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PROCESSORS BACKGROUND OF I NVENTION 1. Field of the Invention *2*
.present invention relates to a Double Data Rate DRAM ( DDR DRAM based
el ectroni c conputer menory system and nore specifically to upgrading the
data transfer rate in a DRAM Backgrouhd Art The nmain nmenory of a conputer
stores the DERAMAATA' SEPORACEAND MOVYMESITFOR NETWORK PROVESSORS
executing instructions for a given task. The tine required to access data
stored in the main nenory detracts fromthe tinme available to execute
instructions, and slows down the overall operating speed of the conmputer.
Anyt hi ng that reduces the tine for nenory access serves to increase the
operating speed of the com&équﬂl@Uﬁﬂ?bwwnlg%tored i n sem conduct or
menory devi ces call ed Random Access Menory (RAM devices. Th WO DSt
common types of RAM are DRAM or Dynam c Random Access I\/Ermry[ﬂ%hm”mmm’mm,
Stati ¢ Random Access Menory. Each device has its advant ages
di sadvant aggs Networ k prigeRSTISIReRtiBECOM Ng nore i nportant in G-
conputer world for their ability to forward, route, and filter frames

i or mat i an. R BRE R RHACFE Bl Dielers DRARIDRRREAN Pt as 1 ne

ability to service nore and nore traffic and _the bandw dth requirenents
cont i nue SAeSTPRSCOIMTer ey SYster, axdimere sperafiGadlyiko ypeyading dhe @%&traeﬁﬁr 19¥hd| e
several gigabit ports, previous designs relied on SRAM for data storage in
order toike&RAN. Wi th the high bandwi dth requirenents to transmt |arge

gquantities of data per unit of time. However, SRAM drove up t f
t hose sol utions, and cheaper solutions were pursued. DRAM hasLmHmmw"Wum””m
advant ages of | ower costs and | arger array sizes which would help ol

| arger data s by the network processors. There are seV&{ %t
di sadvant agesﬁ%g o(():{lﬁg(fg‘gpvmth the use of DRAM chips. One is their high

~

| atency during, read' or ite' access (several, cycl es del in order to
addr es)s/ t he D%AWMAWF}%Y \c,)\fa computer stores ghe data and prggram requlreadybyacentra

processing unit for executing instructions for a given task. The time required to access data
stored in the main memory detracts from the time available to execute instructions, and slows
down the overall operating speed of the computer. Anything that reduces the time for
memory access serves to increase the operating speed of the computer. The main memory is
stored in semiconductor memory devices called Random Access Memory (RAM) devices.
The two most common types of RAM are DRAM or Dynamic Random Access Memory and
SRAM or Static Random Access Memory. Each device has its advantages and its
disadvantages

Network processors are becoming more important in the computer world for their

ability to forward, route, and filter frames comprising defined length sequences of bits of



di sadvantage is the conplex rules concerning reading and witing 1t aeJUN 2003
menmory. RAS and CAS rules limit random access to the menory unlike the
.access that is possible with SRAMs. There is also the need to periodically
refresh the menory every 2 nms. or so due to the inherent capacitor |eakage.
The newer Doubl e Data Rate DRAVS ( DDR M5) allow data to be transferred

tw ce as fast as regular DRAMS by novihg the data on both the rising and

falling cinesaadiogess bigidtdetwirks apphiiache netdosk proaessberdeds tiembilivg to ke ite
edge and the falling edge of the clock, effectively doubles the bandw dth.

a2 coit el AARTRY T Ge b SAR AR PHOCRUACIY P A,

systens |i ke ATMs whi ch have fixed packet sizes. However, for,k netwarks |ike
Et her net , 2 WHNOFK pragessoithatosn dandle sevegal gagabit porthprevieusalesigps ElisdoneeAVan
cause a significant performance hit on the data store. For exanple, assune
a 68 byt efof datastdragesin@rded to keephmp widh thedtighr eandWidth revpurechentsdaitrasstRit barge er s
to 1~ J U-~J 2003 3 store the data, 2 wite' windows to wite' the

date to DRAMitisNek dta paelit oMtiMEOWBweer! SRAM 8Rvelap thef dos@I P sEREioRY ARAS ES

of describing the present invention, window is defined as a tine slot

during whj,c rea r wite i i i f f t he
S el Elod R i b RO AY AR RSP YRR ShbL O
this 68 byte frame. Since the DRAM has conpl ex rul es concerni ng RAS and CAS

and does He&s vhiphperldhsipwith e largshdyasiesassded hythenetviosk REREEFOFS: Wbied be

| ost when accessing the 68 byte franme if sonething was not done to
conpensat &e keverdl kiismdsarttages associafkdrvaddthe luss o ERRAM chips. @ndRAktis hWathdatehoy
provi de increased storage and data transfer rates for network processors.

