, DPQ%“g]gqlf @%ﬁe :

fromthe primary PCl bus™l 3}?{0 |§@8ﬂrrﬁ(g)an Qé?@?%gﬁ@eg&ﬁpﬁﬁg@
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- on the secondary bus usi ng nmedrumtinfng an e secon transactlon S
~a read traﬁsacpnmmydﬂﬂlﬂauamﬁateslmdamgdatﬂkmdrhemmmmegd rbulﬂpli:l:ﬁmndd The -
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al so- echoed on he secondar bus
the transaction on the secondary bus does not end until clock 12.

Now referring to Figure 8, there is illustrated a downstream burst read sequence
with arbiter intervention according to the preferred embodiment, solving the problem of - .
Figures 6-7. A master initié.tes a memory read liné or memory read multiple command
15  onthe primary PCI bus 112 to a target on the secondary PCI bus 118. The PCI repeater
116 initiates the command on the secondary PCI bus 118 on clock 2. The PCI repeater
116 sets the byte enables to all zeros regardless of the requesting master byte enables to
read all the bytes and to be able to read ahead (or prefetch) of the master on the primary
bus 112 (since byte enables are not pipelined). On clock 5, because the transaction is not
20  positively claimed on the primary PCI bus 112, the PCI repeater 116 determines that the
transaction is heading downstream and asserts the NOMOGNTS _ signal to notify the
PCI arbiter 111 to remove the current grant (GNTi_) on the primary PCI bus 112 and
any subsequent grants until the secondary PCI bus 118 finishes its current transaction.
The NOMOGNTS _ sfgnal is deasserted on clock 12 when the read completes on the
25  secondary PCI bus 118.
The read prefetching is termihated on the secondary PCI bus 118 as soon as the
PCI repeater 116 detects the last data phase on the primary PCI bus 112. The last data
- phase is signaled by the deassertion of FRAME_p on clock 8 and of IRDY _p on clock
9. On clock 9 the PCI repeater 116 signals its last data phase is completed on the
30  secondary PCI bus 118 when the FRAME s signal is deasserted on clock 9. Thus, the



on clocks 3 and 9. Although not shown, other master signals, such as a
LOCK and 25 | DSEL signals are al so echoed as needed.on the secondary PCl
bus 118. The PCl repeater 116 senses DEVSEL p deasserted on clocks 5 and
11, and therefore, accepts the cycle using subtractive decode timing on
behal f of the secondary PCl bus 118. For wr'@e transacti ons, once DEVSEL s
Is sanpled low (clock 5), the PCl repeater 116 copies the states of the
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Upstream transactions are transactions initiating on the secondary PCI bus 118
and targeting a device on the primary PCI bus 112. The PCI repeater handles upstream |
transactions the same way it handles downstream transactions, but with a few exceptions.

15 The PCI repeater 116 will not respond to upstream configuration cycles. '

One problem facing the PCI repeater 116 is how to determine which cycles are
headed upstream and which are headed downstream. Two alternative solutions are
possible. In a first alternative, the subtractive decode logic of the PCI to ISA bridge is.
enabled during downstream transactions only. The PCI repeater 116 broadcasts every

20  transaction originated on the secondary PCI bus 118 to the primary PCI bus 112. If the
transaction is not positively claimed by a device on the secondary PCI bus 118, it is
subtractively claimed by the repeater 116. Thus, the transaction is sent upstream,
however, peer to peer transactions between devices on the secondary PCI bus 118 and
devices on the ISA bus 128 are not available. In a second alternative, the PCI repeater

25 116 halts operation on the secondary PCI bus 118 and echoes the transaction to the -

| primary PCI bus 112, If the target is on the primary PCI bus 112, the target positively
claims the transaction. If the transaction is not positively claimed by a primary bus PCI
agent, the PCI repeater 116 subtractively claims the transaction and runs it on the
secondary PCI bus 118. If the target is an ISA device, the PCI to ISA bridge 122 -
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~across the PCl repeater 116 is 2 clocks in addition to. the target |atency.’

~Now referring to Figure 4 there is illustrated a target disconnect wite"
transaction followed by a target retry read transaction. In response to a
wite transaction initiated 15 on the primary bus 112, the PCl repeater

116 asserts FRAME s, AD 31:0]s, and C/ BE | 3i0s one clock later (clocks 2
and 8) on the secondary PCl bus 118. The assertion IRDY p is al so echoed on

t he secondary P 18 on gl.ocks 3.an . aLhe r r
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10  PCI bus 118. The transaction is echoed upstream to the primary PCI bus_ 112 on clock
2. The PCI repeater 116 senses FRAME _s deasserted on clock 3, determines that this
is a single data phase transaction, and asserts IRDY_p to allow the write transaction to -

complete. The transaction is positively decoded on the primary PCI bus 112 on clock 4

- using medium decode timing. As soon as the repeater 116 samples DEVSEL p asserted o

15  on clock 5, it copies the state of the DEVSEL_p on to DEVSEL_s along with the
remaining slave signals (TRDY_p and STOP_p).

The upstream read transaction follows in a similar manner. The transaction starts
on the secondary PCI bus 118 on clock 7 and is echoed to the primary PCI bus 112 on
clock 8. The transaction is accepted on the primary PCI bus 112 on clock 10 and

20  DEVSEL s is echoed to the secondary PCI bus 118 on clock 11. On clock 12, the target
places the requested data on the primary PCI bus 112 and asserts TRDY __p to terminate
the transaction. On clock 13, AD[31:0]p and TRDY _p are echoed to the secondary PCI
bus 118.

Now referring to Figure 10, there is illustrated a target disconnect write

25  transaction followed by a target retry read transaction. Because the PCI repeater 116
does not post single data phase transactions, the PCI repeater 116 handles upstream target
disconnect and retries the same way it handlés the downstream transactions. On clock
4, a target on the primary PCI bus 112 signals a disconnect which in turn is echoed to the
initiator on the secondary PCI bus 118 by the PCI repeater 116 on clock 5. In a similar

30  fashion, a retry is signaled by a target on the primary PCI bus 112 on clock 12, which in |



12 (clock 14). A retried transaction on the secondary bus 118 is al so
retried on the primary bus 112 because the STOP_p signal is driven on the.
primary side concurrently with TRDY_p negated. Now referring to Figure 5,
there is illustrated a downstream burst wite 5 -transaction. Wite
bursting across the PCl repeater 116 is achijgved by accepting the burst.
data with zero wait states, once the transfer is accepted by the target.

and FRAVE.Par o Aot roogd FRa o o ONEARRR bl bREH| TP Y il 1165

transaction, thelock8ater does not assert IRDY s at clock 3, as would
happen for a single DWORD transaction, |nstead, the PCl repeater 116

10
del ays the asserti on Now refamingtodiguresel lsanddlZg theye arg dllustraed an ppstreagchurst wiitge

cl ock follow ng

usi ng subtracti 3%3%%%??%%%% ?‘ﬁ@g%ére: %@Bﬁe&%i P%%trg{?ﬁ %F%%?agﬁ%r%%

del ay i s neeéded sinilar b downstivatn Huet tiafkactiomsinttien theabitdrel amist hovgrastthe #CIS

TROY_p assert saPus 18130 113 ey e wed g ther e GRseiAmGpmges. Thbis
L1 " Feponee 0, BBIRRAT i SOOI gl Rty T e e
del ayed (clock gytenminedithatthe dradsactiobosgifdted on theespoariatygPChbussiil§rishccppted by -
(FEQU ONTE) oL GoRg U S BEL5h93, TS b R e s PEA NS5 LA
clock 5, an@ soageidnde of R HardBGRASGY dsfitting DEVSEL p, as shown at clock 3 with fast
decode timing. The NOMOGNTS _ signal remains asserted until the transaction
completes on the primary PCI bus 112, as shown from clocks 4-11. In these examples,
it can be seen that the NOMOGNTS _ signal remains asserted even while the target on’
the primary PCI bus 112 inserts wait states (clocks 8-9 in Figure 11 and clock 9 in Figuré
15 12) before accepting the final write cycle. '
Figures 13-15 correspond to the second alternative. Figure 13 illustrates an
upstream single data phase write transaction positively claimed on the primary PCI bus
112. Figure 14 illustrates a upstream single data phase write transaction not positively
claimed on the primary PCI bus 112 or the secondary PCI bus 118, but subtractively
20  claimed on the ISA bus 128. The principles illustrated in these Figures apply equally to
memory and I/O transactions. In Figure 13, the transaction starts on the secondary PCI
bus 118 on clock 1 and is echoed to the primary PCI bus 112 on clock 2.
In order to allow a proépective primary bus target sufficient time to respond, the
secondary PCI bus 118 clock (CLKs) is halted for two PCI clock cycies by a clock
25  disable (CLK_DIS) signal at the end of clock 2. The two clock delay allows the .
transaction to be claimed by either a primary PCI bus 112 target or secondary PCI bus
118 target before the ISA to PCI bridge 122 would subtractively claim the transaction.
A primary bus agent could claim the transaction by asserting DEVSEL_p on clocks 3,
4 or 5. A secondary bus agent could claim the transaction by asserting DEVSEL_s on .
30 clocks 2, 5 or 6. At the end of clock 4, the CLKSs is started again.
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. 20 transaction on behalf of the secondary bus 118 by asserting DEVSEL_p

. on the primary bus in clock 5. On the secondary bus 118, a target 120
decodes the address and conmmand using nmedi um decode-tim ng and asserts
DEVSEL s and TRDY s in clock 4. In turn, the PCl repeater 116 senses the
assertion of DEVSEL s and TRDY_s and echoeggTRDY p onto the primary bus one
clock later (clock 5) to begin the subsequent 25 data transactions.

