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(57) Abstract

A synchronous bus system that enables the bus lengths between devices to be extended such that the timing budget is more than
one clock cycle. A reset process (215 and 220) resets the transmission and reception circuitry and both circuitry function according to
prespecified parameters relative to the deassertion of the reset signal such that the amount of logic required to latch and sample the data is
minimized. As the timing budget is not limited to one clock cycle, devices can be spaced further apart providing more physical space for
devices. Furthermore, skew sensitivity is reduced as the skew is distributed over multiple clock periods.




the receiving and sendi ng devices are synchronous to one another. However,
the receiving device has to include logic to wait a nunber of clock cycles
before readi ng out the captured data and sanpling the captured data in
order to ens(W@9%35%1 t he data is stable. SUMARY OF THE | NWVE/HISe4483e
system and nmet hod of the present invention provides for a synchronous bus
system The sendi ng device sends out data and a strobe during the first

cl ock cycle. The receiving device | atches the data based upon receipt of
the strobe. The receiving device further sanples the data | atched a
predeterm ned plurality of clock cycles after the first clock cycle. Thus,
unli ke prior art synchronous bus systens, the bus is not required to send,

| aunch and sanple the data. within one dlock cycle. An innovative reset
process synchroni zes both deV|ces in such a _manner that S| -Ie logic is

i npl enented to latch and sanpiabferblboailhibd BaiNanCIH
asynchronous bus systens, the overhead

EIELD OF THE INVENTION
The present invention is related to a synchronous bus system
and method.

ART BACKGROUND

Buses are frequently used to transmit data between devices.
Generally two types of buses are used, synchronous and asynchronous.
In a synchronous system, the devices coupled to the bus operate
synchronous to one another. Furthermore, the timing budget for data
transmission, that is the time from outputting the data from the
transmitting device to the time that the receiving device samples the
data, is one clock cycle. As the complexity of computer systems has
increased, it has become increasingly difficult to physically connect the
devices close enough such that the time of flight across the connection
plus the set up and hold time of the receiving device do not exceed the
timing budget.

In an asynchronous system it is not necessary that the clocks of
the receiving and sending devices are synchronous to one another.
However, the receiving device has to include logic to wait a number of
clock cycles before reading out the captured data and sampling the
captured data in order to ensure that the data is stable.
SUMMARY OF THE INVENTION

The system and method of the present invention provides for a
synchronous bus system. The sendiné device sends out data and a

strobe during the first clock cycle. The receiving device latches the data
1



required to ensure that the received | aunched data is stable before
sanpling is avoided. By expanding the time budget to nmultiple clock ~
periods, clock skew sensitivity is .reduced as the skew is distributed
manner thatwﬁgg%Lﬁ logic is |nultrC|pe to latch and sanplghises/dehai | ed
description tn Ichi: Figure 1 is an exanple of a systemutilizing the bus
system of the present invention. Figures 2a, 2b, 2c,. 2d and 2e illustrate

t he S|gnallng topol ogy of one enbodi nent of the bus systen1of t he present
invention. Figure 3 is a timng diagramillustrating the strobe startup

timng detail for a 2 clock cycle timng budget. Figure 4 illustrates the
basic structure for receiving packets transmtted over the bus. Figure 5 is
~atimng diagramillustrating the data transm ssion detail. 2

"based upon receipt of the strobe. The receiving device further sampl_es-
the data latched a predetermined plurality of clock cycles after the first
clock cycle. Thus, Linlike pnor art synchronous bus systems, the bus is
not requ1red to send, launch and sample the data. within one clock
cycle An mnova’ave reset process synchromzes both devices in such a

" manner that simple logic is unplemented to latch and sample the
received data. Thus, unlike asynchronous bus systems, the overhead
required to ensure that the received launched data is stable before

- sampling is avoided. By expanding the time budget to multiple clock
penods, clock skew sens1t1v1ty is reduced as the skew is distributed
over the multlple clock penod
B'D_”"N"_' ” .

|  The :ob:jects, feat'nfe-s,' and advantages of the present invention
will be apparent to one skllled in the art in view of the following

~ detailed descnptlon in which: - :

' Figure 1 is an example of a system ut111z1ng the bus system of the
present invention.

Flgures 2a, 2b, 2¢, 2d and 2e illustrate the sxgnahng topology of
one embochr_nent of the bus sy_stem of the present invention.

Figure 3 is a timing diagram illustrating the strobe startup
timing detail for a 2 clock cycle timing budget.- - -~ -

Figure 4 illustrates the basic structure for receiving packets
transmitted over the bus. -

Figure 5 is a timing diagram illustrating the data fransmission

detail.




Figure 6 is a flow chart illustrating one enbodi ment of the reset process
utilized to synchronize the receiving device and sending device circuit ry.

Figure 7 is a flowdiagramillustrating the packet transm SSI on’gprocess in
accordance WWIE®1t eachi ngs of the present invention.

sinplified block diagramillustrating one embodi ment of the fl ow control
mechani sm of the present invention. Figures 9a, 9b and 9c are flow charts
illustrating one enbodi nent of process for transmtting data in accordance
with the teachings of the present invention. Figures 10a, 10b, 10c and 10d
il lustrate request and conpletion formats used in one enbodi nent of the
system of the present invention. Figure 11 is a sinplified flow di agram of
one enbodi nent of a process using a device configurable field in accordance

with the teachings of the present invention. DETAI LED DESCRI PTI ON
Figure 6 is a flow chart illustrating one embodiment of the reset

process._utilized to synchronize the receiving device and sending
device circuitry.

Figure 7 is a flow diagram illustrating the packet transmission
process in accordance with the teachings of the present invention.

Figure 8 is a simplified block diagram illustrating one
embodiment of the flow control mechanism of the present invention.

Figures 9a, 9b and 9c are flow charts illustrating one
embodiment of process for transmitting data in accordance with the
teachings of the present invention. |

Figures 10a, 10b, 10c and 10d illustrate request and completion
formats used in one embodiment of the system of the present
invention.

Figure 11 is a simplified flow diagram of one embodiment of a
process using a device configurable field in accordance with the
teachings of the present invention.

DETAILED DESCRIPTION

An exemplary system which incorporates the teachings of the
present invention is shown in Figure 1. It is readily apparent that the
present invention is applicable to a variety of systems and system
configurations. Figure 1 is illustrative of the bandwidth that the bus
system of the present invention can provide. Referring to Figure 1, the
synchronous bus system 100 shown provides connections between a
controller 115, which functions as a bridge between a microprocessor
bus 110, to which one or more microprocess devices are connected, or a
memory bus (not shown) to which one or more memory devices are

connected, and bus expander bridges 117, 120, and 125. As is shown in
3
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An exenpl ary system whi ch incorporates the teachings of the present
invention is shown in Figure 1. It is readily apparent that t he" presént
invention is applicable to a variety of systens and system configurations.

Figure 1 isyddolsdsfative of the bandwidth that the bus syshaitegiseszne
present invention can provide. Referring to Figure 1, the synchronous bus

system 100 shown provi des connecti ons between a controller 115, which
functions as a bridge between a m croprocessor bus 110, to which one or
nore m croprocess devices are connected, or a nenory bus (not shown) to
whi ch one or nore nenory devices are connected, and bus expander bridges
117, 120, and 125. As is shown in 3 SUBSTI TUTE SHEET ( RULE 26) one
enbodi ment, bridges 117 and 120 expand and format the data received across
the bus 100 to provide output to a 64 bit Peripheral Conponent Interface

(PCl) bus 121 or tyhHe 3mhbadiméit bREE@SI172Ad1208 ekpand and format the data
received across the bus 100 to prov1de output to a 64 bit Peripheral
Component Interface (PCI) bus 121 or two 32 bit PCI buses 122, 123 to
which PCI c_ompa’nble_dew_ges (not shown) are connected.
Furthermore, it is illustrated that the bus 100 can provide data to a
bridge that interfaces to a graphics bus and connected devices (not
shown).

_The signaling topology of the bus system of the present
~ invention is illustrated in Figures 2a, 2b, 2¢, 2d and 2e. Referrmg to
Figure 2a, synchronous bus 200 connects a controller 215 to an
expander bridge 220, such as a PCI expander bridge which bridges to a
PCI Bus (nof shown). In the present embodiment, a controller is
shown to be connected to a bus expander bridge via the bus. However,
itis readily apparent that the bus can conﬁect a variety of types-of
devices and subsystems. Figures 2b, 2¢, 2d and 2e are tables describing
the different signals used i in the present embod1ment
In one embodlment thebus is a 16 bit wide data bus, wh1ch
carries commands, addresses, data and transaction ID information. In
addltlon, two addltxonal bits carry mask and other information for the
, data ﬁelds In one embodlmen’c the function of the two additional bits
varies accordmg to the clock cycle. For example, the fields provide byte
___énables (mask information) identifying the bytes consisting of valid
information and may alternately carry a command type or panty
The bus is bi-directional between the sending and receiving
de_vi_ces. In the present emb__qdlmen_t, the bus tra_nsactlons are full split
transactions and consist of a request packet and a completion packet.
The requesf packéf initiates a transaction. Completion packets are used
4




whi ch PCl conpatible devices (not shown) are connected. Furthernore, it is
illustrated that the bus 100 can provide data to a bridge that interfaces
to a graphics bus and connected devices (not shown). The S|gnallng topology
of the bus syN@8aMs8/1 t he present invention is illustrated iB¢THSSHMER

2b, 2c, 2d and 2e. Referring to Figure 2a, synchronous bus 200 connects a
controIIer 215 to an expander bridge 220, such as a PClI expander bridge

whi ch bridges to a PCl bus (not shown). In the present enbodi nent, a
controller is shown to be connected to a bus expander bridge via the bus.
However, it is readily apparent that the bus can connect a variety of types
of devices and subsystens. Figures 2b, 2c, 2d and 2e are tables describing
the different signals used in the present enbodinent. In one enbodi nent,

the bus is a 16 bit wide data bus, whjch carries ¢ommand ddresses dat a
and transaction | D itAfeER indigatg $hat 3 Eﬁnsameni‘amw BF‘tﬂé‘ecarry mask

and other informati QfesfiRétidn'@evéd, anll! réhliseatd BuffiCsotbdiad HetRadn theButaenCt i on
of the two additional bits varies according to the clock cycle. For

exanpl e, the fiel ds adoigstipatign device. All transactions can be classified as a read
request or a write request. Read requests contain command address bit
enables for non-fetchable reads, routing information and length for
desired data. The read completion packet contains the status of the
request, the data retrieved in response to the read request, and routing
and transaction information to identify the corresponding request. A
write request includes the write data in its packet. The write
completion contains no data but indicates if the write is completed
successfully. Each bus cycle (XCLK) is equivalent to the system host
clock cycle. However, each bus cycle contains a "P" half cycle and "N"
half cycle. The "P" half cycle occurs for example while XCLK clock is
high. The "N" half cycle occurs while the XCLK clock is low thus the
throughput is doubled by transmitting packets on each half cycle.

A packet of information consists of multiple 32 bit words. One
word associated byte enables are sent over the bus each XCLK cycle.
Each word is distributed between the positive and negative phase of
the bus clock cycle with bits [31:16] set on the positive phase and bits
{15:0] set on the negative phase. It is readily apparent that the bus is not
limited to this packet structure and a variety of implementations may
be used.

One key aspect of the high speed synchronous bus of the present
invention is that the reset signal (XRST#) enables the synchronization
of all devices connected to the bus. Once synchronized, the

transmitting and receiving devices operate synchronously in
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enabl es (mask information) identifying the bytes consisting of valid
informati on and may alternately carry a conmand type or parity. The Bus is
bi directional between the sending and receiving devices. In the present
enbodi ment, wHey s transactions are full split transacti pppysdafligonsi st of
a request packet and a conpl etion packet. The request packet initiates a
transaction. Conpletion packets are used 4. to return data, indicate that
a transaction has conpleted on the destination device, and reallocate

buf fer sources between the source and destination device. Al transactions

can be classified as a read request or a wite request. Read requests

contai n command address bit enables for non-fetchable reads, routing
informati on and |l ength for desired data. The read conpl eti on packet
contains the status of the request, the data retrieved in response to the

read request, and hLeefrtiftkeaRith prespeatiod Qiningp2bt8RbIsAB syRchrdRBEdly Y the
correspondi ng request. A
transmit packets between devices over multiple clock cycles.
As 1llustrated in Flgure 2a, both the reset signal (XRST#) and
clock signal (XCLK) arrive at each connected component
'simultaneo’us’l}r in order to maintain synchronous operation. In the
present embodiment, the XCLK and XRST# signals are issued by one
component 215 and transmitted to the second component 220 and back
into the first component 215_t_hrougli'1i'nes 217, 219, which are
approximately equal in length to lines 221, 223 connected between the
first and second components 215, 220. This ensures that both
components 215, 220 receive the signals at the same time and maintain
synchronous operation. Preferably the lengths of lines 217, 223 are
matched as closely as possible as the clock timing is critical. The
" matchmg of lmes 219, 221 may be less accurately matched in length.

An illustrative tlmmg diagram for the reset process for a 2 clock
cycle hmmg budget is shown in Flgure 3. Each device connected to the
bus sees the XRST# deasserted on the same generatmg XCLK clock
signal. Each component starts its synchronous strobes signal running a
pifedeterminéd number of clock cycles (e.g. three clock cycles) after
observing an XRST# deassert. Although a three clock cycle is specified
in the present embodiment, the number of predetermined cycles can
vary so long as all devices start their synchronous strobe signal on the
same cycle. With reference to Figure 3, each device captures the

XRST# deassertion on the rising edge of clock T3. Each component,

therefore, initiates its strobe signal generator after the rising edge of
6




write request includes the wite data in its packet. The wite conpletion
contains*no data but indicates if the wite i's conpleted successfully. Each

bus cycle (X iLSs.equival ent to the system host clock cy er,
Mo gty Fegmoie

each bus cycl'e ins a "P half cycle and "N' half cycle hal f
cycle occurs for exanple while XCLK clock is high. The "N' half cycle
occurs while the XCLK clock is | ow thus the throughput is doubled by
transmtting packets on each half cycle. A packet of information consists
of multiple 32 bit words. One word associ ated byte enabl es are sent over

t he bus each XCLK cycle. Each word is distributed between the positive and
negati ve phase of the bus clock cycle with bits [31:16] set on the positive
phase and bits [15:0] set on the negative phase. It is readily apparent

that the bus is not 4#i+ed ' td . q i
I npl ement ati ons may %déépurg%dﬁ%swée@ﬁé sﬁgtg%@?&ogf@ﬁ%gaﬁti gﬁqgg%l\é 5%%%?\@%%0%

bus of the present isynchronize itssampling dlocks sincedt knews theiimins eelativrship he
synchroni zati on of %eltwggr}’{hgefRW&ga%éér‘r;ﬁPh%hnﬁﬁ?%snctb%as )g/&?ﬁé(nchr oni zed, the

transmtting and receiving devices op e sync
The system and timing relationships can be defined in a variety

of ways. However, in the present embodiment the rising clock edge
that samples XRST# deassertion is referred to the odd cycle and the
first data strobe is started from an even clock edge. The earliest even
clock edge that starts the strobe signals is the second even clock edge
after the XRST# deassertion is sampled. In the present embodiment
which implements a two clock cycle timing budget, the sampling, for
reception of data, always selects the capture element (e.g. flip-flop) that
contains data that was launched two clock cycles earlier. For example,
in a three clock cycle mode, the selection would select that which was
launched three clock cycles earlier. The multiplexor identifies the odd
clock when XRST# deasserts. Since it is defined that the first strobe is
always sent on an even clock, the capture flops and sampling
multiplexors remain synchronized.

