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SOURCE SYNCHRONQUS | NTERFACE BETWEEN MASTER AND SLAVE
USING A WS g\ TCH FI ELD OF THE | NVENTI ON CT0SegAfEENt
invention relates to the field of conput er archltecture nor e
particularly, the present invention relates to I nterface between a
mast er device and nultiple slave devices.. BACKGROUND OF THE | NVENTI ON
I n prior processor-cache configurations, the cache menory recei ves the
sanme cl ock signal as the proc¢essor. Tim ngs, between the processor and
cache were standard synchronous relatlonshlb . The timng

rel ati onshi ps A Yi. {OES INTERFACEBBTWIEE AS 2

delay tine nust be con3|der d deter.ninl clock period for a
circuit. The cl ock perlodléig.vc1b yg%ﬁe' IC equati on:

[err] where t[err] represents the clock period, t[err]represents the

maxi mum Wim t[err] represents the maxi num -
flight tinme or a given signal, tferr] represents the required signal
set up time, and tThe present inveptionenelates|todhesfield of computer Hold tine is
determ ned usjin foll ow ng.e where t[err]
epresents { TR BIOE TS EL i, Beprgpent faventi@h plates to 0ot & (1L

m ni num f1 i ghihtdrfae bétveeer a maRstes device Avd RAltiplecsihve delvide. and
t[err] represents clock skew. Above a certain frequency, it is
I mpossible to satlsf both equations because of the delay introduced

X A

by skew and ta\idh ON err]/ t[err] and t[err].
In prior processor-cache configurations, the cache memory

(NN

receives the same clock sigh'al as the processor. Timings between the
processor and cache were standard synchronous relationships. The
timing relationships are described by the following equations.

Maximum delay time must be considered when determining the
clock period for a circuit. The clock period is given by the following
equation:

ty 2 Loggomax) + Epemany F on F Lt
where 1, represents the clock penod, tcd(m,représents the maximum
clock to signal delay time, #,,,,, represents the maximum flight time
for a given signal, ¢, représents the required signal set up time, and ¢,
represents clock skew.

Hold time is determined using the following equation:

Ledtminy T Lpcminy = B+l
where 7., represents the minimum clock to signal delay time, #4y,,
represents minimum flight time, #, represents the required hold time
and t,, represents clock skew. _

Above a certain frequency, it is impossible to satisfy both
equations because of the delay infroduced by skew and the relationship
between 2, ./t s and 2, /8.

It is possible to extend the frequency of operation beyond the



It, i s possibl.e.to extend the frequency of operation beyond the

2 limt of these equations by using source synchronous signaling. In

sour ce-synchronous signaling, timng information is passed with signals to 7
conpensatWOP¥P08ISerr] and t[err] terms. Maxi mum frequency FCTHRRBAIA6N "is |
limted by the t[err] / t[err] window, the ability to control signal skews, }
and the ability to nmanage signal integrity. In the prior art,

sour ce- synchronous si gnaling has been used in asynchronous system
interfaces and with a | ower frequency comon cl ock. The present invention

di scl oses another nethod to use source- synghronous signaling for a high:

e ave. dovi CiPAERt By aduatford el ok MARRI R bR I ' 5,7 S

al I owi ng t he doureesgnehtondusasignalings tindiigditforiation 1Bopadsel ewith rraXl mze
the signaling. .rate with mni rral Iatenc | mpact._For purposes of
descripti on, YigBalsdriGaanpensate far sy, fﬂot%‘ﬁ nWWIB(fH@‘KWQYn@f a cache

menory; howeve L nmay. a be,us n r/sI Lnterface.
Because t he a%ﬁg%rﬁhggclﬁﬁ{ﬂ‘ ‘gsbyam?vd/ s I p? E‘g"éﬁé back to
CPU, the CPU dResés, %gﬂ{equ%x&mﬂ%%osat égﬁ%té ‘(rounded to the next

cl ock) and a deskew | atch nust hol d to acc t for the m nimum | oop
del ay tinme. SUMVARN G prbr Iaﬂvmﬁlr&&synchronblscmgndingmmbmnmeidﬁher face

bet ween a master devi ce and sl ave evice,i s ESf A mast er device
havi ng a pl ur%ﬁyﬂfgf%‘f OUR BYSIGHT HHEFaces gn‘édNHﬂe"ﬂ qv(gelé %ﬁ%@%&?m@% a a
bus. The mast@sclele TheSp @bt Mhe@itasn APl aristblef hié?lhoﬁl 18 {iSe k&R ON

to the slave device via the bus. In response, the slave device comrunicates
dat a synchronous signaling for a high speed memory interface. It is based

on the assumption that memory is always a slave device accessed by a
master device (i.e., the controller). By allowing the time base to track
system delays, it is possible to maximize the signaling rate with
minimal latency impact. For purposes of description, the controller is
assumed to be in a CPU controlling a cache memory; however, it may
also be used in any other master/slave interface. Because the delay
accumulates around the loop from CPU to cache and back to CPU, the
CPU must wait for maximum loop delay time (rounded to the next
clock) and a deskew latch must hold data to account for the minimum
loop delay time.

