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ZERO WAI T STATE CACHE USI NG NON- | NTERLEAVED BANKS OF ASYNCHRONOUS TﬁI»Q
RANDOM ACCESS MEMORI ES. BACKGROUND OF THE I NVENTION 1. Field of t S g
| fventi bn The present invention relates generally to the field of conputer
systens specifically, to second | evel cache nenories which represent the
I evel of the nenory hlerarchy in a conﬁufer system situated between the
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unit (CPU) cache and the main memory.
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2. Prior Art
Historically, the demands of microprocessor technology have been

increasing at a faster rate than the support technologies, such as DRAM and
TTL/ programmable logic. Recent trends are further aggravating this mismatch
in the following ways. First, microprocessor clock rates are rapidly approaching,
and in some cases exceeding the clock rates of standard support logic. In
addition, the clocks per instruction rate is rapidly decreasing, putting a very high
bandwidth demand on memory. Newer designs such as RISC architectures, are
demanding even more memory bandwidth to accomplish the same amount of
work. The memory bandwidth demand has been further aggravated by the need
for Direct Memory Aecess (DMA) by devices such as coprocessor and multi-
processors. Finally, the rate at which new devices are being introduced into the

market place is accelerating--further exacerbating all the above.

As a result of these trends, performance bottlenecks have emefg‘ed that
continue to influence the way that systems are designed. Memory bandwidth, as
S a perforrnance hmxter has already forced the use of cache memories in many

_ mlcroprocessors systems By way of example, the use of cache memories is

“common place in the 386™ generation of microprocessors manufactured by Intel
) e TN L

- Corporatmn Also Intel's Intel486™ and i860™ (also referred to as the -



for Direct Menory Access (DMA) by devices such as coprocessor and nulti-
processors. Finally, the rate at which new devi ces are being introduced
inrto the market place is accelerating--further exacerbating all the above.
As a result of these trends, performance bottl enecks have energed that
continue to influence the way that systens are designed. Menory bandw dth,
as a performance limter, has already forced the use of cache nenories in
many nicroprocessors systens. By way of2exanple, the use of cache nenories
i's common place in the 386TNIgeneration of m croprocessors manufactured by
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Cor por at i Rraases in the future generations. (Intel, 386, Intel486, i860, and i860XP™™ are

all trademarks of the Intel Corporation.)

A comprehensive description of caching concepts is found in a publication
entitled "Cache Tutorial", available from Intel Corporation, Literature Sales, P.O.
Box 7641, Mt. Prospect, IL 60056-7641. Known cache memories are designed at
two levels-First Level Caches and Second Level Caches. A First Level Cacheis a

single layer of high speed memory between the microprocessor and main system

DRAM memory. First Level Caches hold copies of code and data most
frequently requested by the microprocessor. First Level caches are typically
small (4 Kbytes to 64 Kbytes) in size. First Level Cache may be either internal or

external to the device (e.g a microprocessor) embodying the processor.

A second level cache is a second layer of high speed memory between the
First Level Cache and main system DRAM memory. Second Level Caches also
hold copies of code and data frequently requested by the microprocessor. -
‘Second Level Caches are typically external to the device embodying the
processor. A Second Level Cache handles the more random memory requests
that the First Level Cache misses. In order to simpiify the handling of requests
the First Level Cache misses, the Second Level Cache typically includes all the
data of the First Level Cache and more. As aresult, a Second Level Cacheis

almost always larger (64 Kbytes to 512 Kbytes) than a First Level Cache.



A conprehensive description of caching concepts is found in a publication
entitled "Cache Tutorial", available fromlIntel Corporation, Literature

Sal es, P.O Box 7641, M. Prospect, |L 60056-7641. Known cache nenories are
designed at two | evel s-First Level Caches and Second Level Caches. A First
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typically external to t'he device enbodying the processor. A'Second Level

Cache hangiregesdts towaste RPEREWENIRG foralidasita. Knaiwr mtﬁhfs?robﬁi&ierﬁac he
m sses. In order to sinplify the handling of requests the First Level Cache

ni sses, t heaiSsiaterpeifonabnGabyasing spddial type biBtaticRdnddm Aletess dfletioey Fi r st
Level Cache and nore. As a result, a Second Level Cache is al nost al ways
| ar ger ( 64SRiS\WR saliesl HHurskbikidd) or synchionpus 5 RANVE (ordytesing interleaved
banks of SRAM that are alternatively accessed. A negative aspect of using “Burst
SRAM'"is it s cost. "Burst SRAM" is more expensive than commodity

asynchronous SRAM.

Interleaved banks of SRAM add control logic and circuitry to a cache
~controller. Further, use of an interleaving structure results in data bus contention
when switching between the banks. This has effects on system timing because in
the time it takes the one bank to furmn off and another bank to turn on, both banks
may be drivihg data on the same bus line. This reduces the long term reliability
of the SRAM components themselves. Further, caches implemented using
interleaved SRAM banks cost more than those using non-interleaved banks,

although lower in cost than Burst SRAM.

Thus it is, a primary object of the present invention to provide a cache
controller with zero wait states performance without the high cost of Burst
SRAMs and reduced reliability of an interleaved cache structure. It is further
object of the present invention to provide a caching system that utilizes

commodity asynchronous SRAM devices, thus reducing the overall system cost.
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-3- To achi eve optinmal perfornance Ieqi rabl e that the cache provides
zero wait state performance Tﬁggﬁ&ﬁi ¥ i npl i eS that the processor
does not have to wait for data frgppig@EBe menpry. For exanple, the tining
wi th which the cache nenory lprew-ees=valrid data on the data bus does not
require the processor to waste cycles waiting for valid data. Known systens
provi de zero wait state performance by wéi ng.a special type of Static
Random Access Menory (SRAM called "Burst SRAM or synchronous SRAM or by
using interl eaved banks of SRAMthat are alternatively accessed. A negative
aspect of SMMMARNrst SRAM is it s cost. "Burst SRAM is nore expensive
than commodi ty asynchronous SRAM | nterl eaved banks of SRAM add control
‘logic and circufy otwlﬁsgé%%t%rﬁch?l@?m%f‘?rﬁéﬁe,‘“l?QE“B‘Fteéﬁ}'?tﬁFbsr‘Feavi ng
structure results Ln data hus cqntentd.on . when swtchin t n the banks.
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to turn of §, 30 ARk e bANE Srids SR RN AR 2RA84h independently

controlled. The components used are commodity level asynchronous SRAM

chips. The use of a non-interleaving data access scheme eliminates data
contention. Further, independent control of the banks of memories allows the
cache controller to support a greater number of cache sizes, as well as providing

for greater scope of economies since all banks need not be used.

Zero wait state performance is achieved by correlating cache memory
control signals relative to the clock and control signals used by the processor. In
the currently preferred embodiment of the present invention, correlation is
accomplished by 1) clocking cache operations at twice the clock rate of the
microprocessor; and 2) correcting control signal skew resulting from the circuit
paths for each of the cache control signals. Correction of control signal skew is
accomplished by identifying the control signal(s) with maximum delays and then
introducing delay circuitry into the circuit path of cont}ol and clock signals with

lesser delays.

Processor burst access to memory is supported by an internal sequencer
which predicts subsequent burst addresses based on an initial address provided

by the processor.

This Sheet Has Been Reﬁaced
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may be driving data on the sane bus line. This reduces the long term
reliabi lity of the SRAM conponents thensel ves. Further, caches inplenmented
using interl eaved SRAM-banks cost nore than those using non-interleaved
banks, although |ower in cost than Burst SRAM Thus it is, a primary object
of the present invention to provide a caghe controller with zero wait
states performance w thout the high cost of Burst SRAMs and reduced
reliability of an |nterleaved cache structure. It is further object of the
present i rBRH i 2 ] sRRInystem that utilizes commodity
asynchronous SRAM deV| ces thus reduci ng the overall system cost. -4-
SUMMARY A zero wait state system cache nenory for use in corrputer systens

i s caching system di cIo he cachi ng emutilize é)h S

non-i nterl eaved ‘&é‘{)"n f?‘ﬁqré gtare Bﬁéﬁ%’d‘e‘ﬁ tem i W %‘é ?smwemﬂych are
each indep re?eerrr]éé ¢mbodiment of the present invention may be embodied.

Figure 2 is a block diagram of a chipset which may be used to provide a
basis for a computer system as illustrated in Figure 1, the currently preferred

embodiment of the present invention being a component of such a chipset.

Figure 3 illustrates the signal interfaces for a Cache DRAM Controller
(CDC) component of the currently preferred embodiment of the present

invention.

Figure 4 is a block diagram illustrating the signal interface of the cache
controller with the banks of Static Random Access Memory (SRAM) of the

currently preferred embodiment of the present invention.

Figure 5 is a block dxagram of the functionality of the cache controller of

the currently pr eferred embodiment of the present invention.

Figure 6 is a timing diagram for a read hit , with zero wait states and in
write through or write back mode, in the currently preferred embodiment of the

present invention.

Figure 7 is a timing diagram for a write hit, with zero wait states and in

write through mode, in the currently preferred embodiment of the present

invention.



controlled. The conponents used are commodity | evel asynchronous SRAM
chips. The use of ‘a non-interleaving data access schene elimnates data
contention. Further, independent control of the banks of nenories allows
the cache controller to support a greater nunber of cache sizes, as well as
provi ding for greater scope of econom es since all banks need not be used.
Zero wait state performance is achieved Qy correl ating cache nenory control
signals relative to the clock and control® signals used by the processor. In
the currently preferred enbodi nent of the present invention, correlation is
acconpl i shed by 1) cl ocking cache operations at tw ce the clock rate of the
nicroprocessor and 2) correcting control signal skew resulting fromthe

circuit paths éﬁf@ﬁ'ﬁ%h&h%%& 0% Gt 4 Writs 190 Vith z<rorwait istates ahdgant r ol

si gnal SkeMIIS ac ntifying the control signal(s) with

maxi mum delyie 194Kk rodse, inthe@lneintly prefeyed eimbodiment Bf thd present cui t pat h
of control . and cl ock S|gnals with esser delays. Processor burst access to
menory is Sﬁp@@ﬁéﬂﬂ by an internal sequencer which predicts subsequent
burst addresses based on an initial address provided by the processor.



BRI EF DESCRI PTI ON OF THE FI GURES K ~ppeNdck di agram of a conputer

systemin which the currently pr’ ﬂaISSHE h i ment} of the present invention
may be enbodied. Figure-2 is a bljock df! hi pset which nmay be used
to provide a basis for a conputer emas illustrated in Figure 1, the
currently preferred enbodi nent of 'the pr7esent I nvention being a corrponent
of such a chipset. Figure 3 illustrates“the signal interfaces for a Cache
DRAM Control I er (CDC) conponent of the currently preferred enbodi nent of
the preseppyA s 3 T ¢ : NEtEggt | ng the signal

i nterface™0 atl ¢ Random Access

Merory - ( SRAM Q(drﬂﬂt m&wﬁﬂménwrﬂéardo@@rcﬁmw arreéewé stér: iB RS Erbed.

invention. Figure 5 is a block diagram of the functlonallty of the cache

cont r ol | eln tHe fdi®WInGGEstptionafehersusspmtfiogetailobré bet fors sath asvent i on.
Figure 6 is a timng diagramfor a read hit, with zero wait states and in

write thrspetifionumbers didnyitesybits, deviceshetcs it ordertp provide adbloroigldi ment  of
the understanding of the preferred embodiment of the present invention. It would
be apparent to one skilled in the art that the present invention may be practiced
without these specific details. Also, we]l known circuits have been shown in
block diagram form, rather than in detail in order to avoid unnecessarily

obscuring the present invention.

In the course of describing the present invention, frequent reference may
be made to the use of the invented cache controller in conjunction with certain
specific CPU architectures aﬁd { or microprocessor types, such as the Intel
Intel486DX microprocessor. These implementations merely reflect the currently
preferred embodiment of the present invention. It should be understood that the
concepts embodied in the present invention are applicable, or may be extended

to other processor types and architectures,

In addition, in describing the present invention, reference is made to
signal names peculiar to the currently preferred embodiment. A description of
each of these signals is provided in the text and in Appendix A. Reference to
these specific signal names should not be construed as a limitation on the spirit of

scope of the present invention.
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presént_inyentiori. Figure 7 is-atimng diagramfor a wite hit, with zero
wait states and in wite through node, in the currently preferred

enbodi ment of the present invention. -6- Figure 8 is a timng diagram
for a wite hit, with zero wait states gnd in wite back node, in the
currently preferred enbodi nent of the present invention. -7- DETAI LED

DESCRI PTI ON OF THE PREFERRED EMBODI MENT A circuit which inplenents a
controller for a cache systemis descrl bed. In the foI | owi ng description
nuner ous specific details are®e i g

The currently preferred embodiment of the present invention may be
embodied for use in a computer system such as the one illustrated in Figure 1. The
present invention may be implemented on a general purpose microcomputer, such
as one of the members of the IBM compatible Personal Computer family, or one of
several work-station or graphics computer devices which are presently
commercially available. A computer system as may be utilized by the preferred
embodiment generally comprises a bus or other communication means 101 for
communicating information, a processor means 102 coupled with said bus 101 for
processing information, a random access memory (RAM) or other storage device 103
(commonly referred to as a main memory) coupled with said bus 101 for storing
information and instructions for said processor 102, a read only memory (ROM) or
other static storage device 104 coupled with said bus 101 for storing static
information and instructions for said processor 102, a data storage device 105, such
as a magnetic disk and disk drive, coupled with said bus 101 for storing information
and instructions, an a]phani:men‘c input device 106 including alphanumeric and
other keys coupled to said bus 101 for communicating information and command
selections to said processor 102, a cursor control device 107, such as a mouse, track-
ball, cursor control keys, etc, coupled to said bus 101 for communicating
information and command selections to said processor 102 and for controlling cursor-
movement. Additionally, it is uéeful if the system includes a hard copy device 109,
such as a printer, for providing permanent copies of information. The hard copy

device 109 is coupled with the processor 102 through bus 101.



specific nunbers of bytes, bits, devices, etc., in order to provide a

t horough under standi ng of the preferred enbodi nent of the present

i nvention. It would be apparent to one skilled in the art that the present

i nvention may be practiced wthout these specific details. A so, well known
circuits have been shown in bl ock diagr form rather than in detail in
order to avoid unnecessarily obscuring ffie present invention. In the course
of describing the present invention, frequent reference may be nade to the
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present invention.

verview te

The currently preferred embodiment of the present invention is embodied
in a computer system component termed a Cache DRAM Controller (CDC).
DRAM is a well known term that refers to memory devices known as a Dynamic
Random Access Memory. DRAMs are commonly used as a computer systems
main memory. In any event, the CDC is.part of a chipset. A chipset referstoa
collection of a closely designeé integrated circuits which provide the core
functionality for a computer system. Use of chipsets significantly reduces the

effort involved in designing, manufacturing and testing of a computer system.

