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REDUCING CUMULATIVE TIME DELAY IN SYNCHRONIZING TRANSFER OF DATA 
BETWEEN TWO MUTUALLY ASYNCHRONOUS:BUSES 

Backpnnmd af th' lngntipn 

fild nt !ha lnpn!lan 

& The pramt ilvantlan is related to comp• systemS In general. and. lllDfl particalarly, is lllated ta digital 

subsystams wldch cantral tha transfer af data fnlm ana syncbrallDUS data 11111 to nDUa synllhraas data bas 

wlaail the two data bum are nnttual1' uynalmlnDus. 

Dascrip1ign pf the Related Art 

Mast llldtm cmnputar svstams llava a pUal1y of different data lluus oplllliag at diffarent data ntas. 

10 It is possible in soma systems to ralata the different data rates to ua camman clack aacll that the different data 

bases are aperating in syni:hnmism with each other. However, in many systems, the different data bases operate 

asyncbranDusly widl f1S118ct ta each olber. That is, tha buses 118 contralled by diffarant clacks wherein the 

trequem:ies and phases of Iha dlferent clacks have na fixed rela1ionslips. Thus.·tha data on a saurca bus may 

cbange at random times with respect to 1ha co~al sig8 on a destination bus to nth die data are being 

15 transferred. Bacam it la lllC9lllry to salisfy mininnnn setup and hold times an digital devices, such as registers 

or G1ber storage devices, it is nacessary to synclnllize th• transfers ot data between twa bUSll. This is 

accomplilhad by ayncbronization cin:aits. For example, Iha source bus may garata a data strabe signal to indicate 

that the data an Iha saurw llus is raady to 61 1rlalfarred. na data straba signal cmmot generally Ila used to 

control the destination baa directly. Rather, the data strabe lignal is first registared into a mtral circuit associated 

20 with the destination bus by clacking the data strobe signal with the clock signal wlaich controls the destination llus. 

Tha registered data atrabe signal is then und ta cantral data starage devices (a.a., registers or latcbas) on the 

destinadoa bus. By sym:hranizing tha data straba signal (ar other cantrol signal) with Iha dastinatim bus, it can 

be assured that the data from the soUJCa bus is stable with respect to tha dastinadon bus and can tharafora ba 

u.terred. 

25 Although 1ha synclnnlzadon of 1he data suabe signal assures that data transfers batw• tWo mutuallv 

aspchrunous lluns occurs wlthaut loss of data. tblra Is tima overhead asuciatad witll the synchranizalian. In 

particular. it may take as much as two clact cycles af the destination bus ti achieva the ayncllronlzadon. For 

occuianal data 1r1nafars, tha synchraalmiun ovarhaad can ba raadly tolerated; bDWIVar. when larga quand11as of 

data are transferrad by multiple transfers (e.g., burst vansfss). tha cumulativa OY1rhaad can significantly raduca the 

30 onral performance af a computer sysum. Thus. a n11d ulsts to reduce the synchronization amhaad far transfers 

at bursts af data between two mutualy asyncbranous buses. 

Summary of lhe Invention 

One aspect af the present inYBntiDR is an interface circuit between first and secand buses which operate 

asynchronously with respect to each otbar. The first bus pra~des data to the interface t:Ruit in synchronism whh 

35 a first bus clock and the second bus receives data from the interface circuit in synchronism with a second bus clock. 
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The apparatus comprises 1n inpatlDUtput llaffar mnprising at least fnt 1nd ncand baffar locltians iato wldcb data 

from tile first bus 111 starad In syact11mlism wilh the first bus clack. At laut fillt llld llCClllll data 111id iulicatma 
1r1 ISladated raspactlvaly with tha first and llCand llUffar lllCltims. Tiit first data nil iadiatar Is 11t 

syndnnaasly witll the fnt bus clllck wllln data Ill ltlfld In tbl first llafftr JOClfiDD. Tiie llCDllll lllfl nlid 

6 lndlc:ator is set aynchranauslf with tfle tilt Ila claclc wban data are stared in tfl1 •cand buffer IDi:atian. A data 

Vaid itdicatar lllactar aalacts DDI af the tht and ucand data l8lid indicatarl II ID .. data 11111 ladiatDr. 
A Im ltltl machine 1parates aym:lnnmlrwith tile llCDnd bus clock to trmfardata tram tlul ilputfauqnn lllffar 

to 1111 sacond llus. 1118 bas state mai:hina l8facts ane at the fiat 8'1d l8Cllllll buffer IDcl1ilms 111 IDIUl:8 If data 

to fie tramfarred to Iha second IHls. 1ht lms ltlll llllChimt caurrals lbt dlla nld indicaror ~ to 111act a 
10 respei:tive ou of tfle fnt and secand da1I old fadicatars 1s die aUIPut data nlid rntllalar. 1111 llus ltltl 111clina 

manitars the autpUt data nlid Indicator to datennlnl whm data tram the fnt bus 1111 batn atand ill the lllactld 

first or •and lltlffer locadon. A first syll:hronization circuit receives tile first data valid indicatar and aradnnims 

it with tha secand bus clack to pravida 1 first aynchranized data valid indintar 11 an input to tba data 1alid 

Indicator salal:tar. A slCllHI svncJtranizaliaa circuit racaivu Iba ucad data valid indicator and ayncbranizes it with 

15 tile ncand bus clack to provide 1 sand syncfltunized data valid indicator as 11 input to tfle data old fadfcatar 

selector. 

Anathar aspect af the tirasent invention is an apparatus far transfening data llatwa firit and llCGDd 

buaes which operate asynchronously with respect ta aach olhar. Tha apparatus camprises a data starage dni:e 

which Cllllll>rises a pfuralty of data storage lol:lllons wbi:h stara data. A first llus interface state macJill is 

20 connected to the first data llus. The fnt bus int1rface state machine tranafers data from the first data bus to a 

selected ou of tha pluralty of data storaga faeadans. A sacand bus interface state macbina is cannacted ta the 

sacand data bus. Thi second bus Interface state machine uanders data from a ulactad ana of the plunlity of data 

storage locations ta the secand data bus. A data present buffer Is included which has a raspactiva inlicator for each 

of the pluralty af dltl storage lantians. Ona af the indicators is set in resp111111 ta the first IJu stata llllChil8 

25 trmfuring data ta Iba selectld ane of 1he plurality Of data 11arag1 lacatians and is clearetl in rupan• te 1111 

sacond bus state machine traufarring data fnn tht alected ane of the plurality of dltl locations to tlaa l8Clllld 

data bus. Tha acand bus interface state machina transfers data from the alactad • If tfle plurality of data 

staraga locations anlf whan the salected indicator is set. A sat of rest1ectiva delay circaita are connected llatwaan 

the data present buffer and the 11cand llas interface state maclina to da1ly the ildicattrs 111hat Iha ncand bus 

3D interf• stata machine may nat transfer data frem tha aaa af the p .. rdty af data stinaa locations until at least 

a pradatennined tine has passed after the fim bus interface machine has transferrad data into the selected data 

staraga location. 

Anther aspect af tha prastnt invention is an appsatus for transferring data between a first data bus and 

a second data bus. The first and ucand data busas aperati asynchranausly with respect ta each athar. The 

35 apparatus comprises a buffer which incmles first and second data sturage lacatitns wllicb stare data. A first bus 

interface state machita is cannectad to the first data bus and the buffer to cantral data tnnsfers tram the first data 
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bus to a selacted 11111 of the first and samd data storage lacatilns in aaanllllCI with a first lms clack signal. 