UMMARY OF THE I (@)

A source synchronous interface between a master device and
slave device is described. A master device having a plurality of deskew
latches is coupled to a slave device via a bus. The master device
communicates commands and first timing information to the slave

' device via the bus. In response, the slave device communicates data
and second timing information to the master device via the bus.
When data is communicated from the slave device to the master
device, the data is stored in one of the plurality of deskew latches until

accessed by the master device.



and second timng information to the master device via the bus. Wen data
I's communi cated fromthe slave device to the nmaster device, the data is
stored. i rvougsedust he plurality of deskew | atches until accesSptssRyrbise
mast er devi ce. : 3 BRIEF
DESCRI PTI ON OF THE DRAW NGS The present invention will be understood
nore fully fromthe detail ed description given below and fromthe
acconpanyi ng draw ngs of various enbodi nents of the invention, which,
however, should not be taken to limt the igvention to the specific

enbodi ments, but_are for_explanati on and unlerstandi ng only. Fi gure
1 is a bl ock BRUEGK IMEER]E t HERDR s2ory showi ng nultiple clock

] ; EnB
havi ng deskew | at RS PaeesR vATtcH, P BnceRP A IR tuP el MRS Cnr  on.
Figure 3 is add&a@l@dadh&@iriptmhgimnbélbmﬂaﬁdéfr@hoﬁﬁsﬁﬁodﬂp&hmgj&ﬁiﬁﬂgsat ches.

according to one enbodi nent of the_ present invention. Figure 4 is a

bl ock di agr anPbVasioysssmhodiments apthednvention, whichdhawever.oshowldonat nent

of the prese [ ' . : s QUT, i | | 15 L.agram of the

deskew | at chgée Lat.%%%lilgﬁl) ggn%tghg.r%vgﬁggﬁitﬁene %e@{fﬁéeéﬁpﬁaog élrﬂ%?érfvée{#tiﬂ nf?)r
explanation and understanding only.
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Figure 1 is a block diagram of a processor and cache memofy

showing multiple clock skews.

Figure 2 is a block diagram of cache memory and a processor
having deskew latches according to one embodiment of the present

invention.

Figure 3 is a diagram of cache memory and a processor_haéiing

'deskew latches according to one embodiment of the present _im)ention.

Figure 4 is a block diagram of a deskew latch implementation

according to one embodiment of the present invention.

Figure 5 is a circuit level diag’rém of the deskew latches according

to one embodiment of the present invention.

Figure 6 is a timing diagram of a cache access according to one

embodiment of the present invention.

DETAILED DESCRIPTION OF THE PRESENT INVENTION

A source synchronous interface between a master device having
a plurality of deskew latches and a slave device is described. In the
following description, numerous details are set forth, such as number
of latches, control circuitry, etc. It will be apparent, however, to one
skilled in the art, that the present invention may be practiced without

these specific details. In other instances, well-known structures and



Figure 6 is a timng diagram of a cache access according to one enbodi nent
nt invention. DETAILED DESCRI PTI ON OF THE PRESENT | NVENTI ON

A source synchronous interface between a naster device having a plurality
of deskewdas/sdses and a slave device is described. In the fraiusssomss
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As noted above, prior processor and cache memory
configurations typically operate from a common clock signal. Thus,
data returned from the cache memory must be returned to the - -
processor and be stable during a known processor clock cycle window.
However, using the method and apparaﬁxs disclosed herein, data
returned from a cache memory can be returned within a window that
crosses processor clock cycle bdundaries. To do this, commands ;;re sent
to the cache memory from the processor along with timing
information, such as a clock signal or a strobe. The cache memory uses
the timing information to generate an internal clock signal to execute
the commands sent from the processor. These commands are executed
without a tightly specified relation to the processor clock. Data
returned from the cache memory to the processor is returned with
timing information, such as a clock or a strobe signal, and the data is
latched into deskew latches. The data is stored in the deskew latches
until accessed by the processor core.

Figure 1is a proceSsor and cache memory configuration.
Processor 100 receives clock signal 150. Phase locked loop (PLL) 132
generates a clock signal for processor 100 from clock signal 150. The
clock signal genérated by PLL 132 is labeled To. As the processor clock
signal travels to output circuitry 138, the processor clock signal is

delayed, or skewed. Thus, the clock signal at output circuitry 138 is a
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the timng information to generate an internal clock signal to execute the
commands sent fromthe processor. These comuands are executed w thout a
tightly apeeshesas relation to the processor clock. Data retpenedodgesg t he
cache nenory to the processor is returned with timng information, such as
a clock or a strobe signal, and the data is |latched into deskew | atches.
The data is stored in the deskew | at ches until|l accessed by the processor
core. Figure 1 is a processor and cache nmenory configuration.
Processor 100 receives clock si gnal 150. Phgse | ocked | oop (PLL) 132

generates a c I gnal r pr romclock s al, 15 . The cl ock
si gnal generéi"i@"ﬁivp{ﬁ_oﬂ f"(%&leltg Asswrb’r’@é %a? H1si gnal
travels to o Cﬁ%% angﬁlﬂ| I d, .or
skewed. Thus'.':{-awgels g‘%ﬁtkaﬁ gﬁéﬁg‘éﬁgﬁ? Cl rg%ﬁ#r@@ l;tg cxfc?u&? 2