The chipset of the currently preferred embodiment is described with
reference to Figure 2. The components of a chipset are the CDC 202, a
microprocessor 201, a Data Path Unit (DPU) 203 and a System 1/ O (S10) unit 204.

. The chipset of the present invention interconnects three different bus structures.
A host bus is internally designed for specific devices, e.g. the processor, co-
processor and system memoty. A Peripheral Component Interface (PCI) busis to
couple PCI compliant 1/ O devices to the system. Finally an Industry Standard
Architecture (ISA) bus interface is provided to allow connection of an existing
class of 1/ O devices to the system. Generally speaking, the PCI bus will operate
faster then the ISA, and provide different functionality.. It should further be

noted that each of these buses have data, address and control sdb-buses.



Overview of a Conputer System O the Currently Preferred Enbodi nent The
currently preferred enbodi nent of the present invention may be enbodied for
use in a conputer systemsuch as the one illustrated in Figure 1. The
present invention may be inplenented o#l0a general purpose m croconputer,
such as one of the nenbers of the IBM conpatible Personal Conputer famly,
or one of several work-station or graphics conputer devices which are
presently comrercially available. A conputer systemas may be utilized by
the preferred enbodi nent general |- npri ses, a bus _or other comuni cation

means 101 for TordAkl €82 PHaViFdRs 8a ‘P?%ﬁ"“%ecﬁl%'éé%@e THSIRBTAeESsehiRFd wit h
other st PatRnA AR §a E@aéa%%?@% seyed B S BB AER DG ORb co
br oces ";"o?b%% i 5 s RGOy BB SR e DML 5RO, 1,
For sai d Lroroee gpdthet a‘s%‘?ﬁt%‘%ﬁ i TygerRlrrCRiskat bk ot one
arbitration logic. The microprocessor 201 of the currently preferred embodiment
is a 25 or 33 Mhz i4865X, i4875X, 1486 DX, 486 DX2 microprocessors, and other
bus compatible Intel microprocessors or upgrade processors, all of which are -

available from the Intel Corporation of Santa Clara, California.

In the currently preferred embodiment, the CDC 202 includes a dual
ported DRAM controller that interfaces DRAM 206 to the host CPU bus and the
PCI bus. The Dram Controller sends addresses 213 and control 214 signals to
DRAM 206, as well as DPU control signals 215 to DPU 203. This results in the
transfer of data to the DPU 203 and subsequently to processor 201. The CDC 202
supports a two-way interleaved DRAM organization. The CDC 202 also
integrates a cache controller that supports 64 KBytes, 128 Kbytes, 256 Kbytes or
512 Kbytes of a secondary cache using standard asynchronous SRAMs. The
CDC's integrated cache controller supports either write through or write-back
cache protocols. The CDC provides other functionality to the computer system,

_including system clock generation and providing syStem reset logic. As will be
described in greater detail below, the system clock generation plays a role in

achieving the zero wait state cache performance.

Referring back to Figure 2, a host bus 205 is used to couple the processor
201 to critical system componénts such as DRAM 206, cache memory

arrangement 207 and a co-processor 208. Note that the cache memory



as a magnetic disk and disk drive, coupled with said bus 101 for storing
information and instructions, an al phanumeric input device 106 including
al'phanuneri c and ot her -keys coupled to said bus 101 for conmuni cating
i nformati on and comrand sel ections to said processor 102, a cursor control
devi ce 107, such as a nouse, track- bal{y. cursor control keys, etc.,
coupled to said bus 101 for comrunicating information and comrand
sel ections to said processor 102 and for controlling cursor novenent.
Addi t i onahiringernehbinehffeslalithe TAGSD A TAahddthdestonagmartasomedeeibyc thel 09,
such as a printer, for providing permanent copies of information. The hard
copy devi cachb§stemc Augdoemdbushhetesa BCH B35S 209, is0psedhoeapple asecond tier - 9-
Note that in the foregoi ng description, the bus 101 is used in a generic
sense to gateemponedtsphithe PEEarphitecture compengnts snohe gitber mastrr ter
system As wll be described, in nore detail below, the bus 101 be
actual |y &“b‘l’ﬁ?‘ﬂ?’? f’?"l‘}Fs BEE étma%f@nﬁsgl,CEé%enegﬂamfbamé? énflrﬁo@rﬁﬁh“ect ed,
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device on the PCI bus 209, or from another component defined as a master, that

may be physically located on another bus. Finally, an ISA bus 212 is used to

couple ISA compliant devices.

The present invention is directed towards the cache controller portion of

the CDC 202. However, it would be apparent to one skilled in the art that the

- present invention could be practiced as a discrete component, or packaged as a
component with even greater functionality. The present invention may be
practiced as either a first level, or second level cache. Moreover, the present
invention is directed towards a cache system that is external to the
microprocessor. In the currently preferred embodiment, the cache will be a
second level cache. This is because the microprocessor supported in the
preferred embodiment include an internal first level cache. However, it will

become apparent to one skilled in the art to practice the present invention as a

first level cache.

Signal Interfaces

Figure 3 illustrates the interface modules and signal interfaces for the CDC

component of the currently preferred embodiment.

Referring to Figure 3, a host CPU interface module 301 is used to couple to

the host processor. Specific signals are provided to an upgrade processor via



Overvi ew of the System Enbodi nent The currently preferred enbodi nent of the
present invention is enbodied in a conputer system conponent terned a Cache
DRAM Controller (CDC).-DRAMis a well known termthat refers to nenory

devi ces known as a Dynam ¢ Random Accegs Menory. DRAMs are commonly used as
a conputer systens main nenory. In any event, the CDCis part of a chipset.
A chipset refers to a collection of a closely designed integrated circuits
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provides an interface to the DPU unit of the chipset. A complete description of all

the signals is provided in Appendix A.

Figure 4 is a block diagram illustrating the coupling of the cache controller
interface signals with the various other components. The Cache Write Enable
signals (CWE3#, CWE2#, CWEL1#, CWEQ#) and the chip output enable signal
(COE#) are coupled to each of the banks of SRAMs, bank 401 and 402,
respectively. A chip select signal (CCS1# and CCS2#, respectively) are coupled
to enable each of the banks 401 and 402. The tag portion of each of the banks of
SRAMs, here illustrated at 403 and valid bits 404, are coupled to receive the write
enable (TWE#) and output enable (TOE#) signals. The write enable signal allows
the tag portion to be updated. The output enable signal allows the contents of
the tag portion to be read and used. The tag portions 403 and valid bits 404 are
also coupled to tag fields of the address provided by the processor. (HA[31:2)).

Dirty bits 406 corresponding to lines in the banks of SRAMs are used to
signal that a corresponding line in the SRAM has been modified. This is
controlled by the signals DWE#, DIRTYD AND DIRTYQ.



faster then the 1 SA, and provide different functionality. It should further
be noted that each of these buses have data, address and control sub-buses.
-10- The DPU 203 provi des data bus connections for the mcroprocessor,

| ocal bus and DRAM data buses. The SI O 204 serves as a bridge fromthe PCl

| ocal bus to an | SA bus. Additionally, -1 integrates an | SA conpatible DVA
controller, tinmer/ counter and interrupt controller, as well as integrating
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203. This results in the
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In the currently preferred embodiment, a first level caching system is
integrated into the preferred '486 microprocessor. The cache organizationis a 4-
way set associative and each cache line is 16 bytes wide. The first level cache
memory is physically split into four 2-Kbytes blocks each containing 128 lines.
Associated with each 2-Kbyte block are 128 21-bit tags. The tags are used to
identify the contents of a corresponding entry in the cache memory. The writing
strategy used is write-through. Further details on the 'Intel486 first level cache
may be found in the publication Microprocessors Volume ], available from the
Intel Corporation via Intel Literature Sales, P.O. Box 7641, Mt. Prospect, IL
60056-7641.

The second level cache is a direct map, where each cache line is 16 bytes
wide. The cache may be 64 Kbytes to 512 Kbytes in size. The write strategy may
" be either write through or write back Writing strategies are discussed briefly

' below.

In the currently preferred embodiment, the writing strategy for the second

level cache may be different then for a first level cache. However, an
implementation of a first and second level caches using write back strategies is

not supported. In the write-through strategy, every hit operation to the cache is



transfer of data to the DPU 203 and subsequently to processor 201. The CDC
202 supports a two-way ‘i nterl eaved DRAM organi zati on. The CDC 202 al so

i ntegrates a cache controller that supports 64 KBytes, 128 Kbytes, 256
Kbytes or 512 Kbytes of a secondary cache using standard asynchronous
SRAMsE. The CDC s integrated cache contragller supports either wite through
or wite-back cache protocols. The CDC'&#DVldes other functionality to the
conput er systen1 including system cl ock generation and providing system

reset logic be de ed in_areater |1 I he tem cl ock
gener at i or?cﬁPH%a'He‘fl e Y"ﬁ' hﬁ?ﬁﬁ%e ?ﬁga V@?mmgﬁgtlg‘vﬁc‘gbﬁeebgégf or nance.
Referring £ Y81 processor
201 to cr |s?$a§§$§ Qhés:th g#}ﬁ%bs% o‘%aet%t8 zéus ¢ %ﬁ#g 1514;2% e nen%r{r.h?n
arrangeme %eﬁﬂi?z aféa WhehahRs fihedD8ischiicl frBat tHewackeche menory
arrangenent I nc ude the TAG DATA and ot her storage areas needed by
the cache system A second bus, here a PCl BUS 209, is used to couple a
second tier of conponents. I.n the PCl architecture conponents may be either
mast er devi ces The cache controller portion of the CDC provides independent control

signals to banks of asynchronous Static Random Access Memory (SRAM)

devices. SRAM devices are desirable for use in a caching systems due to their

high data access speeds. It is desirable to use asynchronous SRAMs due to their

lower cost. Further, since the banks are non-in@érleaved and independently

controlled, the same controller may be used to support various cache sizes. In

order to achieve zero wait state performance, with non-interleaved banks of

SRAM, the cache controller correlates control signals to the banks of the SRAMs

with the system clock Recall that the CDC is used to derive the system clock

signal.

FigureSis a block diagram of the functionality of the cache controller. As
noted above, the CDC provides the timing for the system clock. As noted in
Figure 5, a 2X clock signal 501 is provided to CDC 510, where it is converted into

aiX signal by 2X to 1X converter 504. Means for converting a 2X clock signal to a
1X clock signal are known in the art, Any such well known means may be
utilized. The signal from the converter 504 is then provided to a delay equalizer
element 505. The delay equalizer element 505 introduces prescribed delays to
create a 1X clock signal 502 that has zero delays with respect to cache control

signals 507. The 1X clock signal is then provided to a microprocessor 503.

The 2X clock signal is used to drive control signals 507 for the cache

memory 506. The 2X clock signal is provided to a cache control signal generation



210 or slave devices 211. A master device is one that can drive and control
the PCl bus 209. A slavé device is one that responds to requests froma
mast er device on the PCl bus 209, or from another conponent defined as a
master, that nmay be physically |ocated on another bus. Finally, an |ISA bus
212 is used to couple | SA conpliant devjges. The present invention is
directed towards the cache controller portion of the CDC 202. However, it
woul d be apparent to one skilled in the art that the present invention

coul d be pragdd 508 The cacHe TohfOEsigAARMRRItioMaams/588 gdnefatas eathionent with
even greater functionality. The present invention may be practiced as

ei ther a foonstolsignals. Tire cuipoh of treveicheadndrol sigred generation mease 508 is
invention is directed towards a cache systemthat is external to the

m cr opr océbenprovidedito adelayequalipereflement S8Hbbae delay, equalizeneleanent309%e a
second | evel cache. This is because the m croprocessor supported in the

pr ef er r ed isusrdifoEarechior shewing ofrantralsignalseul efthe caghgcontiplsignal ¢

wi |l becone apparent to e skilled in the art to practice the present

i nvent i on &3¢ t}qx?g'teqr@\ﬁgg. cache. Signal Interfaces Figure 3 illustrates
the interface nodul es and signal interfaces for the CDC

While the currently preferred embodiment of the present invention
utilizes a 2X clock signal to drive the cache control signal generation means 508,
it would be apparent to one skilled in the art to use other clock signals of
different frequencies. What is key is that the cache control signals have a zero
delay with respect to the system clock This is termed a correlated clock scheme.
The manner in which the correléted clock scheme is achieved in the currently

preferred embodiment is discussed below.

Correlated Clock Scheme

The correlated clock scheme provides for correction of skewing that may
occur with respect to the provision of control signals out of the CDC. This
skewing occurs because of inherent delays resulting from the circuit path also of
the various control signals going through the CDC chip. In order to improve
performance, these skews must be corrected. By correcting for this skew, timing
of signals can be more precisely controlled. This precise control, and by clocking
the cache control signals at a 2X clock, zero delay in the provision of a system

clock signal and the cache controller signal is achieved.