A second bus interface stata madilll is camactad to the sacond data bus and to 1lla buffer ta mntnll trllllflrs 

of data from the Wffar to the .and data bus ii accanlanca wida a l8Clllld bus clock signal opRllilg 

asyncbnmously with rispact to Illa first ms clock 8'naL rm and 11C11nd flag llaffars hna rnpactila fnt and 

HJtnd flag outputs coupled to both Iba first and sacand lwl intlrfa state macliats. The autput af tha fnt flag 

buffer is 111 ayncbrannsJy witll respect ta dll first llus clack lignal when data • tranafarred inta tba first data 

stanga lacatian frDm the first data 11111 and is claalld syncJnnaulif with Illa .. nd bas clack sigllll wfllll data 

n transfarred from ~ first data stDlllt locatian ta thfl second data lu. Tiii llCand flag lndfar aatpat ts at 

synclnmmly with respect ta llMI first m daclc qnal wllaa data ·~ 1rllllfarred into Iba ncDlld data ...., 

10 lacatian fram tba first data bus and is claarad synchranausly witb respect ta Iha -.nd bus clock *'81 wbln data 

are transferred fram tha sacand data stnga lacetflm to tha sacand data llus. A first synt:hranizar ii annactad 

between tba first flag buffer and Iha SICGlld bus Interface state machine. A SIClnd syaahranRer is ca111acted 

between tha sacand flag buffer and the second bus interface state macbina. Thi fnt synchronizer synchraaiza 1ba 

first flag DUtpUt ta tha second lnis clock signal sa tbat the first flag output is delayed far at least a pradatermiled 

15 tine before the first flag output can be received by the second bus iltarface state machine after the first flag output 

is changed. The sacand sym:branizer synchronizes the second flag output ta the secand bus clack signal sa that 

the second flag autpUt is delayed far at flat Iba pradetermiaad time before the ltCoad flag OlltPUt caa Ila raaind 

by the sacand bus intarfaca stata machine after the second flag autJWt is changed. 

Bdef Dtmiption af tb• Drawhls 

20 The present invention wBI be described below in connection witb the accompanying drawing figuru in 

which: 

Figura 1 mustrates an exemplary interface betwaan two asyncbranaus llusu. 

figure 2 llustrates a preferred embDdinant of a data valid flag buffs for use in the interface af Figura 1. 
I 

Figure 3 illustrates an ullll)llary intarfai:a between the two synchronous buses af rigure 1 wharail the 

26 interface incarparatas the improved syncbnmizatian circuit of the prasent invention. 

30 

Figure 4 llustrates an exemplary state diagram far tha panillant portion of tlle ltus 2 interface state 

machiu Gt Figura 1. 

figure 5 lustrates an exemplary state lfiagram for the pertinent portion af the bas 2 interface state 

machine at Figme 3 • 

Detailed Descriotian of the Prefaued Embodipnt 

F'rgura 1 Ulu~trates an uemplary interface 100 between twa mutualy asyncbronous buses in accordance 

with known systems. As iUustratad in Figure 1. the interface is cannactad ta a first bus (BUS 1) 110. la die 

embodiment descnled herein, the first bus 110 is preferably a PCI (Peripheral Component lnten:annect) bus which 
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Gperatas ii 1ccon1anca with the standanl established far tha PCI •• far 111 in mi:rapracaaar.-.d computers. 

such • CGlllPutara llaad upan the 1NTEL• family of lllicrapraasms (e.g. the INTa 80488, the INTB. Pentium. 

tha INTEL P8, 11d Iha lb). ilasicaB,, the filll lnll no is a 32.wt dltl lln lllling 1 plardty of ddl 1nea fshlwn 

as BUB1 DATA 112) which tnnsfsdltl an tha firstflas 110. a plurality of addrass lines (llat ._,which pl'llidt 

Ii a saurce • destinadan address far dall nufamd an dla first bus 110, llld .• plurality of cantral &us (Sbawn 11 

CONTROL 114) wllicb Cllllllllllicate cantrGI signals wllich cantrll the traalfar af data ID tha first •u 110. 'Dia 

first 1JUS 110 also fncludas I fist bus clDct lina (8US1 CLKJ 118 llaving I clDclc ligaal th8111111 wldcfa aynclaaniras 

the addlut, dltl mll mtrDI signals an tha first bus 110. far mmplt, Iba clack signal on Iha BUSI CU< Ina 118 

advanlliaaalyapntas at 33 MHz. Thi aparatfan If the first flus f 10 is walmawa ta p._-.. ii tlla art 

10 and wl nat be described In detal hlllin. 1ha fnt llas 110 also caaacts ta olhar campanants Caot shown) in a 

computer sys• such as. for mmple, a paa1Jhanli cantraller wbich can be a 111n1 af data ta the fht bus 110. 

The interface is alsa canlllClld ta a second bus 120, which. In tha mdladinent duded harafn, Is 

preferably 1 bigh speed processor bus. such as. far umpla. a PB bus. In Iha preferred embadimant. die secand 

bus 120 Is a 84-hit Im defined to communlca18 with 111 INTEL P& lllicropracusar and opemes asynclunously with 

1 & respect ta the fnt bus 110. Far mmpla. tba second bus 120 •Y advantageously opll'lltl at 50 MHz. 60 MHz, 

ar soma other fraquancy in accanlancl with the clock fraqumcy of a PB micropracessar coupled ta Iha ncemt bus 

120. Alth111gh described hareil in accordance witll the sacand bus 120, ether pmctSSDr lmsas which operate 

asynchnnously with respect to the fnt bas 110 may also ba used. The particular chanc:terisdcs Df tba SICDlld 

bus 120 are nat partinent ta tha preant invention athtr than that the data 1rlnSfars an the sacand Im 120 acar 

20 asynchronously with respect ta the data transfers ea the first bus 110. The 111CD11d bus 120 also iacludas a 

pluraftty of data r11111 122, a pUl&ty of address lines Coat shownL a plurally af Clllllrlll Ines 124, aad a BUS2 CUC 

rma 126. 

Bacaum at tha asynchnlnaus relltioaship lsetwean the first bus 110 and the second bus 120. tha interface 

100 furtharincludas a data buffer 130 whtll receives data from the first bus 110via1ha data lines 112 and under 

25 cantral of tha rm bus cantral signals an the Illa 114 and tht clack signal an the BUS1 CLK be 118. 1ba data 

buffer 130 buffers Iha data and provldn the buffered data to the HCGad bua 120 under contral ef the cantral 

signals DD Iha control lints 124 frmn the second bus 120 and in syncbronislll with the clack signal en the BUS2 

CUC Ina 126. 

Tha data buffer 130 cmnprisas a planlity of storage lacatians 132. In the emblltf'mnt ef figure 1, only 

30 faur stmaga lacatians 132, labaled DATABUFO, DATABUF1, DATABUF2 Ind DATABUF3. are shown. It shauld Ila 

undarstaad from the fallDwing dascriptian that additiDnal storage locations can Ila included to provide additiDnal 

storage of data betwen tha two buses. far example, in one particularly preferred embodiment, eight storage 

locations are included. The invention can readHy be Ulderstaod i11 view of the four storage locations shown. Each 

of the storage locations 132 stares 64 data signals. Tha inputs of the storage lacatians 132 are c111111111111ly 

35 connected ta the BUS1 DATA linas 112. The autputs of tba storage locatians 132 are provided as llputs ta a 64-

bit wide 4:1 multiplexer tMUX) 134. Again, when additional storage lacatioas te.g., eight) storage locations are 
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provide, tha multiplexer 134 is expanded to provide additianat lltl of inputs accardingly (Lg., tha nnitipinar 134 

wlllld h n 8:1 multiplaur in such n ambodimant). The multiplaur 134 is controlla~ by a bas 2 intarfaca 1t1t1 

macbin 140 wia a pair of salact Illas 142. In particular, the bu• 2 intufai:e state macbina lllllintafu 11 1utput 

painter which pamts ta the llll1 h'1har llUlllllarlll staraga IDnlian after tha staraga lacadan tram wldclt Iba....._ 
& data Wiii transferred tD tha sacand 11111 120. It should Ila andersroad tllat the outpUt pDlntar is a madufo.4 GUqJut 

pllfatar wbicb ams 0, 1, 2 3, 0 sacb that tba tutput painter paiats to 1ha OATABUFO storage llacation folawiig 

tlul DATABUF3 storage location. 