Al t hough nedi um decedg. fin.ng..is i1l r .
Cmingots suppor t eq Ty e e ipark bl 3t bithe e IbpRRRSRE i B0 ing |
The PCl repeat &y aiskftingdOEVSEL! f'on dRicR SWOclaék 6, thePCI fdpaitessensds thdassértibget
120 is unable to accm data with zero wait states, the PCl repeater

buffers the dac§DBEVE teshoss NE ViSE 17 ansk TRDY_p prto teseneadary RGldws 118

delivers the d { A Pame t h a e i o to
possi bl e di fferi}é%éﬁebsu??ga%%ei& pe \ﬁ%@%%t"h@gi%?@lagwgéﬁsaﬁc# f%%?tl%irltg&d,}%f’ egPCI
- repeat er..coul dssbithctivelydédodediby theIBAdo POIIbeidge 23.t s wite posting buffer :
210. If-a bus master_begins another transaction before the PC_ repeater 116. -

Cenpties its wite pdW HgugpEgurolt thedragsagtiondariomtieseemday N byadés op
b he PC : Pyl bu:
ecause the l:loEEg%h% ech%@c} g@%ggtnﬁﬁla %(l} ?%s‘fi 12%{%@%6% 5 alﬁa%@@@ﬁs)’egﬁ&hl us

118 until it enpties Its wi ore, according to
the preferred dedoddilogicbdf theprintaey bustunit 300 toi detendnine if the aidrbssaramgengprielygonds

[ 112 whi | he PCl 116 i PCI 1
ﬁglt irr?ir)ésb? ﬁe to atz{rgeet otnt eprcl:marryel-‘o(ﬁ tugrllz. ?’hé gecggc?a).{'}" P&P gus c(fockr (%B&&S ?srha}tec? .

10  again for two clocks as in Figure 13. However, this time the transaction is not claimed

-

on the primary PCI bus 112. On clock 6, the PCI repeater 116 senses the negated state -
of DEVSEL _p, determines that the target is not on the primary PCI bus 112 and asserts
DEVSEL_p to subtractively claim the transaction from the primary bus 112. On the
secondary PCI bus 118, the transaction has also been unclaimed. On clock 7, the PCI
15  repeater 116 senses that DEVSEL _s is still unasserted and the assertion of DEVSEL _p
with subtractive decode timing and therefore determines that the target is on the ISA bus
128. On clock 7, the ISA to PCI bridge senses that DEVSEL s is still unasserted and
asserts DEVSEL _s to subtractively claim the transaction. The transaction completes as
normal on clock 9. Thus, the target of a transaction is transparently determined without
20  requiring any special upstream address decoding logic to be contained in the PCI repeater
116. |
Now referring to Figure 15, there is illustrated an upstream prefetchable burst
read sequence. In this second alternative, upstream burst transactions are similar to
downstream burst transactions in that the arbi%er 111 must not grant the PCI bus 112 and
25 118 to any agent until after the current transaction completes. The transaction starts on
the secondary PCI bus on clock 1 and is echoed to the primary PCI bus 112 on clock 2
to determine if the target is on the primary bus. The byte enables C/BE[3:0]p are forced
to zero so that prefetching may occur. IRDY_s is asserted by the initiator on the
secondary bus 118 on clock 2 and is echoed to the primary PCI bus 112 on clock 3.
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PCl arbiter 111 of the need to stop granting the primary PCl bus 112 while
it is finishing the burst sequence on the secondary PCl bus 118. At the
same time no other initiator can 10 access the secondary bus 118 because
the repeater will not relinquish the secondary PCl bus 118 until it enpties
its wite posting buffer 210. A sideband sbgnal no nore grants (NOVOGNTS )
forces the arbiter 111 to stop grantlng reguests. Wiile the NCNCGNTS si gnal

exampl o (GNT1) . when it e v aRel o e OEMA-DEEY BHY 11208 SiendBS e,
bus 118 15 (n’ammohpﬂ:epcneloaebfthemaidafy BOPbuiEEXR) ishaltéd-byNBYPONFépeater
signal. After the gnal is deasserted, the PCl arbiter 111 is

free to issue éﬁ@ﬁﬂftg’log-‘r\%ﬂ@ é@&lOﬁ Scthe seconrarg PGl bus logk is statted againg Actepges d

by the repeate n@?;

enabl es for th[(gnneg’trl %Qgg‘g iolwepgée@g’rtrrean%\?g? ﬁmﬁ%ﬁéﬁﬂ@mr‘%ﬁt er
116 then a§seramiﬂlRBEIﬁepéaexalllb@whdehﬁle\MghﬂQDB&!SELts)@ﬂﬁf the sédbndﬂstlbns onbleck
wite transfers then continue until the initiator is or d| sconnected -

by the PCI repéat €hus 1he subtmctive decprieragsntaef %mn%?&hbesé 8 @sgumesghe The - -

STOP_p signal hg are approaching

their limt, as i néﬁﬁ%@@dsﬁh&@%l%% the fﬁgpgat er 116 adds

addi ti onal |atency OndchSIthaﬁeampeaerllﬁlsmses‘FMMEypaMlDEVSEﬁ_p aagepted andhe s

25 the limt of t Now referr gto there is

i |l ustrated an ﬂgﬁ@lﬂﬁgﬁ“’f"%ﬂs"ﬂ?ﬂ%’ "E‘F rtlﬂif‘iﬂ"?&a“té?&ths@%@ﬁ a
t 5

Tast er 01 18 P! {dWdekoridaly B St hi elZiire @b%qﬁgeﬂ&%ﬂm& £064 iR prinary BCT

secondary PCl as secondary usi ng t e nmeno r ead
bus 112. On clock 9, the PCI repeater 116_ senses the completion of the burst read

sequence and in response deasserts the NOMOGNTS _ signal.
If the burst sequence had not been claimed by a target on the primary PCI bus
- 112, the sequence would have been claimed by a target on the secondary PCI bus 118.
15 By first sending the transaction upstream for decoding on the primary bus before running
the transaction on the secondary bus, the PCI repeater 116 can use the inherent address -
decoding logic of the PCI devices. Thus, the PCI repeater 116 does not need any special
downstream or upstream decode logic to handle these transactions.
The foregoing disclosure and description of the invention are illustrative and
20 explanatpry thereof, and various changes in the size, shape, materials, components,
circuit elements, wiring conhections and contacts, as well as in the details of the
illustrated circuitry and construction and method of operation may be made without

departing from the spirit of the invention.
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comrmand. The dotted lines illustrate an undesirable condition which the

present 30 I nvention sol ves. 14 If a master on the primary PCl bus 112
attenpts to read nore than one DWORD accross ‘the PCl repeater 116 (or prior
art repeater), the PCl repeater 116 will term nate the transaction after a
singl e data phase (clock 7) because the PCl _epeater does not have thenext

set of byte enables fromthe requesting mastdr. The ma ’
subsenent Ty S cpggggym o rensacton 1o rcad AR MDY

~Figure 6 al so shows aygfaGoagRley iPUS grant (SBGNT) signal. This signal is
provi ded by an arbiter, suc as arbiter 111, to enable a secondary bus
arbiter, such as secdndarykmﬁh(mrdfdoanm&ﬂﬁﬁngdanmsdcmnbaweaBtht@miupled

asserted on ¢l ock to all pw-10 t he, seconda arbite 0 |ssue rants
Such as GNTZ . FadrstuE end e conpled  escom s, 18 ettod GrrBIng.E feps of
transactionyclock 5), t h‘{a)sec%ﬂﬁ{ gQﬁt&t&qﬁ&l‘éﬁwﬁg?dﬁdéﬂ%nttﬁéﬁfs?%@ﬁ}starta

corresponding to GNT2 wil'l" own the secondary PCl (cl ock 6). Because

of t he i nher ént Itmemlpe,ssa@ﬁ initlatorfxglicatiope ticksding adfrgneeuidisatian angran initiptos ready
a transacti m‘%‘{i@ secondary PCl bus 118 could begin (clock 6) before the
primary PCl ®15 $12 is ready to receive the echoed transaction, as

shown by the transaction i) dowgbting said initiator indications to the second bus until said
7  transaction is completed on the second bus, but preventing said initiator ready indication
8  from being repeated until a target ready indication is repeated to the first bus if said
9  transaction is a burst write transaction; |

10 | (c)  detecting target indications provided on the second bus in response

11 to said repeated initiator indications, said target indications including a target ready =~

12 indication; and _ | - . - _

13 (d) | repeating said target indications to the first bus until said

14  transaction is completed on the first bus.

2. The method of claim 1, wherein access to the buses is indicated by a grant
indication from an arbiter, and wherein the method further comprises the step of:

()  preventing said arbiter from providing any grant indications until

BOWON e

said transaction is completed on both buses.

3. The method of claim 1, wherein step (b) further comprises the step of:.
2 ® holding said initiator ready indication on the second bus until said
3 transaction is completed on the second bus if said transaction is a burst read transaction.

L]

4, The method of claim 1, wherein said initiatbr indications includes byte

enable indications and wherein step (b) further comprises the step of:
(2 forcirig the byte enable indications to zero when repeating the byte
enable indications to the second bus if said transaction is a prefetchable read transaction.