The correlated clock scheme has several premises. These include:

1. The system clock generation is done on the chip.



conponent of the currently preferred enbodinent. Referring to Figure 3, a
host CPU interface nodule 301 is used to couple to the host processor.
Specific signals are provided to an upgrade processar via -12- upgrade
processor interface nodul e 302. An upgrade processor is one that replaces
an original processor. An upgrade processor provides enhanced performance
with over the original processor. The-pg&che control Interface 303 is used
to interface with the banks of cache nenory. DRAM Control Interface 304 is -
used to interface with the system-DRAM PCl |ocal bus interface 305

provi des an i &t er f St dejay between anyinputancbresuliing cuiput g integmtpdovi des
systemclock signals, as,well as recgeiving a 2X clock sigpal. Finally DPU
control interface ﬁ?“ﬁr“é%’&é‘évéwM&%‘Vfaéc%recsb‘étq‘fégﬁmﬁ“ﬂl 2C'YINg he chi pset.

4 198 bl ock o agy TSP eBratiieHRLTs AV IHERC cache cont ol ier o
interface sigpals i fhddi2igii tGGutBh SEnSIPRAIEH the sHife S WiMdde Enabl e
the same variations due to the manufacturing process, operating
temperature and voltage.
4. Output signals which share common or similar circuits and are
derived from a common input sfgnal will have identical delay
characteristics and minimal skew with respect to each other. This
skew will remain small across process, temperature and voltage
variations because intrinsic circuit delays will "track” each other in

the given circuits.

Using the premises, the circuit paths of the control signals are modified to
eliminate the skew in provision of the control signals. Skew is undesirable since
it causes timing delays which require the introduction of wait states. Wait states

degrade system performance.

Correlation of the timing signals of the currently preferred embodiment
has been achieved through iterations of timing simulations and the introduction
.of gate delays in particular circuit paths. First, the control signal with the longest
delay is determined. When this is determined, the circuit path for other control
signals may be extended as needed. This extension may occur by for example,
introducing pairs of inverters into the circuit path of the control signals. Such

~ means are illustrated above in Figure 5 as delay equalizer elements 505 and 509.



signal s (CWE3#, CWE2#, CWE1l#, CWEO#) and the chip output enable signal
(COE#) are coupled to each of the banks of SRAMs, bank 401 and 402,
respectively. A chip select signal (CCS1# and CCS2#, respectively) are
coupled to enabl e each of the banks 401 and 402. . The tag portion of each of
t he banks of SRAMs, here illustrated at 403 and valid bits 404, are coupl ed
to receive the wite enable (TWE#) and4gutput enable (TOE#) signals. The
wite enable signal allows the tag portion to be updated. The output enable
signal allows the contents of the tag portion to be read and used. The tag

porti ons AganezOrddriFediction404 are al so coupled to tag fields of the
address provided by the processor (HA[31:2]). Dirty bits 406 correspondi ng
to lines in thaddeedsorder ?Fﬁﬂifhtian pronddds barstimgodk ttdrsferaof cachesiatndi ng | i ne
in the SRAM has been noditied. This is controlled by the signals DWE#,

DI RTYD ANNofs fRav¢he bust mederofitransfer is adraturgdf éhe dnteidB8 familyoh (18:4) are
coupled to, the banks 4Q1 and 402 for, acces?i ng | ocations jn the cache
banks. Fimmrpﬂoqﬁéog%@éem%l%ﬁ pygvides for fast transfer of data based on a

provided address. Nate that in known implementations, the device must still

read the address of all the data to be accessed from the address bus.

Ideally, the burst mode of operation uses 5 clock.cycles, two for obtaining
the first data, and each of the next data provided in the next cycle. A prob]em in
supporting bus mode transfer is that an address provided by the CPU may lag
the time needed for reading or writing the data. Address Order Prediction
eliminates the need to look at every address. A prediction is made based on an
observation of data addressing patterns by the '486. What are examined are the
second and third low order address bits (ie. A2 and A3) of the first address. This
is because the bits A0 and A1 are ignored by the microprocessors of the currently
preferred embodiment (e.g the Intel486) for cache line addressing purposes. For

" the particular values of A2 and A3 a corresponding first address pattern is

identified. This correspondenceis; -

00 = 0
01 = 4
10 = 8
11 = C

Recall that the cache is addressed as lines of double words (ie. 4 bytes).
So the first doublewbrd is at line address locations 0, the second doubleword at
line address locations 4, the third doubleword at line address location 8 and the
fourth double word at line address locations C. From the identified first address

the corresponding sequence of addresses is as follows:



enabl e signal (CALE) is coupled to a latch which is used to create
addresses on a cache address bus (CA[ 18:41). Cache Systemof the Currently -
Preeferred Enbodi ment In the currently preferred enbodinent, a first |evel
caching systemis integrated into the preferred ' 486 m croprocessor. The
cache organization is a 4- way set asso hative and each cache line is 16
bytes wide. The first |evel cache_nennf@ 1s physically split into four
2- Kbyt es bl ocks each containing 128 |ines. Associated with each 2-Kbyte
bl ock are 128 21-bit tags. The tggs aje usgd tod dentify the contents of a.
corresponding entry in the cache nenory. The witing strategy used is
wite-through. Further details og theg Integ486girst |evel cache nmay be
found in the publication M croprocessors Volune-1, available fromthe Intel
Corporation via Intel LiteraturegSaleg P.@ . Bax 7641, M. Prospect, IL
60056- 7641. The second | evel cache is a direct map, where each cache |line
is 16 bytes wide. The cache may k& 648Kbytds to0512 Kbytes in size. The
wite strategy nay be either wite through or wite back Witing strategies
are di scussed bPucifsegueacesoceur herause a memoyy padrass may eedu@Et apjpointe
witing strategy for the second | . : .

in the cache line. The appropriate data is then accessed according to the

appropriate address sequence and provided on each subsequent processor cycle.

'Timing Diagrams

What follow are descriptions of tirﬁing diagrams for various cache
operations. They are not meant to be exhaustive, but merely representative of
operations of the code system. Note that in order to fully convey the sequence of
‘operation, sighals not generated by the cache controller have been included.
Also, all the signals for the cache controller are jllustrated but may not have use

for a particular operation. Again this is done for the sake of completeness.

Figure 6 is a timing diagram for a level two Cache Hit Read at Zero wait
states. Level two Cache Hit Reads are handled the same way whether the level
two cache is in Write Thorough or Write Throuéh of Write Back mode. The cycle
is initiated by ADS# 601 and terminated by BRDY# 602. The ADS# 601 signal is
provided by the processor, whereas the BRDY# 602 signal is generated by the
CPU interface portion of the CDC (as illustrated in Figure 2). Note that the
BRDY# 602 signal is used for burst mode accesses. Tag comparison is completed
before the falling edge of the T2 clock cycle 603 to determine whether it is a cache
Hit or Miss. If it is a Hit, BRDY# 602 is generated in the middle of the T2 clock
cycle, on the falling edge of CLK1 604 and is sampled by the CPU at the end of
the T2 clock cycle 603. The subsequent DWORDS in the Burst read are sampled



| evel cache may be different then for a first |evel cache. However, an

I npl ementation of a first and second | evel caches using wite back
strategies is not supported. In the wite-through strategy, every hit
operation to the cache is -14- acconpanied by a wite of the sane data
to main nenory. In a wite back strategy, the cache is updated during the
wWite operation, but actual nmain nenory%s updated when the line is

di scarded fromthe cache. The cache controller portion of the CDC provides

ooty (R el Atk AR B SR
S onenr on iR NEng 1AV IR BiRe AR Tag Al AR ifBiees' 0 00 |
non-inter J:&%Eﬁoﬁé&ﬂggggﬁgﬁmm.i h &%Uraéh@gy ﬁ%ﬁ@dﬁ?r&ﬂﬁﬁf&kéﬁnﬁgﬁy be

used to support var ache sizes. In or chieve zero wal t” state

per f or mantRe GALE sipaial 608 Rrdsedtedatehrtiie CPU S8Mikess iRto erEiRalpaspAre Rl
correlates control signals to the banks of the SRAMs
latches. The lower address bits CA(3:2) 606 are driven directly by the CDC

utilizing the Address Order Prediction described above.

Figure 7 is a timing diagram of a level two cache hit Write at Zero wait
states in the level two Write Through mode. The cycle is initiated by ADS# 701
and completes in zero wait states due to write posting at the DPU (from where
the data will be subsequently written to DRAM memory) RDY# signal 704 is
asserted back to the CPU in the T2 clock cycle 702. As in the case of the Hit Read,
the Tag comparison is completed before the falling edge of the T2 clock cycle :701
and is used to determine whether the CWE[30]# signals 703 need to be activated
in the T2 clock cycle 702. If it is a Hit, CWE[3:.0] # are asserted during the second
half of the T2 clock cycle and the level two cache line is updated at the same time
that it is posted in the DPU. The CDC then initiates a DRAM write cycle which is
completed a few clock cycles later using the posted address in the CDC and the

posted data in the DPU (timing of the DRAM write cycle is not illustrated).

Figure 8 is a timing diagram of a Level two cache Hit Write at Zero wait
states in the level two Write Back mode. The cycle is very similar to the level two
Write Through case, except that the CDC does not initiate a DRAM Write cycle
immediately. The new data is written into the level two cache line and the Dirty
bit corresponding to that line is marked "Dirty” to indicate that the data is
different form the data in DRAM. The DIRTYD 801 and DWE# 802 signals are
used for this purpose. The DWE# signal 802 has the same timing as the



with the systemclock Recall that the CDC is used to derive the system
clock signal. Figure 5 is a block diagramof the functionality of the cache
controller. As noted ahove, the CDC provides the timng for the system
clock As noted in Figure 5, a 2X clock signal 501 is provided to CDC 510,
where it is converted into a 1X signal by 2X to 1X converter 504. Means for
converting a 2X clock signal to a 1X clQck signal are known in the art. Any
such well known neans may be utilized. e signal fromthe converter 504 is
then provided to a delay equalizer elenent 505. The del ay equalizer el enent

505 intro . r t i .hat has
zero del am?'ﬁf#‘ra%%pﬁe@faq i gﬂ(};‘%ﬁe‘}a&’}%}[& rggla%g%%élb?%?hé%ﬁgiﬁlggsi gnal
s then Pigrfigfichds Jaffl ShARRACE ABEIhat1S bl issertbd b : ' to
drive contlro SI gﬁgfsa@%%hgoﬁ?ﬁe cac%(el rree_rmry 506.%%%??@#%?@?%%& IS
provi ded h@aifstads Bpcle ONd Qatasis podte IR eI PUYor thiBW@oW}?cle.T_he cache
control signal generation neans 508 generates cache control signals. The
out put of the cache control siYnal generation means 508 is
As becomes clear form the above timing diagrams, the cache control
signals must be precisely aligned with the system CLK1. Although not
illustrated, the cache control signals ax_'é-triggered according to the 2X clock signal

provided to the CDC. Given this clocking along with the close signal correlation

described above, zero wait state performance can be achieved.

Thus, a zero wait state system memory cache, utilizing non-interleaved

banks of SRAM has been disclosed.



then provided to a delay equalizer elenment 509. The del ay equalizer el enent
509 is used to correct for skewing of control signals out of the cache
control signal generation nmeans 508. While the currently preferred

enbodi nent of the present invention utiléjgz_es a 2X clock signal to drive the
cache control signal generation neans 508, it would be apparent to one
skilled in the art to use other clock signals of different frequencies.

What is key is that the cache control signals have a zero delay with
respect to the systemclock This is ternmed a correlated cl ock schene. The
manner in which the correl ated cl oclAPRENDEXIA achieved in the currently
preferred enbodi nent is discussed below. Correlated C ock Schenme The

correl ated clock schene ACHEDRAM CONTROLLERSIGNMLSy t hat may occur
with respect to the provision of control signals out of the CDC. This

skewi ng occurs because of inherent delays resulting fromthe circuit path

al so of the various control sigpals I.n hroyugh {he CDC chip. In order to
i mprove perfornance these qkpgﬁo%gﬁgl‘m&r}ﬁ H{S By car rpc& ng for this
skew, ti mjFnbbignaljalByran|be nore preci sel YPesswptian ed. This preci se
control, 4ndNamel odki ng the¢ cache control signals at a 2X clock zero del ay
in the pr¢QRURSTof [DutyritefiThe CPU reset signal forces the CPU to begin execution
at a known state. The CPURST signal is asserted
whenever the PWROK signal is low, or the CPURST is
enabled through the TRC register. When the CDCis
programmed for a CPU type other than an upgrade
processor, this synchronous signal is also asserted
whenever the SRESET# signal is active or a shutdown
cycle is detected. The CDC insures at least 1 use wide
CPURST pulse width, however 1 msec power-on reset
pulse width requirement of CPU must be satisfied by
the PWROK signal inactive time.

Al31:2] Input/ | Al312]are the address lines of the CPU. A[31:2},

Output | together with the byte enables BE[3:.0]#, define the
physical area of memory or input / output space
accessed. A[31:4] are used to drive addresses into the
CPU and secondary cache to perform cache snoop
(inquire) cycles. A[3:2] are not used by the CPU during
snoop cycles, however they are driven low by the CDC-
-instead of allowing these signals to float.

BE[3.0}# Input The byteenable signals indicate active bytes during read
and write cycles. BE3# applies to D[31:24] BE2#
applies to D[23:16], BE1# applies to D{15:8] and BEO#
applies to D[7:.0]

HLOCK# |Input The bus lock signal indicates that the current CPU bus
cycle is locked. HLOCK#, driven by the CPU, normally
goes active in the first clock of the first locked bus cycle
and goes inactive on the last clock of the last locked
cycle. HLOCK# goes active for read-modify-write
operations. A locked operation is a combination of one
or more READ cycles followed by one or more WRITE
cycles.

For the upgrade processor before a locked cycle is
generated, the upgrade processor checks if the line is in
M state. If it is the upgrade processor does a write back
and then runs the locked cycle on the external bus.




cl ock signal and the cache controller signal is achieved. The correl ated
cl ock schene has several prem ses. These include: 1. The system cl ock
generation is done on _the chip. -16- 2. The del ay between any i nput
and resulting output on an integrated circuit chip can vary widely as a
result of the manufacturing process, operating tenperature and voltage. 3.