As described earlier, the distance between devices is longer than
typical synchronous bus systems as the timing budget has been
expanded to span multiple clock cycles. Furthermore, greater data
throughput using fewer pins is achieved in part by launching data on
both the even and odd numbered clock cycles. The capture mechanism
at the receiver, which enables this capability as well as expansion of the
timing budget, is shown in Figure 4. Data is received via one of two
capture flops 405 or 410. The flop enable is controlled by a third flop
415, which causes the enabled flop to toggle between capture flops 405

and 410, as driven by the positive data strobe signal (P_STB#). Thus,
7



5. accordance with prespecified timng protocols to synchronously
transmt packets between devices over nmultiple clock cycles. Ag illustrated
in Figure 2a, both the reset signal (XRST#) and clock signal (XCLK) arrive
at each conggsdeaseggonponent sinultaneously in order to nepdyegn4ss2nCchr onous
operation. I'n the present enbodi ment, the XCLK and XRST# signals are issued
by one conponent 215 and transmtted to the second conponent 220 and back
into the first -conponent 215 through lines 217, 219, which are
approximately equal in length to lines 221, 223 connected between the first
and second conponents 215, 220. This ensures that both conponents 215, 220
receive the signals at the sane time and mai ntai n synchronous operati on.
Preferably the lengths of lines 217, 223 are matched as closely as possible
as the clock timng is critical. The mat ching of ..ines 219, 221 may be |ess
accurately matc hEddatﬂ tﬂldtﬁgldﬂmched on an even clock is captured by the even capture

flop 410. Data that is captured on an odd clock is always captured by the
odd ¢ capture ﬂop 405. The presehtdrcmt 1llustrated in Flgure 4,
"1llustrates the capture c1rcu1try for the pos1t1ve data phases of the
' s1gnals Therefore, a negatwe data phase capture circuit would also be
'mcluded dnven by a negatlve strobe s1gnal (N STB#) In such a circuit

the core clock—to—samplmg ﬂop would also be mverted

Referrmg agam t samé lmg _mulhplexor 420

N samples the data from | the captu ﬂops two clock"cycles after
transmlsswn of the data was 1n1t1ated (1 e launched) The mulnplexor
420 1s synchromzed by the reset s1gnal XRST# and the c1rcu1try 430,
wluch is driven by the reset slgnal Thus, as the samplmg multiplexor
420 is synchromzed to sample m1t1a11y on ‘the even clock and the data
first arrives on the even, clock as shown in the strobe start up timing

' detall ‘the multlplexor 420 properly samples the odd and even clocks
' data two cydles after launch. - . o
Once the data is processed through the samphng multiplexor,
the data is mput to combinatorial log1c and into a sampling flip-flop
440. This i 1s subsequently output mto other c1rcu1try of the device. It

o :should be noted that the c1rcu1try 430 shows a number of flip-flops

~which cause a delay sufﬁcxent to provrde adequate initialization for
valid samplmg of data. The delay path synchronizes the sampling
multiplexor 420 to the launched data. The delay can be varied
according to the conﬁgurauon unplemented Preferably, as shown in
'Flgure 2, XCLKout (the clock s1gna1) and XRSTout# (the reset signal)

are generated by a common source Both are generated by the

" controller i the present embod_lment and are kept synchronous by
8




An illustrative timng diagramfor the reset process for a 2 clock cycle
timng budget is shown in Figure 3. Each device connected to the bus sees
t he XRST# deasserted on the sane generating XCLK cl ock signal. Each
conponent st aMO1$%1 synchronous strobes signal running a pPEHEBSH#Bhed
nunber of dock cycles (e.g. three dock cycles) after observing an XRST#
deassert. Although a three dock cycle is specified in the present

enbodi ment, the nunber of predeterm ned cycles can vary so long as all
devices start their synchronous strobe signal on the sane cycle. Wth
reference to Figure 3, each device captures the XRST# deassertion on the
ri sing edge of clock T3. Each conponent, therefore, initiates its strobe
signal generator after the rising edge of 6 clock T6. The source

ST OMoNe 5100l B AT L IS AT o 1O

deassertion and the 4pprokintittly thé @M€ routing signal line length as shown in Figure
2. It is preferred that the length of the bus is limited by the following
factors: XCLK, XCLK to P_STB# + TOF (time of flight between devices)
+ P_STB# to capture data valid + set up time for P data sample is less
than or equal to the number of allocated clock periods (in the present
illustration two clock periods). Thus, in the present embodiment, the
delay through the combinatorial logic 435 between the sampling flop
and sampling multiplexor must be included in the set up time.
Preferably, the turn around time from receiving to sending must
increase from one XCLK period to two when XCLK to P_STB + TOF is
greater than or equal to one clock cycle. This is required to prevent
sending data from colliding with the trailing negative data phase
receive data.

A timing circuit showing the timing of exemplary packet
transmissions is shown in Figure 5. Referring to Figure 5, XRST#
already has deasserted at some time prior to T5. The strobes (P_STB#,
N_STB#) already are running and the sampling circuitry is
synchronized. Signals bracketed at the left and labeled "send" indicate
the observed signal timing at the sending end. "Receive" indicates the
same observed signals at the receiving end. The difference is the time
shift due to the flight time of the signals between the sender device and
the receiver device.

At time T37 the sender device asserts HRTS# to indicate its
request to send. At time T37, XRTS# (not shown) was not observed

asserted, so the sending device knows that it has won arbitration of the



The system and timng rel ati onships can be defined in a variety of ways.
However, in the present enbodi ment the rising clock edge that Sanpl e3 XRST#
deassertion is referred to the odd cycle and the first data strobe is
started fro gyen clock edge. The earliest even clock gdaodidlgd, starts:
the strobe si'gnal's is the second even clock edge after .the XRST#
deassertion is sanpled. In the present enbodi nent which inplenents a two
clock cycle timng budget, the sanpling, for reception of data, always
~selects the capture element (e.g. flip-flop) that contains data that was

| aunched two clock cycles earlier. For exanple, in a three clock cycle
node, the selection would select that which was | aunched three clock cycles
earlier. The nmultiplexor identifies the odd cl ock when XRST# deasserts.
Since it is defined that the first strobe is always sent on an even cl ock,

the capture flopsgppd m@h&agasséﬁémbs#%aﬁ@moﬁa&ﬂmr@paa@ﬂ As
described earlier, the.di.stance hetween.devices is longer than typical

- synchronous bus sysf@mﬂssmmahedmsdg %Ndé%tzrﬁas been expanded to span
mul tiple clock cycles. Aﬁu%g hek eWiﬁﬁ grg@t@gelﬁt&ﬁ&r%my@dﬁﬁ@g) f ewer
I.ng-.dat

pins is achieved in. part T aunc a.on., .
HRTS# asserted at time T38. T'lus is the time shlfted HRTS# signal

i asserted at t1me T37 "The recelver knows to expect XADS# durmg the

' :next clock (T39) The present embodlment utlhzes a dlstrlbuted arbiter.
. Thus, if the sender in thls example d1d not have hrgh prlonty, XADS#
would have been sent two clocks after I-IR'IS# instead of one clock after
HRTS#. Each dev1ce knows 1ts pnorlty By convention, the high

' priority devrce wxll send its data one clock earlier than the low priority
device (assummg the low pnonty device was not already requesting).
'Therefore, the Tow pnonty dev1ce must wait an additional clock when
it asserts its request in order to guarantee the lugh pnonty device has
observed the request At clock T39, the receiver samples HRTS# from
the capture FLOP that captured it. Data is then sampled starting at time
T39 from the fespective flops. =~
The processes for resettmg the system to operate ina

synchronous matter and transmission of data are 1llustrated by the

) s1mp11f1ed flow dragrams Flgures 6and 7. The process for performing
reset is generally descnbed with reference to Figure 6. At step 605, reset

signal is sent such that it is received by all devices at the same time.
Furthermore, the reset :si'gn_al (XRSTH) is output through drivers and
fed back into the originating device such that the line lengths are
compatible and the reset signal is received by all devices at the same
time. The reset signal is clocked out by a PLL clock which typically is

‘not in phase with the core clock of the controller device (e.g., device

215, Figure 2). However, the equal length feedback trace assures that the
| 10




both the even and odd nunbered cl ock cycles. The capture mechanismat the
receiver, which enables this capability as well as expansion of the timng
budget, is shown in Figure 4. Data is received via one of two capture flops
405 or 410. THO®¥ enable is controlled by a third flop 4RGT/USHB{I4482 causes
the enabled flop to toggle between capture flops 405 and 410, as driven by
the positive data strobe signal (P..STB#). Thus, 7 data that is |aunched
on an even clock is captured by the even capture flop 410. Data that is
captured on an odd clock is always captured by the odd capture flop 405.
The present circuit, illustrated in Figure 4, illstrates the capture
circuitry for the 'positive- data phases of the signals'. Therefore, a
negati ve data phase capture circuit would al so be the core

the. sampl i ng mul 11 pl SRR sebsighiel B8t & wPoRenaer sDelal Po it phatt ci ock

cycles after with the core clocks by the time the signal arrives at the end of the
wires. The devices (e.g., 215, 220, Figure 2), at step 610, observe the
deassertion of the reset signal. At step 616, the first rising clock edge
that samples the reset signal is identified as the odd clock cycle and the
next edge is identified as the even clock cycle. The first data strobe
therefore is designated as the second clock edge (even) after deassertion
of the reset signal. At step 620, a flip-flop selecting multiplexor in the
receiver circuitry of each device identifies the odd clock cycle when the
reset signal is deasserted in order to synchronize sampling circuitry to
the sending circuitry which issues the data strobe and data.

At step 630, data transmission is initiated on a clock edge of an_
even clock cycle, which coincides with the issuance of the data strobes
on the even clock cycle. Preferably, the system waits a predetermined
number of clock cycles, such as 64 clock cycles, before initiating data
transmission such that sufficient time is given for initialization of
circuitry.

The transmission process will now be described with reference
to Figure 7. At step 700 the transmitting device simultaneously
launches a strobe and data to the receiving device. At step 701, the
strobe and data are received at the receiving device. At step 702, if the
strobe was sent on an even clock the data is captured by the even flops;
if the strobe was sent on an odd clock, the data is captured by the odd
flops. At step 703, data is sampled at the receiver two clocks after
launch from the sending device. Thus, data is sampled by the even
flop if launched on even clock cyclé and sampled by the odd flop if

launched on an odd clock cycle. As mentioned above, once the
11



transm ssion of the data was-initiated (i.e. |aunched)The nultiplexor 420

i s synchroni zed by the reset signal XRT# and circiry 430 which®i s driven by
the reset signal.Thus, as the sanpling nultiplexor 420 is synchoied to
sanpl i ni tajkyopied he even clock and the data first arrieRidde even,
clock as shown™in the strobe start up timng detail, the nultiplexor 420

- properly sanples. the odd and even clocks data tmo-cycles after |aunch.
Once the data is processed through the sanpling multiplexor, the data is
input to conb 'in-atorial logic and into a sanpling ifip-flop 440. This is
subsequent|ly output into other circuitry of the device. Itl should be noted
that the circuitry 430 shows 'a nunber of flip-flops which cause a del ay
suffiicieint to provide adequate initialization for valid sanpling of data.
The del ay path synchronizes the sanpllng nultlplexor 420 to the Iaunched
data. The delay Cafrcifr ﬁfb&ﬁ RARE ArdyriBirdifed; IR tabnet b@fmtrm
Preferably, -as shown .i gur e -2,. :XClKout . éthe cl.ock: si-gnal ) _and Tout#
(the reset signal )toggre%betaferew@snﬂﬁpﬂeded rfloPFog'h“&saBIlﬁ’SﬁﬁoifHPFWé‘%‘trobe -

start up tirm ng | for synchronous bus transmrssmn across mulhple clock cycles in which

the sendmg and recervmg devrces recelve clock s1gnals at the same

' "frequency is descrrbed _ :
_': - Although not reqmred for operatlon of the hlgh speed _
| synchronous system as descnbed above, the effectiveness of the system
s further énhanced usmg ‘the embedded ﬂow control method and
B apparatus descnbed below. " oo
 In partlcular bus overhead is decreased by distributing flow
'control to the devices coupled to the bus and embeddmg flow control
' data into the packets Each deévice has at least one tracker device or
 circuit that tracks the flow of data and bus requests inbound and
' outbound onto the bus. At uutralrzatron, each tracker is provided
mformahon regardmg the buffer capacmes of the other coupled
devices. Durmg the process of transmission of packets, the tracker
accesses predetermmed bits of each packet to determine the states of the
| queues (i.e., how full/ empty) and controls the flow of packets between
devices. Thus flow control is embedded in the packet protocol
In the present embod1ment flow control between two devices is
descrrbed However, itis contemplated that the structure can be
expanded to support flow control between multiple ; palrs of devices by
replication of trackers A s1mp11f1ed block diagram of the flow control
‘portion of the system is 1llustrated n Frgure 8. Referrmg to Figure 8, a
 memory controller 805 is coupled to memory 802 and a processor 803.
Alternately the memory controller is coupled to a processor bus to

“which one or more processes 803 are coupled. The memory controller
' ' 12
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routing both through an external clock driver and maintaining approxi mately
the sanme routing signal line length as shown in Figure 2. It is preferred
that the length of the bus is |imted by the follow ng factors: XCLK, XCLK
to PSTB# + TOvrOOwiIsass of flight between devices) + P_STB# t eorapvsirees2dat a
valid + set up tine for P data sanple is less than or equal to the nunber
of allocated clock periods (in the present illustration two clock periods).
Thus, in the present embodiment, the delay through the conbinatorial |ogic
435 between the sanpling flop and sanpling nultiplexor nmust be included in
the set up time. Preferably, the turn around tine fromreceiving to sending
must increase fromone XCLK period to two when XCLK to PSTB + TOF i s
greater than or equal to one clock cycle. This is required to prevent
sending data fromcolliding with the trailing negative data phase receive
data. A tining circ@0® isfysthengoupled to abugbrifige ftGiihirangh pduk815.t reomi ssi ons

I's shown in Figure my3ahAbhd B hiR BhdBY §03s cstBRIEd to a PCI bus 820. The bus
bridge 810 shown provides one bus connection (e.g., one 64 bit
connection) to the PCI bus 820. However, it is contemplated that the
bus bridge supports multiple bus connections (e.g. 2-32 bit connections).
In a multiple bus connection arrangement, the tracker circuitry tracks
the status of dual queues, one per connection. Furthermore, device 805
is described herein as a memory controller. However, it is readily
apparent that device 805 can be a variety of types of devices that
coupled to the bus 815. Similarly, device 810 can be embodied as a
variety of devices and is not limited to a bus bridge.

The memory controller 805 includes request queue tracker logic
822, data queue tracker logic 832, outbound request queue 824,
outbound data buffer 826, inbound request queue 828 and inbound data
queue 830. Also shown is interface/control logic 834 which provides
supporting logic for interfacing with the memory 802 and processor
803, performing the memory operations with memory 802 and
processor 803, as well as providing the request packets and
confirmation packets that are described below.

For purposes of simplification of explanation, the data
communicated between the memory 802, processor 803 and the
memory controller 805 is shown to be transmitted through the
interface/control logic 834; however, it is contemplated that data may
be transmitted directly between the queues and the memory 802 and
processor 803. The request queue tracker logic 822 and data queue
tracker logic 832 respectively track how full the respective queues 824,

852 and 826, 856 are, such that once queue is full, the tracker prevents a
13



al ready has deasserted at sone tine pri or to T5. The strobes (P3STB#, i

N STB#) already are running and the sanpling circuitry is synclironi zéd. !