W N e



. lines starting on the secondary PCl bus in clock 6. To prevent this probl em

. fromoccurring, the PCl repeater 116 of the present i+
NOMDGNTS si gnal (clock 3) ‘as soon as the PCl repeater mem)ry

read conmand and FRAME p is held asserted indicating -t @!ﬂ &mﬁ "l Mer

on the prinmary PCl bus 112 wants to burst %ﬁte read tra

NOMOGNTS _ signal is held asserted until PCl repeater 116 signals a

di sconnect to the naster on the primary PCI bus 112 (TRDY_p and STOP p

asserted in clock 6). This prevents the arbiters 111 and 206 from asserting

grants signals unti§, theThé aneded | SiNclaitn Q0 " Rh&GERsdd ﬁﬁht'?:rtlﬁﬁ'é‘&mnkfmélﬁ&e
repeater 116 detects that the master and the target are 25 t he sane

bus (| Bri nenrymmmmgnabiejndlmuomnsn e@th‘essnmhcﬁtlanah@vrdtem;sﬂmé trlahsactlon
i gnal aft DEVSE s.asserted sh to.allowthe
arbiter 11§ t o8 %pd satcﬂgnéqxgmtéatgsmﬁ g““ﬁ’r‘?ﬁ@‘f)%édﬂﬂ %% epeater 116

- handl es read transactlons to non-prefet chabl e regi.ons where the read
transaction js broken into multiple single data transfers. - 15 Referrlng

“now to Fighre 7, there iThe methad of daimahow mama@etmdmahenqompbdearstopvc ,

(epeater VALY BRRG 5B FB MGY AR VR A% Bl egf%'rsg%d

to access 8lat aranRaction said target indications include a data indication.

7. A method of communicating a transaction between an initiator coupled
to a first bus and a target coupled to a second bus, the method comprising the steps of:

(a) detecting initiator indications provided on the first bus to starta

' mdtcatlon _ _ _
(b)  repeating said initiator indications to the second bus until said
transaction is completed on the second bus;

(c)  holding said initiator ready indication on the second bus until said

OV 00 Q9 O o op W N e

transaction is completed on the second bus if said transaction is a burst read transaction;

b
(=]

(d)  detecting target indications provided on the second bus in response

[
ok

to said repeated initiator indications, said target indications including a target ready

ol
[ 8]

indication; and

(=
W

(e) repeating said target indications to the first bus until said

ot
&

transaction is completed on the first bus.

8. The method of claim 7, wherein access to the buses is indicated by a grant
indication from an arbiter, and wherein the method further comprises the step of:

® preventing said arbiter from providing any grant indications until

HOW N

said transaction is completed on both buses.

. transactxon, satd mmator mdlcatlons including a frame mdlcatmn and an 1mt1ator ready o s
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address ranges that are prefetchable. Figure 7 illustrat
Mmaster on the 5 primary PCl bus initiates a nenory r i menory
“read multiple command. The prior art PCl repeater woul Wﬂ"M’HE!%” ﬂ -on
t he secondary side and continue requesting new data untis I ERANVED

deasserted. A problemdevelops if the targ adds waits states to the
transfer and therefore keeps the secondary PCl bus busy while the primry

PG bus 10 1 (ol ook 50" T hAod gt Sath 1, Werkin S5 D S Sppniesshe b of™ "
i ss an entjre transactiof)si nevenfish diFiEAG el AMickith B BAA PRI uaPs

not end until clock 12. eferring to Figure'8, there is jlTustrated a
downst r eam Bur staid target seady indication isirepeatsidito the firsthusdfaidinansactionds a unsbwriteo
preferred eErbodi ment, solving the problemof Figures 6-7. A naster '
initiates a 'nentﬁwa‘f't@gd line or nmenory read nultiple command 15 on the

- primary. PCl ‘bus 112 to a target on the secondary PCl bus 118. The PCl

repeater 116 initiates the comrand on the secondary PCl bus 118 on clock 2. - :

The PCl repbkater 1161&et sThehmethpd of shimn|7e svhereimsaid mnitiaser indigationsdndudes bytee

ahead (or o o crup iR yiSyhdel SRH @ Grifiaba e BRSebSrnc. oy e o
enabl es are3not pipelinedh) OofdingGlie byte &RbR iikcatibiB 16 EéroSsiwhirepeating thetby)
positively claimed on the primary PCl bus 112, the PCl repeater 116

det er ni nes 4 hatengbleindicaions ¢q these¢ondibug ifisaid terssaction isaprafetrhable sad{rangaction.
NOMOGNTS _ signal to notify the PCl arbiter 111 to renove the current grant
(GNT2) on the primary PCl bus 112 and any subsequent grants until the
secondary PCl bus 118.fi rMiEhesethdds of Wldimnt, twirhsmcdaldo imitiakwe indid4tichs Snclude

signal is deasserted on clock 12 when the rea onmpl et es_ on, the. .
. J 2 command/byte enable indications, an address 9nd%catrxrgn and wherein 1P said transaction

"4

3 is a write transaction said initiator indications include a data indication.

12.  The method of claim 7, wherein said target indications include a stop
2  indication and a device select indication and wherein if said transaction is a read .

3 transaction said target indications include a data indication.
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25  secondary PCl bus 118. The read pref etch| ng is terminated on the——— =

secondary PCl bus 118 as soon as the PCl repeater 116 detects the
phase on the primary PCl bus 112. The | ast data phase is 51 m@m‘;@m .
deassertion of FRAMEp on clock 8 and of IRDY p on clock 9. :
PCl repeater 116 signals its |ast data phas 4|s conpl eted on the 30

secondary PCl bus 118 when the FRAMEs sign I s deasserted on cl ock 9.
bus 112 fjni,shes readi.ng while

Th th 16 t th PCl
the PO repbator "?ief‘arsogé. PpthB PRt A SR HOR ORI 20 TULRGE FORRISE e

secondary I I ; indiCREEHE"
hol ds t he CPIIQBEP??%O] s and IRDYééP %g‘(gQgﬁéo?d%%edggéﬁgfa{?gkg&&é%gﬁ@gﬁ&s untlsfa

the |ast dada phgrest indication promlbébyeah anbiter) thegnethodicompridiig the stepsiaf: 118 at
cl ock 12. A ter the PCl rgpeat 16 .det ect s. t he | ast, dat

repeat er drives the AP 31: &tﬁ“"]{mﬁﬁﬂt‘ﬁ)‘%@?‘ ?‘EHFB%‘QE‘? ﬂ%%?leq"dtgt‘t&fte‘ o
(fromcl OCk5 11 t&'ﬁﬁshétldﬂ S4ilf inkator MBRAAHRInchetim s Rradhe RidicafidA and &n Infifor ready

transaction is ended. therefore, the PCl repeater 116 attenpts to stay
ahead of the relqdle@mnt:Ig mast er by requesting nore data. Unused data is

di scarded the PCl rep 116 10 ljpstream nsactions ar
transact i OEZ initiating o@s M é‘ 't SecBhe bus unil said

8  transactionis completed on the second bus;

9 (c) detecting target indications provided on the second bus in response
10 to said repeated initiator indications, said target indications including a target ready
11  indication and a device select indication,;

12 : (d) repeating said target indications to the first bus until sald
13 transacnon 1s completed on the ﬁrst bus; and ' o
14 (¢)  preventing sald arbiter from provndmg any grant mdlcatlons until

15 sa1d transaction is completed on both buses.

14.  The method of claim 13, wherein step (b) further comprises the step of:

1

2 ® preventing said initiator ready indication from being repeated until

3 said target ready indication is repeated to the first bus if said transaction is a burst write

4  transaction.

1 15.  The method of claim 13, wherein step (b) further comprises the step of:

2 (8  holding said initiator ready indication on the second bus until said -

3 transaction is completed on the second bus if said transaction is a burst read transaction.

16..  The method of claim 13, wherein said initiator indications includes byte
enable indications and wherein step (b) further comprises the step of:
(h) forcing the byte enable indications to zero when repeatmg the byte

enable indications to the second bus if said transaction is a prefetchable read transaction.

S WON e
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and targeting a device on the primary PCl bus 112. The_.ECI_Lep_é_&Le_r_han_OH"es- |
.upstream transactions the sane way it handl es downstreamtransacti ons, but.

with a few exceptions. 15 The PCl repeater 116 will wllnmﬂgﬂuﬂﬂuul :
upstream configuration cycles. One problemfacing the P& nasarh ALl is
how t o determ ne which cycles are headed §tream and whi ch afe 'hedded
downstream Two alternative solutions areugossi ble. In a first alternative,

Gownet reamit ansac Fons. i yuetin B, 18, el s ek Cpdosipnd hihde
transactiop or¢dgthiasdbyte nille indRameHs Y addebss MitficalidB ah® whBRiniF 541 tndnddetiod us

112. If the - transaction is not positively clainmed by a device on the
secondary PCl Isa@gvritedransactipg said initiasen indiedtions inglude @ data indigaticapeat er 116.
Thus, the transaction is sent upstream however, peer to peer transactions: .
. bet'ween devices on the secondary PCl. bus 118 and devices on the |SA bus 128

~are not available. 18) a The aiethodl dfvldiat 13y vheteiesatClarget [isditations’ nclude hlsbop
hal ts operation on the secondary PCl bus 118 and echges the transaction to . -
“the pri mar¥ - pdndigation and 3 devier: Selegt Jadicatipnognd; whersin Heseld prepsaghion i1 regdhe =

posttivel'y? ol et ol il RRISARTychlbe o ud ARSI O LT 116
subtractively clains the transaction and runs it on the secondary PCl bus
118. 17 t h? target iQS anAIb%:\ rgge\;ite%efér éo%%lir?gcalt ﬁEs? blxss é ab ;eicggc? buls? 'ghe ﬁrst1b7us for

2 having an initiator coupled thereto, the second bus for having a target coupled thereto,

the repeater comprising:

a first bus unit for detecting and repeating signals from the first bustothe =
second bus; . o o I o . - -
o  said first bus unit operable to detect initiator indications provided
on the first bus to start a transaction, said initiator indications including a frame |
indication and an initiator ready indication; and

said first bus unit operable to repeat said initiator indications to the
10 second bus until said transaction is completed on the second bus, but prevent said
11 initiator ready indication from being repeated until a target ready indication is repeated .