In rapaa ta tlla eutput painter value an tba ulai:t lines 142. 1bll mulliplaler 134 lllacts Iha data tram 
.. af tbe ........ Jocatiaas 132 II tbl IDUJCI of output data to clllllllUDicltl to Iha ..... 120r llllllllilg 

10 that tlla data ii the ulacead staraga lacation is Yilicl, u will Ila discussed ltelow. The aelactad data a ragistsad 

in a 64-blt wide ragists 160 which is clacked by tha BUS2 CUC signal an 1fle fine 126 so that the data ara 

aynchronizad with Iha sacand bus 120. The ragista' 150isfurthercantrolledby111 •bla input signal on an analda 

Ina 152. Whan the enable Ina 152 ts lnai:tive, Iba data outpllh Df tha ragisttr 150 are inactive regardlau of 1ha 

data registered In Iha register 150. Whan the enable line 152 ls active. the register 150 outputs the registered data 

15 olltcl the second bas 120 via Iba plurality of BUS2 DATA final 122. The enable Ina 162 Is controlled by 1ha llus 

2 interface state macflina 140 to enable tlla register 150 only when the iaterfaa 100 is selectad to transfer data 

ta the llCGnd bus 120. 

Data from 1he lint bus 110 .. stored in the data buffer 130 under cantral of a bus 1 interface state 

mchina 180. tha llus 1 intarface state machine 160 raceivas the cantrol 1ignala and tha BUS1 CUC ligaal from 

20 the first bus 110 via the control lines 114 and the 8US1 CUC line 116. The hus 1 intarfaca state machi• 180 

is responsive ta a data ready control signal cDllllllUllicatad by the cantrol lnts 114 ta ganerata a selactad data straba 

ta Iha data storage locations 132 via ane 1f eight data straba lines 164. (Two data straba linas are pravided far 

each data storage lai:adon 132 In the prataned embodiment ta suaba 32 bits of data frma tha first bus 110 inta 

relPICtive upper ad lowar poniDns af aacll data stGraga locadan 132J The data strobe 6nas 164 operate 11 clack 

2& signals 1D Iha data storage locations 13! such that the data oa the BUS1 DATA Jiau 112 are stared in a salacted 

••of the data starage lacadons 132 corresponding to the activa om of the data strebe Ines 184. Tba llus l 

interface stata llllCldne 160 operates In a convamional man• to cantrot the data buffer 130 a a cin:ular AFO 

Cfirst-lnlfirst-out) buffer. That is. the bus 1 Interface state machine 160 maintains an input paintar to a cunant one 

of tha Input locations 132 which Is the 1111t avalabla empty aaraga locatilln in tha data buffer 130. Whan data 

30 are written into tha selected storage lacatlan 132, tha input painter is incramanted to the next higher numbs. The 

input pointer is a madulD-4 pointer (in the desi:ribed embodiment having four storage locations) such that when the 

input poiater is incramanted from a value af 3, It cbanges to 0. Hence the data butter 130 can be considered to 

ha •circular" buffer with DATABUFO adjacent ta DATABUF3. 

The bu 1 Interface stata machine 160 outplltl a plurality of flag sat signals an a sat of Ines 16& which 

35 are provided as inputs ta respective sat inputs (S) of a flag buffer 170 which comprises a plurality (e.g., f'!lf) of 

data valid flag buffer locattons. As _described in mare dataU below in connactian with Figura 2, the flag set signals 
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ara synmnizad with tha BUS1 CUC sigaal aa tha aignat Ina 116 wflicll 1r1 pnvided u nspactin first daclc inputs 

to each at the flag storage alls in the flag baffs 170. Tha tlag Wier 170 storas faur 111d data flaga fflAGO. 
FLA81, FlAl2 and RAB31 widl ana nld data flag conaspoading ta •II af the baffar laadaa CDATABUFO _ 

DATABUF3J 132 In the data lndfar 130. An inaadva data n&11 flag indiatas that tha corrapanding bllffar location 

& 132 is empty and dlat data can ll11tt1rad In tbat flUffar locatlan 132. An actin data vaif flag incbta that the 

carnsponding buffer lai:atian 132 bu aid datl lblld tbarain and that fm1bar data cannot • ltDlad ii Chat baffar 

locatian. Al actlva datl valid flag Do ildicms to I 8US2 intarfacl llltl mchine (discasad bmt that tha data 

ii tba etrrapondlng buffer location is ready to be trnsflrnd to Iha 111111d bas 120. A •ata valkl flag is • w11ea 

data are atGred in the rupactin dall llllffer loca1imL. A data aid flag is cleared when da1a ara transferrad frmn 

10 tha raspactire data buffs location CCI tha lllCand bas 120. 

The nlid data flags in Cha flq buffer 170 111 pmidad via a sat at 116d data flag lines 172 11 inputs ta 

a first 4:1 flag muldplller (MUXJ 180. Tha first flag m111*9Dr 180 Js cantraUad by a Jafr Df 111111 aafect lines 

182 tram the bus 1 intarfaca stata machine 180. Tha a 1 interface stata macbine 160 canuala the pair Df bus 

1 salact Dnu 182 ta encode the curnnt value af tbe input painter. This, the tint flag multiplexer 180 salacts the 

15 data valid flag corrup1111dilg the data stDraga lecatian CCI which the input painter is currently poilting sa that tba 

output of the multiplexer 180 is a data va6d flag which indicates wbthar the data in the current illput locatian is 

already valid. That is, the selected data valid flag indicates whether Iha data previaully stared in the selacted data 

buffer location has alraady II• transferred to tha sacond bus 120 (1he data va6d flag wl be •mvalid") ar whallaer 

the data previously stored in 1lle stlactad data lluffer lacatian has not yet bnn transfaned to tha sacand flus 120 

20 (the data va6d flag will still ba •valid"). 

The data vaful flags in die flag buffer 170 are resettable to a knawn state (e.g .. au the data '81id flags 

inactive) via a SYsnM RESET signal on a line 174. The SYSTEM RESET signal is a canventlonal nset signal which 

is generated when power ta tha computer system is turned o~ when the computer synn is rlSlt by lh8 user~ .,, 

tha fike. 

25 Tha aUtpUt of the first flag multiplexer 180 is provided as a data Input to a bus 1 valid data syncbnmizer 

190 comprising a fnt bus 1 synchronizer fff,..fllp 192.. A data alltpllt af tbl first bus 1 synchrlllizer flip.flop 192 

is provided u a data input ta a second ba 1 synclumizar ftitl-flop 194. Thi two bus 1 ayncbraninr f6p·fleps 182. 

194 are clat:ked by the BUS1 CLK signal on the i:IGCk line 116. A data eutput at the aacand bus 1 svachranizer 

ftp.flap 194 is pravfdid 11 an input ta die bus 1 nterfaae stall macldna 160 via a DATA VAUD 1 data lne 198. 

30 Thus, the selected valid flag is provided as feedback to the bus 1 interface 1tata machine ta indicate whether 1he 

data storage location currently selected by the inpllt pointer in the state macline is naDabla far storage af new data 

or whether new data cannot be eccetned. It shauld be understood that other types of data synchronizers can also 

be used. 