5 del ayed veiinicacheimémozyd20sa lfight tithd alel@rmﬂmrdduceds Theclocki eggnhl

Tlerr] travels from putpu t I, pr 100 to, i,nput - _
circuitry 142tiRpuLEHsu Eﬁ'ré% %35%1& ek is3 aé@aa‘?rﬁlémr 9&?18 ced. The N
cl ock signal ﬁ%’i} rrp t circuitry 142 is labeled T[err] and is a del ayed
version of cl jnal T[err]. The clock signal internal to cache
menory 120 may be 'Ijbmehmkesi 3l ﬂterrihtl&oa:adhesnémbeyéaO'ﬁpeyr’o]e, geverated s a

o va skl REEHBEELE ﬁﬂsﬁeﬁ‘?{fwﬁﬁa? Sired 3o e ST RERA 7 o

is the clock iphgpall $i8 %ﬁﬂénﬂlwm@v%%% éih%'%k%hgﬁﬂhér béidel is the

clock signal at input cir ng signal T6 represents the timng

signal based that Thenapiead &u(ﬁecksxgrpﬂa'qassbe clo Slgn@h@ﬁ@umory 120.
By using the |nte f desc ed r nmai e " shi by
desi gni ng a (ailégﬁ?é‘ff@ g c @W‘@ﬂ a\?\b‘?é‘f Circaitry 1487

Tlmmg signal T¢ represents the tumng signal based on the data

(

returned to processor 100 by cache memory 120.

By using the interface described herein, time domains may be
“shifted” by designing a master device (e.g., processor) based on worst
case considerations and a set of deskew latches based on best case
considerations to store data until it is accessed by the master. Deskew
latches allow a processor to access data returned from cache memory at
times that are not defined by clock period and hold time equations
discussed above.

Figure 2 is a block diagram of processor 100 and cache memory
120 according to one embodiment of the present invention. Processor
100 and cache memory 120 may reside in a common integrated circuit
(IC) package, such as a Pentium Pro™ Microprocessor available from
Intel Corporation of Santa Clara, California. Alternatively, processor
100 and cache memory 120 may reside in separate IC packages.

Processor 100 generally includes processor CPU core 134, cache
control state machine 200, latch 210, and deskew latches 220.
Interactions between cache control state machine 200, latch 210 and

deskew latches 220 with processor CPU core 134 are fully synchronous.



case considerations and a set of deskew | atches based on best case
considerations to store data until it is accessed by the master. Deskew

| atches all ow a processor to access data returned from cache nenor

tines thaYVOa‘%s@ﬁgt defined by clock period and hold tine eqﬁ‘éf?’?-’é?%g/”

di scussed above. Figure 2 is a bl ock diagram of processor 100 and
cache nenory 120 according to one enbodi nent of the present invention.
Processor 100 and cache nenory 120 nay reside in a conmon integrated
circuit (1C package, such as a Pentium Pro[err] M croprocessor avail able
fromintel Corporation of Santa Clara, Cali@ornia. Alternatively, processor
100 and cache nmenogy

Processor 100 generaf%ggfﬁgbaggbgﬁgg@gor C@Tﬁgg&elgi%%ggc 1eDUCf)%rterol :
state nachi nelsmﬁ) géMnate 2dd@ss aontrobsigaald thiat hes s@#0to tagt andistatos ardagt ween

cache control ch| ne | atch 210 a deskew | es. 220 with
processor Uzida 3pgyf %%ﬁi\? ”ﬁo overelmesaﬁﬁh Iiccess

6 Cachecgab! & ﬁIsaéx‘é algsfaéﬂzet&md? QMU It dchleonMdINstadUrzaehfhel 34 tO
generate access contfol signals that are sent to tag and status array 250

and dat a ar r a0Q &reivesciatecarnd tag matdd dateefrom tagand Btaltiscasay 260 bvet
signals are atn 28 t to latch 210. Cache control state machi ne 200
recei ves stat8"&hé’t'ag match data fromtag and status array 250 over |ines

291. Cache c@Rbh@lcofitrdl 8tdfBThAdand 290 Eg%’i\%f&b@ fbd%Hf éént‘i@l“&ﬁ@ gt a
that is comunicated to deskew | atches 220 and data buffers 270 in cache

menory 120 viis exmmemnicateddp desbenslatehescZith and d@t@huffsr%@zo ireache control

the fl ow of data betY\%gn. dat bu(;fer @703an2 I& Ww. | atghes 22‘8t Data i s
cormuni cat ed B¥&eh YR Y AR tsmasl $59U59810 i nes 299

in chunks. AcgstgbNhet oW s duradBbitiesh .data @)Mféks 270 and deskew latches
220. Data is communicated between data buffers 270 and deskew latches
220 over lines 299 in chunks. According to one embodiment, a chunk

of data corresponds to the width of the bus between processor 100 and

cache memory 120. However, a chunk of data may be any amounit of
‘data based on cache line size, bus width, etc.

Latch 210 receives address information and commands from
CPU core 134 and communicates them to data array 260 and tag and
status array 250 over lines 295. Lines 291, 293, 295, 296 and 299,
discussed above, comprise a backside bus 290 for communicating
between processor 100 and cache memory 120.