12 to the first bus if said transaction is a burst write transaction; and

13 a second bus unit for detecting and repeating signals from the second bus
14  to the first bus;
15 said second bus unit operable to detéct target indications provided
16  onthe second busin responsé to said repeated initiator indications, said target indications
17 including a target ready indication; and .
18 said second bus unit operable to repeat said target indications to

19 the first bus until said transaction is completed on the first bus.



_subtractively clains the transaction fromthe secondary PCl bus. This
.preferred alternative has the advantage of handling a hi

Figures 9-12 correspond to the first alternative. The pri fsisgl _
illustrated in the Figures and descri bed bel ow apply equemmmlﬁﬂmmuum j?
I/ O transactions. Referring 5 now t o Figtire 9, there is 4 llus . '
single DWORD transactions initiated on the éecondary PCl bus 118 and

term nated on the prjinmary PCl bus 2. . The first, tyansactionis a Wi
transaction' positivély c Wé‘l"ﬂ'@\};c@hﬂﬁmtsﬂé 8t P?‘tlf’(rbrmﬁetwp_f'fb{q?gi ng
medi um decogle  toli 4 ifiiflof A4y RARALr o bR oulsSunfll §afPHadsh @A bofipleted
cl ai med usi ng nedi um decode t1 m ng. e first upstreamtransaction starts
on clock 1 3n tonahe secondibmsif d4id trad¥attidmis a biest réhlid¢ransagtiemct i on i s echoed

upstreamto the primary PCl bus 112 on clock 2. The PCl repeater 116 senses
FRAME s deasserted on clock 3, determnes that this is a single data phase

~ transaction, and asszq.rtsﬁh@@é‘pdgtér%feiaﬁ@w,tmbr&ﬁ!sﬁeixﬁﬁa%aﬁiaakaﬁuhsmwdesaytete.- -

- The transaction is positively decoded on the primry PC. bus 112 on clock 4. .-

- usi-ng nedi ¥n decahle indications antswherein said firstcbusaymitois durthier ©perahlel toforp\sebyts

asserted 1 on .cl oGk it copies the st f t . E EL -
s along wt tﬁaabﬁ%waf%fl?f& t8|z§(FEW§?’bﬁ?a?”§m§%ﬁﬁe‘éa§§° 1%\@1_45‘??0 %{,}Lesteg% eam

read transagti ¢fsaidobrdRN@Gion'is & pfefdttiable re® psisactibae transaction starts on the
secondary PCl bus 118 on cl ocE 7 and is echoed to the primary PCl bus 112

on clock 8. The transaction is accepted on the primary PCl bus 112 on cl ock

10 and 20 DEVSELSs ,,s eghoed t.0 the ndagy LCL bus. on 4 . On
clock 12, the targelepI ace? reRgaer J‘é‘i&fecgmﬂgé’aw}beﬁm?%ééwﬂﬁ%rlgdl%?%bs@b
and assert g TR¥mhand/biyRS éHabRtifications, an address indication and wherein if said transaction

3 is a write transaction said initiator indications include a data indication.

23.  The repeater of claini '19, wherein said target indications include a stop
2  indication and a device select indication and wherein if said transaction is a read_

transaction said target indications include a data indication.

24.  The repeater of claim 19, further comprising:
2 a plurality of voltage translators for coupling to at least one of the buses

to convert signals from a first voltage level to a second voltage level.
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the transaction. On clock. .13, AD[31 :0]p and TRDY_p are echoed to the
secondary PCl bus 118. Now referring to Figure 10, th
target disconnect wite 25 transaction foll owed by a

transaction. Because the PCl repeater 116 does not post'mm [mmlﬁﬁiﬂ
transactions, the PCl repeater 116 handl es éﬁstreamtarget di'scorne

retries the sane way it handl es the downstreamtransactions. Oa clock 4, a
target on tlﬂe pri rrar PCI us 112 SI nal s_a di sconnect whi ¢ turn is

echoed to the initiatdr oft HUSICRAES eravqpphtsaﬁrﬁé byg tp wwwégrse Bchms dor

116 on cl ock 5. %msl | et

on the pri mgry lﬂé(gP‘ usk.‘igi"fgﬁ1 é@? l{(?eig tﬂ%ﬁe&ﬁ&%g%ﬂhﬁ‘gﬁ% g?ﬁéi@t%oeﬁe&tlﬁfﬁ%tg an
‘i-nitiator oB t hthesepeated aompriiig:bus 118 by the PCl repeater 116 on clock 13.

‘Now referring to Figures 1 nd 12 there |Ilustrat d. an treamburst
wite sequeace and upstr ek ale‘i @5 &qa %*‘5""‘? Hhpsde the
‘transactiong argegndmgl m!ar to downstream burst transactlons in that the . .-
arbiter 111 nust not gfant the PCl bus 112 and 118 to. any agent until- after R
‘the current6transacti on conpl eﬁauisﬁrst‘bbsannspemhiem)ﬂeteétmﬁnatprmdmemmsrpgomdd S

"NOMOGNTS si gnal _as, sqon .as the PCl re eat er 6.determnaes that the . .
transact i olngorl g 36“01?1‘ St e %c‘bﬁ@& aglipR) s %ilrémtﬁ.‘gr %8 {ctpdipg 2 frame

8  indication and an initiator ready indication; and

9 said first bus unit operable to repeat said initiator indications to the
10 second bus until said transaction is completed on the second bus and hold said initiator
11 ready indication on the second bus until said transaction is completed on the second bus

12 if said transaction is a burst read transaction; and -

13 -~ asecond bus unit for detectmg and repeatmg signals ﬁ'om the second bus ) |
14 to the ﬁrst bus; o | '
15 - " said second bus unit operable to detect target indications provided

16  onthe second busin response to said repeated initiator indications, said target indications
17  including a target ready indication; and
18 said second bus unit operable to repeat said target indications to

19 the first bus until said transaction is completed on the first bus.

1 26.  The repeater of claim 25, wherein said first bus unit is further operable to -
2 prevent said initiator ready indication from being repeated until a target ready indication

3 isrepeated to the first bus if said transaction is a burst write transaction.

27.  The repeater of claim 25, wherein said initiator indications includes byte
enable indications and wherein said first bus unit is further operable to force the byte

enable indications to zero when repeating the byte enable indications to the second bus

SN e

if said transaction is a prefetchable read transaction.
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“a target on the primary PCl bus 112. The target on the_prw

ndicates its 10 acceptance of the transaction by assert| EL p, as
shown at clock 3 with fast decode timng. The NOMOGNTS sicg ,mgw”m
asserted until the transaction conpletes on the primary PCl '« ot :

S

'shown fromclocks 4-11. In these exanples, it can be seen that the NOVOGNT
signal remmins asserted even while the targé®8 on the primary PCl bus 112
inserts wait states (clocks 8-9 in Figure 11 and clock 9 in Figure 15

12) before dccepting28he Theaepeatdrief elgim 25, mhgrein said Jinittor dindisatinns dnelyde he

second al tegnat v kAU e illustrates,an upstr.eam single .dat. :
wite transgcti %’Erﬁlggwyt\?eef‘éﬁ%f'gfc Spf es&xx?q?%ﬂtlgnrg@wglgrg lf%il&f!lgg%?@oﬁ4
il lustrates3a uplweRiradbdttibs sadintidbandiciionk thelyde At indicatival positively

clainmed on the primary PCl bus 112 or the secondary PCl bus 118, but
subtractively 20 clainmed on the I SA bus 128. The principles illustrated =

;in these Figures app eq | ' n .0 1. b i

13, the tr.agsa(':ti on % 'a.rtgﬂ%ﬁéhe%%r ggg%%%ﬁwqﬁélgs{fé?#ggﬁﬁgc %@3@3% ‘lgps
rechoed to tpe pindivatiyn Rell D devidel deledd ifilliestion2and WhereBElf dail Glahsavtiéh is a read
-prospective_primary bus target sufficient time to respond, the secondary
PCl bus 1183c| oFpusactionsspid targehindisatigns include adata indisatioeycl es by a cl ock 25
disable (CLK DIS) signal at the end of clock 2. The two cl ock delay all ows
the transaction to be clained by either a primary PCl bus 112 target or
secondary PCl bus 1130.t ar Thd repedtardf cldiva 25 SRirther ¢dmtprisingdge 122 woul d

. Subtracti ve&y claimthe transaction. rimry bus ag;ant could C|r°$i m t he

A
transaction“by asserting M@f‘&#asfrgwtqs for coppling te a the huses
agent coul d3 ¢l alyBohlét LipAdlS G St stVoIAZS VL0 Y so¥idVoltagedBvel.




- 30 cl ocks 2, 5 or 6. At .the end of cl ock 4, the CLKS“I—S‘S-I—&I‘—-L&d_ag___I n.