Al'l input signal to output signal-pathspyen the sanme ship will have the sane
variations .due to the manufacturing process, operating tenperature and

vol tgge: 4. “Qut put signals which share common or simlar circuits and
are deriy

_ PE pseuBbabckvsighal indecat ékthiat ¢l cufedr&)CPU
characterji stics an b%gé’in%éﬁbﬁ fds rhereafh GidBls cydlesoskew wi | |
remain srfal | acrossj process 'cth‘;EiBF‘er. aé;ééhg%l %féeéﬁ BperatirisHre AbatiRgcausie
intrinsiq circuit delays w lpointtlfa?\(él?'eag RS 6 bits), segment table
descriptor reads (64 bits), and upgrade processor cache
line read and write-back cycles (256 bits). The PLOCK#
is driven active until the addresses for the last bus cycle
of the transaction is driven.

M/IO# Input The memory /input-oufput, data/control and wrife/read
D/C# Input lines are the primary bus cycle definition signals. The
W/R# Input following table describes the bus cycles.

M/1I0 D/C# W.R# Bus Cycle Initiated
Low Low Low Interrupt Acknowledge
Low Low High Halt/Special Cycle
Low High Low -I/O Read
Low High High 1/0 Write
High Low Low  Code Read
High Low High Reserved
High High Low  Memory Read
High High High Memory Write

ADS# Input The address input indicates that a valid bus cycle
definition, byte enables and addresses are available on
their corresponding pins.
RDY# Output | The non-burst ready output indicates that the current -
bus cycle is complete. RDY# indicates that the system
has presented valid data to the CPU inresponse to a
read, or that the system has accepted data from the CPU
in response to a write.
BRDY# Output | The burst ready output performs the same function

. during a burst cycle that RDY# performs during a non-
burst cycle. BRDY# indicates that the system has
presented valid data in response to a read, or that the
system has accepted data in response to a write.




the given circuits. Using the prem ses, the circuit paths of the control
signals are nodified to elimnate the skew in provision of the control
signals. Skew is undesirable since it causes timng delays which require
the introduction of wait states. Wait states degrade system performnce.
Correlation of the timng signals of theycurrently preferred enbodi ment has
been achi eved through iterations of ti rr?:?lg sinmul ati ons and the introduction

of gate delays in partlcular CII‘CUIt paths First, the control signal with

For of ol HHH of JONEE TP U g
for other %‘f' [ s! gq'i ‘é‘bacl'(‘ﬂ '0 ?gﬁal‘fﬁh?er.r{hg T pat h
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occur by |for exanplje, int oa

of the cqdntrol sirrgnal s. nSLE I’fn%ig%ﬁmrlénleg f&gl?f(? ﬁ*gb cPtot ﬁu% th gat "
del ay eqyalizer el gnents 5Q% he sys e resiiPe @rcg‘a? i on
i

Address drder predifction piseadibsayailable apdtheredsamassi B3¢,
lock If a bus cycle was in progress when BOFF# was

asserted the cycle will be restarted by the CPU from
where it left off.

For the upgrade processor, if a dirty line write-back due
to an external snoop is pending within the processot, it
will be sent out after BOFF# is negated, but before the
interrupted cycle is started.
AHOLD Output | The addresshold output signal forces the CPU to float its
address bus in the next clock. The CDC asserts this
signal in preparation to perform cache invalidation
(i486SX, i487SX, i486DX, 1486 DX?2) or cache inquiry
(upgrade processor) cycles. The CDC always drives the
address on the host bus starting from the third clock on
which AHOLD is asserted and continues to drive the
addresses until AHOLD is negated.
EADS# Output | This signal indicates that a valid external address has
' been driven onto the CPU address lines. This address
will be used to perform an internal cache invalidate or
cache inquire cycle.
KEN# Output | The cacheenable output signal is used to indicate
whether the current cycle is cacheable in the CPU
internal (primary or first level) cache.
PWT Input The page write-through input signal indicates the current
memory cycle can be cached in the secondary cache -- if
enabled -- in the write-through mode.
PCD/ Input The page cachedisable input pin when active indicates
the current cycle can not be cached in the secondary
cache during a cache line fill operation. When PCD is
asserted the lien will not be cached in L1 or 1.2.
HITM# Input The hit modified cache input pin indicates that a hitto a
/DIRTYQ modified data cache has occurred. HITM# is sampled

. |two clocks after EADS# is asserted.




Note that the bust node of transfer is a feature of the Intel 1486 famly
of . m croprocessors. Essentially, it provides for fast transfer of data
based on a provided address. Note that in known inplenentations, the device
must still read the address of all the data to be accessed fromthe address
bus. Ideally, the burst node of operatiﬁg uses 5 clock cycles, two for
obtaining the first data, and each of t next data provided in the next
cycle. A problemin supportlng bus node transfer |s that an address

provi ded - v fre

dat o Ad djei; %%E ge' STt ?cﬂll?t M%‘AE Qloﬂ E’dﬂ}ﬂle st EDS# ‘Hnﬁl
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address phttern is jdentifijahd CAGCHES togeferd Breginning @dhe snoop wiited 1 =

4 10 = 8 back is identified by the ADS#, W/R#, CACHE# and
HITM# being active together.
INV Output | The invalidate output signal specifies which final state
/DWE (invalid or shared) a cache line will transition to in the
event of a cache hit during an inquire cycle to the CPU.
INIT Output | The initialization signal forces the CPU to begin

execution at a known state. The processor's internal
state is the same as the state after RESET, except that the
internal caches, machine check registers and floating
point registers retain whatever value they had prior to
INIT. INIT is asserted by the CDC whenever SRESET#
is sampled active a shutdown cycle is detected ora
warm reset sequence is initiated through the TRC
register. The CDC ensures a minimum pulse width of 4
clocks for the INIT signal.

Level 2 Cache Control Interface
Pin/ Signal | Type Description
| Name :

LCA[3:2] Output | The cache address [3:2] signals generate the burst

sequence required by the CPU during secondary cache
HCA[3:2] accesses. The CDC latches the starting burst address
and internally generates subsequent dword addresses
for the entire cache line. These signals are correlated to
the clock A separate set of CA[3:2] signals is provided
for he lower bank and higher bank so as to keep the
captive loading constant on LCA[3:2] and HCA[3:2]

CCs1# Output | The lower bank cache chip select output signals indicate
that the lower cache data bank is selected for the current
cache operation.

Cache Size Address range for LCCS# active
64k 0-32k '
128k 0-128k

256k 0-128k

512k 0-512k




S

- 11 = C Recall that the cache is addressed as |ines of double words
(i.e. 4 bytes). So the first doubleword is at |ine address |ocations 0, the
second doubl eword at |i-ne address |ocations 4, the third doubleword at |ine
address |l ocation 8 and the fourth double word at |ine address |ocations C.
Fromthe identified first address the correspondi ng sequence of addresses
Is as foll ows: 0 4 8 Cc4 0 C 8 8 C 0 4 C 8
4 0 Such sequences occur because a rrBﬁrory address may occur at any point
in the cache line. The appropr| ate data is then accessed according to the
appropri gte_address, 2 d—praN aG
cycle. Ti|llee®i agrlaM¥tpHbs 6| ‘V [mE iR Ne P8R8 ;
vari ous dache which cache data bank is selected for the current cache
operation. Selected secondary cache size defines the

-} address range in which these signals are driven active.

Cache Size dress e

5 for

64k 32k-64k

128k not active’
256k 128k-256k
512k not active

CWE[30# | Output | The cache write enable output signals provide byte wide
write capability to the secondary cache during cache
line fills or cache write hits.

COE# Output | The cache oulput enable output signal is used to perform
read cycles from the cache data SRAMs. This signalis
connected to the output enable pins of the cache data
SRAMs.

CALE Output | The cache address Jatch enable output signal provides the
proper control timing to the latches that create the cache
address bus CA[18:4] from the host CPU address bus
Al18:4].

TWE# Output | The tag wnite enable signal is connected to the tag SRAM
write enable (WE#) pin. TWE# is active during CPU
read-miss cycles when the cache is updated.

TOE# Output | The fag output enable signal controls the output enable
pin of the tag SRAMs. When active, tag address and
valid bits are driven into the CDC. This signalis
normally active, and driven inactive only durm gtag
update.

VALID Input/ | The valid signal indicates the validity of data in the
Output | cache data SRAMs on a line by line basis. VALID is
used along with the tag address to make the cache
hit/miss decision by the CDC. If sampled low during a
CPU memory read cycle, data is not valid in the cache.
During an invalidate cycle, the VALID signal is forced
low indicating data is not valid.

When Valid is sampled 0 during the rising edge of
PWROK then the CDC enters the test mod defined by
TAl7:4]lines. When valid is sampled high during the
rising edge of PWROK the CDC enters the normal
mode of operation.

DIRTYD Output | The dirty-in output signal indicates whether the data in
the secondary cache is being marked as modified. This
signal is connected to the data input of the dirty SRAM.




operations. They are not neant to be exhaustive, but nmerely representative
of operations of the code system Note that in order to fully convey the
sequence of operation,. signals not generated by the cache controller have
been included. Also, all the signals for the cache controller are
illustrated but may not have use for a particul ar operation. Again this is
done for the sake of conpleteness. Fige2ée 6 is a timng diagramfor a |evel
two Cache Hit Read at Zero wait states. Level two Cache Hit Reads are
handl ed the sanme way whether the |level two cache is in Wite Thorough or
Wite Thi&lUgMsf W] Outpatic kThe dity-out signal mdicates whethegths daedp thel 4nd

t er mi nat ¢ IMRIBRDYH 602. TheectdsiargCacke wasimagkest asmudifies. This signatedsor,
wher eas the BRDY# €02 si gnhis conngetest i the dgtatchutp@hRbf thetdirty&deAMbrt i o of
the CDC (INV 1T UST r[aDeépatl | The Wity Bit witd éndblalodtpat SgRatgddPactivenal i|s
used for |y wiggT0ds aCCESS“WheﬁQHeWEbb§QWI§TE jeftoRt elaeéaﬁ@aﬁyh

falling ¢dge of thgq T2 cl ogk, &) o REiRc dche
Ht or MTss. | f it isaH|1in %k .I.I' o'-“ ate |nt@tég}ﬁ tihe T2
cl ock cy¢-e-—on ; e—o+— 1% SEd 24 Fp-ee fe—cRY at
the end $TAKDIT2 d Inp tdy¢LE %ﬁad% §lﬁ9§§ﬁf§rﬂ" s rﬁﬁ"t qto #5188 | ead
are sanplled Output SRAM data bus. The following table defmes the

relation between tag address and CPU address as a
function of the secondary cache size. This mappingis
performed is performed by the CDC based on the cache
size configuration.

Cache Size TAI7:0] corresponds to..

64 KBytes - Al23:16]
128 KBytes Al24:17]
256 KBytes - Al25:18]
512 KBytes Al26:19]

These pins are also used as inputs to define strapping
options and test modes of the CDC. TA[7:4] signal
levels are sampled at the rising edge of the PWROK
signal to define the test mode. Refer to section 5
“Testability Considerations" for a description of the test
modes supported by the CDC. Similarly, TA[2:0] signal
levels sampled at the rising edge of the PWROK signal
to define the strapping options described below:

Signal" Strapping options
- TA[1:0] Host CPU speed, HCS register bits (1.0}
TA2 Cache read /write wait state, SCC bit [2].




-19- at the end of consecutive clock cycles to conplete the Burst read in
2-1-1-1 clock cycles. During level two Cache H't Reads the Tag Valid and
Dirty bits corresponding to the DRAMS in cache nenory being read, renain
unchanged. The CALE signal 605 is used be.latch the CPU address into
external transparent |atches. The | ower address bits CA(3:2) 606 are driven
directly by the CDC utilizing the Address Order Prediction described above.
Figure 7 is a timng di agram ofDRAMEbntrebinterfaee hit Wite at Zero wait
states in the level two Wite Through node. The cycle is initiated by ADS#
701 and conpletes in zero wait states due to wite posting at the DPU (from
wher e t hg Biay Bighal b&‘ypebSequentIy written Des@fptibmenory) RDY# signal 704
is assertled Naagie tojthe CPU in the T2 clock cycle 702. As in the case pf
the Hit AOTE 1RO RPERd ThedNultple 4-;'_3;-,:‘ ge! 'Y-‘!g ; I Bfovides FOW RPC
the T2 cliogskK1A¥F! © VSt mj 'c%l ﬂ _11 HED e’%mg]#
signal s %ﬁﬁﬂ?@-@t gl ' I's al Ht,
CWE[ 3: 0] are 'a]sserte(} urli é Ro Mt cey{:é e ahd
the | evel] two cache l‘%‘d %@% ‘i‘ g '
e b

line is ‘a‘% dpost edjin

the DPU. {The CDC then initi
RAS[3:0)# Output Each Rowaddresssbobe output signal corresponds to

one DRAM row of eight bytes. These signals are used
to latch the row addresses on the EMAQ, OMAGQ and
MAI10:1] bus into the DRAMSs. These signals drive the
DRAMs directly, without any external buffers.

CAS[70]# Output | Column address strobe output signals are used to latch
the column addresses on the EMAO, OMAOD and
MA[10:1] bus into the DRAMs. CAS [70}# correspond
to byte lanes 7.0 of the eight bytes wide, two way
interleaved, DRAM array. These signals drive the
DRAMs directly, without any external buffers.

WE#/ Output | The write enable output signal is externally buffered to
MR/ Wit drive the write enable (WE#) inputs of DRAMs.
PCIRST | Output | PCI Bus Reset forces the PCl interfaces of each device to

a known state. The CDC tri-state all of its bi-directional
and open collector PCI signals, and drives REQ# and
MEMACKH# signals to their inactive states. PCIRST is
driven during power up and when hard reset sequence
_ is initiated through the TRC register.