- Signal s bracketed at the left and | abel ed "send” indicate the observed
NG at.fhe sending end. "Receive" indicates thep iﬁgg rved

( _ Eﬂ%ﬁiﬁ%ﬁiving end. The difference is the tine shift i

flight time of the signals between the sender device and the receiver

device. At time T37 the sender device asserts HRTS# to indicate its request

signal tim
signal s at

due to the

to send. At time T37, XRTS# (not shown) was not observed asserted, so the
sendi ng devi ce knows that it has won arbitration of the 9 bus. The
sender asserts XADS# at tine T38 to franme the packet information indicated

as 1,IN, 2P, 2N. At the receiving end, the receiver device observes

(captures) HRTS# asserted at tinme T38. This is the tine shifted HRTS#

si gnal

This is desirable so that the one type of request, e.g., write request, does

pacldet from being generated and placed m the queues 824,826. In the

present embodnnent the tracker 822, 832 functions as a counter to

~ maintain counts of avallable queue space The interface/control logic

834 operates in con]unctlon ‘with the tracker 822, 832 to issue the

correspondmg control 31gnals/ data to processor 803 and memory 802 to

' permlt/prevent outbound packet generation and placement in the

corresponding queues. Inbound request queue 828 and inbound data

queue 830 respectively receive inbound requests and confirmation
packets (and assocrated data) from the bus brrdge 810. In one
embodlment the wnte data and read data is separately queued and
tracked. In one embodlment the request queue maintains both read
and write requests, | but the tracker permits only a predeterrmned
maximum number of read requests and a predetermmed number of
write requests regardless of the number of avarlable slots in the queue..

" In one embodlment the tracker loglc 822 is conﬁgured to permit

only two read requests and s1x erte requests in an elght deep queue.

not prevent the queumg of read requests when the number of requests
exceeds the size of a queue. ‘Thus in the current example, if six write
requests are currently queued and the dev1ce wishes to queue a
seventh write request, the tracker will not permrt it even though the
queue has the capacity to receive two more requests (those that are
preallocated per read r@uests) If the queue currently has six write
requests and the device w1shes to 1ssue a read request the tracker will
permit the read request to be queued. '

The bus bndge 810 i 1s similarly conflgured with a request queue

tracker 850, data queue tracker 860, outbound request queue 852,
R 14 _




asserted at time T37. The receiver knows to expect XADS# during the next
clock (T39). The present enbodinment utilizes a distributed arbiter. Thus,
if the sender in this exanple did not have high priority, XADS# woul d have
been sent twWQ99188s after HRTS# instead of one clock aftePCHHESA468¢,cH
device knows its priority. By convention, the high priority device wll
send its data one clock earlier than the low priority device (assum ng the
| ow priority device was not already requesting). Therefore, the | ow
priority device nust wait an additional clock when it asserts its request
in order to guarantee the high priority device has observed the request. At
clock T39, the receiver sanples HRTS# fromthe capture FLOP that captured
it. Data is then sanpled starting at tinme T39 fromthe respective fl ops.
The processes' for resetting the systemto operate in a synchronous natter
and transm ssi on ofinbeund saquest! queste8ad colitbgund dati queief856 dinbbumd dategr ans

i th reference fo Husd9skandsteri cBhb BelcB) il RIS Bkhg, O ot i

is received by all fdasti®esaraipetformed similame. thiddsesbed above. MPratlese 856, gnal

(XRST#) 1's out put tgyi)onl{gi?lta% icggxrtt% of r%Ic'zforma’cion stored in the queues 854, 828, and
858, 830, respectively, and prevent the generation of packets when one
of the queues is full. Interface/ control logic 882 not described in detail
herein represents the logic used to communicate with the bus 820 and
generate the request and confirmation packets as described below.

Figures 9a, 9b and 9c are simplified flow charts respectively
illustrating the flow control process for requests and data. Although
the two processes are described separately and flow control can be
initiated using either one or both processes, it is preferred that both
processes are used concurrently to control flow control as shown in
Figure 9c. In the present embodiment, the tracker maintains a count
representative of the data stored in the receiving buffer. For example,
tracker 824 maintains a count of requests stored in queue 852. When
the count exceeds a predetermined maximum, the tracker controls the
device, e.g. processor 803, to prohibit the creation of the packet, and
causing the device to continue to retry issuing the request until space
in the queue becomes available. In the present embodiment, a packet
is not created if the tracker indicates that the receiving queue is full; it
is contemplated that in other embodiments the tracker may use other
mechanisms for preventing a request from entering a full queue.
Turning back to the present embodiment, if an inbound PCI

(write) request, for example, is attempted from bus 820, the request will
be retried until the inbound tracker 850 indicates that the inbound

queue in device 805 has room for the write request. The same occurs
15
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fed back into the originating device such that the line lengths are
conpati bl e and the reset signal is received by all devices at the safhe
_ tlma.h The reset signal if cl ocked out by a PLL clock which typically is not
i n phase wi f; ore clock of the controller device (e. 215,
Figure 2). m%@%%ﬁ the equal length feedback trace asgurggw?%gfhﬁﬁe 10 ...
clock (and the reset signal that is synchronous to it) will be-in phase
with the core clocks by the tine the signal arrives at the end of the
wires. The devices (e.g., 215, 220, Figure 2), at step 610, observe the
deassertion of the reset signal. At step 616, the first rising clock edge
that sanples the reset signal is identified as the odd cl ock cycle and the
next edge is identified as the even clock cycle. The first data strobe
therefore is designated as the second cl ock edge (even) after deassertion

of the reset si gnai‘or dbl‘ftbédlﬂptr%cu&é( |l!an%WeﬁﬁédtQﬂeﬁb‘Wér@t&%&épt n the

a transactlon for wh1ch there 1s no room in the receiving inbound
queue, a deadlock can occur even though no packet is sent until there
is room in the recelvmg queue i
Referrmg to Frgure 9a, at step 900 the request buffer count
maintained by the tracker is uut1ahzed For example, the count may be
1n1t1ahzed to zero. However, the actual value may be some other
_ value such t_hat_.when the_coun_t _reaches the predetermined maximum
corresponding to the .si'ze' of' the 'correspondin'g buffer, a register
overflow occurs Alternately, the count is uutlahzed to a value
correspondmg to the predeterrmned maximum and the tracker
_ decrements the count for each request to be sent. Thus, the buffer
maximum is reached when the count reaches zero. The maximum
size of the buffer may be hardcoded or read from a configuration
register or fill. Preferab_ly, the capacities of corresponding pairs of
buffers, e.g. 724, 752are checked to determine_ the buffer having the
smaller capacity; in tIus aituation the maximum size would
correspond to the size of the buffers having the smaller capaclty
Furthermore, it is contemplated that the predetermmed maximum
does not necessanly equal the exact capacity of the buffer and can be a
value smaller than the actual buffer capacity for a variety of reasons.
For example, in the present embodiment, the predetermined
maxi_rlnum' for write reque_sts is 6 even though the buffer capacity is 8
requests. Other embodirnents _. are also contemplated.
At step 905, if a completion packet is received, the request tracker

decrements the request buffer count, step 910, as receipt of a completion

~ packet is indicative that the request has been processed and is no longer -
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receiver circuitry of each device |dent|f|es t he odd cl ock cycle when the
reset signal is deasserted in order to synchronlze sanpling circuitry to
the sending circuitry which issues the data strobe and data. At step 630,
data transm S¥P8MIPY nitiated on a clock edge of an even diaraisosiisesze,

whi ch coincides with the issuance of the data strobes on the even clock
cycle. Preferably, the systemwaits a predeterm ned number of clock cycles,
such as 64 clock cycles, before initiating data transnission such that
sufficient tine is given for initialization of circuitry. The transm ssion
process will now be described with reference to Figure 7. At step 700 the
transmtting device simultaneously launches a strobe and data to the
receiving device. At step 701, the strobe and data are received at the

receiving device. At step 702, if the strobe was sent on an even cl ock the
data i s captured by He Ruftes. Atstep 9151 if arequest packehistohersentat step 928 the ock,

ocei ver tvo ol ocke'S SFBﬁff&d&M%&C e sen@nﬁggdsew %‘g“f“%ﬁﬁ‘?%&%t the

recei ver two clocks after |aunch fromt at a
sanpl ed by the evencenmipexceedsothegiredetermined mativein,cep 825l thaopimd by t he

odd flop if does not exceed the predetermined maximum, then the receiving
buffer in the device has the capacity to receive the request and the
request packet is prepared for transmission and subsequently sent out
over the bus, step 940. If the count exceeds the predetermined
maximum, then the available capacity of the buffer cannot accept the
request packet and the request packet tracker prevents the request
packet from being created or enqueued and causes the transmission
process at the initiating bus to be retried, step 935.

It should be noted that Figure 9a is described with respect to the
transmission of request packets from a first device (e.g., device 805,
Figure 8). However, the same process is performed when the same
device is to send a completion packet as the packets are buffered in the
same buffer (e.g., inbound request buffer 852, Figure 8). In addition, if
the process is performed with a dual port device such as the bus bridge
described above, the first device would continue to send (preferably
sending to alternate buffers) until both buffers are at full capacity.

A very similar process is performed to control flow control with
respect to data contained in the packet. A request packet is a
determined size which fits in a predetermined amount of space.
However, the amount of data is variable. Thus for data buffers, a
length field in the packet is accessed to determine the amount of buffer
space needed. A similar process is then performed to determine when
data to be queued would cause the capacity of the data queue to be

exceeded. The tracker will not allow the capacity of the data buffer to be
17



| aunched on an odd cl ock cycle. As nentioned above, once the 11 t oggl es
between even flops and odd floOps. Thus, a process of operatlon for °
synchronous bus transm ssion across nultiple cl clock cycles in which the

Sendlng and. rece|V|ng devi ces receive clock signals at th uenc
is descri bed¥0915%l1 g peTosHRnidsd Y,

Al t hough not requ ired for operatlon of the high -speed synchronous systen1
as described above, the effectiveness of the systemis further enhanced
using. the enbedded flow control nethod and apparatus described below. In
particular, bus overhead is decreased by distributing flow control to the
devi ces coupled to the bus and enbedding' flow controly data into the
packets. Each device has at |east one tracker device or circuit at tracks
the flow of data and bus requests i nbound and outbound onto t he bus. At

'nitialization, ea%xceeﬁgg Kgbr eMIQ Vlf g%gwce on the bus 820 Wants to write 16
DWORDS (16x4 bytes), but the tracker 1nd1cates only room for 8, the
control log1c 882 will only accept eight DWORDS. The device (not
shown) on the bus 820 must retry a write for the remammg DWORDS

 until the tracker mdlca_t_es_ room for them. Alternately, control logic
882 will be conﬁgured such that the logrc will not allow the generation
of packets unless all data can be placed in the | queue
' Referrmg to Flgure 9b the data buffer count is initialized, step
950. Ifa completlon packet 1s rece1ved step 955 the data buffer count is
'decremented step 960, by the length (LEN) value ‘stored in the
completlon packet By usmg the LEN value accurately buffer tracking
relevant to the buffer capacrtles can be performed 1t should be noted
' that the LEN value 1s the same length as is found in the outgoing
information. At step 965, if a request is to be sent, the LEN value is
detenmned ‘and the data buffer count is 1ncrernented by an amount
: correspondmg to the LEN At step 970 1f the amount of data of the
packet plus the cu.rrent amount of data in the buffer w111 exceed the
and placing the packet m the buffer “The devrce subsequently will
retry 990, unt11 the capacrty of the buffer can accept the amount of data.
of the packet Preferably, the requestmg device can indicate that a
porhon of the data that f1ts 1n the remammg buffer space is to be sent
| (e g by 1ssumg a command to the tracker) The requestmg device
subsequently 1ssues requests, and retnes if necessary, for the balance of
the data. If the buffer count W1ll not be exceeded, at step 995 the packet |
is formed by the requestmg dev1ce and placed in the buffer.
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i nformation regarding the buffer capacities of the other coupled devices.
During the process of transm ssion of packets, the tracker accesses
predeterm ned bits of each packet to determ ne the states of the queues
(i.e., how fwddsmmgssy) and controls the flow of packets bePGEEMSHEP? ces.
Thus flow control is enmbedded in the packet protocol. In the present
enbodi nent, flow control between two devices is described. However, it is
contenpl ated that the structure can be expanded to support flow contr ol
between nmultiple pairs of devices by replication of trackers A sinplified
bl ock diagram of the flow control portion of the systemis illustrated in
Figure 8. Referring to Figure 8, al nenory controller 805, is coupled to
menory 802 and a processor 803. Alternately the nenory controller is
coupled to a processor bus to which one or nore processes 803 are coupl ed.
The nmenory controll er 1As noté&Dearlier,fitistprefershie thatdhé flow dordrddproigss 810

through a bus 815. tlalgeso'ﬂ{?o account available request buffer space and available data
buffer space. If either buffer is full and cannot receive data, the request
is not processed. This is illustrated by the flow chart of Figure 9c. At
step 996, it is determined if a completion packet is received and if one is
received, at step 997, the request buffer count is decremented by an
amount corresponding to one request and the data buffer count is
decremented by an amount corresponding to the LEN value. At step
998, if a request is received, it is determined whether there is available
buffer space in the request buffer and the data buffer. As the amount of
data can vary, it is possible that one buffer is full while the other buffer

still has capacity. If either buffer is not available to receive a request,
the request is not processed. and the sending device is issued a retry
signal, step 1000, to indicate to retry the request later. Otherwise, at step
1001, the request is output to the request buffer and the corresponding
data to the data buffer.

Thus the flow control is embedded into the packet protocol.
Mlustrative packets are shown in Figures 10a, 10b, 10c and 10d. The
flow control mechanism described refers to the type encoding (TP[1:0]),
request command encoding (RCOM[4:0]), completion command
encoding (CCOM[4:0]) and length (LEN][7:0]) fields which are found in
the request packets (Figure 10a) and completion packets (Figure 10b).
Preferably writes and reads are controlled separately by the tracker such
that different maximum count values can be used for write requests
and read requests. |

For example, when a read request is pushed into the memory

controller's outbound transaction queue, TP[1:0] is 00 to indicate a
19
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enbodi ment, the bus bridge 810 is connected to a PCl bus 820. The bus
bri dge 810 shown provi des one bus connection (e.g., one 64 bit connectlon)
to the PCl bus 820. However, it is contenplated that the bus bridge
supports nuj:t.i us connectlons (e.g. 2-32 bit connecti a
mul tiple bu¥O c"t%%gfc)t I on arrangenent, the tracker circuitry tﬁlsaclkghzt he
status of dual queues, one per connection. Furthernore, device 805 is
described herein as a nmenory controller. However, ‘it is readily apparent
t hat devi ce 805 can be a variety . of types of deV|ces that coupled to the
bus 815. Simlarly, device 810 can be enbodied as a variety of devices and
Is not limted to a bus bridge. The nenory controller 805 includes request
gueue tracker |ogic 822, data queue tracker |ogic 832, outbound request
queue 824, outbound data buffer 826, inbound request queue 828 and i nbound
ata queue 830. Al t_ersf I vi des
supporting |ogic f%ﬁul n%%@?hﬂﬁd@m&l%{s@ to"g %géptﬁggg@seg{igS%
péerformng the nertonysearreadtqumslui t'ﬂlemckeylsgmn@dlm@pbc&sothemueas wel |
as provi ding the reoalo Bt Rad Phet® BakdAhbRPorB ¢ BELEmbRRY By She.

descri bed bel ow.