Cache control 280 receives timing information from cache
control state machine 200 and generates timing information that is
communicated to processor 100 along with the data retrieved by cache
memory 120. The timing information generated by cache control 280 is
communicated to deskew latches 220 via line 296. The timing

_ information may be either a clock signal or a strobe signal or the timing
information may be associated with the transfer of data.

Accesses to cache memory 120 by processor 100 can be considered
as involving "loops”. The outer loop comprises access to the arrays of

cache memory 120. The array access forms a loop in the sense that



of data corresponds to the width of the bus between processor 100 and cache
menory 120. However, a chunk of data may be any anount of data based on
cache | i @& o§/50845 bus wi dth, etc. Latch 210 receives adeigsds/07236

i nformati'on and commands from CPU core 134 and conmuni cates themto data
array 260 and tag and status array 250 over lines 295. Lines

291, 293, 295, 296 and 299, discussed above, conprise a backside bus 290 for
comuni cati ng between processor 100 and cache nenory 120. Cache
control 280 receives timng information fr cache control state nmachi ne
200 and generates timng info lon that i's_comunjcated to processor 100
al ong with tﬁ@qw%&tﬁormaw@&kg‘g Ehaeore 1adhang proceedrarquegh mrcheneentael i on

generated by E%a&'ﬁﬂé?gb t35§9%Eﬁd%&%lé@ﬁ?*%ﬂo%d%@%%é&%ﬂ?ﬁﬁ?ﬁ e Vi 2

line 296. The tImng Information nay be eirther a clo or 4t robe
si gnal or thenémorynd20nDatadtomrdatayarbey 368 ixsaitad dathibuffersta7opthar of

dat a. Accesses to.ca .renory 12 y _process 00 c be- consi dered
as invol vingt® I@ﬁ%%w.laﬁq]i‘@sggﬁé? g 39539& ?ggcegeexégé’ligogq] RrePEeHf
Cache Memory dhéd froll UAKERYIAAURY ¢ Smplate the 1Bob/ OERABopNA!

7 requests originate wth CPU core 134 and proceed I hrough cathe control "
st at e machi nepetdtions rnjude tag and staternead GiFations,ddata arapye@d0 i n cache -

menory 120. Data from data ra 0,is sent. data buffers 270, then to
deskew | at ch@PSHAORS, %b‘&’&@iﬁ%gﬂwﬁ%‘&#&@u core 134 accesses data

from deskew | at cheghe?BRrds@ ‘GRABE Rich™ f3CudePRo dEbtrie h%ﬂ@ﬁbﬂkig?ﬂk i ncl ude
tag and state read operations, data array read operations, tag dates and

data array upvithinsthe processprecptheaarchitechare. | Bopexamplecane dnves ndrhe a
Lransfer of AU B0 HanbhSs B BAY b RGN 970 S UAREW itenEomp ! ©
controlled by processor CPU core 134 and Cache control state machine
200. Data from data buffers 270 are selected and sent to deskew latches
220. The data stored in deskew latches 220 are then accessed by CPU

core 134. Thus, the inner loop utilizes a subset of the circuits utilized by

the outer loop. _
Inner loop opération_s also include chunk write and chunk read
~ operations. A one way transfer of commands from the processor to
cache memory or a one way transfer of data from cache memory to the
processor may also be considered an inner loop operation.

Figure 3 is a diagram of a processor and cache memory
configuration according to one embodiment of the present invention.
As discussed above, in an outer loop operation, CPU core 134 and cache
control state machine 200 generate commands, addresses and timing
information that are communicated to cache memory 120. The
addresses are latched by address latch 330 in cache memory 120.
Address latch 330 is controlled by address timing information, which is
also input to PLL 146. The commands generated by cache control state
machine 200 are also communicated to cache memory core 148, which
includes tag and status array 250 and data array 260 of Figure 2 (not

shown). Timing information from cache control state machine 200 is



provi des burst transfers fromdata buffers 270 to deskew | atches 220
controlled by processor CPU core 134 and Cache control state machi ne 200.
Data fromdata buffers 270 are selected and sent to deskew | atches 220. The:
dat a st owaslos/svsseskew | at ches 220 are then accessed by CPUPCWMUSO&®?36 Thus, | -
the inner loop utilizes a subset of the circuits utilized by the outer {'
| oop. I nner | oop operations also include chunk wite and chunk read
operations. A one way transfer of conmands fromthe processor to cache
menory or a one way transfer of data from cache nenory to the processor may
al so be considered an inner |oop operation.g Figure 3 is a di agram of
a

a processor and cache nenpry conf,idirat.i.o ccording o one 9di ment  of
The present PRI to SRERG confed i, SHhER SRR SReTedis 588 on. crU
core 134 and ap@c88). CTRE ifiplefheatiBit BeB@iBRPbYFIBHAL 8 is ORERITdRanpddr esses

and timng information that are conmuni cated ?o.caghe menory 1207 The
addr esses ar passibledmplemendatiens oftthe pegenhirneetionenory 120.7 Addr ess

| atch 330 is contr e s. ti m.ng. 4 nfor ' ich 4] so i nput

to PLL 146. The co%%ges&%egﬁegfégédlsﬁ?@&g‘%g&ocﬁﬁ%wég{\%w]ec?‘fgcirﬁ%n?‘%oo are

al so comuni chteds bentciaclatch®e P46y [eREkesl3dh huokl ehunkebfidescddde lafel st at us

array 250 and data array 260 of Figure 2 (not-shown). Tim n8.i nf or mat i on
i

from cache cagatrievedst Fhe chunkitadertalected and sent to processor 100 is selected