ADI[31.0] Input/ | PCI address signals. When the CDC acts as a master on
Output | the PCI bus, the AD[31:0] signals are in the output
mode, during the first PCI clock period of a local bus
cycle AD[31:0] contain physical address. During
subsequent clocks the AD [31.0] lines are floated by the
CDC. When the CDC acts as a target on the PCI bus the
ADI31.0] signals contain the Address during the first
clock and data subsequent clocks, but the data path for
PCl initiated cycles to the CDC is not through the CDC.




conpleted a few clock cycles later using the posted address in the CDC and
the posted data in the DPU (timng of the DRAMwite cycle is not
il{ustrated). Figure 8.is a timng diagramof a Level two cache Hit ‘Wite
at Zero wait states in the level two Wite Back node. The cycle is very
simlar to the level two Wite Through c_al?@, except that the CDC does not
initiate a DRAM Wite cycle imedi ately. The new data is witten into the

| evel two cache line and the Dirty bit correspondi ng to that line is marked

"Dirty" to[gEye M—The
DI RTYD 801 ?r{? %@3 QEHEEI@%I Qfs@vﬂléh si ghal
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mpiand encoding and types are hsted below

C/BE[30kit

0000
0001
0010
0011
0100
0101
0110
0111
1000
1001
1010
1011
1100
1101
1110
1111

ng di agrang,
yst em CLK1

Interrupt Acknowledge
Special Cycle
1/0O Read
1/ O Write
Reserved
Reserved
Memory Read
‘Memory Write
Reserved
Reserved
Configuration
Configuration Write
Reserved
Memory Write and Invalidate
Memory Read Long
Postable Memory Write

FRAME# Input

Output

Cycle frame is an output when the CDC acts as a master
on the PCI bus. FRAME# is driven by the CDCto
indicate the beginning and duration of an access.
FRAMEH is asserted to indicate a bus transaction is
beginning. While FRAME# is asserted data transfers
continue. When FRAME# is deasserted the transaction
is in the final data phase. FRAME# is an input when
the CDC acts as a PCI slave. When the CDC acts asa
target on the PCl bus it latches the C/BE[3.0] and the
AD[31:0] signals on the clock edge on which it samples
FRAME# active. _
Targetready is an input when CDC acts a master on the
PCl bus. Assertion of TRDY# indicates the target
agent's ability to complete the current data phase of the
transaction. For read cycles TRDY# indicates that the
target has driven valid read data onto the PCl local bus.
For a write cycle TRDY# indicates that the target is
prepared to accept write data form the PCl bus. TRDY#
is an output when the CDC acts as a PCl slave.

TRDY# Input

Output




illustrated, the cache control signals are triggered according to the 2X
clock signal provided to the CDC. Gven this clocking along with the close
signal correlation described above, zero wait state performance can be
achieved. Thus, a zero wait state systemmenory cache, utilizing
non-interl eaved banks of SRAM has been djscl osed. -21- APPENDI X A CACHE
DRAM CONTROLLER SI GNALS Host CPU Interf&Ce Signals Pin/ Signal Type
Description Name CPURST Qut put The CPU reset signal forces the CPUto

?ﬁglg\/\g& | isll u r atg 3 2N oY 3 WWHel CSe W!er
Wen the |[CDC i s g“E’Pu? ' * 130 e FR DYkt et & pter

PCI bus master's ability to complete the current data
phase of the transaction. For read cycles IRDY#
indicates that the PCI master is prepared to accept the
read data on the following rising edge of the PCI clock.
For a write cycle IRDY# indicates that the master has
driven valid write data on the PCI bus. IRDY# is an
input when the CDC acts as a PCl slave.

LOCK# Input [ Lock indicates and exclusive bus operation and may
Output | require multiple transactions to complete. When
LOCK# is asserted, non-exclusive transitions may
proceed. A grant to start a transaction on the PCllocal
bus does not guarantee control of the LOCK# signal.
Control of the LOCK# is obtained under its own
protocol in conjunction with the GNT# signal. Itis
possible for different agents to use the PCl local bus,
while a single master retains ownership of the LOCK#
signal.

STOF# Input [ Stop indicates that the current bus master must
Output |immediately terminate its current local bus cycle at the
next clock edge and release control of the local bus.”
STOP# is used to disconnect, retry and abort sequences

. on the PCl bus.

REQ# Output | Request indicates to the PCl local bus arbiter that the
CDC desires use of the PCl bus.

GNT# Input | Grant indicates that access to the PCllocal bus has been
granted to the CDC.

PAR Input | Parity is driven by the CDC when it acts as a PCI

Output | master during address and data phases for a write
cycles, and during the address phase for a read cycle.
When the CDC acts as PCI slave parity is driven by the
CDC for the data phase for a PCl read cycle. Parity is
even parity across AS[31.0] and C/BE[3:.0}. The CDC
does not do any parity checking
SERR# Open | System Error signal, when driven by the CDC, indicates
Collecto | that a either a parity error on DRAM or cache has
T occurred or CDC received a target abort. The CDC
output | receives the parity error indication fro the DPU

pin | (DPUPE#), qualifies it with the cycle type and if there is
a parity error it is signaled through the SERR# signal.
SERR# is also pulsed if the CDC . Receives target abort
on a CDC initiated PCl cycle




programmed for a CPU type other than an upgrade processor, this synchronous -
signal is also asserted whenever the SRESET# signal is active or a shutdown.
cycle is detected. The EDC insures at |east 1 use wi de CPURST pul se w dth
however 1 nmsec power-on reset pulse width requirenment of CPU nust be

satisfied by the PAROK signal inactive t# Al 31: 2] I nput/ Al 31:2]are
the address lines of the CPU A 31: 2] (gﬁt together with the byte

enabl es BE[ 3: 0] #, define the phy5| cal area of nenory or input/out put space

accessed. MHPYSELRTC THEEE @é%éevs“e@&%éﬁ%%nwaﬁal&&%s WA FPe] Sltanaany
cache to perform caghg, SIHE Jdéeneg RbcGUE ?éaaélr < stﬂe fRd by dhe -
CPU during snoop cydl és x%n ltyé n 8 dom éead -
of allow ng these S|gnalstJ 'r%

signal s indicate actjive byte¢ B% 5\{"5 8C EHGS'[O-
D[ 31: 24] BE2# applids to D[ pAs@)in Bihsyr 2 y evé?ﬁjo’é %

has been se ected
FLSHREQ# | Input | Fush Request signal instructs the CDC to flush its CPU

- to PCI posted write buffers and disable further positing
to these buffers as long as the FLSHREQ# remains
active. The CDC acknowledges completion of the write
buffer flush operation by asserting the MEMACK#
signal. This signal is driven by the expansion bus
bridge; and used to avoid dead-lock conditions on the
PCl bus.
MEMREQ# | Input | Memory request signalinstructs the CDCto flushiits
host to DRAM and host to PCI posted write buffers and
keep the host CPU under address hold (AHOLD) as
long as the MEMREQ# signal remains active. The CDC
acknowledges completion of the flush operations by
asserting the MEMACK# signal. This signal is driven
by the expansion bus bridge, and used to provide
minimum access latency during ISA master to DRAM
cycles.
MEMACK# | Output | Memory acknowledge 51gna1 indicates completion of the
operations requested by an active FLSHREQ# and/or

MEMREQ# signals.
DPU Control Interface
Pin/ Signal | Type Description
‘Name
DPUPE# Input | DPU Parity Error signal indicates that a DRAM or cache

data parity error has occurred during a data read
operation. DPUPE# is active for one clock period form
the clock edge at which read data is sampled by the
CPU or PCI master. A parity error on any one of the
four bytes will be indicated as an active DPUPE#,
PCIDP Input | PCI Data Parity signalis an input to the CDC. During
PCI read cycles form the memory or a CPU write to
PCI, the DPU generates an even parity for the PCI data
forwards this information to the CDC through the
PCIDP pin. The CDC combines this data parity
information with the BE[3:]# parity information and
generates the PCI parity -- the PAR signal.




applies to D[ 7.0]. HLOCK# | nput The busl ock signal indicates that
the current CPU bus cycle is | ocked. HLOCK#, driven by the CPU, normally
goes active in the first clock of the first |ocked bus cycle and goes

i nactive on the last clock of the last |ocked cycle. HLOCK# goes active for
read-nmodi fy-wite operations. A locked %Peration IS a conbination of one or
nore READ cycles followed by one or WRI TE cycl es. For the upgrade
processor before a | ocked cycle is generated t he upgrade processor. checks
if the I} : e  back

and t hen ﬁMéP#EE i“om Ifiﬁa t inte ac:glb(;lg%é’f I nput
i (?Esztsfthat datais to be

The pseuglo-l ock signal ind

read or wntten to the PCI bus. When this signal is high,
the data will be read or written to memory. This signal,
with the HSTB# and HW /R# signals also control the
latching to data in the host post buffers and selecting
data from the memory or PCl read buffers.
HW/R# Output | Host Bus Wiite/Read signal is used to distinguish
between host CPU write and read cycles. HW /R#
when low, indicates a host CPU and read cycle. When
this signal is high, it indicates a host write cycle. This
signal along with the HM/P# and HSTB# signals, also
control the latching of data in the host post buffers and
selecting data from the memory PCI read buffers.
HSTB# Output | Host Bus Data Strobe signal is used to control the
latching of data in the host post buffers during write
cycles, and selecting data from the memory or PCl read
buffers during read cycles. When this signal is asserted
during a write cycle, the appropriate post buffer latch
will be enabled on the CLK1 rising edge if selected by
HM/P#.
During a read cycle, HSTB# asserted at the rising edge
of CLK! selects one of the two read latches.
PM/H# Output | PCIBusto Memory/Host signal is the data
source/ destination select for the PCl interface of the
DPU. PM/ H#, when low, indicates that data is to be
read or written by the host bus. When this signal is
high, the data will be read or written to memory. This
signal along with the PSTB# and PW/R# signals, also
controls the latching of data in the PCI post buffers and
selecting data from the memory read buffers or host
_ post buffers.
PW/R# Output | PCI Bus Write/Read signal is used to distinguish
between PCI write and read cycles. PW /R#, when low,
it indicates a PCI read cycle. When this signal is high, it
indicates a PCI write cycle. This sighal along with the
PM/H# and PSTBi# signals, also controls the latching of
data in the PCI post buffers and selecting data from the
memory read buffers or host post buffers.




bus transaction requires nore than one bus cycle to conplete. Exanples of
such operations are floating point long reads and wites (64 bits), segnent
tabl e descriptor reads (64 bits), and upgrade processor cache |ine read and
write-back cycles (256 bits). The PLOCK# is driven active until the
addresses for the last bus cycle of the transaction is driven. MIO#

| nput The nenory/input-output data/cogprol and wite/read D/ C#

| nput lines are the primary bus cycle definition signals. The WR#

| nput following table describes the bus cycles. MIO DJC¢ WR# Bus
Cycl e | niftPSERH Low Quiwut LIGRECT Busribate Strpbe /xigmalis wskrbta controbthe Hi gh
Hal t / Spedci al Cycl e|l Low Hildatchirgwof dath/intke CIlpmst bufieghdutingtihe WideW i t e
High LowW Low CoPe Read |Hygles, Aradseletifyig dafadsemvibe miegioryhieadl buffevs
Menory Read ' or host post buffers during read cycles. When this

' signal is active during a write cycle, the appropriate
post buffers latch will be enabled on the rising clock
edge. During a read cycle, PSTB# active will cause the
appropriate read data o be selected on the rising clock
edge. When PSTB# is deasserted, no change is mead in
the latch control or read data selected.

MH/P# Output | Memory busto Host/PCI signal is the data

source/ destination select for memory interface of the
DPU. MH/ P#, when low, indicates that data is to read
or written by the PCI bus. When this signal is high, the
data will be read or written by the host bus. During
memory read cycles, this signal along with the MSTB#
signal controls the latching of data in the memory read
buffer. During memory write cycles, the MH/ P#,

MR/ W#, and MSTB# signals select either host CPU or

PCI post buffers.
WE#/ Output | Memory Bus Read/White signal is used to distinguish
MR/ W# between memory read and write cycles. MR/ W#,

when low, indicates a memory write cycle. When this
signal is high, it indicates a memory read cycle. This
signal along with the MS5TB# signal, also controls the
latching of data in the memory read buffers and
selecting data from the host or PCI post buffers.
MSTB# Output | Memory Bus Data Strobe signal is used to control the
latching of data in the memory read buffers during read
cycles, and selecting data from the host or PCI post
buffers during write cycles. When this signal is active
during 2 memory read cycle, the appropriate read
buffer latch will be enabled. During a memory write
cycle, the appropriate post buffer data will be selected
as determined by the MH/ P# signal and driven onto
the MD bus. When MSTB# is deasserted, no change is
made in the read buffer control or post buffer data
select.




High Hi gh High Menory Wite ADS# | nput The address i nput
i ndi cates that a valid bus cycle definition, byte enables and addresses are
avai l abl e on their correspondi ng pins. RDY# Qut put  The non- bur st
ready output indicates that the current bus cycle is conplete. RDY#

I ndicates that the system has presented valid data to the CPU in response
to a read, or that the system has accepégd data fromthe CPU in response to
a wite. BRDY# Qut put The burst dy output perforns the sane
function during a burst cycle that RDY# perfornms during a non- burst cycle.
BRDY# i ndi cates that the systenkgga .<??§BEE§14 yid d data in response to a

+ hAa ho o _
read, or n+/ fignaI’ fﬁ!n)qéha - 23

Name
PWROK Input | The powergood input forces all internal register and
state machines to their default state. This input is
asynchronous, but must meet set up and hold
specifications for recognition's in any specification
clock.
SRESET# Input | The soft reset input forces all the CDC's internal state

machines to their default states; however the contents of
the configuration registers remain unchanged. This
input is asynchronous, but must meet setup and hold
. | specifications for recognition in any specific clock.
CLK2 Input | The 2x Clock input is internally divided by two to
generate CPU, DPU and PCl device clocks and driven
out on six clock output signals (CLK1A - CLK1F). A
CMOS level clock signal running at twice the operating
speed of the CDC must be provided on this signal
CLK1 Input | The 1x Clock input provides the fundamental timing
-and the internal operating frequency for the CDC. This
signal is typically connected as a feedback from one of
six clock output pins of the CDC (CLK1A - CLK1F).
| The CDC operates at 25 or 33 MHz clock frequencies.
Most of the external timing parameters are specified
with respect to the rising or falling edge of CLK1.
Maximum skew between the CDC and CPU clocks is +1
nsec. Maximum clock skew between the CDC and the
PCl agents in +2 nsec,
CLK1A Output | These six 1x Clock output signals provide the clock
CLK1F reference for the CPU, DPU, and PCI devices of the

. - | system. The CDC divides the clock provided on CLK2
by two generate these signals. The CLK1 input signal
must be connected to one of these signals - preferably
the one used for the CPU clock.