19 In Figure 13, a primary bus target claimsthetr hslow -
decode timng by asserting DEVSEL p on clock 5. On CIMM (MIL
repeater senses the assertion of DEVSEL p and echoes Y _p

onto the secondary PCl bus 118 and the traggpaction is term nated on the
.secondary bus 118 - that is, it wll not be 5 subtractively decoded by

the | SA to1PCl bridge 123. bM%éa%r%ﬂSbubﬁnfh Gt Bud tb a §deBnd B@d"'%lﬁ,cﬁﬂspﬁhs%ﬁ”s
. on the secondary PClI bus 118 on clock 1 and is echoed to the primary PCl

bus 112 on2cl oldving andiniiatoswoupied ﬂmmarﬂlemndhessfwéaw:@a@argét coupled theretoy
bus unit 200 to deter elf t he. add S ran to at et, on
the primar PAeChiTsto %% eé‘t%‘é‘ﬁ%ﬁ‘gs”ﬂ g"&gg ﬁ tfysa'hgﬁ ftgr

again for gwo &b@uﬁ&s‘;@@ﬂsﬁgﬁ gure 13. However, this ti rre t he transactlon is
not claimed on the primary PCl bus 112. On cl ock 6, the PCl repeater 116 5

- senses theSnegated st at e Brst lmsvsitfor detgeting-and nepeating signalsfrom thestirst busitothern

the pri mar ¥ ch %112 and asserts DEVSEL p to subtractively claimthe
transacti on frome prl mary bus 112. On the secondary PCI bus 118, -the:

transactiop has al'so been uncis firRtbus Ghit 6pétatie fo détb® ittfktod mdicatiend bﬁ&edllfi
senses that DEVSEL s is still unasserted and the assertion of DEVSEL p Wi th

subtractiv® dedfbdke firstibug tonstartia tanpctioncsaid initiater indigations inchding: ajfiamg,

the I'SA bu§  indication and an initiator ready indication,;

10 ' said first bus unit operable to repeat s'aid initiator indications to the
11 second bus until said transaction is completed on the second bus; and

12 said first bus unit operable to prevent said arbiter from provndmg
13 any grant 1nd1cat10ns until said transaction is completed on both buses; and '

14 - ~asecond bus unit for detecting and repeating signals from the second bus e
15 to the first bus; _ _ ,
16 said second bus unit operable to detect target indications provided
17 onthe second bus in response to said repeated initiator indications, said target indications -
18  including a target ready indication; and

19 said second bus unit operable to repeat said target indications to

20 the first bus until said transaction is completed on the first bus.

32.  The repeater of claim 31, wherein said first bus unit is further operable to
2  prevent said initiator ready indication from being repeated until a target ready indication

is repeated to the first bus if said transaction is a burst write transaction.

33.  The repeater of claim 31, wherein said first bus unit is further operable to
2 hold said initiator ready indication on said second bus until said transaction is completed

on the second bus if said transaction is a burst read transaction.
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128. On clock 7, the ISA'to PCl bridge senses that DEVSEL s_i's still--
unasserted and asserts DEVSELs to subtractively claim ' }

: e
transacti on conpl etes as normal on clock 9. Thus, the t
transaction is transparently determ ned w thout 20 r%&@im”!% wﬁﬂwl al
upstream address decoding |logic to be cont ?{)ned in the c e .
Now referring to Figure 15, there is illustlfated an upstream prefetchable
burst read,sequence,,ln is second .alternative, .upstream.byrst.

transact i ods are si A ar 1B TPSHIGED gﬁ‘m%{ir r??%‘!ﬁ'@:#%ﬂ@‘?#’%ﬁ%l@ﬁ%bym _
arbiter 111 MughbltOindithots dnlSyiidedin BAiG fikdudRait 49 further dferhble a@roxegqiah bytet i |

after the current transaction conpletes. The transaction starts on the
secondary BCl pusbleindicatingis 10 zenodvhen repdatingl thedbyterenapleiindicaiopgto the second bus

clock 2 to, detegrmd.ne if .the tar i.s on.the primary bus. The byte enabl es
C/ BE[ 3: 0] p4ar eﬁ?sﬁﬁdgmoﬁésraop?%&?’ﬁ%rﬁgéf@%ﬁpﬁg may occur. IRDY s is L

asserted by the initiator on the secondary bus 118 on clock 2 and is echoed’
“to the prinmary PCl bus 112 on clock 3. =~ 20 Wile prospectjve targets on .-’
“the primary PCl- bus3312 The repeateri ofclaine X1; avhesein iseid, injtigtorpigdicationsiinglude he -

B ol ock” 53 1 e BmaR ol il Sto o HerCinfRRE B e P SPnbleBEES

gri mary PCB buf alvdtedfengdthion ki@ itifiRosmaichtidhs chaiesedatd MdicBiOASEL_p on cl ock

36.  The repeater of claim 31, wherein said target indications include a stop
- 2 indication and a device select indication and wherein if said transaction is a read

transaction said target indications include a data indication.

1 _ ~ 37. - The repeater of claim 31, further comprising;
2 a plurality of voltage translators for coupling to at least one of the buses

to convert signals from a first voltage level to a second voltage level.



5 and the PCl repeater 116 echoes the signal (DEVSEL_s) onto the
secondary bus on clock 5. Thus, the subtractive decode agent of the
secondary PCl bus 118 assunes the transaction was positively clained on the
secondary bus 118. On clock 5, the PCl repeater 116 sens E
DEVSEL p asserted and asserts NOMOGNTS in rgsponse to p*rimmm“gﬂ “uur
111 fromgranting the PCl bus 10 to a secOndary bus init4 atortuntils tHe

current sequence has £0np eted on the primary PCl bus 112. On clock 9, the
PCl repeater 116 senses tH&ECHBHIST &YSFEY SBMPIREE L Lr st read sequence and in

response degsserts the NQMIGNGS foP bV an inflisld? Roledinefggiuence had not been-

clainmed by a target on the primary PCI™ bus 112, the sequence woul d have
been cl ai nedl by a target asecondbusdonhalinga RGlet bospldditBeretds By first

sendi ng the4transaction u streamfor{fagcodi np OE the primary bus before
runni ng the*transaction ohPPHRESSLOURIFE 0 Ope, et the RUseB) " epeat er 116 can use

the inherens addr ess decoghsd disk@kive fotddSoupidd 180tk e the bllkiSand e PO
repeater 116 does not need any specia

‘to handl e t®ese transact i dfepeataior coupline said fitst bus teswidsecond husseanpsisingn of -
the inventigon are illustrative and, 20 . explanatory ther.eof. ng various
changes in the size, shape, mﬂ%’fjg ss'fmtcﬁﬁggtﬁ@mgsa,“&éweéﬁﬁ s‘?ﬁ?ﬁﬂ?&?ﬁﬂ ng
connect i onsg anthus e kdld secondduyel | as in the details of the illustrated

circuitry and construction and net hod of operation may be nade w t hout
departing ffomthe spirit of the i rsgishiiisbbus unit operable.to detect initiator indications

10  provided on said first bus to start a transaction, said initiator indications including a

11 frame indication and an initiator ready indication; and

12 ' said first bus unit operable to repeat said initiator
13 * indications to said second bus until said transaction is completed on said second bus, but -
14 prevent said initiator ready indication from being repeated until a taréet ready indication |

15 isrepeated to said first bus if said transaction is a burst write transaction; and

16 a second bus unit for detecting and repeating signals from said
17  second bus to said first bus; .
18 said second bus unit operable to detect target indications

19  provided on said second bus in response to said repeatéd initiator indications, said target
20  indications including a target ready indication; and
21 said second bus unit operable to repeat said target

22  indications to said first bus until said transaction is completed on said first bus; and

39.  The computer system of claim 38, further comprising:
an arbiter coupled to the buses for providing grant indications to grant
access to the buses, wherein if said arbiter detects a burst transaction across said repeater

said arbiter ceases providing said grant indications until said burst transaction is

W B W N e

completed on both buses.

downst ream or upstream decode logic -
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CLAIMS What is clained is: -1 1. A nmet hod of communi cating a
‘transacti on between an initiator coupled 2 to-a first_bus and-a-target
coupled to a second bus, the nethod conprising the steps of: :
(a) - detecting initiator indications provided on the f \“‘ “H‘L\H\“mm a

4 transaction, said initiator indicati ong i ncluding ali# i cation
.and an initiator ready 5 I ndi cation; 6 2 ' (b) repeati ng

said initiator indicg&lion to the secondgs_until said 7 transactiqgn is

conpl eted on the sechhd bdBe CHMPULSE SXFtem Phejaisn 38, Wherein said first byg pingt 13 on
8 from bei ng dqlen iddRaH¥n bl i ' j he
first bus i fQ sa?%&g&ﬂ&??lgﬁélgé?%hﬁfeg&%l ur s%{n %E]?%l&e%dro gggg%?ﬂ&ggéﬁ&&%ﬂsak%ﬁ
(c) det e8t i ni3 complpted omshid secomhiuspf said tiambactiontid e bamstread tlansaction.r esponse
11 to said repeated initiator indications, said target indications -

i ncluding a target ready 12 I ndi cation; and 13 (d)
repeating sgid targejj i ndirgatdl as- Jf 1 B8RS wHB el ek indinationg
transaction is conpleted onél:c?lfePl ?‘leir' EY&%‘SS& ‘Elﬁihl bgl, vﬂl&reizd sﬁd’ n'_'méetéﬁré?%%agoﬁ .
claim1, wh@reiinchdesbytetenablaéndications arl wheriemadatifitsy bas guitiist fufther operable to . .~ °

e ot 8" 57Ol b o 08 ke s i e e SRPR Ao oy
grant indicati ogid sebhd b if said Ehkbabticilis 8 phdfetChdble eRdRbMaBEbrON both buses.

1 42,  The computer system of claim 38, wherein said initiator indications
2  include command/byte enable indications, an address indication and wherein if said -

3 transaction is a write transaction said initiator indications include a data indication.