‘When the complehon packet correspondmg to the read request is sent
‘back by the PXB, TP[1: O] is [1: x] ‘where x is 1 if the data returned and 0 if
no data was return CCOM[4 0] is0 to indicate this is a completxon for a
read request. The outbound read queue tracker therefore increments
the count by one. It follows that when a read completion is popped
from the memory controller mbound transaction queue, the outbound
read queue tracker is mcremented by one. S1m11ar operations occur
with respect to the bus bndge . ' '

When a write is to be performed the request is pushed into the
device's outbotind transaction queue. TP[1:0] is 01 to indicate a request
with data and RCOM[4 0] 1s 1 to md1cate the request is usmg a write
queue slot. The output wr1te request queue tracker is incremented by 1.
When the complehon for a wnte request is sent back, TP[1 0] is 10 to
indicate a completion w1th no data. CCOM[4 0] is 1 to indicate a
completion for a wnte request When a write completion is popped
from the dev1ce s 1nbound transactron queue, the outbound write
queue tracker i is incremented by 1. As noted above, when a transaction
queue tracker decrements to zero, transactlons of that type can no

~ longer be pushed into the transactlon queue Preferably, the requestmg
device will retry any addltlonal actions of the this type.

In the present embodunent, data buffer management is handled

a little differently; however, it is contemplated that data buffer

management' can be handled the same way as requests. The TP[1:0],

RCOM([4:0] and LEN[?:_O] fields in the request packet header are used to
20




For purpgses of sinplification of explanation, the data communi cated

bet ween the nenory 802, processor 803 and the nenory controller 805 is
shown to be transmitted through the interface/control |ogic 834; however,

it Is contenpwasemassshat data may be transmitted directly ber@Eusssnsssd2 queues
and the nenory 802 and processor 803. The request queue tracker |ogic 822
and data queue tracker logic 832 respectively track how full the respective
gueues 824, 852 and 826, 856 are, such that once queue is full, the tracker
prevents a 13 packet from being generated and placed in the queues 824,
826. In the present enbodi nent, the tracker 822, 832 functions as a counter
to maintain counts of avail abl e queue space. The interface/control 1ogic
834 operates in conjunction with the tracker 822, 832 to issue the
correspondi ng control signals/data to processor 803 and nenory 802 to
permt/prevent out boallngateatskabuffprs by the data boffeptradkerse (fhei TP[1:0 CCOM][4:0]

and LEN[7:0] fields in the completion packet header are used to
deallocate data buffers by the data buffer trackers.

For example, when a read is pushed int6 the memory controller
outbound transaction queue, e.g. by the processor, TP[1:0] is 00 to
indicate a request with no data and RCOM][0] is 0 to indicate the request
is using a read queue slot. The outbound read data buffer tracker is
decremented by LEN where LEN indicates data size, in the present
embodiment, the number of DWORDS being requested.

When the completion packet for the read is sent back by the bus
bridge, TP[1:0] is [1:x] where x is 1 if data is returned and 0 if no data was
returned. CCOM][4:0] is 0 to indicate that the packet is a completion
packet for a read. When a read completion is popped from the
memory controller inbound transaction queue, the outbound read data
buffer is incremented by LEN.

When a write packet is pushed into the memory controller
outbound transaction queue, e.g. by the coupled processor, TP[1:0] is 01
to indicate a request with data and RCOM][4:0] is 1 to indicate the
request is using a write queue slot. The outbound write data buffer
tracker is decremented by LEN where LEN indicates the number of
DWORDS being written. The value in the LEN field of the write
request packet and the associated completion packet are always equal
even if the write was not successful at the other bus.

When the completion packet for the write is sent back by the
PXB, TP[1:0] is 10 to indicate a completion with no data. CCOM][0] is 1 to
indicate that the packet is a completion packet for a write request.

When the write completion is received by the outbound write data
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correspondi ng queues. | nbound request queue 828 and i nbound data queue 830 ‘
respectively receive inbound requests and confirmati on packets '(and * :
associ ated data) fromthe bus bridge 810. In one enbodinment, the wite data

and read datg.ls.5eparately queued and tracked. In one eqﬁgdb t he

- request que&@gﬁésgﬁfai ns both read and wite requests, but theégtﬁr aczker

permts only a predeterm ned maxi mum nunber of read requests .and a
predet erm ned nunber of . | wite requests regardl ess of the nunber of

avail abl e slots in the queue. 8 In one enbodinent, the tracker logic 822 is
configured to permit only two read requests and six wite requests in an

ei ght deep queue. This is desirable so that. the one type of request; e.g.,
wite request, does not prevent the -queuing of read requests when the

nunber of requests exceeds the size of a queue. Thus in the current

exanpl f al; h
xampl e, i six wylp teol&She @Ju%t e ”ac.%{x cﬂwmn ﬁe\gr;i‘?{qger{té;f‘s wi shes

to queue a seventh write refuest, even
t hough t he queue tmslcdmleamleaye adrarnemtxonequem mhesareqoe@rsasuhose t hat

are preal | ocated Rltertd:! aq'h Qlf\%§és§3ry tlofprgde?vgﬂ%’p%r %fb@i&)h%t@%gs )é write
the order of occurrence on one bus is the same as the order on the
receiving bis. However, a write completion contains no data, hence,
no ordenng requrrement Therefore, it is preferred that the
complet1on packet is'sent dlrectly to the tracker.

When a data buffer tracker decrements to zero or has
msuffraent data buffers for a partlcular request, that request cannot be
pushed into the transacuon queue. The data bulffer tracker's bus

_interface w111 therefore retry any addltronal transactions of that type.
Similar logic is used: to support wr1te packets issued by the bus brid ge

A sunphfled example of the embedded flow control process is
illustrated below. For purposes of drscussron, the example is - -
simplified and does not take mto account other configuration
parameters such as those related to prefetchmg In addition, the below
example and the discussion that follows discusses the flow control
mechanism in the context of a device, such as'a memory controller,

" coupled through t.h'e.h'ig:h s.pe.ed' bus of the :present invention to a PCI
bus bridge expander that transfers the data to 2 32 blt PCI busses or 1 64
" bit PCIbus: T e - '
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requests and the device wi shes to issue a read request, the tracker wll
permit the read request to be queued. The bus bridge 810 is similarly
configured with a request queue tracker 850, data queue tracker 860

out bound reqessI§RIue 852, 14 i nbound request queue 85ZCTENMUMI dat a
gueue 856, inbound data queue 858 and interface/control |ogic 882. The
queue tracking functions are perforned simlar to that descri bed above.
Trackers 850, 860 maintain counts of information stored in the queues 854,
828, and 858, 830, respectively, and prevent the generation of packets when

one of the queues is full. Interface/control |ogic 882 not described in
detail herein represent #Ep ' (e 9 ' LibRyt he bus 820 and
generate the request anlgatté%% Ir ?}%at&f%zg 20 ee?s as H@%‘?‘F‘&‘é %el ow. Figures
9a, 9b and 9c are sinplified flow charts respectively illustrating the flow
control process for requests and data. Although
tite Data rite ead Data ead Action
racker Transaction [Buffer ransaction
Count Slots racker Slots
ount
X X _ 0 X try
equest up to
X X 8 >0 DWORDS
equest up fo
X x 8 >0 DWORDS
|gequest 1
X X 1 >0 WORD
X X - X 0 lRetE'Z
ead 1
X X 1 >0 WORD
0 X X ] X etry
rite 1
>1 >1 X X WORD
[Write
1IDWORD
2nd DWORD
1 1 X X must Retry
Burst until 8
8 >0 X X DWORDS
try (must
ave 8
'WORDS of
<8 X - X X buffer
X 0 X X
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the two processes are -described separately and fIOM/controI can be
initiated using either one or both processes, it is preferred that bbdth
processes are used concurrently to control flow control as shown in Figure
9c. In the Rpssek; enbodi nent, the tracker maintains a cogilyshgiassent ative
of the data stored in the receiving buffer. For exanple, tracker 824

mai ntains a count of requests stored in queue 852. Wen the count exceeds a
predet erm ned maxi mum the tracker controls the device, e.g. processor 803,
to prohibit the creation of the packet, and causing the device to continue
to retry issuing the request until space in the queue becones available. In
the present enbodi ment, a packet is not created if the tracker indicates
that the receiving queue is full; it is contenplated that in other

enbodi nents the tracker may use ot her mechani sns for preventing a request

fromentering a full quEepgin thiidakfshddarida Hxed Rr@RRR of DWORDER , if an
i nbound PCI (wite) request, for_-exanmple, s atterrpt ed frombus 820, the

request will be rdfanses. &er example, a Aine iteommend ST MWD cavstdransiar ¢ he

Ilgbound queue I n e3P it el 'o?'E BWORDS hid 169 st 8 DWORDESF occur s

N 'buffermg is avarlable, the transactmn must be retned A normal write
' burst, however, could result in a portron of the number of DWORDS
h being accepted and the remamder bemg retried. For example, Memory
~ Read Line (MRL) transachon would be retried unless buffer space
| | '.correspondmg to a full lme of DWORDS is avallable
'  As noted above, the bus bndge is preferably conﬁgured to route
‘packets for dua.l 32 bit operatlng modes and smgle 64 bit operatmg
modes. In dual 32 bit mode the 'a’ and 'b' transactron queues operate
mdependently on their respectlve buses The only interaction occurs at
the h1gh speed bus mterface where one or the other set of queues send
 or receive on the high speed bus between the bus brldge and the
: .memory controller : '_ -
In single 64 bit mode the outbound transactlon queues are paired
up to appear as a single outbound queue and the inbound transaction
queues are palred up to appear as a smgle inbound transaction queue.
| Effectively, the 64 bit PCI bus interface has twice the queue depth of
each of the dual 32 bit PCI mterfaces Thus, queue iIackmg is
:conﬁgurable to track a palr of mbound/ outbound queues as well asa
single set of queues. - :
The outbound transaction'queues are treated in a similar -
manner to the inbound transaction queues. If an outbound transaction
from the high speed bus 1nterface enters the 'a’ outbound queue

(OutQa), the next outbound transaction will enter the 'b' outbound

queue (OutQb) and so forth. At the bus bridge interface, logic (e.g., a
24 '
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SUBSTI TUTE SHEET (RULE 26) for outbound transactions. If an inbound
request fueue -were to accept a transaction for which there is no roomin
t he receiving i nbound queue, a deadl ock can occur even though no packet

sent, until
at step 900,

W9945988 room in the receiving queue. Referring
the request buffer count maintained by the tracker is

initialized. For exanple, the count nmay be initialized to zero. However

t he actual value may be sone. ot her value such that when the count

is

THSB(1468 e 9a,

reaches

t he predeterm ned maxi mum corresponding to the size of the corresponding
buffer, a register overflow occurs. Alternately, the count is initialized
to a value corresponding to the predeterm ned maxi num and the tracker
decrenents the count for each request to be sent. Thus, the buffer naxi
I s reached when the count reaches zero. The nmaxi num -

of the buffer may b#ateanadinedoggles betwern StRanndQuint $tariing at OutQa,

the first outbound transaction is attempted on the bus coupled to the
bus bridge (e.g., a PCI bus). If the transaction completes, it is popped
from OutQa and the completion packet is pushed into whichever
inbound queue the queue pointer currently is pointing. Next, the
transaction at the top of OutQb is attempted. If every outbound
transaction completes on first attempt, the outbound queue pointer
keeps toggling with each completed transaction.

If a read transaction at the top of the outbound queue is retried,
it is moved into the corresponding read request queue RRQ (a or b) and
the outbound queue pointer toggles to the other queue. If a write
transaction at the top of the outbound queue is retried, it is preferred
that the queue pointer does not toggle. A retried write must succeed
before the outbound queue pointer will toggle to the opposite queue.
However, between attempts to complete the write at the top of the
current queue, any reads in either RRQ may also be attempted. Once
the current outbound write succeeds it is popped from the queue and a
completion packet is inserted
into the current inbound queue. The outbound queue pointer will
then toggle to the opposite queue even if an uncompleted read
remains in the RRQ.

In summary, the outbound queue pointer toggles to the opposite
queue as soon as a transaction is popped from the current queue. A
retried write is not popped until it succeeds. A retried read is popped
from the outbound queue and pushed into the RRQ. A read in a RRQ
can be attempted at any time because its ordering requirements were

met at the time it was popped from the outbound queue. (Note that
25
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register or fill. Preferably, the capacities of corresponding pa| rs of
buffers, e.g. 724, 752 are checked to determne the buffer havi'ng thé

smal l er capacity; in this situation the nmaxi mum size woul d correspond to
the size of g def fers having the smaller capacity. Furtfgipspgaesit 1S
contenpl ated- that the predeterm ned maxi num does not necessarily equal the
exact capacity of the buffer and can be a value smaller than the actual
buffer capacity for a variety of reasons. For exanple, in the present
enbodi ment, the predeterm ned maxi mum for wite requests is 6 even though

the buffer capacity is 8 requests. Qther enbodinents are al so contenpl at ed.

At step 905, if a conpletion packet is received, the request tracker J
decrenents the request buffer count, step 910, as receipt of a conpletion
- packet is indicative that the request has been processed and is no | onger

:sL'?ep 9'28 t PﬁebUf f qutbdﬁndsre‘ﬁas ¢ éne Rk@cefrﬁﬁaé@%tmﬁ{ﬁefea% in fheb@chﬁreRRQ at
ma64b1tPCIrnode) R :

. In32 b1t mode, an outbound transactlon is routed from the high
speed bus to either outb_ound queue 'a _or '’ 'depending upon the
packet's destination 1dent1f1catlon (Destination I[')_)."'Mul't'ipleXOrs select
the next outbound request ota 'previously' retired read as discussed in
the prevrous section. Preferably a separate multlplexor is used for 64
bit PCI mode. When the bus bndge initiates a PCI transaction in 64 bit
mode, a multiplexor selects the command and address brts from either
outbound queue 'a’ or outbound queue B '

Inbound transact1ons can address more than 32 bits so both
inbound queues support dual address cycle (DAC) decode in 32 bit
mode and 64 bit mode "The mbound request queues have separate -
latch enables for upper and lower 32 blts of address. In 32 bit mode, the
low order address is latched in address latch ' or address latch 'b' for
PCI bus 'a' or 'b' respectwely The inbound request queue latches the
low order address prior to the next PCI clock in preparatlon for the
arrival of the hlgh order address of a DAC. If the inbound transaction
is a single address cycle transactlon, zeros must be loaded into the h1gh

' order address field of the mbound request queues. - '

In 64 b1t mode, the 1nbound transactlon can be mlhated by either
a 32 bit PCI master or 64 b1t PCI master DACis required to be asserted
on C/B[3:0] in packets by 32 b1t and 64 bit PCI masters (e. g., memory
controller) addressing above_ 4GB because it is unknown to the master
at this time if the target is 64 bit capable or not. A 64 bit PCI master is

not required to drive the high order 'addiress bits to zero for addresses

below 4 GB. If REQ64# is asserted with FRAME# and the PXB decodes
" 26
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request buffer count is increnented and it is determ ned whether the count
exceeds the predeternmned maxi num step 925. |If the count does not exceed
the predeterm ned maxi mum then the receiving buffer in the device has the
capacity to rveaeissssit he request and the request packet is RCEVEIEY6Rr
transm ssion and subsequently sent out over the bus, step 940. If the count
exceeds the predeterm ned maxi num then the avail able capacity of the

buf fer cannot accept the request packet and the request packet tracker
prevents the request packet from being created or enqueued and causes the
transm ssion process at the initiating bus to be retried, step 935. It
shoul d be noted that Figure 9a is described with respect to the

transm ssion of request packets froma first device (e.g., device 805,
Figure 8). However, the sane process is Eerforned when the sanme device is

to send a conpl eti oPAfQOR&E/ B30} during thehirst addresn dyicle: itcan immediatelye buf f er

|5 bei formd wi th 8 AT hor Addreme BRI 4oeR Bl pa G P
above, the first dewustfowe lthe hightdrderaddressciochll 7ares befoid decoding thg t o
alternate buffers) uptil both buffers are at full capacity.