BOFF# Qut put The backof f output signal forces the CPU to float its
bus in to the—ﬁex{—ﬁoek—t—he—ePU remains in bus hold state until BOFF# is

negat ed. BOF b Rerdl! t a CPU cycle when the systemresource bej
accessed is nl Sitbet 1A Bcen e %21

lock If a busj ﬂﬂﬂ n

be restarted _

\D0
if adirty line wite-back due to LLARYBrnal snoop is pending within the

bl e andg4.here is a possi bi %EEN
rogress when BOFF# was asser} J«gé EEY HRS‘
where it left off. For the :
processor, it will be sent out after BOFF# is negated, but before the

interrupted cycle is started. AHOLD Qut put The address hol d out put
signal forces the CPUto float its, address bus in the next clock The CDC
assertslthis &Fgﬁa?“fﬁﬁsb?téﬁh‘ﬁ%Pﬁﬁl% perform cache invalidation (i486SX,

| 487SX |486DX I 486DX2) or cach ui [1QS or) cycle The CDC
al ways drivedthe 3B ‘é’sséoﬁﬂmltﬁ@vﬁ& %ﬁé"ga? Q?ﬁ\g §ﬁ§‘t h)e t%i rdscl ock on

b) system random access memory;

c) one or more data input devices;
d) ‘one or more data output devices;
e) system clock generation means;
f) a second level cache comprising:
- one or more asynchronous cache memory banks;
- a cache controller comprising: -
independent control means for each of said one or more
asynchronous cache memory banks; and
means for providing control signals to each of said one or
more asynchronous cache memory banks so that they are

correlated to said system clock signal.

2. The computer system as recited in Claim 1 wherein said cache controller is
further comprised of means for predicting subsequent read address from a

provided first read address.

3. A caching system comprising:
a) one or more banks of non-interleaved cache memory means;
b) system clock generation means for generating a system clock signal;
c)  means for correlating control signals to said one or more banks of

cache memory means with said system clock signal; and

(LTI



whi ch AHOLD i s asserted and continues to drive the addresses until AHOLD i s
negat ed. EADS# ThiS@HWHLSBeMzﬁla%Egnal i ndi cates that a valid external

address has been dr U address lines. This RedieSSERY HAS BEEN
used to perform an HUM’“M : ﬂ i-nval i date or cache inqgieﬂ%@l#_
Qutput The cache e | "% gnal _355 used to indicat ,

current cycle is cacheable in the CPU internal (primary or first |evel)
cache. PWI | nput The page wite-through input signal indicates the
current nenorydgycl eams fbﬁgﬁ@ﬂaﬁtgbmrst Hatasfeon<iid ynearhaore bahkeoabl ed - -
in the wite-through node. PCD | nput The page cache di sabl e input
pi n when nomnimerleadd cdche memamymeans.cycl e can not be cached in the
secondary cache during a cache line fill operation. Wen PCD is asserted
the lien will not be cached in L1 or L2. H TM¢ I nput The hit
nodi fi ed cache_j nput. pin indicates that _a hit to a /D RTYQ

modi fi ed Hat a TheRBCINAS sysict Aedeciiq RiMJWyperein said one or more banks

of non-interleaved cache memory means is comprised of asynchronous Static

Random Access Memory devices.

5. The caching system as recited in Claim 4 wherein said system clock
generation means is further comprised of means for generating a 1X clock signal

from a 2X clock signal.

6. The caching system as recited in Claim 5 wherein said means for
correlating control signals to said one or more banks of cache memory means
with said system clock signal is comprised of: |

a first control signal having a greater intrinsic delay than a second control
signé]; and

delay means for delaying said first control signal so that the delay of said

first control signal equals the delay of said second control signal.

7. The caching system as recited in Claim 6 wherein said delay means is
further comprised of an even number of inverters inserted into the circuit path of

said first control signal.

8. The caching system as recited in Claim 5 wherein said means for
providing burst data from said one or more banks of non-interleaved cache

memory means is comprised of

R O A LA



-

two clocks after EADS# is asserted. -24- PCD/ | nput The cache
pin is active al ongThis SlieettHaeBéen ReglacDS# unt i | CACHE# the first
transfer. On line filll - iipnal ity of the CACHE# s ﬂ" s—dentical
to that of PCD signall. Ml be asserted for each h W%)WEECHASIBEEH
fill. During wite-back cycles. E#-3-11 be asserted oply f BEPLAGED i r st
half of the line fill. The begi nning of a wite-back cycle uniqueTy

identified by ADS#, W R# and CHE# t oget her., i nNi of _the sno wite-
back 15 §denti @ed’ HYaRS ERECIGHE S eRGRE 20K SSPaREOBLR AtptarortE
t oget her. _I . Qut put The invalidate output signal specifies which

final st a?gu}/ﬁﬁénd " (invalid or shared) a cache line wll

Lransition to i) tNengxfidfor ProGichif Bt fromf i Pledibrdd Sitdeduene! © to the

addresses in consecutive system clock signal cycles,

9. The caching system as recited in Claim 8 wherein said means for
predicting subsequent addresses from a first provided address is further
comprised of:

a) means for extracting a plurality of bits from said first provided
address; and |

b) means for identifying a predetermined sequence of addresses

associated with the content of said extracted plurality of bits.

10. A method for providing cache control signals in a caching subsystem
comprising the steps of:
a) generating a 1X clock signal from a 2X clock signal;
b) providing said 1X clock signal as a system clock;
c) providing processor control signals based on said 1X clock signal;
d) providing said 2X clock signal to a cache controller; and
e) providing control signals from said cache controller so that there is

zero delay with respect to said system clock and said processor control signals.

11.  The method for providing cache controls signals as recited in Claim 10
wherein said step of providing control signals from said cache controller so that
there is zero delay with respect to said system clock and said processor control

signals is further comprised of the steps of:
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INI'T Qut put zlat%on Si gnal forces the CPU to begin

execution at a kn cessor's internal st gte—is—ihe—sare—as
t:he state after RES t the internal caches, |Tad%iSHEEE HASBEEN
regi sters and float sters retain whatever \al ue RERMAQERd pri or
to INNT. INIT is asserted by t he CDC wi¥never SRESET# i s~ Sampred active a
shutdown cycle is detected or a warmreset sequence isS |nitiat ed t hr ough

mFTTE.Cg;:.g' "o, HeokBmsahl ooty SATLALNT oSl it sl 11
Descri pti b W (PJt put The cache address [3:2] signals
generate ? seq encegnre'qw red by the CPU during secondary cache H
CA[ 3: 21 b) 24éR” Sthe }5&%@%'&&5#@&& BSn&rbasighasPiHat it 1y ess and
internal ly generates s nt dword addresses for The entire cache |ine.

These si ai@hy equal & 5iQ |sé&@ﬁd @ntrol signal; and
c) providing said first control signal and said second control signal

based on said 2X clock signal.

12.  The method as recited in Claim 10 is further comprised of the steps of:
| a) identifying a burst read request;
b) identifying a plurality of subsequent addresses from a first
provided address; and
c) providing control signals for reading data from said first provided

address and said plurality of subsequent addresses.

13. A cache controller comprising

a) receiving means for receiving a 2X clock signal;

b) means for generating a 1X clock signal from said 2X clock signal
and providing said 1X clock signal as a system clock signal; and

c) means for providing cache controller signals having a zero delay

relative to said provided system clock signal.

14, The cache controller as recited in Claim 13 wherein said means for
providing cache controller signals having a zero delay relative to said provided
system clock signal is further comprised of delay means inserted into the circuit

path of cache control signals having shorter delays than the circuit path of other

cache control signals.

* c L M S ra



the clock A separate set of _CA[3:2] signals is provided for he | ower bank
and hi gher bank so as to keep the captive |oading constant on LCA[ 3:2] and
HCA[ 3: 2] . Offidsheet Has BeefRepinatd ' The | ower bank cache chip Sﬁi‘ HEft HpAS BEEN
si gnal s |nd| mﬂ mﬂ‘mﬂ ower cache data bank is selec Efiggum curr@gnt
cache operati Address range for LCCS# ackive

0- 32k 128k 256k -38- 0-128k 512k 0- 512k

-25- CCs2# Qut put The Higher bank cache chip select output signals

i ndi cate which cache data bank is sel ected for t he cur rdent cache operati on.
Sel ect ed5secdittachemsmsralier @s gegitackin ¢laim 14 wherein said delay means is

comprised of an even number of inverters.

16.  The cache controller as recited in Claim 13 is further comprised of means
for providing a plurality of data in response to a burst read request comprised of:

a) means for identifying a burst read request;

b) means for predicting a plurality of subsequent addresses from a
provided first address; |

c) means for providing said subsequent address on consecutive

system clock cycles.

'17.  The cache controller as recited in Claim 16 wherein said means for
predicting a plurality of subsequent'addresses from a first provided address is
further comprised of:

a) means for extracting a plurality of bits from said first provided
'address; and
b) means for identifying a predetermined sequence of addresses

associated with the content of said extracted plurality of bits.
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address range in which these signals are driven active. Cache Size Address
Range for LCCS# active 64k 32k- 64k 128k not active 256k
128k- 256k 512k not actlve CVE[ 3: 0] # Qut put The cache wite
out put signals ' ite capability to peatiie
during cache line fills or cache wite hits. COE# . cachle
‘out put _enabl e out put si gnal is used:to performread cycles e—e-ache
data SRAMs. This signal is connected ¥ the output enable pins of the ‘cache
data SRAMs. CALE Qut put The cache address | atch enabl e out put signal
provi des the proper control timng to the latches that create the cache

bl e

olum s CA[18:4] fromthe host CPU address bus Al 18: 41. TV\E#
pﬁ? "fﬂ@ tag ywit TnT ] TO e LAt

Devnce
105

Keybord
106

Cursor

Control

Device
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Hardcopy
Device
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Display
Device
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wite enable (WE#) pin. TWE# is active during CPU read-m ss cycl es when the
cache i s updated. TOE# Qut put The tag output enabl e signal controls

the output enable pin_of the tag SRAMs. Wien active, tag addre id
bits are driven into the CDC. This signal is normally
inactive only during tag update. VALID | nput/ Th
indicates the validity of data in the Qutput cache dat I ne by

line basis. VALID is used along with the tag address to make the cache
“hit/mss decision by the CDC. If safdBed | ow during a CPU nenory read
cycle, data is not valid in the cache. During an invalidate cycle, the
VALI D signal is forced | ow pndicati ng~data is not valid. Wen Valid is
sanpl ed O during the rising ebger e then the CDC enters the test nod
defined by TA[7:4] lines. When valid is sanpled high durlng the rising edge
of PWROK the CDC enters the nornal
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node of operation. DI RTYD

Qut put The dirty-in output signal

i ndi cat es

whet her the data in the secondary cache is being marked as nodified. This

si gnal

Qut put The dirty-out signal

secondary cache was marked as nodified. This signal is} conn@ePeACED t he
data output of the dirty SRAM st
out put si gnal

cycle to the secondary write-back cache.

goes activ

I NV
e /| DWE#

3/8

VWE# input of the dirty SRAM TA[ 7: 0]

directly connected to t
defines the relation be

is connected to-the data input of the dirty SRAM
i ndi cat es whet her the dat

=206

HI M

THISISHEET HASRBYEN

when the CPU does a WRI TE

Qut put The
Thi s signa
| nput/

-SRAM dat a bus.