The valid data flags in the flag buffer 170 are pmidad via the set at valid data flag lines 172 as inputs 

35 to a second 4:1 flag multiplexer IMUX) 200. The second flag multiplexer 200 is controlled by a pair of bus 2 select 

lines 202 from the bus 2 interface state tnadaina 140. The bus 2 select lines 202 are CGllb'ODed to canupond to 
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the output painter lines 142 which alat:t Iha data starage lacatioa 132 in the data lwffar 130 11 the mn:e of data 

ta lie autpat IO the llCllld bus 120. Thus, lhe autput of tbe ISand fla9 lllllltipluer 200 indicates whetbar tba 

currently lllected data stDl'lge locatiDR bu Ylld data er whltllar the datl in that facatian ban 8dy lam 

transferred llld 111 no langar Yllid. 

5 Tia GUtpat at the sa•d flag mulliplmr 200 is pravifad 111 date input ta a llUs 2 valid date spclnnizar 

210 amprising 1 first bus 2 synchranizar flip4fap 212. A data DldpUt uf 1fla fnt llUs 2 ayaclnairar tlip-flap 212 

is provided 11 a data input to 1 ncand bus 2 syni:llranizer tip.flap 214. llla • llua 2 ayndmlnizer f1ip.ftops 212. 

214 ara clackad by tha BUS2 CUC signll an Illa claclc Ina 126. An autpat of Illa _.. 1111 2 aynabronizar ftip.flap 

214 is pmidad a an inpat to the bus 2 intarfaca stata macltina 140 wfa a DATA VAUD 2 data Ina 218. Thus. 
10 the bus 2 interface ltll8 m:lina 1~ Is provided with flldback 11 to tlll nldity af Iha data ii tJra data storage 

lacatian to which tJra eutput pointer ii cunalltly poidllg. 

The data wail buffer locations ie., RAGO. RAG1, RAG2 ad RAGS) in the flag buffer 170 are 

salactivaly cleared by four fJag clear ills 220 which are ganaratad by dla bus 2 intarflca state machine 140. Each 

of tha flag clear fines 220 is provided as 1 respectiva flag clear input (C) to ona of the data 111id buffer locations 

15 in synchranism with tha BUS2 CUC on the signal Bne 126. The raspective flag dear lne is activated when data fnm 

tha respactiva staraga locatlan In the data buffer 130 are uansfarred to tha sai:oml llUs 120. For example, whan 

tha bus 2 intarfaea state maclila 140 selactl Iha data in Iha DATABUF2 storaga lacatlan in tba data buffer 130 

81 the autpat data ta tba aDDd bus 1~ the bus 2 interface stata •china 140 activates tba corresponding ana 

of the flag dear linu 220 pravidad 81 the claar lC) input to tba FLA62 data valil buffer location. Tilt FLA62 data 

20 valid buffer lacatian is cleared in synchronism with the BUS2 CLK an Iha signal Una 126. 

F111ura 2 luslratn a preferred embodiment of ona af 1he data vllid storage locations 170 in Figura 1. In 

particular, Figure 2 lustrates the FLAGO data valid storage tacatiDR 170A. The other three data valid storage 

locations far FLAG1. FLAG2 and FLAG3 are prafara!Jly identical to the flAGO data valid storage location. As 

ilustrated. Iha dlla valid staraga locatlon 170 comprises a fnt toggle flip-flap 300 and a second toggle tip.flap 

25 302. 

Tha first taggla flip-flop 300 llas a clock input 310 which llC8ins the BUS1 CUC signal on die signal Ina 

116. na first toggle f&p.flap 300 has a toggle enable R'EJ input 312 which recairu an autput of a first twltoinput 

AND gate 314. Tha first AND gate 314 hu an first. active high, input which racaives a SET_VAUD_D signal an 

a signal li1t I SBA l• of the sat 11lld data flag liaas 166 Df Figure 1) fJlllll the bus 1 interface state machina 1 BB. 

30 The first AND gate 314 has a ucond, active low, input which receives tha FLAGO data valid flag as feedback an 

a signal Una 172A (which is one of tha signal rmas 172 in Figure 1). Tha first taggla fip-fll>JI 30D has a Q output 

316 which changes state (i.e.. from a low logic level to a high logic level or from a high logic leYel to a low logic 

level) en a law·to-high transition of the BUS1 CLK signal ii tha preferred embodiment. Tha Q output signal of the 

first toggle t&p·fll!p 300 only changes when the SET_VAUD_O signal on tba signal Una \SSA is active at the sama 

35 time as tha RAGO data valid flag is inactive. When the SET_ VAUD _ 0 signal is active and the FLAGO data va6d 

flag is inactive. the output of 1ha AND gate 314 is active. and the Q output of the first toggle trip-flap 300 win 



W096/41268 PCl'/US96J0857S 

·S-

change from its high stata ta its ... state or from its low state to its high stata • time for llCb law-tD.llfgb 

trllllitian af tha BUS1 CLK signal If aidlar die IET_VALID_O signal is inlcrin ar the FUGO data nid flag is 

active, 1ba o auqiat of tha first taggla tip-flap 30D wl nat ch• irrasplctiva af tlll cllanges an the BUB1 cue 
signal 

6 The s,_d toggle flip-flop 30Z has a clocJc input 330 wlicla raaiva the BUS2 CUC 1igna1 on 1111 qnal 
lila 128. 'Illa ucmul toggle flip-flap 302 bas a toggle enallla ere input 332 wlicfl rmim 1n •at If a sand 

two-!Qut AND gate 334. 11la 18Ctad AND gate 334 bas• first, activa lligb, inpat which racaivas 1 CLR VALID D - -
lianal an 1 signal Ina 220A Cana af the dear nld data flag Ines 220 of Figura 11 Inn 1ha Ila 2 inttrlue 1ta1e 

llllChina 140. The Band AND pt1 334 lln a llf:tnll. acdve qll, Input wlida raceiltl 1111 RAIO data valid flag 

10 u feedback an tha signal .. 172A. 1lla sai:ond taggle flip-flap 30Z Ills a 0 aldpUt 338 which lhanges state (I.a., 

tram a law Ingle level 10 a bigh lagic laRI or fra111 high llgic lanl to a low loglc laval) an a low-t._ tnmsidon 

al tha BUS2 CUC signal in the prafamd embadinaant. Tha 0 oldput signal af the aacand taggla flipollap 302 only 

changn wban the CLR_VAUO_D signal on tile signal fine 22DA is active at tha lllM tint a the R.A8D data valid 

flag is active. When the CLR_VAUD_O signal is active and the fLABO data valid flag is active. the output af the 

16 AND gate 334 is active, and the O outpUt af the secand toggle fl'ipoflap 302 will i:h11191 from its high stata 10 its 

tow state er tram its ... state ta its bigb state ana tine far aach law-to-high transition DI tba BUS2 CUC slgnaL 

If lither the ClR_VAUD_O signal is inactive or the RAGO data valid flag is inactire, the 0 autpat of the nmnd 

tanra flip·flop 302 wl not cbnge irraspai:tiva of tha changes an the BUS2 CUC signal 

Tiie first toggle Hp-flop 300 has a reset (RSTI input 340 and the SICDlld toggle tip-flop 302 has a resat 

20 (RSTJ Input 342. Tha RST inputs 340. 342 m:eive tha SYSTEM RESET signal on the llgaal line 174. When tha 

SYmM RESET signal is actire, the nvo tqgla fllp·flops 300. 302 are reset so lbat Iha rupactiva o oldpllta are 

cleared to their iaacdve law states. 