8 al so i nput I j ch controls multiplexers- 335, 347 and
349. The imlbyn%mlpfeggpﬁésipﬁzggdb%@ﬁ gure 3 is one of many possible

i mpl ement ati ons ofWhia: dutadssent froemicaciie memory TBE ¢o peacessbedata is
retrieved by cache nenory, core 148, t

( i he data is ., sent to l.atches_345.
Lat ches 345 AGREG RARSAHOT Hesepa dFmy arbe @Rt torfRects raneol 285
sel ected and iR ProctRoP1PBE I2h L0RELT 2868 Rkeives input from cache
control state machine 200. Latch control 285 controls deskew latches

220 such that the chunks of data output from multiplexer 335 are input

to the appropriate deskew latch. The ou:tput of each deskew latch is
coupled to an input of multiplexer 350, which is controlled by cache
control state machine 200. The output of multiplexer 350 is inpu";’ to
output latch 340, which stores the chunk of data until CPU core 134
requests a new chunk of data.

For an inner loop operation, commands and timing information
are generated by cache control state machine 200 and CPU core 134 and
sent to cache memory 120. In response, cache control 280 selects the
requested chunk from latches 345 to output the requested chunk to
deskew latches 220 in processor 100. Cache control 280 also generates
timing information that is sent to latch control 285.

The data sent from cache memory 120 is received by deskew
latches 220. Latch control 285 and cache control state machine 200 select
the proper deskew latch via multiplexer 350 to output the requested
chunk to output latch 340. CPU core 134 then accesses the chunk from
output latch 340.

Figure 4 is a block diagram of four deskew latches according to

one embodiment of the present invention. Each deskew latch stores a



by nmul tipl exers 335, 347 and 349. When data is sent from cache nenory
120 to processor 100, timng information is sent fromcache control 280 to

| atch congypkseag | N processor 100. Latch control 285 also P@?ﬂsﬁﬁ&zt&‘pu"
from cache control state machine 200. Latch control 285 controls deskew

| at ches 220 such that the chunks of data output fromnultiplexer 335 are

I nput to the appropriate deskew | atch. The out put of each deskew latch is
coupled to an input of nultiplexer 350, which is controlled by cache
control state nmachine 200. The output of multiplexer 350 is input to output
| at ch 340, which stores the chunk of data uttil CPU core 134 requests a new
chunk of dat achunk of daga. Lathfrem ¢ache memaryi 129, isdopuh ha sleakewt latches '

134 and sent 2RO CABIE SERBRYeL SO Iies £ 202, e Ak T dReBafNC) ot o
the request edcehBKuhito300 41608 Thd 4ppropeiatd ech 8 reesivedAd EoihkadHe

deskew | atches 220 in processor 100. "Cacthe control 280 al so generates
tim ng i nf or rmemary A20. iAccozding to bne e@mbodimnent, feur deskew latcheszre sent

fromcache mepory 120 is,received by deskew. atches .. Latch control 285
and cache cont™ e@?’iﬂeéf &’é’é’ﬁ?‘ﬁeer' 359 %‘é’f“@@f Otfﬁges%ﬂs’p!?%@‘é%m Pﬁtch via
mul ti pl exer 3§9p‘léméﬁ£dw(e.%.hQnE?ﬁNG;Sﬂ%eCéM:l)K TRe auinbér bAteskei#JatdHdy core
134 then accesses the chunk from out put | atch 340. ~ Figure 4 is a

bl ock di agr amisoehassny, togamakaythe warst casecskeny of the ovter loapodi he feskewt he

5 chunk of - daihes eRAeCRRE s pficins SbOlE vl always east walid datedesie 220
whi ch conpri ségll fratige lofitskens oft 2Re fiddland 2ecord dindtty; infoemlatioph control unit

300 selects the appropriate latch to receive data from_cache
According to one embodiment, data is received by the deskew

latches 220 in a circular manner. For example, a first chunk of data
stored in latch 422, a second chunk in latch 424, a third chunk in latch
426, and a fourth chunk in latch 428. The four chunks, each of which is
_stored in one latch, comprise a word of data that is retrieved from cache
memory 120. The next chunk of data received is stored in latch 422.

The outputs of latches 422, 424, 426, and 428 are coupled to the
inputs of multiplexer 450 which is controlled by cache control state
machine 200. The output of multiplexer 450 is the input to output
latch 440 which is coupled to CPU core 134.

Figure 5 is a circuit level diagram of deskew latches 220 according
to one embodiment of the present invention. According to one
embodiment, deskew latch control circuitry 510 and 520 receive as
inputs BSTB#, which is a strobe signal. Deskew latch control circuitry
510 and 520 comprise standard logic elements well known in the art as
shown in Figure 5. The implementation shown in Figure 5 stores the
first chunk of data retrieved in latch 422, the second chunk in latch 426,
and so on, in a circular manner as discussed above.