CLYRST < —— PCIRST
[?', fe——> AD|31:0)
BE[30)F ) fe——> C/BE[3:0)¢
HLOCK# ——) ——> FRAME#
PLOCK# ——s Gty
M/1O# X > IRDY#
éxg# 7 f——> LOCK#
# k——s STOP#
A HOST pCI ST
Rbve ] CPU e 3 {oCALBUS [ RO
BRDYY < ‘NT?;FACE INTERFACE [, o.n
ks ' l——+ SERR#
o)
AHOLD < e85 L DevsELe
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PW pe—— MEMREQ#
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INIT «— 20~
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VALID «—>
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- function of the secondary cache size. This mapping is perforned is
performed by the CDC based on the cache size configuration. Cache Size
TA[ 7: 0] corresponds to 64 KBytes Al 23: 16

" A[24:17] 256 KBytes Al 25: 18] 512 KBytes i éﬁ¥§] These
pins are also used as inputs to define strapping o tlonsﬂiﬂhﬁ Bs es of
the CDC TA[7:4] signal levels are sanpled at the ri
signal to define the test node. Refer to section 5 "Testability
Consi derations” for a description of the test nodes supported by the CDC
Simlarly, TA 2:0] signal |evels gﬁgpled at the rising edge of the PWRXK
signal to define the strapping options described bel ow. Signal St rappi ng
options TA[ 1:0] Host CPU speed, HCS register bits [1:0]. :
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TA2 Cache read/wite wait state, -27- DRAM Contr ol
Interface Pin/ Signal Type Descri pti
Qut put The mul ti pl exed DRAM addresEaﬁﬁz provi des row and )
col utm address information to the Ext ernal MA[ 10: {] RERLAGED
buffering is required. Two signals provide the | east significant

mul ti pl exed DRAM address |ines, one for even dword (ENAO and one for the
odd dword (QAMD). RAS[ 3:0]# Qut put Each Row addrqgsxstrobe out put signa
corresponds to one DRAM row of eight bytes. These sidgial s are used to |atch

the row addresses on the EMAO, OVAO and MA[ 10:1] bus gnto the DRAMs. These
signals drive the ~
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'DRAMs directly, without any external buffers. CAS[7:0]# Qut put Col umm
~address strobe output signals are used to |latch the col um_addresses. gra-the
EMAO, OVAO and MA[10:1] bus into the DRAMs. CAS [7:0]# CRIISESHEETCHAS BERMN
lanes 7:0 of the eight bytes wide, tw way interl eaved, MREPLAGED Thess
signals drive the DRAMs directly, t hout any external WBuers—EHf
Qut put The wite enabl e output S|g6\|2'§ Is externally buffered to MR Wt
drive the wite enable (WE#) inputs of DRAMs. PClI RST Qut put PCl Bus
Reset forces the PCl interfaces of each device to a known state. The CDC
tri-state all of its bi-directional and open collector PCl signals, and
drives REQ¢ and MEMACK# s nal s t tcgelr I nactive states. PCIRST is driven
during power up and when I‘EI‘P equence is initiated through the TRC
regi ster. AD 31:0] | nput/ PCl addrefg-i.SI gnals. Wien the CDC acts as a

master on CQutpput the PCl, bus, the AD[3 lgnals ar«? I n tlhe out put node,
duri ngom\h{qu-F-'—\ES | o pe
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cycle AD 31:0] contain physical address. During subsequent clocks the AD
[31:0] lines are floated by the CDC When the CDC acts as a target on t he
PCl bus the AD[31:0] signals contain the Address duri rﬁ;,Ifs I and
dat a subsequent clocks, but the data path for PCl inifti ‘t’g’{ «'?Fﬂs fo

CDC i s not through the CDC. -28- /¢ BE[3:0]# | npdts PLACE

and byte enable signals which are Qutput nultiplexed on the sane pins.
During the address phase of a transaction, C BE[3:0]# define the bus
command. During the data phase C/ BE[3:0]# signals are used as byte enabl es.
The byte enabl es determ ne mcf"h QW €1 anes carry nmeani ngful data. PC

| ocal bus conmand encodi ng and types are |listed below C BE[3:0]#
Command Type 205~

| l | | | 1 | !
CLK1 [\ |

I (
!

.n\ﬁ-ADSf

“To4 ~RDY?

N312)
HD{310)]
CA15:4)

Ch32)
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“0000 I nt errupt Acknow edge 0001 ~ Special Cycle 0010

-1 /0 Read 0011 /O Wite 0100 Reserved 0101

JReserved 0110 . Menory Read 0111 : M %@QN
Reserved 1001 , Reserved 1010 Cbnfbgﬁﬁggﬁgizégi
Configuration Wite 1100 Reserved 1101 _ R v \ALLtle
and Invalidate 1110 I\/Ergygy Read Long 1111 Post abl e
Menory Wite FRAVE# I nput Cyclé frame is an out put when the CDC acts as

a master Qutput on the PCl bus. FRAVE# is driven by the CDC to

Fiavre _%

CLx1

ADSS

RDY?
Af312}
HD}319)]
CA15:4]
CARR2)

{chk)

Clsxe

@52~ CWE3 D)

8 or DIRTYQ

Dwes
TA:0)

VALID
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i ndicate the beginning and duration of an . access. FRAME# is asserted to
i'ndi cate a bus transaction is beginning. Wile FRAVE# is asserted data
transfers continue. Waen FRAME# is deasserted the transaction is in the
final data phase. FRAME# is an input when the CDC acts as a PCl slave. Wen
the CDC acts as a target on the PCl bus it latches the C BE[3:0] and the
AD[ 31: 0] signals on the clock edge on which it sanples FRAME# active. TRDY#
| nput Target ready is an input when CDC acts a naster on the CQutput PCl
bus. Assertion of TRDY# indicates the target agent's ability to conplete
the current data phase of the tran&%ﬂ For read cycles TRDY# i ndicates
that the tzroeiaTraSTAIE QMEVESING NORINTRHIZAPES Satile oFGsyiveinoby's. For a
wite cycsRATIRRSHMDOM ACCESE BFMIRIESL he target is prepared to accept wite

data formthe PC bus. TRDY# IS an out put when the CDC acts as a PCl sl ave.
- A zero wait state system cache memory for use in computer systems. The

present invention utilizes banks of non-interleaved asynchronous Static Random
Access Memories with separate control lines. Zero wait state performance is
achieved by correlating control signals to the cache memory relative to the clock
and control signals used by the processor so that there is zero delay in the
provision of the system clock signal and the cache control signals. Processor
burst access to memory is supported by an internal sequencer which determines
subsequent burst addresses based on an initial burst address provided by the

processor.

(Figure 5)
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read data on the follow ng rising edge of the

| RDY# I nput Initiator

CULput N%STER The assertion

| RDY# i ndi cates that the master
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protocol in conjunction with the GNT# sigpnal 1t s poessible feor

agents to use the PCl |ocal bus, t-l EETSHASJBEE ste Rgpmcm\n rm
the LOCK# signal. STOP# | np %ﬂpAGE[yJI catés thjat the g %
master nust Qutput inmmediately t nt |

pate : bus .cycle .ad-
next clock edge and rel ease control of the |ocal bus.

of

he

di sconnect, retry and abort sequences on the PCl bus. REQH Qut put
Request indicates to the PCl |ocal bus 28bit er Stbiditube [SheeCMM6si r es use of
the PCl bus. ONT# Input Grant indicates that access to the PCl

| ocal bus has been granted to t I nput Parity is driven
by the CDC when it acts as a. PF@%P%ster during address and data
phases for a wite cycles, and during the address phase for a read cycle.
When the CDC acts as PC slave parity is driven by the CDC for the data

phase for a PCl read cycle. Parity is *  aol
cacwn |  Jeg-er
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even parity across AS[ 31: 0]
checki ng SERR# Open

i ndi cates Collecto that a eithgr

occurred or CDC received a target abort. The CDC out put Wes ﬂ'le parity
error indication fro the DPU pin (DPUg#), o Uit} e TPt the cycle .
type and if there is a parity error it is signaled through the SERR#
signal. SERR# is also pulsed if the CDC Receives target abort on a CDC
initiated PCl cycle - 30- DEVSEL# Input Devi ce sel ect, when active,

I ndicates that a PCl sl ave Cgtput e has decoded its address as the
target of the current access? drlves DEVSEL# based on t he DRAM

address range being accessed by a PCI naster.
— PC\RST]
. AD|31:0
c&gj\gl'f‘____. —a» C/BE[3:0)#
BE[3:0}# r__—u FRAME#
PLOCK# A
M ————a— el Lo
s — — STOP#
ADSH :—: CPU —> LOCAL BUS — GNT#
RDY# < INTERFACE INTERFACE —» PAR
BROY# < ——> SERRE
BOFF# < % 205 ——» DEVSEL#
- AHOLD < LSH:ES=
SO S e NEMRz=Ux
EA}?ESI:f‘———J MEMACK#
PWT —
Hb \
PCDICAC‘ e 3“;0,
PROLEISIER =
CHITVE SIGNALS SRESET#
INV < cuﬁ
e CL
LCAI3:2) — RESET [T Clkia
CA32je & r___» CLK1B
ee sy F e CLOCK cLKiIC
n ey S afm— L2 CACHE
CLz ) ROL CLKiD
CWE[3:0)% | CONT oL a o6, GLK1E
%%‘;-_a_ 4---—-1 lNTERE CLK1F
TA7O % 3°3 .
VALID — . " fe— DP\lJé’pE‘
NE# " ) — PCAC
T.;'o'ég DU ——» HW/R?
DIRTYD <« B HM'irPB‘
=4—-——‘ HSTBS
mg‘lvaEO — pPU _—» PWIRS
CONTROL e
MA[10:1] + INTERFAC ——» PSTB#
OMAD <« DRAM . MRWSE
- EMAD € CONTROL 2087 — MHIP#
RAS!3:0}# <] INTERFACE ASTBE
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c %E#] (—'—"—‘L__ 204 e

\\\\\\\\\\\\ \\\\ﬁ



As an input it indicates whether any device on the bus has been sel ected.
FLSHREQ# I nput Flush Request signaji-ast ' E to fFosfrt+tS—CcPOto —
PCl posted wite buffers and di sabl e} THIS ﬁégé;ipégégt ng fo th s@MW@“ﬁ%ﬁEET
|l ong as the FLSHREQ¥ remains active. {The

6.4 es ¢ etlgg g
wite buffer flush operation by asserttiT e MEMACK# si gnal|. M@ ----------

is driven by the expansion bus bridge, and used to avoi d dead-ToCK
conditions on the PCl bus. NEMREQH | nput Menory request signal instructs
the CDC to flush its host to DRAM and host to PCl posted wite buffers and
keep the host CPU under address hold (AHOLD) as bﬁﬁﬁﬁﬁégugg4yEM§EC# si gha
remai ns active. The CDC acknow edges conpl etion of the flush operations by
asserting the MEMACK# signal. This signal is driven by the expansi on bus
bri dge, and used to provide mnimum access |atency during | SA naster to

DRAM
F \aufle L‘\
’ cPy
o8 l— HA(:n:-z;
“ﬂl\“j
CAL
LATCH

.CA (184

CA13:2)
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cycl es. MEMACK# Qut put Menory ackpowledge signal indi cat e fF=conpHeEroF—or——s
the operations requested by an aclTHIE HMHWBEEN/or I\/EM-RE@P%%&TSW

Control Interface Pin/ Signal Type . REPLACED DeECI‘I pt [ og¥ W}gg
DPUPE# | nput DPU Parity Erreor—stgmat—tmdrcates t hat

data parity error has occurred during a data read operat|
active for one clock period formthe clock edge a vyh'

sanpled by the CPU or PCl master. A parlty“%rror r(?r‘r é@g%(ﬂ% f our
bytes will be indicated as an active DPUPE#. PCl DP I nput PCl Data
Parity signal is an input to the CDC. During PCl read cyclgs formthe
menory or a CPU wite to PCl, the DPU generates an even ‘péﬁity for the PCl
data forwards this i nformation to the CDC t hrough the PCE@ pin. The CDC

combines this data parity &
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information with the BE[3:]# parjity inforoation and ge f’%@

parity -- the PAR signal. -3 THHMSFIEET HAS BEEN) t Hogt
signal is the data source/disteftion ﬁEpL(mEDfor e ho thtQt m\t he
DPU. HM P# when |ow, indicates f w. O the

PCl bus. Wien this signal is high, the data will be read or wrltten to
menory. This signal, with the HSTB# and HW R# signals also control the
latching to data in the host post buffeg8s and ssebeitibengeda®ALP6om t he
menory or PCl read buffers. HWR# Qut put Host Bus Wite/Read signal is
used to distinguish between host CPU wite and read cycles. HW/ R# when

| ow, indicates a host CPU and read cycle. Wien this signal is high, it

i ndi cates a host write cycle. Ihis
Y \I cuae b
Le?y
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signal along with the HM P# and_HSIBA

: : S0 COREST . (
of data in the host post bufferd g SHite ata fr E] EQCE@%B':I$

read buffers. HSTB# Qut put |Host REBLAGRD: dbe s %?I_ig

control the -latching of data in WHee=oST post buffers WA LG WerTa CUETad,

and selecting data fromthe menory or PCl read buffers during read cycl es.
Wien this signal is asserted during a witeygycl esubthifihd BRceP/MAIE pOSt

buffer latch will be enabled on the CLKl rising edge if selected by HV P#.
During a read cycle, HSTB# asserted at the rising edge of CLKl sel ects one

of the two read | atches. PM H# Qut put PClI Bus to Menory/Host signal is
the data source/ destination sel ectEfor PLl interface of the DPU. PM

H#, when low, indicates that data is to béread or witten by the host bus.
When this signal is hilgh, the d 1 or vvritlten tlo mepory. Thi s

signal along with tfig \l al

ey A
“o9U ~~RIY?
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CA15:4)
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controls the latching of data in the PCl post bufferg
fromthe nmenory read buffers qry irpo s. P
Bus' Wite/ Read signal is usedﬁtm%ﬁf' §4A§EIQ|§E;|\§

cycles. PW/ R#, when |ow, it b-adi

pad C

I T T Y R O PR TR R TR )

al

Is high, it indicates a PCl wite 6yc|e. This signal along with the PM H#

and PSTB# signals, also controls the 848 chi ng of Settitute Sheeb&/IRA6 post
host post
is used to

buffers and selecting data fromthe nenory read buffers or

buffers. -32- PSTB# Qut put PCI Bus Data Strobe signal
control the latching of datai%the PCI st buffers during the wite
e %eFor ¥ read buffers or host post

cycles, and selecting data fro
buffers during read cycles. Wen this
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siénal Is active during a wite cycle, the appropriate post buffers latch

he

w1l be enabled on the rising clock edge. During a read_cycle, PSTB# active
wi |l cause the appropriate read data to be selected o neT

edge. When PSTB# is deasserted, no change is nead in t ﬁ?&g@ﬁ“%gﬁ%%o
read data sel ected. VH P# Qut put Menory bus to PC ¥aiqaRs
data source/ destination select for nenedy interface %H?p ﬂ‘-'_"IVFMﬁ'
when low, indicates that data is to read or witten by the PCl bus. Wen
this signal is high, the data will be read or witten by the host bus.

Duri ng chycl es, this signal along with the MSTB# signal controls
the latching of ,data in, the nenory read buffer. During nenor Ite cycles,
the MH /" P,  MYARIO WHlt SRR FREE TEMEEY 1o 55 REdreptydemads post
bu fer s GIELEE NI e B oo Bt ML

di stingui \slﬁg@ﬁm% The %weenégrrermk\ré;/df?‘gﬁihan am}reﬁ e cyglg'e's‘?us

VR/ W,

static random access memories (SRAM) which are each independently
controlled. The components used are commodity level asynchronous SRAM

chips. The use of a non-interleaving data access scheme eliminates data

contention. Further, independent control of the banks of memories allows the

cache controller to support a greater number of cache sizes, as well as providing

for greater scope of economies since all banks need not be used.