Anot her n@@thgexdadt r LR iteCoHCE sl fhe by dbMytih Rrddr 36 8d dEssQhe BRUAVD Andied by
networ k processors. Still another need exists to control novenent of data

recued, DNk fe AGESNIL LHANNLAE I HIHEpShofl A oo
g?gggis ls Ioﬁ Klle%flin?irt ?a{ntdz)r%t a{cggss ttcp &eﬁﬁeﬂ%&r@%nﬁke rtﬂi'a' atclcé)sls (ta'haft rigggsssibqg w%t%esmpr k
There is also the need to periodically refresh the memory every 2 ms. or so due to the inherent
capacitor leakage.
The newer Double Data Rate DRAMs (DDR DRAMs) allow data to be transferred
twice as fast as regular DRAMs by moving the data on both the rising and falling clock edge.
Using this approach, data transferred on the rising edge and the falling edge of the clock,
effectively doubles the bandwidth. These DDRs have speeds up to 133 MHz (and going
higher) which allow up to 4.2 Gbit of raw bandwidth.
Using fixed sized buffers works well for network systems like ATMs which have
fixed packet sizes. However, for networks like Ethernet, which have variable frame sizes,

using the 64 byte buffers can cause a significant performance hit on the data store. For

example, assume a 68 byte frame is stored in the data store. This would require 2 buffers to



Finally, a need exists to be able to random ze DRAM "read' and wl ééu JZ
access. SUWMMVARY An inproved data transfer systemfor a network pr rr\ 003
.uses a dynam c random access menory chip (DRAM including one or nore of

the following features: a) A pair of Double Data Rate DRAMS in parallel,

each capabl e of nobving data on each edge of a tinme clock; b) A
Time-Division-Miultiplexer to allow 4 bagks of data to be read by the

net wor k processor foll owed by 4 data banks to be witten during each tine

cell; andsgi Naldd, Bankite’ afmﬁows% Nyr{l03hAd e ¢4 DIRAMS Ghal dd Wil Si ze
data frames to inctease overall bandwi dth of the DRAM dependent on the

| ength of _th of the pr i pvention. rel at es

| mproved WA I @%ﬁw@é@? i Bvrpgsegmﬁ EREns PRt BBl oubelis ng o
dynam ¢ random access nmenor storage. The system i ncludes a alr of
Doubl e Daf@ingd @8 abigv ethlwg. ‘ﬁhlﬁlaﬁ a¢adeqr Wréta@ﬁe@ﬁﬁ%bﬁ Reipg p@fgqmw to 8t

both the rising and falling edges of a tinme clock. It also |ncludes a

mul ti pl exére DRAM.| Bhe siysteembandwhdthks cwtfalmastan half beordeath dpergach thieto8dryke
processor followed by 4 menory banks to be "witten' by each network
processi ngasler i $ige? Ghe PRAMCEAS c@hpleDeules onedraigk . RABCarkl SSTasd ot hbher
include a serial bus and pipelines for the transfer of the 'read" data and

the "witgp Beﬁtc%nﬁﬁétxﬁeranwﬁ ab¥eRs, Qﬁé\mmdbédawtﬁsvp&ﬂa ipéQoStelM&T Kccessing

processor. Preferably; it utilizes a plurality of fixed size data store

e o MR PR BRI SN 08 Bl S iARRSE e wERRRRIT Y, D

conpri ses e data's ystem can al SO 1 nc eaprlorlty

program that allows random access read' and wrjite' to th

" anot her aspefticsH tHHE SRINGe f.aolaw\é}4 SR Bl oy prege gpf Hgiand
novi ng data for use by a network processor. The nethod includes the steps
of : a) st @aisfy retee fafarbvark preaestorand second DDR DRAM chi ps working in

t andem and havi ng synchroni zed cl ocks; b) establishing a data novenent
pattern conpri sAngthar peﬁﬁekistsrrimeduiﬂmbféaderdfandw@dthstrémfeeaﬁhdatepfeatdsag)}ceI I
of the DDR DRAM cl ocks; c) dedi cati ng a contiguous group of cycles in the
pattern tgetivdlid proc&@asts. duri ng a “read'" window, and d) dedicating a second
contiguous group of cycles in the pattern to full "wite' during a wite'

w ndow. The met§ef MBhet RELd deists® ARl ntRRmet 8P dafa Réddbd B9 BRLAtHHA™M

each read

processor to maximise the number of clock cycles used for data transfer to and from a
DRAM.

Yet another need exists to have the capability of arbitrating the service of multiple
frames by the network processor.

Finally, a need exists to be able to randomize DRAM ‘read’ and ‘write’ access.