In order to reduce skew introduced by the strobe signals, a pair of
complementary strobe signals (e.g., BSTB and BSTB#) may be used to

control the deskew latches. Alternatively, the deskew latches may be



menory 120. According to one enbodi nent, four deskew | atches are

I npl ement ed; however, any nunber of .deskew | atches may be i npl enent ed

(e.g., one, two, three, etc.). The nunmber of deskew |l atches is chosen to 5
mat ch t hewaosse84§ase skew of the outer | oop. The deskew | at BEBUSeRMAB6E t hat |
the master device will always read valid data for the full range of skew of l
the first and second timng informtion. According to one enbodi nent,
data is received by the deskew | atches 220 in a circul ar manner. For
exanple, a first chunk of data stored in latch 422, a second chunk in latch
424, a third chunk in latch 426, and a fourylgy chunk in latch 428. The four -

chunks, each aq i i S . Q . h. c ri of data that
is retrieved fc];o(r)t‘ﬁ]ﬂ)éf;e?ng ﬁe%%%g@gﬂ r%ﬁ%bﬁégfmgh eorftgg'%r Ceived is
stored in | atch 422The outputdiedf latehiey 4920424, abaé@sd 428 ard 2éupletbto and 428
are coupled to the inputs of multiplexer 450 which is cqntrolled by cache

control st at e mutEplex 4900 Theeutmutnfimultiplex 450 is aeressed s CPRbcereldd t o
out put | atch ] [ LguUre-o. s a :
circuit |evel ﬁﬁgg\éﬁgﬁnggfég%g@%vgﬁq%{ gﬁgyggl%s'gtc%agé% |4r41‘8’ ?%sgégﬁe%bgg%nt of
the present imkention. According to one enbodi ment, deskew | atch control

circuitry 510 and 520 recejve as_inputs BSTF ich is_a strobe signal.
d\@&@fcg fgluémants

) B#  wh

Deskew | at ch cont r oPec@uge ing agdon of deskew; aArthiscandgplie
wel | known in s 4 1R : ' %Fglﬁ,t ' LN
Figure 5 stor erggﬁ%lggeho?%tsﬁgﬁéﬁr%%l %at ggtregtbrjl;-ggceﬂdé@r? a C#Qé@e épg{econd
chunk in | at clwhith, datadsdatched bythe Litched Brindeperdentsofitise deek dirdiimge .
In order to reduce sk intr c b he "strobe signals, air of
conpl enent ary E’PF%?J“Q"?B&(SHS}? :%“%%Woﬁwhlﬁﬁﬁﬁﬁéfﬁg@&ax €control
the deskew | atighesq hhf SrOR! piteelsor 120 d63K &b HortRfari®RY Dita stored in

the deskew latches flows through the latches so that the data is

available before the data is latched in response to the BSTB# signal.

Access to the data stored in the deskew latches may be made

_ independent of the BSTB# signal.. Alternatively, clocked latches'may
also be used. o

Figure 6 is a timing diagram of a plurality of signals in the
master-slave interface according to one embodiment of the present
invention. CLK signal 150 corresponds to CLK signal 150 of Figure 1.
CPU PLL signal 610 is the clock signal that drives processor 100 and is
used in the timing of accesses to data returned by cache memory 120.
CPU PLL output signal 610 corresponds to the Ty time base of Figure 1.

Cache clock signal 620 corresponds to the T3 time base of Figure 1
and is the clock signal that drives cache memory 120. Cache clock
signal 620 is used in executing commands received from processor 100
and in sending data and timing information to processor 100.

Some of the signals described below are described as uni-
directional signals. These signals may also be designed as bi-directional
signals that are actively driven for a fixed number of clocks and then
instead of being left to float are held at the last value through the use of

weak drivers called “keepers”. The keepers maintain the signals



10 controlled by a clock signal received fromcache nenory 120. The
outputs of |atches 422, 426, 424, and 428 are coupled to nultiplex 450. The
out put of nulti Bl ex 450 is accessed by CPU core 134 (not shqy(;_@l) ei t her
direct|y. 3OWBHyt put 1atch 440, as shown in Figure 4. BR9B0Z6¢ he

| at ching action of deskew | atches 220 is controlled in response to a strobe
signal generated by cache nenory 120, the tines at which data is | atched by
the latches is independent of the clock driving processor 100 (e.g.,
T[err]). Thus, the window in which the data may be | atched may cross
processor 120 clock cycle boundaries. Data stbred in the deskew | atches

fl ows through Wi‘&ﬁh&h@hﬁﬁi@%f'ﬁlggica‘l g rdows vakiis! 3¥Zéépéi§fﬁél? tohRddrka is

| atched in response to the BSTB# signal. Access to the data stored in the
deskew | at chespawgr monstitrption dpcheeraceirer: comparr}; te jagh implemnentation vel y,

cl ocked | atcheﬁléﬁg%(gﬁ%%ggﬁaqs lﬂ%%(g Figure 6 is a timng diagramof a
€ as o

plurality of s er-slave interface according to:one

embodi ment of the szm@cabhaeigdalms@i{dssw@dﬂuecﬁEmEawcféxﬁwa CLK
signal 150 of Figure 1. CPU PLL signal 610 is the clock signal that drives