Tha Q autpm of the first and acand 109918 fHp-flaps 300. 302 are pmidad es respective first 1nd second 

inputs ta an exclusiv..oR gate 350. An 1utpUt of the exclusive-OR gate 360 pmides tha FLABO data valid flag 

25 on tha Ina 172A whidl is thus tha output of tha FLAGO data valid storaga locatilln. The FLAGD data nlkl flag an 

tha line 172A is also provided as die faadbact to tha twa toggle ••flops 300, 302 via the rupactile AND gatls 

314, 334, aa discussed above. The axclulin-DR • 350 operates in mpoase ta tha two inputs ta provide an 

acdve RAGO data vaid flag an the Ina 172A when the two Q o_. iiffar from each atla' (i.e.. one 0 output 

is active high and the Dthar 0 autpUt is activa tow) and to provide 111 inactiva RASO data vafid flag an 1ha Ina 

30 172A when the two a outpats hm the 111111 logic level fut., both O outputs ICtive ligla ar ath o autpats actlva 

lawJ. As f'ISCUssed alaOYe, when the oldpUt of the excllsiv•OR gate 350 is active high ind"11:adag that the Q auqsut 

cpf tha second toggle tip-flop 302 is different from tht O output of the first taggla flip-flap 300. aaly tba secand 

AND gata 334 is potentialy enabled sw:h that if the CLR_VALID_O signal Ina 220A is active. tba second tanla 

flip-flop 302 is enabled. The second toggle flp.flop 302 tqgles on the next law-to-higb transition of Iha BUS2 CUC 

35 signal on the signal line 126. This cauas tfla Q output of the second toggle ftp.flop 302tohacame1ha same as 

tha Q output of the tat toggle tip.flap 300 so that the output of Iha exdusiva-OR gate 350 llecamas inactive. 
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The ilactiva state of tha output of the uclasin-OR gate 360 indica111 tllat tlla flA80 data vdd flag is clurad 

(i.e., the data are invalid). In adfltialt. th• 11ad taggle f&p·flop 302 Is dilallled f~ taggliag. and tba first tagg1a 

flp-flap 300 is anabJad to taggle if Illa SEl'_VALIDJJ lignal in• 188A is IClintad by tha llua 1 fntarfaca ltlll 

mclina 160. It an tbarefara baen aen that 1he RASO vaid data ffq is ayndmausly set witll ra..an ta Iha 

6 BllS1 CUC signal and is synchnlnauslf cleared with mpect ta the BUS2 CUC signal. 

Additional fnfamatiDD. regarding tile IDggla flp-flop based lfata staraga IDcl1IDas ducribad altava can •• 

t.n. far mmpla, in U.S. Patent No. 6,083.048, wlicll is assigned ta tlle Illig• of tile Pl'llllllt IPlllicatian, 1111 

which is incarplllltld Ir{ reflllllCI "8rain. One slclad n the art wl 1ppnii:iate thlt alternative dab vaill ltarqa 

lacatiDns can Ila •d in cannaaiall with the present iwantiDn. 

10 Referring again ta F"1g1111 1, it m be seen that the purposes of tha bus 1 Vlill dltl aym:laranizer 180 llld 

tilt bus 2 valid d1t1 aynchnmlzer 210 are ta assure that Iha changes in the vaid data flags are provided ta the 11111 

1 intalface state machine 180 and the bus 2 interface stata mai:bine 140 in synchnmism with tba respacdve clacks 

which cantrol the twa state lllChinu. In pardcals, as discussed abava, the valid data flags ara set in synctlranilm 

with tha BUS1 CU( signal and are claarad il synchronism with the BUS2 CUC. Thus. a vaDd data flag will change 

15 tram its inactive Stl1a ta its active state in syncbranilm with the BUS1 CUC signal and will change from its active 

state to its inactive stata in syncllrDnism with the BUS2 CLIC. Bacausa the BUS1 CUC signal ii asyachnm11us with 

tha BUS2 CUC 8'nal. tha 11111 1 illterface stata macDa 160 nceivas the activa-tfflactiva tnnlilim if tha da1a 

valid flags asynchnmausly with respect its internal state transitions. Thus, thara are pDSlibilitias 1hat the transitim 

wit occur whit the bus 1 interface state machine requires the ltlte of the '* data flags to lie stable and 

20 unchanging. Tha bus 1 synchmnizer 190 synchronizes the high·to.fow transitions of the valid data flags ta the BUSI 

CLK and thus ta the internal stata transitions of the bus 1 interface state machine 160. Similarly, the llus 2 

syncbnmizer 210 SJDchranizes the low-llHligh transitions af the valid data flags to the BUS2 CUC and thus to tha 

internal transitions of the bus 2 interface stata machine 140. It is panicularfy inllartant that the Jaw-ta-bith 

transitians of the va&d data flags ba synchronized wilb the BUS2 CLK bacausa, the respective va6d data flag is ut 

25 as the data are llalng written into the currently selected input location. U the currently selectad input lacation is 

alst the currently selected output lacatian (i.e., the bus 2 i11tarface state madina 140 has output al pmlausly 

stored datal, the bus 2 interface state machine t40 wl inmediately S8lllll that the talill data flag has lllCama 

active and wl output tha data ta tha sand bus 120. However, this po11ntialy causes metastability within the 

bus 2 intmfac:e atate macbill 140 and a race condidan. particularly If tba valid data flag transitions from its inacdn 

30 state ta its active state hefare tha data hava became stored in the rnpectila data starage location and haw 

propagated threugh the multiplexer 134 and through the register 150. Tha bus 2 sym:ilnmizer assures that tha datl 

are stable batare the bus 2 interface state machine 140 ouqwts the data to the secand bus 120. 

The bus 1 to bus 2 intarface 10D of Figure 1 works weU far its Intended purpose: however, the interface 

100 includes a synchranization delay caused by the bust synchronizer 190and1ha bus 2 synchronizer 210 w~ 

35 reduces the averaU data rate of the interface 1 OD, particularly when data are being transferred to or tram the 

interface 100 in a burst made. The problem can ba understood by considering the operation af Iba bus 2 intarfac:e 
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stata machine 140 when al tam data buffer lacatiaas CDATABUFO- DATA8Uf3) ii tlaa data buffer 130 n fuD 

and tha canasponding Vaill data flap ffUIO - flAG3} 1'8 lat. After the bus 2 idarfaca ltata macline 140 

1rnlfn the data frmn the fht data buffer location Ca.a. DATABUFOL the bus 2 iatarfa stata mac1ina 1.0 

aalects the nnt llllffer lacatian (e.g.. DATABUF1) lia the multipar 134 and also l8lacts tha 11111 nil data flag 

5 (e.g.. FlAGtJ via tba ulact Ines 202 ta the ncond ftag mul*8nr 200. Although the data In the BDlld lndfar 
lol:llila (DATABUf1) may lllVI - atabla far I large lllllllber If clack cyclas, Iba ... 2 interfa state machiaa 
140 mast d wait far tba valid data flag ID be aynclmizad by the lms 2 IJllcllranizer 210 ..,_it can _. 

tba date to .the -- Ila 120. Tiius, twl llllll8C8ISlrY CJdu If the 8082 ClK - Ill·-- to 
... Iha Y8lill data ... 

10 A adar inm:assary delay ls iaterpased wllen the lms I lnllrfm W acllina illilments t11a inpllt 

painter ta the nnt racatian. Abhaagh tm ll8lt data staraga lacadan mar llava ba• llllPtY for e large numllar If 
clack cycfas, when tha llus 1 ilblrfaca 111tt macllila cllanga tha sal8ct linas 182 to the fnt flag lllllltfplaur 180. 

tha bus 1 interface stall machine must wait twD clack cycles for the selected flag ta be syndnnized via tbe bus 
~ synchronimr 180 llefara it can ditarmina 1hat 1ba valid data flag is cleared and that the data starage locatlDn is 

15 therefore avalable. 