As noted previously, it is preferred that the data buffers exist as
separate structures from the transaction or request queues. The data
for PCI transactions is stored in a separate queue structure from the
transaction queues. This data queue structure is referred to as the data
buffers or the data queues. Separate queues are needed for data because
the transactions and completions in the transaction queues do not
always get retired in the same order that they entered the transaction
queues. . For example, write transactions may pass read transactions in
the same direction. Also, PCI delayed reads get retired in the order that
the PCI masters return for their data which is not necessarily the same
order that the read requests or read data were received.

In dual 32 bit PCI mode when an inbound PCI write transaction
enters InQa, the data that follows the address and command on the PC1
bus will enter the PW Data 1 inbound data queue. When the
associated write packet is sent over the F16 bus, the packet header
containing the write command and address will be pulled from the
InQa transaction queue and the write data will be pulled from the PW
Data 1/DRPLY Data 1 inbound data queue. Likewise, an inbound PCI
write on PCI Bus b’ pushes the command and address into InQb and
the associated data that follows on the PCI bus is pushed into PW Data
2 inbound data queue.

In dual 32 bit PCI mode, an outbound 32 bit PCI read to PCI bus

‘a’ is pulled from OutQa or RRQa when the read succeeds on the PCI
27



A very simlar process is performed to control flow control W|th respect to
data contained in the packet. A request packet is a determ ned'si ze which
fits in a predeterm' ned anount of space. However, the anmount of data is

vari abl e. W.bsah Qi data buffers, a length field in the pagdaisodfic@Ccessed
to determind the ahount of buffer space needed. A simlar process is then

performed to determ ne when data to be queued woul d cause the capacity of

t he data queue to be exceeded. The tracker will not allow the capacity of
the data buffer to be 17 exceeded. For exanple, i-f a device on the bus
820 wants to wite 16 DWORDS (16x4 bytes), but the tracker indicates only
roomfor 8, the control logic 882 will only accept eight DWORDS. The device
(not shown) on the bus 820 nust retry a wite for the remai ni ng DWORDS
~until the tracker indicates roomfor them Alternately, control |ogic 882

will be configured,3uely { Redd CBﬁrﬂl@cﬂirﬁsVﬁdshed‘ﬁltoethe Q4 Rebog@ger at i on
| transaction queue. The assoc1ated read ‘data enters the PW Data
1/DRPLY Data 1 mbound data queue When the Completlon packet is
sent over the F16 bus, the packet header contammg the read
completlon 1dent1f1er w1ll be pulled from the top of the nQa
transaction queue and the read data will be pu]led from the PW Data
1/DRPLY Datal 1nbound data queue e ;

Each 32 bit PCI port can ‘have two mbound PCI reads
outstanding. An inbound PCI read on PCI port a is pushed into InQa if
there is a slot avarlable m the PXB inbound queue for a read and there
are inbound read data buffers avallable in the PXB and MIOC. At this -
time the inbound delayed read completlon tracker is loaded with the
command and address fields of the 1nbound read so that it can 1dent1fy
the PCI master requestmg the read A transactron identifier unique to -
this inbound transaction is also loaded into the inbound delayed read
completlon tracker so that the read completron can be identified when
it arrives in the OutQa. When the 1nbound read completes on the P6
bus, a delayed read compleuon (DRC) packet contammg the read data
will arrive to the bus bndge over the hrgh speed bus. The DRC
translation header contalmng the mbound réad identifier will be
pushed into OutQa. The read data_ that follows in the packet will be
pushed into DRC Data 1 da'tfa'queue or DRC 2 data queue depending
upon which DRC data queue was assrgned to this mbound read. When
the PCI master returns for its data (1t will be contmuously retired until
the data arrives) it will receive the data from DRC Data 1 or DRC Data 2

data queue if the associated mbound read completron has been popped

from the top of the OutQa tran_s_actron queue and marked the inbound




of packets unless all data can be placed in the queue. Referring to Figure
9b, the data' buffer count is initialized, step 950. If a conpletion packet
is received, step 955, the data buffer count is decrenented, step 960, by
the length (mENssliue stored in the conpletion packet. ByPOHUSR$/14682 LEN
val ue, accurately buffer tracking I relevant to the buffer capacities
can be performed. It should be noted that the LEN value is the sane |ength
as is found in the outgoing information. At step 965, if a request is to be
sent, the LEN value is determ ned, and the data buffer count is increnented
by an anount corresponding to the LEN. At step 970, if the anobunt of data
of the packet plus the current anount of data in the buffer will exceed the
capacity of the buffer, the device is prohibited fromcreating the packet
and placing the packet in the buffer. The device subsequently will retry,
990, until the capaeadysepmplrie i tiecinbound delaypd resrdbcompletiondtackert-a of t he

Phe Gata that fits in t Ao CASRRCIAGHE LY Bub B b Uit Bkl dippaicel )
i ssuing a conmmand tsimilaeto thectransactidin quewscimetsd bih FClenvodee  Anbsbaprehwirire
| ssues requests, angyf gLii9R data PEREAREMAtel]) PushfirS P TatLh and PW
Data 2 data queues. The data queues are 32 bits wide (DWord). If data
is received 64 bits at a time from a 64 bit PCI master and the data queue
pointer is pointing at PW Data 1 queue, the first DWord is pushed into
PW Data 1 data queue and the next DWord is pushed into PW Data 2
date queue. Additional DWORDS alternate between the two inbound
data queues.

The DRC data queues and write data queues are paired and
interleaved in a similar fashion.

The innovative packet format described above in addition to
embedding flow control information, also provides at least one field
referred to herein as the transaction identification (TID) field, that can
be used in a variety of ways. The field is preferably configurable,
depending upon the application. The advantage is that the sending
device, i.e., the device issuing a request packet, can store predetermined
data in this field, e.g., a fransaction identifier or other identifier. The
control logic of the receiving device, after processing the request and
preparing the completioﬁ packet, simply copies the contents of the field
into the completion packet for transmission back to the initial sending
device. Thus, the configuration can be such that the field contents is
meaningful only to the sending device as the receiving device simply
copies the contents and sends it back. Furthermore, as the packet is not

limited to specific data, the field can be used for a variety of purposes.
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ot he dat a. If the buffer count will not be exceeded, at step 995 the packet

is formed by the requesting device and placed in the buffer. .18
noted earlier, it is preferable that the flow control process takes |nto

account avawcp@hgg{equest buf fer space and avail abl e dat spdppddo@isssarace. |f
either buffer i1s fsull and cannot receive data, the request is not

processed. This is illustrated by the flow chart of Figure 9c. At step 996,
it is determined if a conpletion packet is received and if one is received,
at step 997, the request buffer count is decrenented by an anount
correspondi ng to one request and the data buffer count is decrenented by an
anount corresponding to the LEN value. At step 998, if a request is
received, it is determ ned whether there is available buffer space in the
request buffer and the data buffer. As the anpunt of data can vary, it is

possi bl e that one Fogfhegmotd ab thé revdivigg Hbﬁc@hhﬁply%ﬁ:ie%rthé tcbhienBaimteapaci ty.
|1 either buffer | Se rc](?é\p?\tl%lnl }?abc gt ttl?e Egrgtgnt\é(at'emam ﬂngrsturbed

This process is descrrbed generally with reference to Frgure 11.
At step 1105, the sendmg dev1ce forms a request packet. The request
packet mcludes the transaction ID f1eld which is used to store
requesting dev1ce data. At step 1110 the request packet is issued and at |
step 1115, the recervmg devrce recerves the packet and forms a reply
packet, step 1120 The recelvmg dev1ce s1mply copies the TID field into
the reply packet for subsequent access by the sending device. Thus, the
contents of the TID are not requlred to be interpreted by the receiving
device as a srmple copy operatlon is all that is required. At step 1125,

~ the reply packet 1nc1ud1ng the copled contents of the TID field, is sent

back to the requesting dev1ce SRR

In the present embodiment, the field is used for a deferred
outbound read (processor to PCI) transactron. A deferred transaction is .
a split transactron Where the read is spht into the initial read request
followed at a later time by a deferred reply. The requested data is
returned by the deferred reply Thus, the device and transaction ID of
the read requester is put into the TID field. When the completion
packet with the read data is sent, the TID is copied from the request
packet to the compleuon packet ‘When the completlon reaches the top
of the inbound request queue, a deferred reply is sent to the requesting
‘processor. The deferred reply copies the completion TID into the
deferred reply where it is used to address the processor that initiated
the original read. -

The invention has been described in conjunction with the

preferred embodiment. It is evident that the numerous alternatives,
' ' 30




the request is ,not processed. and the sending device is issued a retry
signal, step 1000, to indicate to retry the request later. OQtherw se, at
step 1001, the request is output to the request buffer and the

corr espondi ng"@2W%%h the data buffer. Thus the flow cont r oPCTESIEMEEIded
into the packet protocol. Illustrative packets are shown in Figures |Oa,

| ob, 10c and 10d. The flow control mechani sm described refers to the type
encoding (TP[1:01), request command encodi ng (RCOM 4:0]), conpletion
command encodi ng (CCOM 4:0J) and length (LEN17:0]) fields which are found
in the request packets (Figure 10a) and conpletion packets (Figure |ob).
Preferably wites and reads are controll ed separately by the tracker such
that different maxi num count val ues can be used for wite requests and read
requests. For exanple,,. n a read, request is hed into the nmenpry .
controller's out bour%dql&gﬁéoé‘éwﬂ??tﬁ’a@u@} ‘F?‘[Sl‘?’gﬁﬁ? arpirepbiq these gkilled ing
SUBSTI TUTE SHEET ( Rithé-astn light of the foregoing description.
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request with no data and RCOM 4:0] is O to indicate that the request is to
- use a read queue slot. The packet is forned and placed in the §ueue and the
out bound read queue tracker therefore is decrenmented by one. Wen the

conpl eti on* W&%ﬁ s,gorrespondl ng to the read request is sepériaghicey the
PXB, TP[ 1:0]- % x], where'x is 1 if the data returned and O if no data

was return. CCCN[4 0O].is Ot6 indicate this is a conpletion for a read
request. The outbound read queue tracker therefore increnents the count by
one. It follows that when a.read conpletion is popped fromthe menory
control l er inbound transaction queue, the outbound T€ad queue tracker is

increnented by one. Sinilar operations occur e:bus
bridge: When a wite is to be perforned, the Vrﬂﬂ ﬂiﬂim@“ mrl nto the
devi ce' s out bound transacti on queue. TP[ 1: 0] I'cate a request
with data-and-RCOM 4:0] is 1-to indicate the request is-using a wite queue
slot. The output wite request. queue ‘tracker -is. increnmented by 1. \Wen the
conpl etion for a wELABMBequest i § sent back, TP[1 0] is10 to j

What is claimed is:

| 1L A method for sendmg data between a sending device and
a recelvmg device, said sendmg dev1ce and receiving device
synchronous to each other, sa1d method compnsmg the steps of:
| said sendmg device sendmg out data and a data strobe dunng a
first clock cycle, S '
said recelvmg dev1ce latching the data based upon recelpt of the
datastrobe, C o |
said receiving device samplmg the data a predetermmed

number of clock cycles after the first clock cycle.

2.  The method as set forth in claim 1, wherein the step of
latching occurs at least a variable amount of time, that is less than a '
predetermihed amount of time prior to the clock cycle at which the

step of sampling occurs..

3. The method as set forth in claim 2, wherein the

predetermined amount of time meets to the set up and hold time for .

the data in the latch.
| 4, The method as set forth in claim 1, further comprising the
steps of: | -

a first device of the plurahty of dev1ces issuing a reset signal to at

least one se_cond devlce of the plurality of devices, said first device
_ _ 2 _

laced -
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indicate a conpletion with no data. CCOM4:0] is 1 to indicate a conpletion
for a wite request. Wen a wite conpletion is popped fromthe device's

i nbound transaction queue, the outbound wite queue tracker is increnented
by 1. As not eWOMH¥8 when a transaction queue tracker decrREEAURI/I46E zero,
transactions of that type can no | onger be pushed into the transaction
queue Preferably, the requesting device wll

re any additional actions
of the this type. In the present enbodi nent, dazmv/%” nagenent is

handled a little differently; however, it is co d ata buffer
managenent can be handl ed the sanme way as requests. The 1 RCOML4: 0]
and LEN[7:0] fields in the request packet header are used to 20 al l ocate

data buffers by the data buffer trackers. The TP[1l:0], CCOM 4:0] and
LEN[ 7: 0] fields in the conpletion packet header are used to deallocate data
buffers by the data furtherreceivingdbe geset signal as input after a delay corresponding to

a time to transmit the reset signal between the first device and second
device, wherein the first device and second device receive the reset
signal at the same time;
upon receipt of a reset signal, said first device and second device
- executing a predetermined reset process comprising the steps of;
identifying a first predetermined clock edge as a first odd
clock cycle;
identifying a subsequent clock edge as a first even clock
cycle;
initiating the data strobe on a clock edge of a prespecified
even clock cycle;

said first clock cycle occurring after initiating the data strobe.

5. The method as set forth in claim 1, wherein data sent and
latched comprises n-bit packets of data and said receiving device
further formats data received into m-bit packets of data and transmits
the m-bit packets to a third device.

6. The method as set forth in claim 5, wherein m is greater
than n. -
7. The method as set forth in claim 1, wherein the data sent

comprises n-bit packets of data, said sending device further receiving
m-bit packets of data on a bus and formatting the m-bit packets to n-bit
packets prior to the step of sending.
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For exanple, when a read is pushed into the nenory controller outbound
transacti on queue, e.g. by the processor, TP[1:0] is 00 to indi'cate a
request with no data and RCOMQ is 0 to indicate the request is using a
read queue- E)&fyg d,'g pe out bound read data buffer tracker | SpcAros et ed by
LEN where L cates data size, in the present enbodi nent;, the nunber of

DWORDS bei ng requested. \When the conpl eti on:
back by the bus bridge, TP[1:0] is [1:X] WheBmu”” is returned
and O if no data was returned. CCOM 4:0] is lﬁt t he packet
Is a conpl etion packet for,a read. Wen a read Conpl etion i popped from
the nmenory controller i nbound transaction gueue, the outbound read data
buffer is incremented by LEN. When a wite packet is pushed into the nenory
control |l er outbound transaction queue, e.g. by the coupl ed processor,
TP[1:0]. is 01 to i.ndicate-a.request with data and RCOM4:0] is 1 to

i ndi cate the request is using a wite. queue slot, The outbound wite data
buffer tracker is decr®ment®@ methodsaetforth inclaimgile Birdher qompyising theof

DWORDS bei ng wri't ks on}f'e fé@élk‘ﬁlg'data ﬂﬁ"wlafdﬁtg 'tﬁ‘d éatgflatk:fi'@d )Mrbssea

transnussmn medium to a second recelvmg dev1ce o

or: t:ih'e—feacd is sent

9. A metHOd for sending dataacross a first bus from a
sending device to a bridge device for transmission across a second bus
to a receiving, said sending device and bridg_e device operating
synchrcnous:t:c each othet, said method comprising the steps of:

said sendmg devxce sendmg out data and a data strobe during a
ﬁrst clock cycle, o :

- said bndge device latchmg the data based upon receipt of the
datastrobe,=--' . Lo S

said bndge device samplmg the data a predetermined number of
'clock cycles after the ﬁrst clock cycle to recelve a packet of data;

' sald bndge dev1ce transmlttmg a packet to across the second bus;

said receiving device i'eceiving the packet across the bus.