SUMMARY
An improved data transfer system for a network processor uses a dynamic random
access memory chip (DRAM) including one or more of the following features: a) A pair of
Double Data Rate DRAMS in parallel, each capable of moving data on each edge of a time
clock; b) A Time-Division-Multiplexer to allow 4 banks of data to be read by the network

processor followed by 4 data banks to be written during each time cell; and ¢) Valid Bank



-~ window or fromeach wite windowinto one of a plurality of buffers. Each
w ndow preferably conprises a burst of 64 bytes of data and eafg B%?QQSS

.a store capacity of 64 1 ~J UN 2003 s bytes. The data is pi peti

allow 4 banks to be read during the read w ndow, followed by 4 banks to
be witten during the "wite' w ndow Each bank preferably comprises '/4 of
the data store. This data is read or wigtten in bursts of 64 bytes. A
further aspect of the present invention provides an arbitration systemfor

a net wor KyREBRESIAI vﬁﬂ?vérk’ﬁlg@ieh@ﬂa fi@meP P McfHafdoverhil Bn RAQENG Lithl T5Iak R1

novenent for nultiple frafres being serviced by the network processor. The

system coga{(e}_lg‘%gloggﬁﬁgh%@mg%a%%)sI ots or windows for reading each of the

four banks in the DRAM chip and tinme slots for

witing each of the four. banks. The systemthen.deternnes whi.ch of the
banks need o bATEEEF! BhIEHFEH! BIVeRin BRSO ABAEPIR oh s\ T SV%?mafgbi ven

franme. It accesses the bank during the appropriate read or wite tinme slots
that are eegjuiahtd obynetwdrd priovessorsr wig al dynanue rpeddnevescess 1mpmare <PRAA) ng
"read' access during a given period of tinme and arbitrates for all "a'
banks bet weeigeal Thef syarersinchrdds agairr cfaldoutde DassRate DRAM ghipbdnlparallel, sh¢ti | ar
fashion, it arbitrates for all "b', "¢' and "d' banks for a franme requiring

access t 0cidaBle0bNlovialista olNB&th tht risBREad AIliey SRS tiRY icRWkNIItt 1§
frames and ‘arbitration for all other frames needing wite' access.

Finally, gangl ?\r&)?]%ﬁgaﬁéxe?ftotﬂl%wpﬁe[ﬁglﬂ&aéﬂ%ﬁ(@téfoahtggg\ﬂe\?felﬁg2!3}”@5&'1096@%&

provi ding a ne ocessor with random read access to a

accoss toPERRh PG g 2 Reinby Akt Bo B Thrbatfl kork nieny ¥ At oo

step, arbitration is used to l%i ve priority to bank "a' for any read .
commands EA&vclaseld of gheplime glocky 'Thg systempgsn fpeher ingludea serial tysand pinckings
bank "a' the bank is given access to a wite' conmand and bank "b' is then
gi ven a  forithe transfamefte dsadieddta and thehsvrae’ odsdas betwebmttie DBR DR ANIS fapd ding
than the access to bank "a', bank "b' is bypassed in favor of bank "c'
si nce t herdpédiveaietworkuprotessent Paferablge itaptilizes wasdoralibeof fieddjzacdid stosdks
to switch between "read’ and wite. Wen the system skips to bank c, 18
J U N 2008yffers, with each buffer having a 64 byte capacity. Each memory bank comprises % of
the data store. The system can also include a priority program that allows random access
for ‘read’ and ‘write’ to the DDR DRAM.
In another aspect of the invention, a method is described for storing and moving
data for use by a network processor. The method includes the steps of: a) storing the data
in first and second DDR DRAM chips working in tandem and having synchronized clocks;
b) establishing a data movement pattern comprising a predetermined number of cycles in
each repeating cell of the DDR DRAM clocks; c) dedicating a contiguous group of cycles
in the pattern to full ‘read’ during a ‘read’ window; and d) dedicating a second contiguous
group of cycles in the pattern to full ‘write’ during a ‘write’ window.
The method may include the additional step of storing data from each read

window or from each write window into one of a plurality of buffers. Each window

preferably comprises a burst of 64 bytes of data and each buffer has a store capacity of 64



.6 it nodifies the arbitration to give priority to bank "c' whet het JUN 2003
read, or wite. By then sufficient tine will have elapsed to allow the
vsystemto switch from read" to "wite' . In this manner, the system can
accomodat e t he data exchange through this bank whether it is "read or
"wite'. These steps are preferably repeated during a wite' w ndow The
techni que of random access is particulasly useful for processing control

i nformati on. BRI EF DESCRI PTION OF THE DRAWNG Figure 1 is a typical diagram

o oteooor o P SRR T SF USRI,
Di Vi SI I\/UI ti

t orome el 5y'G, RY Sa v BS iR uBe 2w v, L RREL S B { o

t he adoption of e nDduIatlon and processes invol vin ling. There
are tine Q%Blér‘%’iétweé e datastge. Thig datags Waéeoglrrﬁteahtabwqﬁté§36 é’ggesproduce a
signal that allows other pulses to be interleaved. The extraction of the
desired signal &t fuathee@spogtof thgypiasey aveytwnepnovides ani arbitiatios yspsthmofor zat i on
with the transmitter. It should be understood that the interface between

t he net wondtwotlo pesessor and théendirAMiorsplovidilig @ diigto bandwiddr ety riekdmehe\fbices
mul tiplex and extract. Wthin the framework of the present invention, the