1 | "437 The computer system of claim 39, wherein said target indications include -
2 a stop indication and a device select indication and wherein if said transaction is a read

3  transaction said target indications include a data indication.

1 44.  The repeater of claim 38, further comprising:
2 a plurality of voltage transiators for coupling to at least one of the buses

to convert signals from a first voltage level to a second voltage level.



1 3. The met hod of claim1, wherein step (b) further conpri ses

the step of: 2 () hol diing said initiator ready

i ndi cation on the second bus until said 3 transactimamrﬁ—em
t he second bus if said transaction is a burst read trgﬂm”l

4. The nethod of claim1, wherein said i ggt iator i W’Iﬁl’!lﬂﬂts

byte 2 enabl e i ndi cati ons and wherein st (b) furt her ‘comprmse
t he byte enable indications to

step of: 3 ) faorcin

zero when relp_eati ng e bﬁMutersﬁ'%f %&Vm%t!ons to the second bus if
said transagion i s a preagirabalkst Hating ah irdiki8Cidupled theretd? 1 5.
The nmethod of claim 1, wherein said initiator indications include 2
command/ byt 8 enabl e i ndi céatseeomd busfordaving asargetioupled dkeretoyl wherein if said
transacti on 3 is a wi ransact i sai dJ.ni.tiator indications include.
a data indi Sation. 1 ta%r(gceg;or cgqu%e]ton(g'[er?gg’eo[f“sﬁﬁ’ai m 1, wherein said
target indi&ations includg hardsdisiodrive system@ofipled 8o 6f the Bds;@adsel ect = -
i-ndi cation and wherein.if said transaCtion is a read 3 transaction said "
target indi&ations includarepegter foricoupling saigirstibus to said second bus, comprsingid of

comuni cat i a transacti an ipitiator J first -
" bus and a tggget coupl ed ?MS@SL@@%&W{Qﬂ?rﬁgﬁi@éggﬁﬂﬁﬁ%thé%[sﬁgu%{oe%g-,
of : 3 8  second bud;a) detecting initiator indications previded on

the first bus to start a 4 transaction, said initiator indjications
i ncl udi ng a%frane indication afid fifst busiunit pperableda detect initiator indications provided

10 on the first bus to start a transaction, said initiator indications including a frame

-

11 indication and an initiator ready indication; and _
12 . said first bus unit operable to repeat said initiator indications tq'the
13 second bus until said transaction is completed on the second bus and hold said initiator
- 14 ready indiéation on the second bus until said transactionli.s cbmpletcd 6n the second bus
15  if said transaction is a burst read transaction; and
16 a second bus unit for detecting and repeating signals from the second bus
17  tothefirstbus; . |
18 said second bus unit operable to detect target indications provided. |
19 onthe second bus in response to said repeated initiator indications, said target indications
20  including a target ready indication; and
21 said second bus unit operable to repeat said target indications to

22 the first bus until said transaction is completed on the first bus.

46.  The computer system of claim 45, further comprising:
an arbiter coupled to the buses for providing grant indications to grant
access to the buses, wherein if said arbiter detects a burst transaction across said repeater

said arbiter ceases providing said grant indications until said burst transaction is

w A W N =

completed on both buses.



~ -

5  indication; 6 X : (b) repeating said initj o
-indications to the second bus until said 7 transact“““‘iﬁ‘\aﬁﬂ\mﬂgmon
"the second bus; 8 (c) hol di ng said i o1 W eady*

i ndi cation on the second bus until said 9 transaction is conpleted on

the second bus if said transaction is a burst read transaction; 10

(d) detecting target indications providedton the second bus in response

11 to said repeated initiator indications, said target indications
i ncluding altarget r&dy The repeatetiof elaimu#s, whetrin said first bus unit is further pparable to

repeating sgid tar hndications t.o the fifst bus | Je | g e
transacti onai S 3’8%%\? g"f‘%ﬁ“%@ﬁoﬁrﬁgi}f‘fl‘ﬁlgqtf IQm. cing repeatgmxg{'ﬂ ast@é%hée?ﬁ%inﬁhgat.l%q
claim7, whgreip rgseafdlo e firsEbudufKid frinshétibnGsh Boksbiwrife t@dmsadtion. i ndi cati on
froman arbiter, and wherein the nethod further conprises the step of: 3
(f) preventing said arbiter fromproviding any grant indications until 4.
~said transagtion is npl t S . 3 e emid initd indicati
nmet hod. of clqai_ m 7, yvl&"lée)'_r ei ?ng ‘e’%gl’%f syﬁ%h(gfd%lbnnﬁ%’i gvégre%%m%tl%l%%.8¥ :mdé ns. L
(9)  prevepti nickides! bytei dnbble didi¢ationly and eherein @fd firso budenin i fuetherbdplablate | - -
3 said target ready indicatign is repeated to the first bug I.f.sad -
transaction3is Foreg theibyte enable indications to zero when repeating the byte enable indications to

4  said second bus if said transaction is a prefetchable read transaction.

49.  The computer system of claim 45, wherein said initiator indications
2  include command/byte enable indications, an address indication and wherein if said

transaction is a write transaction said initiator indications include a data indication.

1 - 50. | The computer system of claim 45, wherein said target indications include
2 a stop indication and a device select indication and wherein if said transaction is a read

transaction said target indications include a data indication.

1 51.  The repeater of claim 45, further comprising:
2 a plurality of voltage translators for coupling to at least one of the buses

to convert signals from a first voltage level to a second voltage level.



4- ) transaction. 1 - 10. The nethod of claim7, wherei n sai d

initiator indications includes byte 2 enabl e i ndi cati ons and wherein:
step (b) further conprises the step of: 3 forcing the
- byte enabl e indications to zero when repeating the byte enabl e

“indications to the second bus if said transgction is a; \FA)”!" mwlﬁ
transaction. 1 The met hod of claim 7, m l’ ,ﬂﬁﬁm
initiator dicatio in mrand/.byt e enabl e i ndicati ons

addr ess |nd{|1cat|on ;5% méggxpﬂlie?syége%dc?tpgﬂ tion 3 . is awite

transactiomzsaid initiatqf first¥lisdat havitiy dnifitinde coupled fefefsli cation. 1

12. The nmethod of claim7, wherein said target i ndications include a stop

2 i ndi calion and a dea teeonsthusder havingsatarash coupledtheretsin i f said.
transactiongis a read 3 apr%eaﬁgr h@gtgg‘i\éjﬁégﬁgﬁ}eﬁf ndi cations include a

data indication. 24 1 conmuni cating a

transacti ors bet ween an i nj lidr@Hisk divePisteeh doupled!te ode bf thebusgs and a tar get :
‘ecoupled to a second bus, access to the buses belng |nd|cated by 3 a
‘grant i ndi'tion provi decﬁ“l?ybl@ﬁ QirEsRRtiag, aceess thtbebBeescapr i sing the steps .
of : 4 (a)

. on.
‘the first b7us to start aagepea &gﬁésdggg %E&Jsal s|ﬂr(1>| gid;é'?éJo}ng | cgﬁx‘%ﬁg
including & frane indication afirstbusiunitifontetectingay répeating sighaisofromsaid first

9  bus to said second bus;
10 _ said first bus unit operable to detect initiator indications

11 provided on said first bus to start a transaction, said initiator indications including a

12 frame mdxca’uon and an initiator ready indication; .

13 | . B o said first bus - unit operable to repeat said mmator
14 mdzcauons to said second bus untll said transaction is completed on said second bus and

15 o said first bus unit operable to prevent said arbiter from

16  providing any grant indications until said transaction is completed on both buses; and -

17 a second bus unit for detecting and repeating signals from said

18  second bus to said first bus;

19 said second bus unit operable to detect target indications
20  provided on said second bus in response to said repeated initiator indications, said target
21  indications including a target ready indication; and

22 said second bus unit operable to repeat said target

23 indications to said first bus until said transaction is completed on said first bus.

53.  The computer system of claim 52, wherein said first bus unit is further
2 operable to prevent said initiator ready indication from being repeated until a target ready
indication is repeated to said first bus if said transaction is a burst write transaction.



7.0 (b) repeating said initiator indications to the second

“‘bus until said 8 transaction is conpleted on the segon us; '
(c) detecting target indications provided on the seq’:_o”"’ﬂ ' e
10 to said repeated initiator indications, said targeti rmmnmmmﬂm

i ncluding a target ready 11 i ndi cation and a device sel &ct®indi #atson+ 12

(d) repeating said target indications to $%e first bus until said 13
transaction_is conpleted on the first bus;

s; .and_14 L. . (e
preventing $aid arbi?®r fFhacompuensstemned claimsd, whessie said dirg bgﬁppqtgslémher
said transagti oQ.J . . : . 2
of ol aim g wopeasble TR EA ifthBbfeapiSfearion on wid second bifiunel seld rafiLAH
(f) pr evant i isgompleted oni saidedeoond radfsaidedamsadtionrs 4 burst feed transaetiomat ed untii |
3 said target ready indication is repeated to the first bus if said

transaction is a burst wite 4 transaction. 1 15. The net hod

_of claim13; whereinsst ?M@L?@g%}‘?%sé&ﬂW&lﬁﬁﬁsé,hﬁhé’eﬁpsafiﬁ init%ator indications

(g) holding said initiator I cation on the second bus until| said.

'3 transa2ti ancludesbytplentislel imiicatibis srcwherein sid first busturit isrfastberi aperable © .