processor 100 ep@plemgntaryippir f sbiobengigpnrlsihat aze sent from £ache memeryy

cache nenory 1 UtpSi _ .J.me base
of Figure 1. ﬁb to@%ﬁ%k%ﬂog%@ gﬁ‘%ﬁ%%@%‘%ﬁ%‘é@%ﬁ@ %tlt%k@g%?%%fetﬁ% base
of Figure 1 anBiguetheThesektrobgrsignalbairedhe i ihformrertivny séafrogache

clock signal 620 is used in executing commnds received from processor 100
and in sendi ngcasheamsmerny; FOnk Pracsesen 1‘Qﬂ1all°§gp‘f"§g‘e§'§oﬁ?atf at 1s requesiggh of

(he !l = Seagnidabielay o o descrl bed o unl | drect]onal oignal s
actively driven for Dati@gachensighals @0 ateothesdatacserit dromneichadneindryi 129 | ef t
o flloal are hel 8 ot b fohnid) wenChy queh Lhe usg fipliutid kel £2'1 0
can be seen from Figure 6, the transition of the strobe signals occurs
after the data signals are set up. '
BSTB@CPU signal 650 and BSTB#@CPU signal 655 are the strobe
signals generated by cache memory 120 at the time they arrive at
processor 100. These signals are delayed with respect to the strobe
signals at cache memory 120 because of flight time delays between cache
memory 120 and processor 100. The strobe signals at processor 100
correspond to the Ts time base of Figﬁre 1.
Data@CPU signals 660 are the data as it arrives at proéessor 100.
Again, these signals are delayed by the flight time between cache
memory 120 and processor 100. Data@CPU signals 660 corresponds to
the Ts time base of Figure 1. "
Deskew latch 1 output 670, deskew latch 2 output 672, deskew
latch 3 output 674, and deskew latch 4 output 676 are the output signals
of the respective deskew latches. These signals correspond to the Ts
time base of Figure 1. These output signals are the respective chunks of
data that are received from cache memory 120. The Ts time base is
based on data rather than clock and strobe signals that form the basis of

the other time bases. Alternatively, the T¢ time base may be based on a



11 within the limts- of logical high or |ow values. Keepers help to reduce
power consunption in the receiver conpared to an inplenentation where the
signals float. BSTB@ache signal 630 and BSTB#@ache signal 635 form _
a conpl enwigtogrsgggaai r of strobe signals that are sent fron1c§8gﬁmgﬁ % 120
to processor 100. These signals correspond to the T4 tinme base Th Eﬁé're 1. i,
These strobe signals are the timng information sent from cache nenory 120, ki
to processor 100 along with the data that is requested by processor 100.

Dat a@ache signals 640 are the data sent from cache nmenory 120 to processor
100. These signals also correspond to the T4 tinme base. As can be seen from .
Figure 6, the transition of the strobe signafFs occurs after the data -

signal s are sé&lodkpr strobe siggabifithe datgradithe sesken 1B& R4 @ Patchedrial 655 are

t he strobe si e by .caghe meqory 120, at. the . tinme . they arrive at

processor 10098%0215%9%%ﬁg‘ﬁgg;‘f@%}eg%%%ﬁya%@%eapfggpw caneoki- si gnal s

at cache nmenpiowafehebisiembelifient Wokld s soihcRMHavsT ?@Hb%ngﬁméf y 120
respon

and processor 100, The strobe signals at processor 100 cor to the
Tlerr] time b®EBAGY- Figure 1. Dat a@PU si gnal s 660 are the data as it

arrives at process 0 | ' | s ;are del ayed b he flight
ti me between cacheqﬁgﬁ%?guﬁggkgﬁgﬁgﬁ§§ggéggﬁfﬁﬁ%q%ﬁQQdﬁaééﬁ%ﬁéjs 660
corresponds t enuktipldskavel using abdeskeof 14tEl Wag bben describbgskew | atch 1

out put 670, deskew | atch 2 output 672, deskew |l atch 3 output 674, and
deskew |l atch 4 output 676 are the output signals of the respective deskew
| at ches. These signals correspond to the T6 tinme base of Figure 1. These
out put signals are the respective chunks of data that are received from
cache nmenory 120. The T6 tine base is based on data rather than clock and
strobe signals that formthe basis of the other tinme bases. Alternatively,
the T6 tinme base nay be based on a



12 clock or strobe signal if the data at the deskew |l atches is latched in
response to a timng signal before it is available to processor core 134.
However, +wiiog/sggygodi ment woul d incur somewhat of a perfor mapeenosarisy .
Thus, source synchronous interface between master and nultiple slaves using
a deskew | atch has been descri bed.

13 What is clained is: 1. A system conprising: a sl ave

devi ce; a master device having a plurality of deskew | atches; and

a bus coupl ed between the sl ave device and g\e/ mast er device, wherein the
bus communi cates a request fromthe naster ice to the slave device-

and communi cates data and tinming informati on from the—stave device t‘\

the master deyicgnids response to the request; ““\“l“\\\i“"\‘“\‘\!“\

What is claimed is:

*

1. A computer system, comprising:

a slave device;

a master device having a plurality of deskew latches; and

a bus coupled between the slave device and the master device,
wherein the bus communicates a request and first timing information
from the master device to the slave device and communicates data and
second timing information from the slave device to the master device;
and

wherein the slave device operates in response to the request and
the first timing information to generate the second timing information

" and the data that is stored in one of the plurality of deskew latches until

the data is accessed by the master device.