TDM al | owgndhiatsmey bdaled sé9ick® by qRd' newoﬂchsrd%egsw K TRE OGRRAP cohiseyved
by 4 banks be| ng witten by the net wor k processor. The reads are p| pe

| ined to t ‘h K o%for d}ﬁﬁ s ¥ r@acﬁﬁ’ %'o%t ?Hur s (LS | oo
pi pel i ned 1 Swi Yen ever 'P Sc e ar}

t he net wor, ro ead bangwi dt h .an |t of vvrlte
bandwi dt hdmﬁﬁhﬁmF@B aaﬁb trgs ot 15 B ing eaéiwd fi&so‘?wgoa&gf aThesySigndhen prRAv
with this TDM al l ows the nost bandw dth, while still allow ng the network
pr ocessor detemaispewhich afghabanksaged imbe raadiand whielnef therbanksnneed: to sl writtemner
(20 cycle repeating window This TDM scherme works well for the data

novenent feaedgderbiramhe Inatcessekthebank deong ththpproptiaerkadoowesstime sotsthhe t o
store 1.7 CGops into the data store, and retrieve 1 7 Gops fromthe data

store. Mbaie ro@iivedrdy PUDGIOEH Gamel SOl Eovidval al BirdrhedRecingStaat eabdetl duritigtad
store, the header read, the frame processed/ nodified, and the resultant

[rame senbieR geigd QSHrhO3hd APbiRREE forTHE ©XbdnRs BURIARRM Bhmed SREHAD bl
access to the ‘a’ bank. In similar fashion, it arbitrates for all ‘b’, ‘c’ and ‘d’ banks for a
frame requiring access to the other banks. Then, it repeats the steps of reviewing the
frames and arbitration for all other frames needing ‘write’ access.

Finally, another aspect of the present invention provides a method of providing a
network processor with random ‘read’ and ‘write’ access to a DRAM. This method
comprises the steps of: sequencing the ‘read’ and ‘write’ access to a plurality of banks a, b,
c... of a DRAM chip. During the ‘read’ step, arbitration is used to give priority to bank ‘a’
for any read commands that need to be fulfilled. If no ‘read’ access is available in bank ‘a’
the bank is given access to a ‘write’ command and bank ‘b’ is then given a ‘write’
command as well. If the access to bank ‘b’ is different than the access to bank ‘a’, bank

‘b’ is bypassed in favor of bank ‘c’ since there is not a sufficient time delay between the

two adjacent banks to switch between ‘read’ and ‘write. When the system skips to bank c,



processi ng/ nodi fying the frane uses up part of the total “read' and "wite'
bandwi dt h. To support a Gbit Ethernet port woul d require sorrevxﬁp @hﬁzpﬂs
+ 1.5 CGops 'read' bandwidth and 1.5 Gops wite' bandw dth. To suppor

ports, nore nenories would have to be added. Each nenory uses up a certain
nunber of 1/0Gs on the network processor, which in turn increases the cost.
Addi ti onal savings would benefit the sygtemcosts. In order to neet the
DRAM rul es, and still support high-bandw dth network data ~ ~ J U N 2003

novenent &Q@lﬂe@‘(ﬁé’{u’oﬁﬁtﬁ§Q§ I%N%rm& ROV ‘ceambint [ths feddUWrSin®l 48 @fenf our
data events. Each data el erre conprises the width of the bus, which is 16

bits ( 16 he‘ QLY es._up
1/ 4 of thgﬁl&a?m f eo‘rmel? ) pse%t]cz%alel?\gqge ?et?nl? ?‘blt&{ ore i€ ewlggé(oﬁn64
byte buffers, where t he DDR is read in burst of 64 bytes (° re d' aaaa,
bbbb, ccdBis TREr 4% sfeny FarAGorERPdate e st shangs twgﬁ this Rrmi¢ @ Rethged,
bbbb, cccc, dddd above). Each of the letters represents one data el enent
from t he ibdrerd’| ebsvie’ . wilhhse: Steps anepreferably repeated dluring on‘wiitet Misdow.wdhset s
of DRAMS are used with opposite read/wite tine slots. Therefore the

i nvent i onechhiques f earlobliddceds it partieulnrly uieful foppfocdsimaonatinfurtativhif er to be
read each window. This corresponds to 6.8 Mips. full duplex, which is
enough to support several CGbit ports. In order to overcone the limtation
of always having to access the four banks in order, the present invention