Applicant bas discavlrad that the unnei:euary delay can be milled by aynchranizllg the valid data flags 

prior ta applying tile Vlld data flags ta the bus 2 flag llllltipluer 200. An iDPfG!ld interface 400 Is luSb'ltld in 

fagure 3 wharain like nmllers indicate like elements as described abave in cannaction with Figare 1. The bas 2 

interface stata macltlna 140 Is mDdiflld and is lhnm u a bus 2 interface state machine 404 In Figura 3. Similarly, 

20 the bus 1 iltarface state machine 160 is llllldified and is shown as a bus 1 interface state maclline 408 in f1lura 
3. 

As Wustreted in Figure 3. the single bus 1 srnclnnimr 190an1he eutpUt Df the f11st flag nwltiplexar 180 

ef Figure 1 has been replaced with four bus 1 synclinmDra 410. 412. 414 and 418. Each bus 1 svnchrenizer4t0, 

412, 414, 418 has its nspective input C011111Ct11dt111ha ourput of a respecdn one of the four datava&d ftag lmffer 

25 localiaas 170 and has its rupa:dve autpat canuctad ro a tf the four inputs of 1ha first fl11 multiplam 180. 

As further illustrated far the first bus i syndlronillr 410, Baell of the aynclmmizars comprises a pair of flip-flaps 

420, 422 cannactad in tandem and clockld by dla BUS1 CLK signal an the signal line 118. 

Slmilarly, tba dtgle bus 2 syadmlnizar 210 has llien replaced with four bus 2 synchnmizars 430. 432. 

434 and 438. Each bus 2 synctnnizer 430, 432. 434, 436 has its nspectiva input cannacted ta the outpat af a 

30 re1111Clive ane af the four data valll flag bulfer locationa 170 and hu its respective autput cD111ected to one ef 

the faur Inputs af the second flag multiplexer 200. As further illustrated far the first bas 2 syndnnimr 430. each 

of the sym:hronizars comprises a pair af flip-flaps 440, 442 connected in tandem and clacked by the BUS2 CLK 

signal on tha signal line 126. 

It can be 111m that the inproved intarfaca 400 accomplishes 1ha goal of the interface 100 of Figure 1 by 

35 assuring that the data vafid flags are properly sym:hranized with the bus 1 interface state machine 406 and with 

tbe llus 2 interface state machine 404. For mmple. if the bus 2. interface SJate machine 404 has output all the 

• 

• 
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data in the data buffer 130 and is waiting far the next data to lie stared in • storaga lacatian 132. Iha Input pointer 

and 1ha ntpUt pailtar wl pailt ta the IMlll staraga lai:atian 132. Whea the •us 1 idarfaca llltl machine u11 

the n6d data flag (e.g .. flABD), the autput af the FLABO flag buffer 170A (figure Z wl transition to Its ICtin 

stata and will prap19ata thnlagh the first llUS 2 sym:hranizar 430 1Dtl llai:llllle synchrallled with the m 2 interface 

5 state macllila 484 lttfora it is applied as an activa Input to the lius 2 lntarfaa state maclllnt404. Thi. tlte acdn 

aatput af the RAGO ftag lluffar 170A wm nai:asarly ba synchrDniad to tlla bas 2 dact and thus IYDcluanizad to 

the bus 2 intarfaa state nshine 404. The ai:tive output af 1111 flA80 flag lluffer 170A wl lie dalayad ta pravida 

the raquisite time ta 11DW Iha data that wu Just stared In tbl DATABUFO data storage 1acatian 132 ta stabiza. 

On tile atbar hand, ff 1faa laus 2 intarfa state lllUhfna fs outputting 1 burst of dm fram the data •affar 130 

10 whellin the next IJuffer lai:alimJ 132 to lie ulaclld has had the data stonnl t11111in for a number of clack ..,, 

then the data valid flag (e.g.. A.AG1) will have alraady propagated duaagh the raspacdva bus 2 syacbraalzer (e.g., 

the second bus 2 synchrDnizlr 432) and wil be active at Iba ilpat of 1b111C1111d flag altlpluer 200. 1lwa, wh• 

tha bua 2 interfaca state machine changes the salai:t Ines 202 to selai:t the au!put af tha RAG1 data valid flag 

buffer, tha active atabt at the flag wil be provided immediately to tha bus 2 interface state machine 404 witbaut 

16 any further delay. 

To aaist in furthar undarstamlinf Iha beaafitl of the inprand intarfai:e of figure 3, Agura 4 lustrates 

an exemplary state i11gram 600 of a pertinent panian of the bus 2 interface state machine 140 of figure 1, and 

fig11r1 5 llullrltlS an ...,1ary state diagram 510 of a partfnant partion of the bus 2 Interface state macfline 404 

af F'111ura 3. Eai:b state macline 140, 404 indudu adlfltianal functions nat llaatrated in Figaras 4 and 5 whi:b are 

20 nat peninent to the prasent hmntian and which will not be ducribed herein. 1n Figum 4 and 5, the pertinent 

intamaJ states of tha state machine ara repnmntad in a canventianal manner as clri:les having the state name 

therein. The fines connecting the circles represent state transitions from ana state ta anatller state or from a state 

back to Itself which accur In synchronism with the BUS2 CUC signal 128 at figures 1 and 2. 

Tha Clllldltlans precedent to tba state transition are ifentifmd as paramatars pasitiomd adjacent to eacb 

25 state transidon with an ampersand 1·ai rapresentln1 an AND reqaiamant meaning that aD the canidlDlls coupled 

by the amparnnds must bl satisf'11d in erder ta cause tba state transition ta occur. A lne over a candltian indicates 

that the condition must ba inai:tire. A •1 • adjacent to a state 1r811Sit1Dn Indicates that the transldan tram a state 

to the nan wl oi:i:ur uncondidanaUy an ai:curranca of the nut cyi:lt af the BUS2 CUC signal. An •ELSE" buida 

a state transitian indicates that Iba state transidon ls the default transidon which occurs if 1ba Clllditlons far ether 

30 

35 

transitions tram a given state are nat satisfied. If the bus 2 intarfai:a state mai:bina 140 performs a pertinent 

oparatian on oi:currence of a particular transition. each operarian is Identified at 1ba end of 1ba parameter lly a slash 

C-1•) followed by the name Of the operation. 

As illustrated ii figure 4, the state diagram 500 h:ludes an mLE state 520, a MASK1 state 522. a 

MASK2 state 524 and a DATA_XFR_IN_PROG (data transfer in progress) state 526. The state diagram 500 

iDustrates the tm111f8SS af a b'lnsfer of multiple quad words of data from die data buffer 132 to the secoad bus 

120. The IDLE state 520 is the "normal" state Df tha bus 2 interface state machine 140 whi:h is entered when 
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tha computer system is reset. as llustratad by a RESET state vansitian 630. As will ba discussed below, 1ha bus 

2 interface stata machine 140 retamt ta Illa ID1E stall &20 whan a tlata trmfer is completed. 