" burst read frangsaction. 1 . . .. 1l6. The nethod of .claima3, .wherejn
said initiator s %Wﬂﬁd@%@nm@r@w en SepegiaE 1 Gy te goRblp dndigons 0.
wherein step (bggid ééE%xQﬂSus(iPm {rgiactidiSs §EFd?et9ﬁa'ble?read transaction. (h)

forcing the byte enable indications to zero when repeating the byte 4
enabl e indications to the second bus if said transaction is a prefetchable

read t ransai:t 'on. 56. The computer system of claim 52, wherein said initiator indications

2 include command/byte enable indications, an address indication and wherein if said

3 transaction is a write transaction said initiator indications include a data indication.

57.  The computer system of claim 52, wherein said target indications include o
2 a stop indication and a device select indication and wherein if said transaction is a read

3 transaction said target indications include a data indication.

58.  The repeater of claim 52, further comprising: .
2 a plurality of voltage translators for coupling to at least one of the buses

to convert signals from a first voltage level to a second voltage level.



25 1 17. The method of claim 13, wherein said initiator

i ndi cations include 2 command/ byt e enabl e i ndi cati ons, an address

i ndi cati on and wherein if said transaction 3 is awite transaction said
initiator indications include a data indication. 1 18. The

met hod of claim 13, wherein said target indications include a stop 2
indication and a device select indication and wherein if said transaction

i% aread 3 transaction said target indications include a data
indication. 1 19. A bus repeater for coupling a first bus to a
second bus, the first bus for 2 haveng an initiator coupled thereto, the
second bus for having a target coupled thereto, 3 the repeater
conprising: 4 RANSPARENT PCI T@ fbbgtBﬁggnglt for detecting and repeating
signal s fron1tﬁ ?lrst gus to second bus;

said first bus unit operable to detect |n|t|ator |nd| cations provided 7
on the first bus to start a tASBMAALE i ndi cations

including a frame i.cati danlnltl tor 4 i cat and 9
s d T rot bus un tA8§}£f°a§#tsf%°8ﬁP%€fﬁyﬁw s 38 B B
second bus untth hllév dewhstrRRBARd ifbfredrh beiS(NY REdRs!the Repeliter. SEROPCI Rpéatetichoes
prevent said Il initiator ready indication from bein 8 repeated until a

target ready itraasastionsdmeither anypstream og downstresmydiesction. sTheses gre sewpled to an
transaction | sarbe}tep §6 dhht Mly bfe bilaR rthag contl%'f of the bus. During a burst operation, the

5  PCI repeater causes the arbiter to cease prov1d1ng grant signals to prospective bus

grantees. The signal is removed only after the transaction has completed on both sides

of the PCI repeater to ensure that the PCI repeater is ready for a next transaction.
(Fig. 1)
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13 a second bus unit
fromthe second bus 14 to the first

sai d second bus unit operable to detect target

on the second bus in response to said
target indications 17 including at

said second bus unit operable to repeat said target

the first bus until said transaction

20. The repeater of claim 19, wherei
operable to 2 hold said initiator r
until said transaction is conpletedi3
transaction is a burst read transactlio
claim 19, wherein said initiator indic
i ndi cati ons and mhereln said first Bus

for detecting and repeating signals
bus; 15
i ndi cations provided 16

repeated initiator indications, said

arget ready indication; and 18
indications to 19

s conpleted on the first bus. 26

1
n spjd first bus unit is further
eady}lndlcatlon on said second bus

on the second bus if ‘said
Ne < 21. The repeat er
a i ns”’i ncl udes byte 2 enabl e |
ungt lis further operable to force

the byte 3 enabl e \ndi cations tojzer n repeating the byit e enabl e
i ndications to the segond bus 4 ijf ,sai @ tansaction is a prief efehabl e
read transaction. 1 22. Theé repeatter met hod of clann119h mh r
said initiator indications include 2 nd/ byte enabl e |nd|ca§|bn
address indication and wherein if satd Leansactlon 3 is awite—"
transaction said initiator indicatigns i de a data |nd|catnon
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1 23. The repeater of claim 19, wherein said target indications
include a stop 2 i ndi cation and a device select indication and wherein
if said transaction is a read 3 transaction said target indications
include a data indication. 1 24. The repeater of claim 19,
further conprising: 2 a plurality of voltage translators
for coupling to at | east one of the buses 3 to convert signals froma
first voltage level to a second voltage |zxesl . 27 1 25. A

bus repeater for coupling a first bus to a second bus, the first bus for 2
having an initiator coupled thereto, the second bus for having a target

coupl ed thereto, 3 the repeater conprising: 2/“ A8 first
bus unit for deg®eting and repeati r*g:ws": gRatsofy-omthe first busftq the 5
second bus; 6 Fhare., ai drf+st (huk fiede-soperahl  to
detect initiatof |ndewsiions gr bvi the |f | realsiedes to ot art a,,.,
transact Phsm4¥sal d _i misigtads i 1]d| d f'b’ns i an‘}JﬂI np falffladlols 4 ndication
and an imittiatoy reZev-indi catli pri; . JR2Y. 3 ai “fl rst
bus uni t 86per abl e_t ae»epeat sgi fl |i or  MHiEi fcpt | anési'%"ei—t—he—l-g i &econd
bus until said {randfetron is jcbnp 0 fh“ secope—b8sLand—hdl d said
initiator 11 -readgeéndi catijof{onat 2e8- i bis| beRFEbsid—t+rlansags i on
i s conpl et ed”on the_secaond hug '
wet (270 | wPe i
M- - 20 20 :
f i | Aesrrer i
HE | :
i H i
5 L 204 - .
U | |
‘VP +VJ‘ ~J’
PerCLk
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12 If said transaction is a burst read transaction; and 13

a second bus unit for detecting and repeating signals fromthe second bus
14 to the first bus; 15 sai d second bus unit
operable to detect target indications provided 16 on the second bus in
response to said repeated initiator indications, said target indications 17
I ncluding a target ready indication; and 18 sai d

second bus unit operable to repeat said targetsindications to 19 t he
first bus until said transaction is conpleted on the first bus. 1

26. The repeater of claim25, wherein said first bus unit is further
operable to 2 prevent said initiator ready indication from being
repeated until a target ready indication 3 is repeated to the first bus
if said transaction is a burst wite transaction. 1 27. The

repeater of claim25, wherein said initiator indications includes byte 2
enabl e i ndications and wherein said first bus unit is further operable to
force the byte 3 enabl e igdications to zero when repgating the byte
enabl e indicationfgd to Lpe segond kms 4 if%sqkd_;ransantbo is a
prefetchabl.e readst chngack off. 8 28 1 3 428 3T Tfe gepgater of claim
25, wherein saidlﬁngh o&k i #di Zat o[% inclfe% < ﬁon@angl t epenabl e

i ndi cations, .an &ddmese i ndi€at?or» afl wher n' f 'saled Br aBsdetisn
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3 Is a wite transaction said initiator indications include a data

I ndication. 1 29. The repeater of claim25, wherein said target

i ndi cations include a stop 2 i ndi cation and a device select indication
and wherein if said transaction is a read 3 transaction said target

I ndi cations include a data indication. 1 30. The repeater of
claim?25, further conprising: 2 _ a plurality of voltage
translators for coupling to at |east one of the buses 3 to convert
signals froma first voltage |l evel to a second voltage |evel. 29 1

31. A bus repeater for coupling a first bus to a second bus, the first
bus for 2 having an initiator coupled thereto, the second bus for having
a target coupled thereto, 3 access to the buses being indicated by a
grant indication provided by an arbiter, ghe 4 repeater conprising: 5

a first bus unit for detecting and repeating signals fromthe first bus to

the 6 second bus; 7 said first bus unit operable
to detect initiator indications provided 8 on the first bus to start a
transaction, said initiator indications including a franme 9 i ndi cation
and an initiator ready indication; 10 said first
bus unit operabl %to repeat gaid initiator igdi cations 5o t he
B o 4 B33 T o403 3
3 88 3 9 = o e 388 9=
< < 2 3 7 < = 3 m 0
b o wla 2 80 K bk b €806 &
n Lo ] @ ........ -
: C
L ) 1. AW AW -..§., %-- L
&
- 8 t t tE 9.
?_..-.- . L L.- N
: C 0
o
LI ' nH - -
e o a
: 8 l:_' 3
g . -._.E_.- E_._ 2o 1 I N W o
f?’, ........... \(YUIO r r = Lo
: Cow L1 LI AC
no \P &: aat"
g =
Qemcfom foe e NN - - LS - T— -{.l.{.l_ L5t é I S N
. - L
g S o xr.-. o 7]
: C Al
L na et L =3
o
; e C
Q___. =3 . e
® -~ = - N
ot )
; C
" - ] LEa
Eﬂi: r). -{g =
Ca ] kl ] 4‘{ 1 1'\8 2
é T T




11

second bus until said transaction is conpleted on the second bus; and
12 said first bus unit operable to prevent said
arbiter fromproviding 13 any grant indications until said transaction
i's conpl eted on both buses; and 14 a second bus unit for
detecting and repeating signals fromthe second bus 15 to the first bus;
16 sai d second bus unit operable to detect target

i ndi cations provided 17 on the second bus in response to said repeated
initiator indications, said target ifditCations 18 including a target
ready indication; and 19 _ sai d second bus unit
operable to repeat said target indications to 20 the first bus until
said transaction is conpleted on the first bus. 1 32. The
repeater of claim 31, wherein said first bus unit is further operable to 2
prevent said initiator ready indication frombeing repeated until a target

ready indication 3 IS repeated to the first bus if said transaction is a
burst wite transaction. 1 33. The repeater of claim3 1,
wherein said first bus unit is further operable to 2 hold said initiator
ready indication on said second bus until said transaction is conpleted 3
on the second bus if said transaction is a burst read transacéion. 30
C L1 4. The repeater of claim31Z wgerein said gniiakor
indi.cation'sinclgdgsb%te_g’,ga oxogg‘_”,;'u'ﬁﬂg§
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2 enabl e indications and wherein said first bus unit is further operable
to force the byte 3 enabl e indications to zero when repeating the byte
enabl e indications to the second bus 4 if said transaction is a
prefetchable read transaction. 1 . 35. The repeater of claim 31
wherein sai-d initiator indications include 2 command/ byt e enabl e