uses what are called Va mﬁ%ﬁﬁgﬁ@‘%% p%A &doe used as long as
e networ r

several franes are being Service ocessor. The network
processor keep th vvhl banks_.a ed by the franes) and only
accesses the r}d%}FrPﬁnds AL Q&ga&naf%@wafﬁ@ The network processor has an
arbitration schene that |ooks at all franmes that need reading in a given

ti me frame and arbitrates for all "a' banks between any frame that needs an
"a' access. It also arbitrates for all "b', "c¢', and "d' banks, therefore
only fetching the neddSFAIKEDADRSCRIPTHON @F\I&hEﬂNa’rmV’Emenever wasti ng any
DRAM bandwi dt h. As soon as all of the banks for a given buffer have been
processed, the WhénveknePh Ok 6@0sscrds usifg the DRAMfin tfullt feadre st “fauf heie’of the
frame (or next frame, if at the end of the current frane). The VBV schene

can be usgddéws, zhpm FeRBeit % MADNANL N pldeed §H8" £ TiREUSHISorMWaslked

bank access to the Usi ng the VBV scherre effectively increases the

overal | Lﬁﬁ%) SCRQBQWI‘BM % form of multiplex transmission that follows logically from the
adoption of pulse modulation and processes involving sampling. There are time gaps

between pulses



18 J U N 2003 9 the DRAM by 75% (assum ng that the average franme uses 1.5
buffers) for small frames and by 1% for |ong frames. Frane sizeséi gaym
+these two extrenmes will benefit sonewhere between 75% and 1% depénHi 3
actual frame size. Referring nowto Figure 1, a DRAM chip tim ng di agram 10

t hat supports a full read and a full wite programis shown. This diagram
shows one cell 12 of 20 cycles 1l4a-14t éf a 133 Mz cl ock. Ten, conti guous
cycles 16addeﬂaé@s%5§ FFJaﬁcé 4 ﬁgﬂél tht AAOWs Bher hilSes@BE irteeaved dDVSetALAbA BE
"wite' wndow 18. It should be noted that for random access, it is

possi bl e that sone of the ".reads'. may be turned in _wite .w ndow and
Vi sa ver séttl.e %‘?ﬂzedrsé%{}ajiatoq' ré“gfélveértr%‘ﬂées(aﬁngmﬂ?e% hid frh%'%glﬁ)rpﬁ%u%{d‘&ﬁg&e strobe
(CAS) 22 are shown. The RAS and CAS |ines describe the length of tine it
takes to Wammider Bwhewld he updeptnodthaythedntenfacesbatvern the netajorlepropersoray) thas

| at ency. Shorter latency tinmes result in greater data transfer rates. Each
time the BRANbdshisdisectionsl wherebg bothaderices mrultgflext dvel dxtrakts Withidahaframework n
the BA line 24. The details and operation of the strobes is well known to

those ski bt g piegeﬁthevqaﬁbn,gg@gm Wil %s B Badidldragt 5o @M?gftﬂe névobie bot tom

of Figure 1 is data |line howm ng 4 banks “aaaa’, "bb cccc', and

“dddd' of data in,the,.read de 32 an bapks, "aaaa', ...bbbb',, “cccc',
and - dddaPrOBESHHONOTRd b Dyl et Sy theetitt pERERah T (RRdS e REE- 4o
precedes the wite of each bank of "wite' data by one cycle. Another
schene adireskioatiomyt banks phires’ iima 20 syelk cothiThy ‘whigeshatewdrolpipalived 6@ allow 4
"random’ ‘read' and wite' access to the DRAM Since "randonl access
reduces tlodrks wyatedwyeiy20 dybles TidEDM guhefmeralblvy theaiekwongirodessond edGbiof dat a
novenent, but instead would 1 8 J UN 2003 be utilized for sone type of

control i gbQr wRAdWAth 4dd 07 €85t Jrohritd SaR@IWRE Ll PERIEVut bP2PAEEDE uidde DRAM
m a nore random fashi on, the network processor ‘nust sequence the necessary

access to S f b t i c read’ W LEeL Wyndows as
shown abor\?tg.Ul Iarlgf%%%t eﬂ?‘J‘ fr)g\é%%d wvll\Jnfch ﬁ‘a‘évhﬁ) 1‘3‘?& \Ef/llé)%ﬁrﬂileo@??t?g?%%dﬁ%%Smlbi tration
for any "reads' that need to be perforned., During the ~wite! w.ndow, give
priority "t‘lgo“(lﬁétt\?B\?t‘éi?r iFPGEssa5 ko ch'&ed‘élﬁ)?"ﬂ\/\/r"‘ﬂde@‘?t"}?% transters B HUMEHE  or ned.
By giving priority to different types of access, the DRAM cycle will be
di st ur bedmaneer|(2&excle tepeating wiatdow) Khpy Dokbschemd swsksiwel! fravke date moyement
type of access to

needed by the network processor. The network processor is able to store 1.7 Gbps into the

data store, and retrieve 1 7 Gbps from the data store. Most network processors require that a
frame be stored into data store, the header read, the frame processed/modified, and the
resultant frame sent to the destination port. The extra overhead of ‘reading the header and
processing/modifying the frame uses up part of the total ‘read’ and ‘write’ bandwidth. To
support a Gbit Ethernet port would require somewhere around 1.5 Gbps ‘read’ bandwidth and
1.5 Gbps ‘write’ bandwidth. To support more ports, more memories would have to be added.
Each memory uses up a certain number of I/Os on the network processor, which in turn
increases the cost. Additional savings would benefit the system costs.