10. The method : as set forth in claim 9, wherein the data |
width of the second bus bemg different than the data width of the first
bus, said bridge d_e\_r1ce comprising a bus expander device, said method
further compfisﬁxg the step of translating the data into a format
compatible w1th one of the first bus or the second bus the bridge device

1s to transmlt data on
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request packet and the associated conpletion packet are always equal even
if the wite was not successful at the other bus. Wen the conpletion
packet for the wite is sent back by the PXB, TP[1:01 is 10 to indi cate a
conpl etion wiwhessslata. COCOM O] is 1 to indicate that the PERYURN1468

conpl eti on packet for a wite request. V\hen the wite conpletion is

recei ved by the outbound wite data 21 count is
i ncremented by LEN. Normally, requests and c “H"I W"m ﬂa transaction
queue in the same order as entered. This is necessary X O spreserve proper

transaction ordering, i.e., the order of occurrence on one bus is the sane
as the order on the receiving bus. However, a wite conpletion contains no
data, hence, no ordering requirenent. Therefore, it is preferred that the

conpl eti on packet is- sent di rectItK to the tracker. \Wen a_data buffer
tracker dec¢renents to zdde ofhpaaethod as set forth in claim 9, wherein the step of

latching occurs a time less than a predetermined amount of time prior

to the clock cycle at which the step of sampling occurs.

12. The method as set forth in claim 11, wherein the
predetermined amount of time guarantees or meets the set up and
hold time for the data in the latch,

13.  The method as set forth in claim 9, further comprising the
steps of:
the sending device issuing a reset signal to the bridge device,
said sending device further receiving the reset signal as input after a
delay corresponding to a time to transmit the reset signal between the
sending device and the bridge device, wherein the sending device and
bridge device receive the reset signal at the same time;
upon receipt of a reset signal, said sending device and bridge
device executing a predetermined reset process comprising the steps of;
identifying a first predetermined clock edge as a first odd
clock cycle;
identifying a subsequent clock edge as a first even clock
cycle; _
initiating the data strobe on a clock edge of a prespecified
even clock cycle;
said first clock cycle occurring after initiating the data strobe.

14. A bus system comprising:
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insufficient data buffers for a particular request, that request cannot be
pushed into the transacti on queue. The data buffer tracker's bus interface

will therefore retry any additional transactions of that type. Simlar
logic is usgehdoRsegiPpPOrt wite packets issued by the bus m,[ggggusﬁ
simplified exa fe of the enbedded flow control process is illustrated

bel ow. For purposes of discussion, the exanple is ? s not
take into account other configuration par anmet ers s !”M m i m ed to
prefetching. In addition, the below exanple and the fol | ows
di scusses the flow control:.anechanismin the context of a device, such as a
menory controller, coupled through the high speed bus of the present

invention to a PCl bus bridge expander that transfers the data to 2 32 bit
PCl busses or 1 64 bit PCl:-bus. 22 - Data Buffer Tracker (Separate Tracker

for Transactions) =~ least one first devrce configured to be coupled to a first bus;

a controller conf1gured to be coupled to the flrst bus and to
commumcate data on the ﬁrst bus with the ﬁrst devrce ;0

a synchronous hlgh speed second bus conﬁgured to be coupled
between the controller and a brldge, said controller conﬁgured to send
data and a data strobe durmg a first clock cycle, '

said bndge device conﬁgured to latch the data based upon receipt
of the data strobe and sample the data a predetermined number of
clock cycles after the first clock cycle to receive a the data.

~ The bus syste_rn as' set'"forit:h ‘inclaiin 14, wherein the bridge
device is further configured to be coupled to a third bus and to

communicate data latched to a second device coupled to the third bus.

16.  The bus system as set forth in claim 14, wherein the data
* width of the third bus is dxfferent than the data width of the second
bus, said bndge device further conﬁgured to translate data received
into a format compatible with one of the second bus and the third bus
the data is to be transmitted on. c
17.  The bus system as set forth in claim 14,
~ wherein the controller is further conflgured to 1ssue a reset signal to
the bridge devrce and receive the reset 51gnal as input after a delay
correspondmg_to a time to transmit the reset signal between the
controller and the bridge device, wherein the controller and bridge

device receive the reset signal at the same time; and
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Request Wite Data Wite Read Dat a Read Action

Tracker Transaction Buffer Transacti on Count Sl ots
Tr acker W(ﬂ lssgy Count Read X X PCT/USOs/14882
X Retry Request up to ,BB) Read X X

> 0 3 DWORDS 3B Read

equest up to S~ul hiple
3 DWORDS Mem Read Partial (1

Request 1 DWORD) X X ) X : x//”/l!////lt//”!////ls/l///”/ > 0

DWORD Mem Read Parti al
Retry em Read Partial (2
Read 1 DWORDS) X _ X 1 > 0

DWORD Any Wite Retry

said’ controller and bri(dge device further configured to, uéon
receipt of a reset signal, execute a predetermined reset process
comprising identifying a first predetermined clock edge as a first odd
clock cycle, identifying a subsequent clock edge as a first even clock
cycle, and initiating the data strobe on a clock edge of a prespecified

even clock cycle; wherein said first clock cycle occurs after initiating the
data strobe.

18.  The bus system as set forth in claim 14, wherein the bridge
device latches at a time less than a predetermined amount of time
prior to the clock cycle at which the bridge device samples occurs.

19.  The bus system as set forth in claim 18, wherein the
predetermined amount of time guarantees or meets the set up and
hold time for the data in the latch.

20. The bus system as set forth in claim 14, wherein the first

device is a microprocessor.

21.  The bus system as set forth in claim 14, wherein the first
-device is a memory. |

22.  The bus system as set forth in claim 14, wherein the

second device is a memory.

23.  The bus system as set forth in claim 14, wherein the

second device is a microprocessor.
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emWite artial (1

Wite 1 WORD) > 1 BN | X "t x
DV\U?DemWMe : : Wite
artial (2 : '

wo 99/15981 PCT/Uss\s/i 46MORD
VORDS) _ - nd DWORD 1
1 X X must Retry BB Wite.- ;

st over=s e e
?)\\;\IERBD(SD(;\?QE(S)S 1 X I X \\\\\\\\\\\\\\\\\\i\\\\\buf fer MemiWite

artial (1 DWORD) X _ X 23

24, A bus system configured to é:ou'pie' a first device and a
- second device, said bus’ system compnsmg
 a first set of linés coupled between the fll‘St device and the
second device and conﬂgured to transmit data;
at least one clock line conﬁgured to prov1de a synchronous clock
signal to the first device and second device;
at least one strobe line configured to provide a strobe signal
concurrently with the transmlssmn of data between the f1rst and
second device; and e
at least one reset line coupled to the flrst dev1ce and the second
device, said reset line conflgured to communicate a reset signal to the
first device and second dev1ce, said first and second devices using the
reset signal to synchromze samplmg of data, latched in accordance with
the strobe signal, a predetermined number of clock cycles after

transmission of data.

25.  The bus system as set forth in claim 24, wherein the reset
signal is issued by the first device, said at least one reset line -
‘comprising a first reset line couf)l_ed to the first device and a second
reset line coupled to the second device, said first reset line and second
reset line having substantially the same length such that the reset
signal i is received substanually at the same tune by the flrst dev1ce and

the second device."

26. The bus system as set forth in clalm 24 ‘wherein the clock

signal is issued by the flrst devrce, sa1d at feast one resef line
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Certain transacti ons demand a fi xed nunber of DWORDS to transfer. For

exanple, a line wite command (PCl MA) nust transfer a full line. If a
| ine consists of 8 DAORDS and | ess than 8 DWORDS of bufferin |s avai |l abl e,
the transact WM pe retried. A normal wite burst, howBGEUSBIAH g

result in a portion of the nunber of DWORDS bei ng accepted and the

remai nder being retried. For exanple, Menory Read Line (MRL) transaction
woul d be retried unless buffer space corresponding to a full I1nme of DWRDS
is avail able. As noted above, the bus bridge is preferably configured to
route packets for dual 32 bit operating nodes and single 64 bit operating
modes. In dual 32 bit node the "a' and 'b' transaction queues operate
independently on their respective buses. The onIy interaction occurs at the
hi gh speed bus interface wher the ueue send

receive on the high® @%BBﬁmﬁdggﬁ&?hﬁgﬁ Fﬁ%é KFHQ

controller. In si ngkl%cﬁ‘ﬂmblcbuﬂ@d&oftﬁ@s&uh&w&e,t§a@<ﬁl$@&tdldvk 1ecdiRbsarbRd

aired
P clock line having substantially the same length such that the clock

signal is received substantially at the same time by the first device and
the second device.

27.  The bus system as set forth in claim 24, wherein the first

set of lines further comprise lines to transmit address information.

| I
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up to appear as a single outbound queue and the inbound transaction gqueues
are paired up to appear as a single inbound transaction queue. Effectively,
the 64 bit PCl bus interface has twi ce the queue depth of each of the dual
32 bit PCl i I . Thus,. queue tracking is configurabl r a pair
of inbound/oﬂ%ggéﬁﬁgéueues as well as a single set of queuggﬁﬁwﬁga_gtbound
transaction queues are treated in a simlar manner to the inbound
transaction queues. |If an outbound tranggxeion fromthe high speed bus
interface enters the 'a' outbound queue (QutQa), the next outbound
transaction will enter the 'b'" outbound queue (Qut Q) and so forth. At the
bus bridge interface, logic (e.g., a 24 1.- ' state machi ne) toggl es
between QutQa and QutQb. Starting at QutQa, the first outbound transaction
is attenpted on the bus coupled to the
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bus bridge (e.g., a PCl bus). If the transaction conpletes, it is popped
from Qut'Qa and the conpl eti on packet is pushed into whichever inbound gqueue
t he queue poip% currently is pointing. Next, the transapg&i/fgesatssthe top
of Qut i V8 ed. |If every outbound transaction conpletes on first
attenpt, the outbound queue pointer keeps toggling with each conpl eted
transaction. If a read transaction at the top of the outbound queue is
retried, it is noved into the correspondi ng read request queue RRQ (a or b)
and the out bound queue pointer toggl es Bé620he ot her queue. If a wite
transaction at the top of the outbound queue is retried, it is preferred
that the queue pointer does not toggle. Aretried wite nust succeed before
t he out bound queue pointer will toggle to the opposite queue. However,
between attenpts to conplete the wite at the top of the current queue, any
reads in either RRQ may al so be attenpted. Once the current outbound wite
succeeds it is popped fromthe queue and a conpl etion packet is inserted
into the current inbound queue. The outbound queue pointer will then toggle
to the opposite queue even if an uncomgheted read

e =" | B.P.STEY »| Tl > fexehroeR
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remains in the RRQ In summary, the outbound queue pointer toggles.jo the
opposi te queue as soon as a transaction is popped fromthe current queue. A
retried wite is not popped until . it succeeds. Aretried read-i-s popped
from the outbound queue and pushed into the RRQ A read pOT/OSIBRIPSE an be
attenpted AYOMA9¥i ne because its ordering requirements were met at the
time it was popped fromthe outbound queue. (Note that 25 out bound reads
in one RRQ can pass outbound reads.in hﬁ& other RRQin a 64 bit PCl node.)
In 32 bit node, an outbound transactlo 9 routed fromthe high speed bus
to either outbound queue 'a' or 'b' depending upon the packet's destination
identification (Destination ID). Miltiplexors select the next outbound

request or a previously retired read as di scussed i.n the preV|ous section.
- Preferably a separate nultlplexor is used for 64

SIGNAL SRC DEST DEFINITION

XCLKOUT |CONTROLLER [EXT. A COPY OF THE CONTROLLER CORE CLOCK
. JCLK GENERATED BY THE XCLK PLL. AN
DRIVER .EXTERNAL LOW SKEW CLOCK DRIVER

DISTRIBUTES A BUFFERED VERSION TO THE
PXB AND BACK INTO THE CONTROLLER TO
THE PLL FEEDBACK. THERE IS ONE OF THESE

_ FOR EACH BUS.

XCLK EXT. PXB THE BUFFERED VERSION OF THE XCLKOUT
CLK _FROM THE EXTERNAL LOW SKEW CLOCK
DRIVER DRIVER SENT TO THE PXB. THERE IS ONE OF

THESE FOR EACH BUS.

XCLK_IN | EXT. CONTROLLER | THE BUFFERED VERSION OF THE XCLKOUT
ClK . FROM THE EXTERNAL LOW SKEW CLOCK
DRIVER o DRIVER SENT TO THE CONTROLLER FOR THE

- XCLK PLL FEEDBACK. THERE IS ONE OF
THESE FOR EACH BUS,

RESET CONTROLLER| PXB SYSTEM RESET GENERATED BY THE
CONT ROLLER
XRST# | CONTROLLER|PXB PXB RESET GENERATED BY THE CONTROLLER

THERE IS A SEPARATE ONE FOR EACH PXB.
. THE CONTROLLER AND PXB SOURCE

~ SYNCHRONOUS DATA STROBES START

~ RUNNING ON THE FIRST CLOCK AFTER
OBSERVING XRST # DEASSERT.

XASTIN ## | CONTROLLER| CONTROLLER A COPY OF XRST It FED BACK INTO THE
. CONTROLLER SO THAT THE PXB AND

CONTROLLER SEE XRST I DEASSERT

- ON THE SAME CLOCK.

FIG. 2B

:SUBSTlTUTE SHEET (RULE 26)




bit PCl node. Wen the bus bridge initiates a PCl transaction in 64 bit
mode, a nul tipl exor selects the command and address bits fromeither

out bound queue 'a' or outbound queue b?.- Inbound transactions can address
nmore than 32wiigasesp bot h i nbound queues support dual addrBEHU$$E4682 ( DAC)
decode in 32 bhit I node and 64 bit node. The inbound request

queues have separate |l atch enables for upper and | ower 32 bits of address.
In 32 bit node, the |ow order address id4/batched.in address latch '"a' or
address latch 'b' for PCl bus '"a' or 'b' respectively. The inbound request
gueue | atches the | ow order address prior to the next PCl clock in
preparation for the arrival of the high order address of a DAC. If the

i nbound transaction A is a single address cycle transaction, zeros mnust
be | oaded into the high order address field of the inbound request queues.
- In 64 bit prode—thye—trrbo tramsactTomT TS B2

bit PCl mast|e$!GHAL 64 biSRGPCl [nasPEPT. DAC i s reqwr@ﬁFlNlﬂQ:Na asserted on

C/B[3:0] in 3Z D1 e Y
controller) add'r[ggﬂgg lril’éjﬁaabove EB@F‘@‘E'EQ s§) “{. é er a
this time if] the tarjget is 64 bit capa '&t\ﬁrFRBQItPX er i

POSITIVE PHASE DATA. THIS STROBE CLOCK
STARTS RUNNING ON THE FIRST CLOCK AFTER
OBSERVING XRSTI DEASSERT, THE STROBE
IS FREE-RUNNING UNTIL ANOTHER ASSERTION
OF XRST#.

X_N_STBI | PXB CONTROLLER |} PCl EXPANDER NEGATIVE DATA STROBE
SOURCE SYNCHRONOUS CLOCK STROBE SENT
FROM PXB TO CONTROLLER WITH NEGATIVE
PHASE DATA. THIS STROBE CLOCK STARTS

{ RUNNING ON THE FIRST CLOCK AFTER
OBSERVING XRST# DEASSERT, THE STROBE IS
FREE-RUNNING UNTIL ANOTHER ASSERTATION
OF XRSTi.