2. The computer system of claim 1, wherein the first timing

information comprises a first clock signal.

3. The computer system of claim 1, wherein the first timing

information comprises a first strobe signal.

4, The computer system of claim 1, wherein the second

timing information comprises a second clock signal.

5. The computer system of claim 1, wherein the second

timing information comprises a second strobe signal.

6. The computer system of claim 1, wherein the data is
latched into one of the plurality of deskew latches in response to the

second timing information.
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wherein the slave device operates;asynchronously with respect to the

mast er device, in responsetoth { rate the timng
i nformati on and the data, and fu mlm&mmmrwln data is stored in one of .~
t he pl ur VP§/seH45deskew | at ches unt| e tatsa i*s accessed BET/URB/AOTAG er

devi ce. 2. The systemof claim1l, wherein the timng information \-,‘
conprises a clock si gnal . 3. .The systemof claim1l1l, wherein the
timng informati on conprises a strobe si gnal . 4. The system of
claiml1, wherein the data is latched into one of the plurality of
deskew | atches in response to the limng infgrmation. 5. The system of
claiml, wherein the 0 t em of
claim1l, wherein the sI ave d‘sek\?/1 cg&;é a cacﬁgﬁin@mi) wherelﬁ *thi'ar?‘r’e hod

conpri si ng: device i asprotgssort equest from a pr ocessor to a cache menor Y
executing the request in the cache menmory asynchronously with

respect to clock cycles i n the proc I.evi dat a
requested by a comPand: 1he compég%%ﬁtg F Ff?i‘ngrl Wb@??ﬂ&tﬁﬁnﬂa"e ewce
sendi ng the di’é@c@@ﬂem&nb ng information fromthe cache menory to the
processor; and latching, i a deskew |atch, the data in response to'the
timng i nformation.

9. A method of accessing data in a cache memory coupled to

a processor via a backside bus, the method comprising the steps of:
issuing a request from the processor to the cache memory;
sending to the cache memory, along with the request, first
timing information;
execuﬁng the request in the cache memory asynchronously with
respect to clock cycles in the processor;

retrieving data requested by the command;

generating second timing’ information;

sending data and second timing information and from the cache
memory to the processor;

latching, in a deskew latch, the data in response to the second

timing information.
' s

10.  An integrated circuit (IC) package, comprising;

a cache memory subsystem,

a processor having a plurality of deskew latches,

a backside bus coupled between the cache memory subsystem
and the processor, wherein the backside bus communicates a command
and first timing information from the processor to the cache memory
subsytem and the backside bus communicates second timing
information and data accessed in response to the command from the
cache memory subsytem to the processor and

a bus interface configured to provide access by the processor to

one or more peripheral device;
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14 8. An integrated circuit (I1C) package, conprising; a cache nenory

subsystem a processor—taving a plurality of deskew | atches; and a bus
coupl ed ,WO%%%‘gn the ca ‘l’ﬂ“\lwﬂﬁlﬂtem and the proce®SHPS98@23%i n
t he bus comuni cates a processor to the cache nenory

subsystem and the bus furtker¢conmbhi Cates tini ng informati on and data
accessed in response to the command fromthe cache nenory subsystem to
the processor and a bus interface is configured to provide access by the
processor to one or nore peripheral device;15 wherein the cache menory
subsyst em oper at esmaﬁhﬂ@ﬂ@&&bym\é&ﬁ&g suﬁsgﬁaﬁc éfatés P @@gﬁéc@% dn
response to the conmand to output the data the timng i"'nformation,
and further whpsteinnclphls mameapmsemﬂrsedommé and ﬂ&%lﬁé&t tlmmges in

response to th nf Q he | C;package claim rein”
the tining in’f‘ﬁpﬁﬁ‘%@ﬂ%& { data ﬁacﬁ% ogd ng é Ca%gvﬁl'ﬁge of
claim8, wherghta isatdhed ﬁgtheﬂa@gmﬂa@hwm&ew to tHd Sdondl Gfhg  11.-
An appar at us conprl si ng: means for i'ssuing @ request froma processor to
a cache menorinformaticms Uo’r executing the request in the cache nenory
asynchronously with respect to clock cycles in the processor; nmeans -
for retrieving dataqreq t X r |ngt|mng
i nformation,; mag%s f:,)t‘rﬁ%s@ Bi ng%%8ﬁgﬁ$&% %OHJNHE?&& m nfglglg’?n orMation from

t he cache B tion ¢deﬁsesasﬁ1@|tstﬁmé g{gﬁals for | atching the data in
response to the timng Information.

12.  The IC package of claim 10, wherein the first timing

information comprises a first clock signal.

13.  The IC package of claim 10, wherein the second timing
information comprises a second strobe signal.
14.  The IC package of claim 10, wherein the second timing

N . information comprises a second clock signal.
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