I ndi cations, an address indication and wherein if said transaction 3 S
a wite transaction said initiator indications include a data indication. 1
36. The repeater of claim 31, wherein said target indications include a
stop 2 I ndi cati on and a device select indication and wherein if said
transaction is a read 3 transaction said target indications include a
data indication. 1 37. The repeater of claim 31, further
conprising: 2 a plurality of voltage translators for
coupling to at |east one of the buses to convert signals froma first
vol tage |l evel to a second voltage | evel®/1® 1 38. A conput er
system conprising: 2 a first bus for having an initiator
coupl ed thereto; 3 a second bus for having a target
coupled thereto; 4 a processor coupled to one of the
buses; 5 a hard disk drive system coupled to one of the
buses; and 6 a repeater for coupling said first bus to

sai d second bus, conprising:
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7 a first bus unit for detecting and repeating
signals fromsaid first 8 bus to said second bus; 9

said first bus unit operable.to detect initiator indications 10 provi ded
on said first bus to start a transaction, said initiator indications
including a 11 frame indication and an initiator ready indication; and
12 said first bus unit operable to repeat
said initiator 13 i ndi cations to said second bus until said transaction
is conpleted on said second bus, but 14 prevent said initiator ready

i ndi cation from being repeated until a target ready indication 15 IS
repeated to said first bus if said transaction is a burst wite
transaction; and 16 a second bus unit for detecting
and repeating signals fromsaid 17 Hdond bus to said first bus; 18

sai d second bus unit operable to detect target indications 19 ~ provided
on said second bus in response to said repeated initiator indications, said
target 20 i ndications including a target ready indication; and 21

said second bus unit operable to repeat said target 22 i ndi cations to
said first bus until said transaction is conpleted on said first bus; and 1
39. The conputer system of claim 38, further conprising: 2

an arbiter coupled to the buses for providing grant indications to grant 3
access to the buses, WBerein if s&§ dyarfiter deteBts a burst §rgnsaction
across said repeater 45 Dsaidi zrt& geases pr o oﬂngﬁ‘saldl_ﬂgrgtE

[ ncy cations until sai c{,!btﬁstli l;%n%actg oR is 5 lLBon@I fecsoa bt hEbuEes.
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1 40. The conputer system of claim 38, wherein said first bus
unit is further 2 operable to hold said initiator ready indication on
said second bus until said transaction 3 is conpl eted on said second bus
if said transaction is a burst read transaction. 1 41. The

conput er system of claim38, wherein said initiator indications 2
I ncl udes byte enabl e indications and wherein said first bus unit is further

operable to 3 force the byte enable indications to zero when repeating -
the byte enable indications to 4 sai 8/%®cond bus if said transaction is
a prefetchable read transaction. 1 42. The conputer system of
claim38, wherein said initiator indications 2 I ncl ude command/ byt e

enabl e indications, an address indication and wherein if said 3
transaction is a wite transaction said initiator indications include a

data indication. 1 43. The conputer system of claim 39, wherein
said target indications include 2 a stop indication and a device sel ect
i ndi cation and wherein if said transaction is a read 3 transaction said
target indications include a data indication. 1 44, The repeater
of claim 38, further conprising: 2 a plurality of voltage
transl ators for 8oupling t08a1>least one of tfe Buses 3 80'§0ﬁvert
signals froma fgr<d lgag® 18vg to agegond V@l thod | @vell. 2 £
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331 - 45, A conputer system conprising: 2 a

first bus for having an initiator coupled thereto; 3 a
second bus for having a target coupled thereto; 4 a
processor coupled to one of the buses; 5 a hard di sk drive
system coupl ed to one of the buses; and 6 a repeater for
coupling said first bus to said second bus, conprising: 7 a
first bus unit for detecting and repeating signals fromthe first bus to
the 8 second bus; 9 said first bus unit operable
to detect initiator indications provided 10 on the first bus to start a
transaction, said initiator indications including a frane 11 I ndi cation
and an initiator ready indication; and 13,15 said first
bus unit operable to repeat said initiator i ndications to the 13 second

bus until said transaction is conpleted on the second bus and hold said
initiator 14 ready indication on the second bus until said transaction is
conpl eted on the second bus 15 if said transaction is a burst read
transaction; and 16 a second bus unit for detecting and
repeati.ng S|gnals frpm t he secogd bus 17 to tdie first bugp 3
vwg

sai d second bus uni 1‘<"0|merabl e tﬁ §t t ar get Qn g %ns ed 19
o] |ﬁat
ﬂ

on the second bus ||ﬁ’|resp§nsg tlg sfdl rq.peat ed fﬂnl ons, sai d

target indications | % | | e
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20 including a target ready indication; and 2 1

said second bus unit operable to repeat said target indications to 22

the first bus until said transaction is conpleted on the first bus. 1

46. The conputer system of claim45, further conprising: 2

an arbiter coupled to the buses for providing grant indications to grant 3
access to the buses, wherein if saidiaylster detects a burst transaction
across said repeater 4 said arbiter ceases providing said grant

i ndications until said burst transaction is 5 conpl eted on both buses.
34 1 47. The repeater of claim45, wherein said first bus unit
I's further operable to 2 prevent said initiator ready indication from
being repeated until a garget readyindication 3 o is repeated to the
first bus if said transfctongi s_aBu tiwrite trafisagtign_ 18 3
The conputer system of @ aBm&5 §whker @ ngsaid ini tfatgr &n i
incl udes byte enable inffi aftiPnsagd ghefleiq said §inSt Ju
operable to 3 force the byte enable indications to zero when

a .prefetchabl e read tTanpact

cl ai m 45, wherein id iRi

enabl e indicationsg anmf
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3 transaction is a wite transaction said initiator indications include
a data indication. 1 50. The conmputer system of claim45,
wherein said target indications include 2 a stop indication and a device

sel ect indication and wherein if said transaction is a read 3
transaction said target indications include a data indication. 1

51. The repeater of claim45, further conprising: 2 a
plurality of voltage translators for coupling to at |east one of the buses
3 to convert signals froma first voltage |l evel to a second voltage

| evel . 1 _ 52. A conputer system conprising: 2

a first bus for having an initiator coygl@ag thereto; 3 a
second bus for having a target coupled thereto; 4 a
processor coupled to one of the buses; 5 a hard di sk drive
system coupl ed to one of the buses; 6 , an arbiter for
granting access to the buses; and 7 a repeater for

coupling said first bus to said second bus, conprising: 8

a first bus unit for detecting and repeating signals fromsaid first 9
bus to said second bus; 10 said first bus
unit operable to detect initiator indications 11 provi ded on said first
bus to start a transaction, said initiator indications including a
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12 frame indication and an initiator ready indication; 13
said first bus unit operable to repeat-said initiator 14 I ndications to
said second bus until said transaction is conpleted on said second bus; and
15 said first bus unit operable to prevent

said arbiter from 16 provi ding any grant indications until said

transaction is conpleted on both buses; and 17 a
second bus unit for detecting and repeahbgq5signals fromsaid 18 second
bus to said first bus; 19 - said second bus
unit operable to detect target indications 20 provi ded on said second

bus in response to said repeated initiator indications, said target 21

i ndications including a target ready indication; and 22

said second bus unit operable to repeat said target 23 i ndications to
said first bus until said transaction is conpleted on said first bus. 1

53. The conputer system of claim52, wherein said first bus unit is
further 2 operable to prevent said initiator ready indication from being
repeated until a target ready 3 indication is repeated to said first bus
I f said transaction is a burst wite transacti on. 1 54. The
conmput er system claim52, gwherein said first gpuggunit is fupther 2
operable to hold ai_cgl ipi ti awdr geéﬂy [ ndicgcat;; org Off s@ d;_usegon bgsénti I
said transaction® g i3 & o egedr%onosal _*semorgd E}ISa fgsagd Ir éds mt i on

is a burst read ﬁjarl%a;}igjl. mE = '9 & {: o < g8
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1 55. The conputer system of claim52, wherein said initiator
i ndi cations 2 i ncl udes byte enable indications and wherein said first
bus unit is further operable to 3 force the byte enable indications to
zero when repeating the byte enable indications to 4 said second bus if
said transaction is a prefetchable read transaction. 1 56. The
conputer systemof claimb52, wherein said initiator indications 2
i ncl ude-command/ byt e enabl e i.ndi cati-ons, an address indication and wherein
if said 3 transaction is a wite t}P4b%action said initiator indications
include a data |nd|cat|on w 57. The conput er, systen1of cl aim
52, wherein s‘él d%t arget»i n&. cati ows Enclf‘ude 2% & stdp §nd§cat§ o and a
devi ce sel ect?] n&q cqti ok arrd vﬁqerel nti f ~sai d tEan&ac@ o~ i sa '%atﬁ 3¢
transaction séld targetwlndlca§|oms ¥ nclude a Eata |nd|cat|¥ﬁ,: n
58. The repeater of claimb52, further conprising: 2 ) ~a
plurality of. vol tage translators for coupling to at |east on of the buses
3 to convdrt sijgnal s fro a,fiﬂft oltage_level |Jto fa s C§§d590|tﬁ -
| evel . -
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