B_P_STB# CONTROLLER| PX8 CONTROLLER POSITIVE DATA STROBE SOURCE

: SYNCHRONOUS CLOCK STROBE SENT FROM .
CONTROLLER TO PXB WITH POSITIVE PHASE
DATA. THIS STROBE CLOCK STARTS RUNNING
ON THE FIRST CLOCK AFTER OBSERVING XRSTH
"| DEASSERT. THE STROBE IS FREE - RUNNING
UNTIL ANOTHER ASSERTION OF XRSTH.

B_N_STB# ICONTROLLER| PXB CONTROLLER NEGATIVE DATA STROBE SOURCE
SYNCHRONOQUS CLOCK STROBE SENT FROM
CONTROLLER TO PXB WITH NEGATIVE PHASE
DATA. THIS STROBE CLOCK STARTS RUNNING
ON THE FIRST CLOCK AFTER OBSERVING XRSTINi|
DEASSERT. THE STROBE IS FREE - RUNNING
UNTIL ANOTHER ASSERTATION OF XRST#.

JXRST#  {PXB CONTROLLER | PC| EXPANDER REQUEST TO SEND
REQUEST TO USE THE B! - DIRECTIONAL
BUS SENT FROM PXB TO CONTROLLER -
SYNCHRONOUS TO XCLK#.

FIG. 2C
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not required to drive the hlgh order address bits to zero for addresses

$ below 4 &B. If REQ64# is asserted with FRAME# and the PXB ‘decodes 26
DAC on C/B[3:0] during the first address cycle, it can i mediately decode
the full address. |f C/B[3:0] does not indicate DAC, the pR¥Bsogasésaf orce the
hi gh order ‘383?&"3%’ to all zeros before decoding the address. As noted
previously, it is preferred that the data buffers exist as separate
structures fromthe transaction or rggugst queues. The data for PCl
transactions is stored in a separate queue structure fromthe transaction
‘queues. This data queue structure is referred to as the data buffers or the
dat a queues. Separate queues are needed -for data because the transactions
and conpletions in the transaction queues do not always get retired in the
sane order that they entered the transactlon queues For exanple, wite

transacti -e-n-&-m-ﬁ-pass—head-t-&-a-nsa-e-u-edmﬁ =
SIGNAL SRC DEST. ' DEFINITION

HRST#  [CONTROLLER | PX8 CONTROLLER REQUEST TO SEND REQUEST TO
USE THE BI - DIRECTIONAL BUS SENT
FROM CONTROLLER TO PXB SYNCHRONOUS

TO XCLK..

XADSH | CONTROLLER| CONTROLLER | pc) EXPANDER ADDRESSIDATA STROBE
BB / Bl - DIRECTIONAL SIGNAL ASSERTED BY THE
_ PX8 SENDING AGENT DURING EVERY CLOCK OF A

PACKET TRANSMISSION EXCEPT THE LAST
CLOCK. IN A SINGLE CLOCK TRANSMISSION
SUCH AS A COMPLETION PACKET WITH NO
DATA, X_ADSH# IS ASSERTED FOR ONE CLOCK.

XBE[1:0]f |CONTROLLER | CONTROLLER | PCl EXPANDER BYTE ENABLES BI -
{ / DIRECTIONAL SIGNALS ASSERTED IN

PXB PXB PHASE WITH DATA ON THE BUS TO

INDICATE VALID BYTES DURING THE DATA

PHASES OF A PACKET TRANSMISSION.

RESERVED FUNCTION DURING HEADER
PHASES

FIG. 2D
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the sanme direction

t he PCl

orgerm;hat the read requests or
ol ove t ho QAL

I nbound data queue.

bus,

PCl wite on PC

Al so,

. PCI

| n dual

PCl

32 bit PC

del ayed reads get

| n dual
the data that
bus wi ||

Li kew se,

bus is pushed into PWData 2
node, an out bound 32 bit PCl

PCl bus "a'" is pulled from QutQa or RRQa when the read succeeds on the PCl
27
SIGNAL- |  SRC DEST. DEFINITION
XD[150[¢ - | CONTROLLER | CONTROLLER | - pC] EXPANDER DATA BUS BI - DIRECTIONAL
- ! BUS TRANSFERS PACKETS BETWEEN THE
. PXB CONTROLLER AND PXB.
XADSH | CONTROLLER CONTROLLER | - pCi EXPANDER BUS PARITY BI - DIRECTIONAL
PXB - PYa SIGNAL INDICATES EVEN PARITY ACROSS

XD[15:0] AND XBE[1:0}. MUST BE VALID FOR
EVERY HALF CLOCK PHASE OF A PACKET
TRANSMISSION. INVALID PARITY WILL BE
GENERATED FOR DATATHATHAD
UNCORRECTABLE MEMORY OR BUS ERRORS,

A PARITY SIGNAL IS CORRECT IF THERE ARE AN
EVEN NUMBER OF ELECTRICALLY LOW
SIGNALS IN THE SET INCLUDING THE COVERED

_ SIGNALS PLUS THE PARITY SIGNALS.

FIG. 2E
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retired in the order that
masters return for their data which is not necessarily the sane

read data were received.
wite transaction enters |InQa,
and command on the PCl
When the associated wite packet
t he packet header containing the wite conmand and address wil |
pulled fromthe InQa transaction queue and the wite data will
fromthe PWData 1 /DRPLY Data 1 inbound data queue.
Bus 'b' pushes the
associ ated data that follows on the PCl
i nbound data queue.

32 bit PC
ent er tHEEUSHIH482, 1

Is sent over the F16
be pul | ed
an i nbound
nd and address into InCb and the

read to




- bus and a Read Conpletion is pushed into the I nQa i nbound transaction
queue. The associated read data enters the PWData 1 /DRPLY Data 1 inbound
data queue. \Wen the Conpletion packet is sent over the F16 bus, the packet
header cont degﬂﬁsf he read conpletion identifier will be gnsoghdbgom t he
top of the FnG transacti on queue and the read data will be pulled fromthe
PW Data 1/DRPLY Datal inbound data 'queue. Each 32 bit PCl port can have
two i nbound PCl reads outstandi ng. Agoighbound PCl read on PCl port ais
pushed into InQa if there is a slot available in the PXB i nbound queue for
a read and there are inbound read data buffers available in the PXB and
MOC. At this A1l tinme the inbound del ayed read conpletion tracker is

| oaded with the command and address fields of the inbound read so that it
can identify the PCl master requesting the read. A transaction identifier
unique to this bowad tgansaction|is al 4o | paded}into} the i nbound del ayed

read conpl etiofpi tfracKHer $o that thg read|conpletipn c e identified when
it arriv&»i the Qut Q. VWhgn thd i nboynd [ead ¢onpletdgs on the P6
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bus, a delayed read conpletion (DRC) packet containing the read data wll
arrive to the bus bridge over the high speed bus. The DRC ' translation
header contai Q&&#}g i nbound read identifier will be pushed into CQutCa.
The read data Thal 10l lows in the packet will be pushed i nt SCHRE8AM2
data queue or DRC 2 data queue dependi ng | upon which DRC data queue
was assigned to this inbound read. Wen | the PCI master returns for
its data (it will be continuously retired until the data arrives) it wll
receive the data from DRC Data or DRC 8@ 2 data queue if the associated
I nbound read conpl eti on has been popped fromthe top of the QutCa
transacti on queue and marked the inbound - 28 read as conplete in the

i nbound del éed I QARTURERRbbPS i on tracker. In 64 bit fﬁ lﬂ?%ﬁo the two sets
of data buff®er queu are pair esaMPLINGMUX t O t he trar4\ 5(5 jueue in 64 bit
PCl node. Ag_L@Qu ' will pest{ ih data—being alterngtely pushed
into PWData 1-and % e, | ZA/n COMBINATORIAL \ __ —4“—
405 | ooy LOGIC 435 o a >
QB 10 420 440 | DATA
P> 5 INTO CORE
E S 0Bl ORSIGNAL
I TOBUS
—1D Q-CO;_ |
P_STB# mQB EVEN)
>
E
| I
5
45
L
P R
PWR_GD#
(SYNC'D)
~ -
XRSTH
—>1b a}—o o]0 a D oj—p a D ol
QB QB QB QB QB QB
CORE - [430]
CLOCK ' " '
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Data 2 data queues. The data queues are 32 bits wide (DWrd). If data is
received 64 bits at atine froma 64 bit PCl master and the data queue
pointer is pointing at PWData 1 queue, the first DWord is pushed into PW
Data 1 datagﬁééégﬁpnd'the next DWord is pushed into PW Daicgubeslfsbsz queue.
Addi ti onal Dy al ternate between the two i nbound data queues. The DRC
data queues and wite data queues are paired and interleaved in a simlar
fashi on. The innovative packet forg?% descri bed above in addition to
enbeddi ng flow control information; Pso provi des at |east one field
referred to herein as the transaction identification (TID) field, that can
be used in a variety of ways. The field is preferably configurable,
dependi ng upon the application. The advantage -is that the sending device,
i.e., the device issuing a request packet, can store predeternined data in
this field, e.g., a transaction identifier or other identifier. The control
| ogi c of the receiving device, after processing the request and preparing

t he conpl eti on packet; ~sinmpty copies the contents-of the field into the
conpl eti on packet} f t n§hﬂssk¢n bdck to the inftiall sefding
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device. Thus, the configuration can be such that the field contents is
meani ngf ul onIy to the sending device as the receiving device sinply copies
the contents and sends it back. Furthernore, as the packet is not |imted
to specific owewasedle field can be used for a varifety of pRCEESWI4653
Furthernore, as the receiving device sinply copies the contents into the
conpl eti on packet, the contents renmain g gbsturbed. This process is
described generally with reference to k g e 11. At step 1105, the sending
device forns a request packet. The request packet includes the transaction
ID field which is used to store requesting device data. At step 1110, the
request packet is issued and at_step 1115, the receiving device receives

t he packet and fornms a replyfpacket, step\120. The receiving device sinply
copies the TID field into thg repﬁ@AﬁBcket for subsequent access by the
sendi ng devi ce. Thus, the contes s @ 1| D are not required to be

I nterpreted by the receiving

SEND REQUEST SIGNAL SUCH THAT IT
IS RECEIVED BY ALL CONNECTED
DEVICES AT THE SAME TIME

605
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620

! |
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* 830

OUTPUT REQUEST
640
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device as a sinple copy operation is all that is requrred At step 1125,
the reply packet, including the copied contents of the TID field, is sent
back to the requesting device. In the present enbodi ment, the fieldis used
for a deferred: -1 outbound read (processor -
transacti onwo,R”b%’F’erred transaction is. a split transacti gré\a]ﬁgﬁe&stzhe read
is split into the initial read request followed at a later tine by a
deferred reply. The requested data i $1720urned by the deferred reply. Thus,
the device and transaction ID of the read requester is put into the TID
field. Wien the conpletion packet with the .read data is sent, the TIDis
copied fromthe request packet to the conpletlon packet . VMen the

conpl etion reaches ‘the top of the inbound request queue, a deferred reply
Is sent to the requesting - processor. The deferred reply copies
the conpletion TID into the deferred reply where it is used to address the
processor that initiated the original read. The invention has been

described in conjunction w € preferyed-enbedinent. It is evident that
the nunmerous alternatives, BO  START e

SIMULTANEOUSLY LAUNCH STROBE
AND DATA FROM TRANSMITTING
DEVICE TO RECEIVING DEVICE

700 § oo
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701
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DATA SAMPLED FROM EVEN FLOPS IF
LAUNCHED ON EVEN CLOCK AND SAMPLED
FROM ODD FLOPS IF LAUNCHED ON ODD CLOCK
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nodi fications, variations, and uses w.ll be apparent to those skilled in
the art in light of the foregoing description. 31 What is clainmed is: 1.
A nmet hod for sending data between a sendi ng device and a receiving device
of a plurality of devices, said sending device and receiving device
synchr onous wa9asssh ot her, sai d nethod conprising: said §€H§$’ﬂ’§j“37evi ce
sendi ng out data and a data strobe during a first clock cycle; said

recei ving device latching the data bg;gg upon recei pt of the data strobe;
said receiving device sanpling the d 2 predet er mi ned nunber of clock
cycles after the first clock cycle; wherein said step of latching occurs at
| east a variable anobunt of tinme, that is |l ess than a predeterm ned anount
of time prior to the clock ycteat—whrthSanmpringloccurs. 2. The nmethod as

set forth in claim1l1, wherd

set up and

U

i n the PROCESEORI ned %ﬁpunt of tine neets to a

FIG. 8
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hold tine for the data in the latch. 3. A nethod for sendlng data between a

sendi ng device and a receiving device of a plurality of devi ce€s,
~ sending device and receiving device synchronous to each other,

device of the plurality of devices |mg,ﬁsgzeset
Ieast one second device of ‘the plurality of devices;,
recei-ving the rese

conpri si Ng: ua doj1kost
signal to at.

first device further
.corresponding to atime to

transmt the

?é%@?agrgha

sai d
sald nmet hod

sai d
as input after a delay
bet ween the first

devi ce and second device, wherein said" flrst devi ce and sai d second device

receive the reset signa

signal, said first device
reset process conpri sing;
first odd clock cycle; ide
clock cycle; initiating th
even cl ock cycl e;
data strobe; said sending
a first clock cycle;

recei pt of the data strobe;

predet er m ned nunber of
met hod for sending dat g
a plurality of devices,
synchronous to each otHer,

at the sane tine;

and sfrd
i dent jjfyi
ntifying

W

upon receipt of the reset

ﬂp_qm@cutlng a predeterm ned
predet erm ned cl ock edge as a
t clock edge as a first even

e dat @

said first clock cyc e occurrlng after
hQ out data and a-data strobe during

devi ce sendi

sai d net hod
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sai d sendi ng device sending out data and a data strobe during a first clock
cycle; said receiving device |atching the data based upon receipt of the
data strobe; 32 sai d receiving device sanpling the data a predeterm ned
nunber of cl o¥R%Phs after the first clock cycle; said daRG/E¥HI468hd

| at ched conprising n-bit packets of data where n is greater than 1 and said
recei ving device further formats data received into mbit pa&cets of data
where mis greater than 1 and transmts14/i?eorn-bit_packets toathird
device. 5. The nethod as set forth in claim4, wherein mis greater than n.
6. A nethod for sending data between a sending device and a receivVing
device of a plurality of dey+ecesw said sending device and receiving device
synchronous to each ot her, hod conpri sing: sai-d sendi ng device
sendi ng out data and a data o€ during a first clock cycle; said
receiving device latching the gata based upon recei pt of the data strobe;

sai d receiving device shnp} nlg'tne Jafja_aggy edet er m ned nunber of clock
cycles after the first 1? PATA
At UNT
ada DU

t B¢ data sent conprises n-bit packets
of data, where nis gre aijld sendi ng devi ce further receiving
m bit packets of data of is greater than 1 and formatting the
m bit packets to n-
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bit packets prior to the step of sending. 7. A nethod for sending data
across a first bus froma sending device to a bridge device for
transm ssi on across a second bus to a receiving device, said sending device
and bridge ¢®ydefssspperating synchronous to each other, saraiuwsos/iness
conprising: said sending device issuing a reset S|gnal to the bridge
devi ce, said sending device further receiving the reset signal as input
after a delay corresponding to a timg/RQ transmit the reset signal between
the sending device and the bridge device, wherein the sending device and
bri dge device receive the reset signal at the sane tine; upon receipt of
the reset signal, said sending device and bridge device executing a
predet ermi ned reset process conp+t g identifying a first predeterm ned
cl ock edge as a first odd cloc i dentifying a subsequent clock edge
as a first even clock cycle; initTy g the data strobe on a cl ock edge of
a prespecified even clock cycle; d first "clock cycle occurring after
initiating the data strobe; said_géens éice -.sendi ng out data and a data
i i , ge- device 1atching the data
'. b0 -dge “devi ce sanpling the data
er the firs} clock cycle to