The bus 2 lntarfa state maallile 140 Jllllllins in the IDLE llltl &20 as lang n 111aw 111d cycla is nDt 

initiated by othar portions of the bus 2 interfll:I stall machine 140 wlich llllllitar l:Ruol signak an tha ul:Dlld 

5 bus 120 and other condilians to datannina whan 1 new read cyda has •• fnitfatad. Tha eparatian of Iha bus 2 

interface stata machine 140 it remaining in tba mLE state until a naw read cycla is initiated is rapruantad hr 111 

ELSE state transition 632 wlaain this paniam af tlla laas 2 stall mac1ine 140 llllllitan tha other plltians of tlla 

llas 2 intarfai:e state machine 140 and datenrmes when a aw read cycle ltn baan initiated. In particul•, tba llus 

2 fntlrface state maclline 140 llllllins in tire IDLE state &20 wbila Iha Internal &_RD ligaal Is fnacdre. 

;o Whin a new read cycle hn bem initiated by the bus 2 intarfai:a state ma~ 140 CNEW_RD is actite) 

and the bus 2 interfai:e state 111i:hina 140 has detarmined that tha sei:and baa 120 bas llean lllDi:atad to the llus · 

interface 1 DO (a signal designated as BUS _RD_ TIME lleing active). th• the bus 2 lntarface stata maChine 140 

makes a state transition 640 to the MASK1 state &22. As further illustrated lly tha •AOAD _ DW _CNT" pordon of 

the state transition Jarameter, the llUI 2 interface state machine wt11 load the quad ward count Into an internal quad 

15 ward counter (not shown) as die state transition !i40 is occurring. The quad ward caunt ildiata the number of 

traRSfm that must GcCUr in order .ta transfer a· given burst of data from tht first llUI 110 ta the llCGncf bus 120. 

The MASK1 state 622 and tbe MASK2 state 524 are delay states to assure tbat a aelactad data va&d flag 

hn llad sufftlent 1ime to propagate frml the bus 2 flag multiplexer 200 through the bus 2 aynchranizar 210 bafDre 

the llus 2 Interface state machine 140 checks the state Df the selected data valif flag. TlnlL 1 traDsition 542 fnllll 

20 the MASK1 state 522 to tba MASK2 state 624 is shewn as occurring um:onditianally (as represented by Iba 

adjacent ·1· parameter. Similarly, a trnsition 644 from the MASK2 state 524 ta tba DATA_XFR_IN_PROG state 

528 occurs uncanditionaly. 

In the DATA_XFR_IN_PROG state 526, the bus 2 interface atate machiaa 140 chaclrs the stata af the 

DATA_VAUD_2 flag, and. if it is not active. tha llus 2 interface state machine ninaias in the DATA_XFR_IN PROG 

25 stata 526 as llustreted by an El.SE transition 650. Otherwisa, if the DATA_VAUD_2 ttao is active and 

BUS_RD_TIME is active, the bus 2 interface state machine 140 will transition either ta the IDLE state 620 ar the 

MASK1 state 522 via a transition 552 er 1 transilian 554, r~ctively, and wl output tha data in the currently 

selected ane of tha buffer locations 132. This is llustrated by the IOUT _DATA paramater an bath transitions 552 

and 554. It shauld be understood tbat in addition ta Dlltputting the data, the llUI 2 interfai:a state machine will 

30 activate tha CLR_VAUD signal ta the carresponding one of the flag buffers 170. 

Tha selection of the transitian 562 or tha transition 554 depends 111 tha candition of the DONE parameter. 

The DONE parameter represents the condition af the OW_CNT autput uf the quad ward counter. If OW_CNT is zero, 

DONE wHI lie active. If ow_ CNT llas. a non-zeru valua, then DONE wil bl inactive fi,e., DDNEwil Ire active). If 

DONE ia active. the bus 2 interface state machine 140 will make the transilin 652 back tlJ the IDLE state 520 and 

35 will increment the painter ta the current output buffer lacation. as indicated by Iha parameter llNC_BUF _NUM. to 

point to the next buffer localian 132 as the next output buffer. Otherwise if DONE is inactive CU:, DONEis ai:tivet 

• 

... 
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the Im 2 interface state machine 140 wil make the transition to the MASK1 stlt8 522. wiU increment the painter 

to tha currant autput buffer location, and wil dacrenmnt tha quad word counter. as indi:atad by the #DEC ow CNT . - -
pmmner. As diSCllSSld abm in caanacdaD with Figure 1, it is nacesauy to cycle flact through tba MASK1 1t1te 

522 and the MASK2 state 524 in antar to pruvida time far the previmsly selected data valid flag to propagate aut 

& of 1ha bus 2 synchronizer and ba nplai:ad bf the newly selected data vald flag llafara Iba DATA_VAUD_2 signal 

lina 218 at the input to the bus 2 Interface stall machine 140 llafore die OATA_VAUD_2 signal is enfullted fly 

the bus 2 Interface state machine 140. This dalay wDI be itterpDSad ragardlus af haw lang the data at the nlVlly 

selacttd auqu llllffer IGCltian has II• stared in the nlected data lwffar focatian 132 and haw lang 1ha COlrUpDlld 

dala Yll"d flag has bun actiYe. 

10 In cantnlst to the state diagram 500 of figure 4. 1ha state diagram 510 af Figura 5 requires tawar 1t111a 

and operates mara afflciandv becam of the positianing of the multipJe bus 2 svncbranizers 430. 432. 434 and 438 

between the outputs of tha flag buffer 170 and the inputs to the bas 2 flag •ltiplexar 200 as shown in Figura 3 

rather than having Gnly a single bus 2 synchranizer 210 as ilJusuatad after tha multiplexer 200, as llustrattd ii 

Figura 1. In particular, tha state diagram 510 of Figura 5 includes only an IDLE state 800 and a 

15 DATA_XFR_IN_PROG state 610. The IDLE state is entered by a RESET transition 620, as discussed above. The 

bus 2 interim state machine 404 of Figure 3 wDI remain in the IDLE state BIHL u illustratad by an El.SE transition 

622 unJess certain conditions are met as ilustrated by the parameters adjacent to a transition 624 ta the 

DATA_XFRJN_PROG state 810. In particular, the bus 2 interface state machine 404 will remain in the IDLE state 

und a NEW _RD is initiated and the BU~ _RD_ TIME condition is active, at which time it wiD transition via the state 

2D transition 624 to Iha DATA_XFR_IN_PROG state 610 and wil load the quad word counter with the nllldlar of quad 

words ta transfer, as represented by tha ILOAD _OW_ CNT parameter. 

In Iha DATA_XFR_IN_PROB state 81D, 1ha bus 2 interface state machine 404 monitors the condldon of 

the OATA_VAUD_2 signal If the OATA_VAU0_2 signal is active and BUS_RD_TIME remai11s active, the bus 2 

interface state machine 404 wUI perform.one af two state transitions 830 and 832 in accordance with the DONE 

25 condition. If the DONE condition is inactive, than tfle bus 2 interfa1:1 state machine 404. wiU remain in the 

DATA_XFR_IN_PROB stm 610, as llusuated by the state transition 630 and wRJ output the contents of the 

currently selected one of the data buffer locations 132, as llustratad by the IOUT_DATA paramamr. The bus 2 

interface statl machine 404 wll increment the current buffer number lllNC _ BUF _ NUM) and will decnnnent the quad 

ward counter UDEC _ QW _ Ctm. If the DONE condition is active, then tba llus 2 Interface state mai:bine 404 wiD 

30 transition hack to the IDLE state 600 via tha state transition 632 whla outputting the last quad word UDUT_DATAI 

and while incrementing tbe buffer number lllNC_BUF_NUMJ. If the DATA_VAUD_2 signal ia not active or if the 

BUS_ RD_ TIME condition is not mat le.g .. the second bus 120 is not currently available), then the bus 2 interface 

state machine 404 remains in the DATA_XFR_IN_PROG state 610 as Blustrated by an ELSE transition 834. 