In order to meet the DRAM rules, and still support high-bandwidth network data



. performduring a given bank access, then the bank access is giv tj:
anot.her network processor. For the next bank, the arbitration % UeNjZDBS
‘be modified. If the next bank access is simlar to the |ast ("read

followed by "read', or wite' followed by a wite'), then the system

gives priority on an arbitration basis to a network processor having the

simlar access. If no simlar access is8available, then the system skips

the next Rawmdnt, € dentich dseb twd DDRBREBRAVEIhTfIga buiseaze dtfosir athevantal | ows
the network processor to have "randoml i ke" access whil e sti‘ll fqu| I'1ing

doal i ng iLH PP aniePRPP R ERIRRGTRE M5B |l B PP

frane size is 64 bytes of user data Added to thls sumis at least 12

addi t i onabltSB)wlésa@h bankeaf ecamemery makps a9d/hnlthe datestase pufifer. Therpiosthg/dataach
fane is divided into packets of 64 bytes that are then re-assenbled with
separ at e sacldriesmadsup AEEHbye baffére, whee (DR inaest Sn byps dfédthytes (‘otad he
present invention, a network processor does not have the correct type of
access (- r r Al j
Sear oh th%‘?*%t e %fg?”m%d?E aboisY o el ??,btﬁgﬁﬁfﬁigﬁ%@@%??%i?%‘zﬁﬁ 5o

of the 03 mbank. |f there are re than e ity wll
be gi ven 8VBhEASh o e RS PR TAMAN D s ik belsePette ey
the "read" or "wite’ portunity is not bypassed and lost. The sel ected
pr ocessorletigren sdsatien toﬁgls,tia\fﬂéedrof\ﬂﬁfﬂels areouse &vithenpposife rerd/ whitecime KBthext
bank is accessed. If the next bank is in the same "read’" or "wite' node as
t he one |Tisdrefaccths s@ntibhlioviay dmerbulffitr tasbegwiliten ¢aghtwiadovo amkondHouferes bei f i t
is not the same node, this bank of data i s skipped and access is given to
the next ﬁéﬁ&'gach'»(q‘hﬁé@e’f’ i5 ¥6rr& 01'1&33 f"fﬁlﬁ‘@h‘;ﬂ@x Lgch ﬁ‘éﬁﬂﬁg% s'ﬂ%rpee”
described In terns e | npfoved data ransfer using a palr

it shoul dege agﬁrstood that nore than two DRAM chi ps can be used for an
even wi def'ba Sarger data transfer. However, as a practl cal matter, if
t he nunber of chips gets too |large, the |arge anoun ata I hat

bei ng transfer@éﬁgﬂ‘i‘éﬂﬁ&?rcﬂd%gledF‘?ltﬁ@Wéd”?yﬁ having f poeessng ur wsflﬁa%% dt h

i's being wasted. Also, the invention has been characterized in connection
with a 20the pedsentdRAtioh meesoviot kre cdded Viahié Bank ¥attoon(MBV)ayBV cantecused ast her

timng sequences as well. Wiile the invention has been described in
conbi nat i long wé édveailbaticserRitRidgrereéadd by the hetwevk poéssbindhe Aetmorlapioeesat | ves,
nodi fications, and variations will be apparent to those

keeps up with which banks are needed by the frame(s) and only accesses the required banks
for a given frame. The network processor has an arbitration scheme that looks at all frames
that need reading in a given time frame and arbit_rates for all ‘a’ banks between any frame that
needs an ‘a’ access. It also arbitrates for all ‘b’, ‘c’, and ‘d’ banks, therefore only fetching the
necessary banks for any given frame and never wasting any DRAM bandwidth. As soon as all
of the banks for a given buffer have been processed, the network processor can then move on
to the next buffer of the frame (or next frame, if at the end of the current frame). The VBV
scheme can be used for both reading and writing, therefore reducing any wasted bank access

to the DRAM. Using the VBV scheme effectively increases the overall usable bandwidth of



. skilled in the art in light of the foregoing teachings. Accordingly, .the
invention is intended to enbrace all such alternatives, nodifi caai gndUchQUUB
variations as fall within the spirit and scope of the appended clai ns. =