based upon recei pt of__the
a predeterm ned nunijer of cl™s
receive a packet of |data;
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33 said bridge device transmtting a packet to across the second bus;
and sai d”recei ving device receiving the packet across the bus. 8. A bus
system conprising: at |east one first device configured to be coupled to a
first bus; awoosnsssi|er configured to be coupled to the fiPCHUBHL®EG o
communi cate data on the first bus with the first device; a synchronous high
speed second bus configured to be d&A@2%&d between the controller and a
bridge, said controller configured to send data and a data strobe during a
first clock cycle; said bridge device configured to |atch the data based
upon recei pt of the data strobe and sanple the data a predeterm ned nunber
of clock cycles after. the-first clock cycle to receive the data; wherein

said controller is fur, ee—f-0-r-SSHe-ra: ,ﬂs?ﬁsignal to the bridge
devi ce and receive the as| i nput} afjter] ajdej ay corresponding to
atinme to transnit the ffef welen Jthe cdntqol} er and the bridge
devi ce, wherein the co pi! ge devi ge rlecgi v the reset signal
at the same tinme; and [oo
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wherein said controller and bridge device is further configured to,
recei pt of the reset signal

cl ock cycle

cycle, and |n|
even cl ock cycl e;
. the data strobe.
second devi ce,

upon

execute a predetermnmined reset process
conpri si ng identifying a first predeterm ned clock edge as a first odd

wherein said firgy
9. A bus systenicong
said bus systemconprising: a first set of

g}? fyi ng a subsequent clock edge as a fi regdraRyslesd! ock
iating the data strobe on a clock edge of a prespecified

spock cycle occurs after initiating

fgured to couple a first device and a

| i nes coupl ed

between the first device and the second device and configured to transm t

“data; at
.si gnal

line configured to provide a strobe 'signal

transnission of data between the first and second:device;
line coupled to the first device and ‘t he second devi ce,

reset
| i.ne configured to comuni
second device, said first
synchroni ze sanpling of dat
a predeterm ned nunber of
t he reset signal i
i ne conprising a first

reset line coupled to the i d
reset |ine having substantifal | ngt
is received substantially by
B~ = |=
=y kX sl
g IE| |=RE
2 18| |&|E
. |8 HE
Ols 3
o,
e =
M~ -
@’3 |
S5 1)
Ol%" |3
-<(}=._
A E
a
rdls
Ols |=
- )
nlE |5
L s 7| —
N|®
Alw b2
EE < B
OF—1= [&l8
]
m = i |w| o
~|l—|@m
© ¥
Coflalzlal=
Ol |d] N

to said first device and said-second devi ce;. :
concurrently with the

| east one clock line configured to provide a ‘synchronous cl ock

| east one strobe

and at | east one
sai d reset
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second device. 10. A bus systemconfigured to couple a first device and a
second device, said bus system conprising: O

34 This is the replacenent sheet a first set of lines coupled between
the first dewoeymssel t he second device and configured to tPEREIFIYI46R3t a; at
| east one clock line configured to provide a synchronous clock signal to
said first device and said second device; at |east one strobe |ine
configured to provide a strobe signal éﬁﬁggrrently with the transm ssion of
data between the first and second device; and at |east one reset |ine
coupled to the first device and the second device, said reset line

configured {to Fo nicatefa reset gignalfto tng 1ir3r deyigze ond
device, saifd f}rs &hd sedond devi ¢es usf ng the¢ {fesdt si}dal tb synghronize
sanpl i ng off daja, @hed |i n accor agce with thelstriage gignal} a
predeterm ned hu es.ﬁﬁ cljock cl qzaft FDEga ggiscien ¢figdat p; whgrein
sai d cl ock isi ghal i%&ssued by he | fiHr st go b, =sai d<at Igast one rleset
line conprifing alfgg ljock ne cgupl% @ filr&t deRi cel and d second
clock line foupled =0, he secgt d veece, il figst [cock éi ne
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and second clock line having substantially the same |ength such that_ the
clock signal is received substantially at the sane time by the first device

and the second device. 11. A bus systemconfigured to couple a first device

and a secon&ggﬁyl%ﬁ said bus systemconprising: a first pefudbndssnes
coupl ed bet e first device and the second device and configured to
transmit data; at |east one clock lfggonfigured to provide a synchronous
clock signal to said first device and:said second device; at |east one
~strobe line configured to provide a strobe signal concurrently with the
transm ssi on of dat d second device; and at |east one
reset |ine coupled d the second devlce,-said reset
line configured to ijgnal to-the first device and
second devi ce, said ilces 'using the reset signal to
synchroni ze sanpling of dptay,tatched in faccordance: with the strobe signal,
a predeterm ned nurfher| of | cl #& cylcl es aflter transm ssi on of data; wherein
the first set of lilnes| fufth@Sconprise llinesto transnit address
information. 35 at | eapt ifrst device configured to be coupled to a
first bus; I - "

Mlocca@cx

DESCRIPTION

PACKET FIELDS
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UNLOCK

- COMMAND
LOCKED READ
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a controller configured to be coupled to the first bus and to comrunicate
data on fhe first bus with the first device; a synchronous hi gh speed
second bus configured to be coupl ed between the controller and a

bri dge, ' sai d'vem1sei| er configured to send data and a data §PW@%@‘ﬂ%rlng a
first clock cycle; said bridge device configured to |atch the data based
upon recei pt of the data strobe and s the data a predeterm ned nunber
of .clock cycles after the first clockigv%ﬁ% to receive a the data. 15.

The bus systemas set forth in claim14, wherein the bridge device is
further configured to be coupled to a third bus and to communi cate data

| atched to a second device coupled to the third bus. 16. - The bus system
as set forth in claim14, 'wherein-the data width of the third bus is

different than the data width ofnd . bus, said bridge
device further configured to trams e~ffata received into a format
conpati ble with one.of the second bu and the third bus the data is to be

transmtted on. 17. STRTSIIVAS =y P Cl ai m 14,
,, Wherein the contr )Iler IS further conflgured to i gsue a reset signal to

~ SENDING DEVICE FORMS REQUEST PACKET
AND STORES DEVICE-SPECIFIC DATA IN TID
FIELD

!

SENDING DEVICE ISSUES PACKET
1110

RECEIVING DEVICE RECEIVES PACKET
: 1118

-

S

RECEIVING DEVICE FORMS REPLY PACKET
AND COPIES TID DATA INTO TID FIELD

1105

OF THE REPLY PACKET
. RECEIVING DEVICE SENDS
REPLY PACKET.TO SENDING DEVICE

1125
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‘the bs#i-dQe device and recéive theTeset—signal as input a%aer ,a (ii_(_al ay
corrésponding to a tinme to 1 4.t he reset signal bet P4 t”?é’#gonftrol | er
and the bridge device, V\heHMﬂrlﬂﬁHwBﬂ",HMer and bridge de\/P%_" ceive the
reset signal at the sanme tiWe,¢ S id controller and bridge device
further configured to, upon receipt of a reset signal, execute a _

pr edetWhatisrclailneddset process conprising identifying a first predeterm ned

cl ock edge as a first odd clock cyde, identifying a subsequent clock edge
as a fli Astetlwddor seldingdatmybetveen aselding ddvicdtahd@retdivingl dévice oF & phligofdehitedCk edge
of a paidsendingidevick and esteiving deviezysghohronodisto eich othet, aid inethbd camdeisiagc! e occurs
after initiating the data strobe. 18. The bus systemas set forth in

cl ai msdid sendingdevice seidindout dgearde)danaubltidutifga filst dodkichEle;] ess than a
predet erm ned anmount of time prior to the dock cycle at which the bridge
devi c®aid empiving deviesatehing the data based upon receipt of the data strobe;

said receiving device sampling the data a predetermined number of clock cycles after the first clock cycle;

wherein said step of latching occurs at least a variable amount of time, that is less than a predetermined
amount of time prior to the clock cycle at which sampling occurs.

2. The method as set forth in claim 1, wherein the predetermined amount of time meets to a set up and
hold time for the data in the latch.

3. A method for sending data between a sending device and a receiving device of a plurality of devices,
said sending device and receiving device synchronous to each other, said method comprising:

a first device of the plurality of devices issuing a reset signal to at least one second device of the plurality
of devices, said first device further receiving the reset signal as input after a delay corresponding to a time
to transmit the reset signal between the first device and second device, wherein said first device and said
second device receive the reset signal at the same time;

upon receipt of the reset signal, said first device and said second device executing a predetermined reset
process comprising;

identifying a first predetermined clock edge as a first odd clock cycle;

identifying a subsequent clock edge as a first even clock cycle;

[

initiating the data strobe on a clock edge of a prespecified even clock cycle;

said first clock cycle occurring after initiating the data strobe;

said sending device sending out data and a data strobe during a first clock cycle;

said receiving device latching the data based upon receipt of the data strobe;

said receiving device sampling the data a predetermined number of clock cycles after the first clock cycle.

4. A method for sending data between a sending device and a receiving device of a plurality of devices,
said sending device and receiving device synchronous to each other, said method comprising:

said sending device sending out data and a data strobe during a first clock cycle;
said receiving device latching the data based upon receipt of the data strobe;

32



19. Thé bus systemas set forth in claim 18, wherein.t I ned
‘amount of time guarantees or neets the set up and F‘W‘ m mm‘ndata in
the latch. 20, The bus systemas set forth in cl al , wwneresn the first
device is a mcroprocessor. 21. The bus systemas set forth in claim14,

wherein the first device is a nenory. 22. The bus systemas set forth in

cl ai msiid receiving devicd AMphgaBOdhtHeptedeterhme@nuiBi¥P6B0lock 2ycles aRBRhOHSt Adcklc§ar;as
set forth in claim 14, wherein the second device is a m croprocessor. 37

24.  shidldera séy sid1atcledebipiNigCh-bipackudfilad whereSitis SeMteQRanA Ad 30i8 ReEIRRg devi ce
and caievicgfufthet forthatsidaia setkivediatodn-bi badkers 51 da@ \Phefd R G grbdtd? ®hatl A2 SHiksRits the
provi debi pakes by hiddidevice OCK

5. The method as set forth in claim 4, wherein m is greater than n.

6. A method for sending data between a sending device and a receiving device of a plurality of devices,
said sending device and receiving device synchronous to each other, said method comprising:

said sending device sending out data and a data strobe during a first clock cycle;

said receiving device latching the data based upon receipt of the data strobe;

said receiving device sampling the data a predetermined number of clock cycles after the first clock cycle;
the data sent comprises n-bit packets of data, where n is greater than 1 said sending device further
receiving m-bit packets of data on a bus where m is greater than 1 and formatting the m-bit packets to n-
bit packets prior to the step of sending.

7. A method for sending data across a first bus from a sending device to a bridge device for transmission
across a second bus to a receiving device, said sending device and bridge device operating synchronous to
each other, said method comprising: '
said sending device issuing a reset signal to the bridge device, said sending device further receiving the
reset signal as input after a delay corresponding to a time to transmit the reset signal between the sending
device and the bridge device, wherein the sending device and bridge device receive the reset signal at the

same time;

upon receipt of the reset signal, said sending device and bridge device executing a predetermined reset
process comprising;

identifying a first predetermined clock edge as a first odd clock cycle;
identifying a subsequent clock edge as a first even clock cycle;

initiating the data strobe on a clock edge of a prespecified even clock cycle;
said first clock cycle occurring after initiating the data strobe;

said sending device sending out data and a data strobe during a first clock cycle;
said bridge device latching the data based upon receipt of the data strobe;

said bridge device sampling the data a predetermined number of clock cycles after the first clock cycle to
receive a packet of data;
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configured to comunicate a reset signal to the first device and second
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pr edetsaidmeceivihgdeviterecedlinghepdck@ nerodshetuser transm ssion of data. 25.  The
bus systemas set forth in claim24, wherein the reset signal is issued by
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line coupled to the first device and a second reset line coupled to the
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26. fitltdetiees system as set forth in claim?24, wherein the clock

a synchronous high speed second bus configured to be coupled between the controller and a bridge, said

controller configured to send data and a data strobe during a first clock cycle;

said bridge device configured to latch the data based upon receipt of the data strobe and sample the data a

predetermined number of clock cycles after the first clock cycle to receive the data;

wherein said controller is further configured to issue a reset signal to the bridge device and receive the

reset signal as input after a delay corresponding to a time to transmit the reset signal between the

controller and the bridge device, wherein the controller and bridge device receive the reset signal at the

same time; and

wherein said controller and bridge device is further configured to, upon receipt of the reset signal, execute
a predetermined reset process comprising identifying a first predetermined clock edge as a first odd clock
cycle, identifying a subsequent clock edge as a first even clock cycle, and initiating the data strobe on a
clock edge of a prespecified even clock cycle; wherein said first clock cycle occurs after initiating the

data strobe.

9. A bus system configured to couple a first device and a second device, said bus system comprising;

a first set of lines coupled between the first device and the second device and configured to transmit data;

at least one clock line configured to provide a synchronous clock signal to said first device and said

second device; :

at least one strobe line configured to provide a strobe signal concurrently with the transmission of data

between the first and second device; and

at least one reset line coupled to the first device and the second device, said reset line configured to
communicate a reset signal to the first device and second device, said first and second devices using the
reset signal to synchronize sampling of data, latched in accordance with the strobe signal, a predetermined
number of clock cycles after transmission of data, wherein the reset signal is issued by the first device,
said at least one reset line comprising a first reset line coupled to the first device and a second reset line
coupled to the second device, said first reset line and second reset line having substantially the same
length such that the reset signal is received substantially at the same time by the first device and the

second device.

10. A bus system configured to couple a first device and a second device, said bus system comprising:
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second clock.,line coupled to the second device, said first clock line and
second clock line having substantially the sane | ength such that the clock
signal is received substantially at the same tine by the first device and
t he sedgienstt 6ftities CoupRd betweehithe fixstsdei¢s rdtheecchdide¥ied dnd confighted itdnratdmit @y ei n
the f afledst sneiclook lihd doffigured tb pRwvide @ Bftichidfous iclociSsifrmal forsaid $idt Hevicbching S#id

i nf or g&baddeviced

at least one strobe line configured to provide a strobe signal concurrently with the transmission of data
between the first and second device; and

at least one reset line coupled to the first device and the second device, said reset line configured to
communicate a reset signal to the first device and second device, said first and second devices using the
reset signal to synchronize sampling of data, latched in accordance with the strobe signal, a predetermined
number of clock cycles after transmission of data;

wherein said clock signal is issued by the first device, said at least one reset line comprising a first clock
line coupled to the first device and a second clock line coupled to the second device, said first clock line
and second clock line having substantially the same length such that the clock signal is received
substantially at the same time by the first device and the second device.

11. A bus system configured to couple a first device and a second device, said bus system comprising:

a first set of lines coupled between the first device and the second device and configured to transmit data;

at least one clock line configured to provide a synchronous clock signal to said first device and said
second device;

at least one strobe line configured to provide a strobe signal concurrently with the transmission of data
between the first and second device; and

at least one reset line coupled to the first device and the second device, said reset line configured to
communicate a reset signal to the first device and second device, said first and second devices using the
reset signal to synchronize sampling of data, latched in accordance with the strobe signal, a predetermined
number of clock cycles after transmission of data;

wherein the first set of lines further comprise lines to transmit address information.
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