As llustrated by Iha state diagram 510, the bus 2 interface state machine 404 in accordance with Figures 

35 3 and 5 does not have the time delay inherent in the bus 2 interface state machine 140 of Figures 1 and 4. In 

paniclllar, it can be seen that as soon as the bus 2 interface state machint 404 increments the buffer number at 
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the stalltrmltion 830, itstaya ii the DATA XFR IN PROGatatt 810 llld fmmadiltlly chub the DATA VAUD 2 - . - - - -
afgnal ta dataina if the data • H output frolll the newly Hlactad •uffar location 132. This can accur--. 

tha i:arrapanding data valid flag (FlAGO. RAB1. RAU or RAGI wl •m pn1pag1t1d tluaugh Iba l'llPICtive ~ 

2 synclnnizer 430, 432, 434 or 438 and wil b availalda at Iha input to Iha flag lllddplmr 200 as nan as the 

5 naxt input of the flag m•nr 200 is aalacted. Tbus, anaming that the second bus 120 remails alocated to 

tha bas 2 intarfact state machine 404, and 8llllling 1hat the first llUS 110 bu filled Iba data buffer IDl:atians 132, 

then tha data can be 1utpUt tram tha buffer fDcatians 132 11 each auccudiag clack cycle rather than lluing to 

Interpose a two clDclc cycla dalay batwem each autpUt. 

Allhougb described above in cannection with par1it:IJar emWimants of the presut invention. it llraald h 

10 understood the descriptions af Iha emlladinents 111 ilutratire of die invmttkm and 111 not iatended ta Ila imi1iag. 

Various mod~ and application may accur ta dltl8 stilled In Ill• art widlaut departing tram 1he true spirit 

and scope of the invantinn as defined in the appandad claims. 

•. 
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WHAT IS CLAIMED IS: 

1 l. An interface circuit between first and second buses which Operate 

2 asynchronously with respect to each other, wherein said first bus provides data to said 

., a interface circuit in synchronism with a first bus clock and whelein said second bus 

4 receives data from said interface circuit in synchronism with a S!=Jld bus clock. said 

6 apparatus comprising: 

s an input/output buffer comprising at least first and second buffer locations 

7 into which data from said first bus are stored in syncbronism with said first bus 

8 clock; 

e at least first and second data valid indicators associated respectively with 

1 o said first and second buffer locations, said first c,fa1a valid indicator being set 

11 synchronously wi~ said first bus clock when data are stored in said first buffer 

12 location, said second data valid indicator being set synchronously with said first 

1 a bus clock when data are stored in said second buffer location; 

14 a data valid indicator selector which selects one of said first and second data 

1& valid indicators as an outpUt data valid indicator; 

1e a bus state machine operating synchronously with said second bus clock 

17 which transfers data from said input/output buffer to said second bus, said bus state 

1s machine selecting one of said first and second buffer locations as a source of data 
1s to be transfem:d to said second bus, said bus state machine controlling said data 

20 valid indicator selector to select a resp~ve one of said first and second data valid 

21 indicators as said output data valid indicator. said })us state machine monitoring 

22 said output data valid indicator to determine when data from said first bus has been 

23 stored in said one of said first and second buffer locations; 

24 a first synchronif.atio circuit which receives said first data valid indicator 

25 and syncbroni7.es it with said second bus clock to provide a first synchroni7.ed data 

2s valid indicator as an input to said data valid indicator selector; and 

21 a second synchronization circuit which receives said second data valid 

2a indicator and synchronizes it with said second bus clock to provide a second 

21 synchronized data valid indicator as an input to said data valid indicator selector. 

2. An apparatus for transferring data between first and second buses which 

2 operate asynchronously with respect to each other, said apparatus comprising: 
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3 a data storage device comprising a plurality of data storage locations which 
4 store data; 

s a first bus inter.face state machine cmmectecl to said first data bus, said first 
& bus intmDce state machine transferring data 1iom said tint data bus to a selected 
1 one of said plurality of data storage locations; 

a a second bus interface state machine comcoted to said serond data bus, said 

s second bus interface state machine transfming data from a selected one of said 
10 plurality of data storage locations to said second data bus; 
11 a data present buffer having a respective indicator for each of said plurality 
12 of data storage locations, ono of said indicators being set in response to said first 
13 bus state machine transferring data to said one of said plurality of data storage 

14 locations and being cleared in response to said second bus state maohine 
1 s transferring data :from said one of said plurality of data locations to said second 
1 s data bus, said second bus interface state machine transferring data from said one 
11 of said plurality of data storage locations only when said one of said indicators is 
1a set; and 

11 a set of respective delay circuits connected between said data present butter 
20 and said second bus interface state machine to delay said indicators so that said 
21 second bus interface state machine may not transfer data from said one of said 
22 plurality of data storage locations until a predetemllned time has passed after said 
23 first bus interface machine bas transferred data into said one of said plurality of 
24 data storage locations. 

3. The apparatus as defined in Claim 2, whereiii said data storage devices are 
2 buffers. 

4. The apparatus as defined in Claim 2, wherein said second data bus bas a 
2 clock signal which synchroni7.es data transfers on said second data bus and wherein said 
3 respective delay circuits are synchronizers which are synchronized with said clock signal. 

s. The apparatus as defined in Claim 2, wherein said set of delay circuits is 
2 a first set of delay circuits and wherein said predetermined time is a first predetermined 

3 time, and wherein said apparatus further comprises a second set of delay circuits connected 
4 between said data . present buffer and said first interface state machine to delay said 
s indicators to said first bus interface state machine so that said first bus interface state 

·-
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& machine may not transfer data into any one of said plumlity of data storage locations 1JDtil 

1 a second predetermined time bas passed after said second bus interface macbinc bas . . . 
a transferred data from said one of said plurality of data storage looations to said ~ 

9 data bus. 

1 6. An apparatus for transferring data beLween a first data bus and a second data 

2 bus, said first and second data buses operating asynchronously with respect to each other. 

3 said apparatus comprising: 

4 a buffer comprising first and second data storage locatiom which store da1a; 

& 
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a first bus interface state machine connected to said first data bus and said 

buffer to control data transfers from said first data bus to a selected one of said 

first and second data storage locations. in accordance with a :first bus clock signal; 

a second bus interface state machine connected to said second data bus and 

to said buffer to control transfers of data from said buffer to said second data bus . 

in accordance with a second bus clock signal operating asynchronously with 

respect to said first bus clock· signal; 

first and second flag buffers having respective first and second t1ag outputs 

coupled to both said first and second bus interface state machines, ·said OU1p1lt of 

said first flag buffer being set synchronously with respect to said first bus clock 

signal when data are transferred into said first data storage location from said first 

data bul and being cleared synchronously with said second bus clock signal when 

data are transferred from said first data storage location to said second data bus, 

said second flag buffer output being set synchronously with respect to said first bus 

clock signal when data are transferred into said second data storage location fto1il 

said first data bus and being cleared synchronously with respect to said second bus 

clock signal when data are transferred ftom said second data storage location to 

said second data bus; 

a first syncbroni7.er connected between said first flag buffer and said second 

bus interface state machine and a second synchronizer connected between said 

second flag buffer and said second bus interface state machine, said first 

synchronizer synchronizing said first flag output to said second bus clock signal 

so that said first flag output is delayed for at least a predetermined time before said 

first flag output can be received by said second bus interface state machine after 

said first flag output is Changed, said second synchroni7.er synchronizing said 



111111111111111111111111111111 
* C L M S * 

W09'141268 PCT/US96/08575 

·111-

30 second flag OU1put to said second bus clock signal so that said second flag output 

31 is delayed for at least said pmdetermined time before said second flag output can 

a2 be received by said second bus interface state macmne after said second flag output 

33 is changed. 

• 