8 J UN 2003 12 What is clainmed is: An inproved data transfer systemfor a
plurality of network processors using a gynam c random access nenory (DRAM
storage conposing: a) a pair of DDR DRAM chips in parallel, each capabl e of
nmovi ng datlte DRAMby 75%i (agsuming thati the averagigfsanobsea 115 bnéfeed) dorksmadifgarhys and

mul ti pl exor to allow four nenory banks of data to be "read" by each network

processor v abd pMpchaXYarhQUErafRY ifBétkeeh theRetwoMxirie RS wilPYerRdiE BoriekM&e K
processor during one 20 cycle cell of said time clock. 2. The system

according,to clakm 1 fuyrther ncludjng.a ipal bus and pipelines for the
t ransfer ggt“fe%g%%e@g.légmgngwg Oflﬁglua\g\;rf”tnég{za‘ata bet ween the two DDR DRANMS
and the respective network _processor. 3. The systemaccording to claiml
further includRsErEngnew 40 Figyreok, afpBAN ehip iming gagrawy 1 thafsuppartsp fuflygad

system according to claim3 wherein each of the buffers is a 64 byte

buf fer, anad &&ghwitBrogra@aillsh@emPThis dtaghin sliowsedall d2 i 00 eydl¥ Ma-bt of a
met hod of storing and noving data for use by a network processor conprising

e
cycles i n“@‘g@r’f"srfgﬁ@élﬂq ‘Hﬁltﬁ’e‘l"ingﬁ‘fv lghgt Mmt% ‘gﬁtrk)éf ragflog aqeeSadif g a

contiguous group of cycles in the pattern to full "read during a "read'
wi ndow; amdssible thatisarat phidre areads oy bedntnied inda shegvalip wihdey ehéyisp yerspelhe
pattern to full "wite during a wite' w ndow. 6. The nethod according to

claimb5 i newddiress difobe aRIAS) 20anal the telanof addltads stiched@NS) L2 are shaoh. TRARAS ndow
or fromeach wite wwndow to a data store in a buffer. 7. The net hod

accordi ng |yl i j : i f j h-rpi.ndow
compr i sos i SiisEs Reldhfi W 18R oF AL ekl el o 4 B B Ty

of 64 byt %?rie ig called the RAS/CAS latency. Shorter latency times result in greater data transfer

rates. Each time the RAS posts a low, it activates one of the banks of data shown in the BA
line 24, The
details and operation of the strobes is well known to those skilled in the art and require no
further explanation.

At the bottom of Figure 1 is data line 30 showing 4 banks ‘aaaa’, ‘bbbb’, ‘cccc’, and
‘dddd’ of data in the ‘read’ mode 32 and 4 banks ‘aaaa’, ‘bbbb’, ‘ccce’, and ‘dddd’ of data in
the ‘write mode 34. The write enable (WE) signal 40 precedes the write of each bank of
‘write’ data by one cycle.

Another scheme addressed by the invention is allowing the network processor
"random" ‘read’ and ‘write’ access to the DRAM. Since "random" access reduces total

bandwidth, this scheme preferably would not be used for data movement, but instead would



The method according to claim5 further including the step of p | 4 i
'aIIowfour banks of data to be read during the read’ w ndow, q#JUNggUa
. four banks of data to be witten during the "wite' wi ndow 9. The nethod
according to claim8 wherein the data is read or is witten in bursts of 64
bytes. 10. An arbitration nmethod for a network processor for providing a

hi gh bandwi dth novement of data for mullei ple franes being serviced by the
net wor k | OAeRa6r dofEFHEGH dotfio PinfdalBn Shefder 6GTRE hétwask J&@es%&xetﬁsa Bds:
~~aN zoL03 14 erstab ?Qﬁ%né) tlorrlé1 S tsnfor réadl ng each o b t he baﬁksssa b,
c, and d arate tine slots for wit each of the
banks a5 DRAMGRA ToreqBidoriasPing: Ghranesk Pope homed sniiecs BUsESREY and
whi ch of the banks need to be witten for a gi ven frame; accessing only the
banks t hescessite theldBiAM ds foflowai Usaythe basi¢ iraad and eth@\M“h@dCa’i’Sl asfshaye 8bengedi ng

“read' access duri ng each time slot; arbitrating for all "a' banks between
al | franparineedi‘nad’ waridw, g@e@slsnt)qotﬂliuavBaf arbiaraken fandy Seaqde miidt akdd/to be
arbitrating for all "b', "¢ d" banks for a frame reqU|r|ng access to