Zero wait state performance is achieved by correlating cache memory

control signals relative to the clock and control signals used by the processor. In

the currently preferred embodiment of the present invention, correlation is

accomplished by 1) clocking cache operations at twice the clock rate of the

" microprocessor; and 2) correcting control signal skew resulting from the circuit

paths for each of the cache control signals. Correction of control signal skew is

accomplished by identifying the control signal(s) with maximum delays and then

introducing delay circuitry into the circuit path of control and clock signals with

lesser delays.

Processor burst access to memory is supported by an internal sequencer

which predicts subsequent burst addresses based on an initial address provided

by the processor.



when [ow, indicates a menory wite cycle. Wen this signal is high, it
I ndicates a nenory read cycle. This signal along with t Vo TBH#H=stgnal._
al so controls the latching of data in the menory read by @Qﬁmtmegﬁgﬁ
data fromthe host or PCl post buffers. MSTB# Qut put I\/Em Dat a
Strobe signal is used to control the Iat;hl ng of data i .;“

buffers during read cycles, and selecting data fromthe Skp0St
buffers during wite cycles V\hen thls signal is active durlng a nmenory
read cycl ‘ afed. During a
menory Wi pe sel ected as

et er mi ned by t lwtﬁﬁicﬁ' iggﬂém@nés éi&bﬁﬁauan@at&%hue btéstn 1YMeScrideEB! | S

deasserted, no change 1s nm I'n the read buffer control or post buffer
data sel eCfy the following description, numerous specific details are set forth, such as

specific numbers of bytes, bits, devices, etc, in order to provide a thorough
understanding of the preferred embodiment of the present invention. It would
be apparent to one skilled in the art that the present invention may be practiced
without these specific details. Also, well known cifcuits have been shown in
block diagram form, rather than in detail in order to avoid unnecessarily

obscuring the present invention.

In the course of describing the preseﬁt invention, frequent reference may
be made to the use of the invented cache controller in conjunction with certain
specific CPU architectures and/or microprocessor type;c», such as the Intel
Intel486DX microprocessor. These implementations merely reflect the currently
preferred embodiment of the present invention. It should be understood that the
concepts embodied in the present invention are applicable, or may be extended

to other processor types and architectures.

In addition, in describing the present invention, reference is made to
: signal names peculiar to the currently preferred embodiment. A description of
each of these signals is provided in the text and in Appendix A. Reference to
these specific sighal names should not be construed as a limitation en-the-spirit-ef
scepe of the present invention.



-33 Reset and O ock Signals Pin/ Signal Type
Descri pti on Nanme PWRCK | nput The power good |npu
i'nternal register and state machines to their default sff
asynchronous, but nust neet set up and hgld speci ficatip
recognition's in any specification cl oCk 8RESET# In

I nput forces all the CDC s internal state nachines to t%

however the contents of the configurat CRAIMSgi sters remain uncﬁEEEETT"“J
i.nput is asynchronous, but nust nmeet setup and hol d specifications for
recognitign in any specific clock CLK2 I nput The 2x Cl ock input is

internal |y dkvided By zeme waifmbate crehimpsystepcroupyisdndiocks and
driven ouf-on six clgk out e sigpal ol KiArk<CLkdf) - nOn-interleaved,

internally asynchronous discrete static random access
memory (SRAM) devices;

(b) a means for generating a 1X system clock
signal from a 2X clock control signal, said 1X system clock
signal having half the frequency of the 2X clock control
signal;

(c) means for correlating said 2X clock control
signal to said one or more banks of non-interleaved,
internally asynchronous discrete SRAM devices with said 1X
system clock signal, said means for correlating further
including means for correction of skewing that may occur
between said 2X clock control signals and said 1X system
clock signal; and

(d) means for providing burst data from said
one or more banks of non-interleaved, internally
asynchronous discrete SRAM devices.

2. The caching system as recited in claim 1 wherein
said means for correlating said 2X clock control signais to
said one or more banks of non-interleaved, internally
asynchronous discrete SRAM devices with said 1X system
clock signal is comprised of: .

a first control signal having a lesser intrinsic
delay than a second control signal; and

delay means for delaying said first control signal
so that the delay of said first control signal egquals the
delay of said second control signal.

3. The caching system as recited in claim 2 wherein
said delay means further comprises an even number of

inverters inserted into the circuit path of said first
control signal.

R RO



CMOS | evel clock signal running at tw ce the operatllb mé”fgﬁESDI
nmust be provided on this signal CLK1 I nput T enk | nput
provi des the fundanental timng and the internal openjatin m;w
the CDC. This signal is typically conredbed as a feeuf"q -pre-—aof—st X
cl ock output pins of the CDC (CLK1A - CLK1F). The CDC operates at 25 or 33
M Clogkirequencmg dhe i Lheces kit B STaliG <32 SR fi ed

with reslpect to the rising or fa eﬁ%h] : Xi,mum skew bet ween
the CDC R EBURSARSSEPE BYOH3EANaY QrbRk FERBY SPheRRCt RE AT @ind

the PCl lhosahRrsi bfl Giéd<inEeEledédA "interfdlly ddpschborons diddeany put
signals p gﬁéﬁe the clock CLK1F reference for the CPU, DPU, and
PCl devif SAPPERPSEC di vi des the cl ock provi ded on CLK2 by
two genefate these(aﬂgnalsmé&ns(f&t|pmxdlstgnglsuhﬂeqnambnnddr§S3esone

of thesel Skopgl § ¢ iist Pt dadd' aifedSPdahr the CPU cl ock

(b) means for providing data from said

predicted subsequent addresses in consecutive system clock
signal cycles.

5. The caching system as recited in claim 4 wherein
said means for predicting subsequent addresses from a first
provided address further comprises:

(a) means for extracting a plurality of bits
from said first provided address; and

(b) means for identifying a predetermined
sequence of addresses associated with the content of said
extracted plurality of bits.

6. A method for providing cache control signals to one
or more banks of non-interleaved, internally asynchronous
discrete static random access memory (SRAM) devices
comprising the steps of: h

(a) generating a 1X clock signal from a 2X
clock signal, said 1X <clock signal having half the
frequency of the 2X clock signal;

(b) providing said 1X clock signal as a system
clock;

(c) providing processor control signals based
on said 1X clock signal;

(4) providing said 2X clock signal to a cache
controller; and

(e) providiﬁg control signals from said cache
controller so that there is zero delay with respect to said
system clock and said processor control signals.

7. The method as recited in claim 6, wherein said step

* c L M S *



-34- CLAIMS 1. A zero wait state caching systemc

one or

static random access nenory (SRAM devices; (b) a

; ns f I @dnb N
a 1X systemclock signal froma 2X clocR&ontrol signal %Eﬁdolzgg@gt%

cl ock si
means fo
banks of
w th sai
i ncl udin

nore banks of non-interleaved, internally

hnal having half the frequency of the 2X clock control Signal,
88" pelRfiidithe 2t EnXot! 83knadR! fHordi 0P £8cRai doPREclle®rso

R AT SR R T T
; aaanSsém pridcedsmn ebntkedi ngidghalsndprdhenr comprises the
steps of: .

(a) identifying a first control signal that has
a greater intrinsic delay than a second control signal;

(b) delaying the provision of said first
control signal so that it has a delay equal to said second
control signal; ahd

(c) providing said first control signal and
said second control signal based on said 2X clock signal.

8. The method as recited in claim 6, further
comprising the steps of:

(a) identifying a burst read request;

(b) identifying a plurality of subsequent

addresses from a first provided address; and

(c) prolviding control signals for reading data
from said first provided address and said plurality of
subsequent addresses.

9. A zero wait state cache controller for providing
cache control signals to one or more banks of non-
interleaved, internally asynchronous discrete static random
access memory (SRAM) devices, said cache controller
comprising: '

(a) receiving means for receiving a 2X clock
signal;

(b) means for denerating a half frequency 1X
clock signal from said 2X clock signal, said 1X clock
signal having half the. frequency of the 2X clock signal,
and providing said 1X clock signal as a system clock
signal; and

(c) means for providing cache controller
signals having a zero delay relative to said provided
system clock signal.
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between said 2X cl ock control si gnal s and said 1X system cl ock signal; and
(d). means for providing burst data fromsaid one o= Hore-——Farcs———ot,
non-i nterl eaved, internal 'y asynchronous discrete SRA QERLAGRMENT SHEET
The caching systemas recited in claim1l wherein said ans f | atin
ohe Nk B

sai d 2X clock control signals to said one or nore banks [joPats v.ed
i nternal I}y asynchronous di screte SRAM dev3%eS with said
signal is| conprised of: a first control signal having a | esser intrinsic
delay thap agsecond -mwtéabhsieaatrommérdedsawm fAK @Hﬂyiag Qnéﬂeﬁ.hr st
control s gnal 0 t hat he dela said first on roI ggﬁ% gbi

del ay of sals(? db?ﬁln%o PFOP‘? ng fache CoRST, &ﬁ’Fn& emq‘g RY Fed
in claimp derei delayd rislatyiveats faaimepmﬁ&adsesyahesv@imhbsngual
inverterst i gefidfdl | Udhdrsdd " QUL ayPhlafll SBhEebtld! into the circuit

path of cache control signals having shorter delays than
the circuit path of other cache control signals.

11. The cache controller as recited in claim 10 wherein
said delay means comprises an even number of inverters.

12. The cache controller as recited in claim 9 further
comprising means for providing a plurality of data in
response to a burst read request, said means comprising:

(a) means for identifying a burst read request;

(b) means for ©predicting a plurality of
subsequent addresses from a provided first address;

(¢) means for providing said subsequent address

on consecutive system clock cycles.:

13. The cache controller as recited in claim 12 wherein
said means for predicting a plurality of subsequent
addresses from a first provided address further comprises:

(a) means for extracting a plurality of -bits
from said first provided address; and

(b) means for identifying a predetermined
sequence of addresses associated with the content of said
extracted plurality of bits.

* [ L L S *



.control signal. - 35 - 4. The cachi ng system as reC| ted inclaiml
wherein said neans for providing burst data from said
non-interleaved, internally asynchronous discrete SPAY BEPLAGEMERTRHEETS
(a) means for predicting subsequent addresses fromja first provided
address; and (b) means for providing data fr gtmxam ed
subsequent addresses in consecutive system cl ock sign
caching systemas recited in claim4 wherein said neans for pred| cti ng
subsequent addresses froma first provided address further conprises: (a)
means for extracting a plurality @fgbits

p
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___fromsaidTirst provided address; and (b) means lr
predet erm ned sequence of addresses associated wth

Fire-ABRMENT el (g
extracted plurality of bits. 6. A et hod for '

) Qiqucnﬁv n{jr ol
signals to one or nore banks of non-interl eaved, in_gp#hrrj Hsyﬁgﬁggh'us
di screte static random access nenory (SRAM

devi ces conprising the
steps of: (a) generating a 1X clock signal froma 2X clock signal
said 1X clock

signal having. 3y8l+# the frequency of the 2X cl ock
signal; (b) provi ding said 1X clock signal as a system clock; (c)
provi di ng processor control signals based on said 1X clock signal
provitdi ng said 2X cl ock signa

(d)
to a cache controller; and (e) provi di ng
contrlol signals fromsaid cache 0
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controller so that there is zero delay with respect to said system cl ock
and said processor control signals. 7. The nethodras-recited in claim
6; wherein said step - 36 - of providing control si{nats A, ,ﬁa%’? Caghe
controller so that there is zero delay with respect tojfsaid sys{em %%'I(

and said processor control signals further conprises t %eﬂiﬂum -
identifying a first control.- signal that has a greater rasi o dB]; ‘h@in

a second control signal; (b) delaying the provision of said TiIrst
control signal so that it has a delay equal to said second control signal
and (c) providing said first control signal and said second
control gsignal based on said 2X cl&% signal .
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8. The method as recited in claim 6, further conprising the
steps of: (a) I dentifying a burst read request; (b) identifying a
plurality of subsequent addresses froma first provi —address; and (c)
prol viding control signals for reading data fromsaid f Ré‘m_m

address and said plurality of subsequent addresses. 9. F'STWHEET
state cache controller for providing cache control sigfjdbege
banks of non- interleaved, internally asynchronous dis STt
access nmenory (SRAM devices, said cache controller conprising:-
receiving npans for receiving a 2X,gd ock signal; (b) means for
generating p half frequency 1X clock signal fromsaid 2X cl ock signal,
1X cl ock si Enal havi ng hal f the frequency of the 2X cl ock si gnal ,
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and providing said 1X clock signal as a systemclock signal; and (c)
nmeans for providing cache controller signals having a zero del ay

relative to said provided system cl ock signal. - 3 - - The cache
controller as recited in claim9, wherein said neans CﬁE#me%%B 8l
controller signals having a zero delay relative to sajjd provi system

cl ock signal further conprises delay neans inserted i

pag
of cache control signals having shorter delays than t

toeed I

ot her cache control signals. 11. ssgfhe cache controller as recited in
claim 10 wherpin said delay neans conprises an even nunber of inverters.
12. The cphche contr gqHter—as—+egited in claim9 further
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conprising nmeans for providing a plurality of data in response to a burst

read request, said neans conprising: (a) means for i +fying a_burst
read request; (b) nmeans for predicting a plurali ﬁgpmcggm@gg% ]
addresses froma provided first address; (c) means flpr pro I'ng
subsequent address on consecutive system clock cycles. |Bate:. Ai[mlc
controller as recited in claim12 wherein said neans fd ---""" ei1-n0
plurality of subsequent addresses froma first provided address furt her
conprises: (a) means for extr Zglng a plurality of -bits fromsaid first
provi de¢ address; and (b) for identifying a predeterm ned
sequencd of addresses associ at ed with the content of said extracted
pluralitly of bits.
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