‘the 'b rﬁqmegrﬁumggth@% MOJ grmr&rﬁ,tthewg@gm%@pq? kg cl @i m

10 furth% I ncluding repeating stéps and or a s needi ng

wite' cess od of praviding a network roces random
ead aNFCIRR (b6 peEibamEL 1 BYEaRANDLY DR BaRe Rt splest i ﬁwczaél

chip conprising the steps of: a) during a read vvlndow arbitrating to
gi ve priwil bydisturtizalthe least. Héhe satyotk mactssacivrantdavh tie cooect type efeaccess to

fulfilled; b) if no "read" access is available froma bank “a', given bank
@' accesHforf duringfa divtn BARABEHS, tRHhObanigicted’ds kiven tovirioti®r nasasks to the

next bank "b'; c) if bank "b' access is different than the access of bank
a', by pﬁ%éés@&. PaNYe nbxt HARK 8¢ YoNehRE SRR heb P1PF W odiGied. R next bank access
is similar to the last (‘read’ followed by ‘read’, or “write’ followed by a ‘write’), then the

system gives priority on an arbitration basis to a network processor having the similar access.

If no similar access is available, then the system skips the next bank in order to fulfill the

DRAM timing rules. This scheme allows the network processor to have "random-like" access
while still fulfilling the DRAM rules.

This random-like access is particularly advantageous when dealing with the transfer of
data by Ethernet. In Ethernet, the minimum frame size is 64 bytes of user data. Added to this
sum is at least 12 additional bytes of overhead for address and instructions. Typically, each
fame is divided into packets of 64 bytes that are then re-assembled with separate addresses.
According to the random access-type feature of the present invention, a network processor
does not have the correct type of access (‘read’ or ‘write’) for a given bank of data, then the

system will search the other network processors to find one whose access matches that of the
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regardl ess of whether it is "read" or "wite' . 13. The nethod according to
. claim12, wherein, if a "read" access is available frombank "a', in step
a), then giving bank "b' "read' access after the "a' bank is read. 14. The
met hod according to claim 12 wherein steps a) - d) are repeated during a
‘*wite' window. 15. The nethod accordi Ay to claim 12 including using the

random aaglesK there ageombieahar orie) privitifyanill be given to one of the processors based on an
.AsFy. A . AlF. ANf. AL AR A AU. A . Ah. Ah. A; 3 . Ay. A3A. AU@#D\ &12 AMVDo&7
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is evident that many alternatives, modifications, and variations will be apparent to those
skilled in the art in light of the foregoing teachings. Accordingly, the invention is intended to
embrace all such alternatives, modifications and variations as fall within the spirit and scope

of the appended claims.
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a multiplexor to allow four memory banks of data to be “read” by each network processor

followed by four memory banks to be ‘written’ by each network processor during one 20

cycle cell of said time clock.

2.
The system according to claim 1 further including a serial bus and pipelines for the transfer of
the ‘read’ data and the ‘write’ data between the two DDR DRAMS and the respective

network processor.

3.

The system according to claim 1 further including a plurality of fixed size data store buffers

4,
The system according to claim 3 wherein each of the buffers is a 64 byte buffer, and each

memory bank comprises % of the data store DRAM.

5.

A method of storing and moving data for use by a network processor comprising the steps of:
a)

storing the data in first and second DDR DRAM chips working in parallel and having

synchronized clocks;
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6.
The method according to claim 5 including the additional step of storing data from each read

window or from each write window to a data store in a buffer.

7.
The method according to claim 6 including a plurality of buffers wherein each window

comprises a burst of 64 bytes of data and each buffer has a store capacity of 64 bytes.

8.
The method according to claim 5 further including the step of pipelining to allow four banks
of data to be read during the ‘read’ window, followed by four banks of data to be written

during the ‘write’ window.

9.

The method according to claim 8 wherein the data is read or is written in bursts of 64 bytes.

10.  An arbitration method for a network processor for providing a high bandwidth
movement of data for multiple frames being serviced by the network processor irrespective of

frame size, comprising the steps of:
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sequentially arbitrating for all ‘b’, ‘c’, and ‘d’ banks for a frame requiring access

to the ‘b’, ‘¢’, and ‘d’ banks.

11. The arbitration method according to claim 10 further including repeating

steps d), e) and f) for all frames needing ‘write’ access.

12 The method of providing a network processor with random ‘read’ and
‘write’ access to a plurality of banks a, b, c... of a DRAM chip comprising the steps of:

a) during a ‘read’ window, arbitrating to give priority to bank ‘a’ for any
‘read’ commands that need to be fulfilled;

b) if no ‘read’ access is available from a bank ‘a’, given bank ‘a’ access to a
‘write’ command, and

bl) giving the ‘write’ access to the next bank ‘b’;

C) if bank ‘b’ access is different than the access of bank ‘a’, bypassing bank

‘b’ and giving access to bank ‘c’; and
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13. The method according to claim 12, wherein, if a ‘read’ access is available

from bank ‘a’, in step a), then giving bank ‘b’ ‘read’ access after the ‘a’ bank is read.

14. The method according to claim 12 wherein steps a) - d) are repeated

during a ‘write’ window.

15. The method according to claim 12 including using the random access for

control information.



