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- REDUCI NG CUMULATI VE TI ME DELAY | N SYNCHRONI ZI NG TRANSFER OF DATA
BETVWEEN TWO MUTUALLY ASYNCHRONCUS BUSES

Background of the Invention Field of the Invention 6

The present in Is related to conputer systens in general and, nore
particularly, is reﬁ%kfaed to digital subsyst ems whi ch CEHYSIHOTA
transfer of data from one synchronous data bus to another synchronous data
bus wherein the two data buses are nmutual |y asynchronous.

Desciption of the Related Art - Mbst nodern conputer systens
have a plurality different data buses operating at different data rates.
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that the data on the source bus is ready to be transferred. The data strobe signal cannot generally be used to
cantrol the destination bus directly. ﬂitlm. tha data strobe signal is first registered into a controf circuit associated

20 with the dastination bus by clocking the data strobe signal with the clock signat which controls the destination bus.
The registered data strobe signal is then used to control data storage devices {e.g., segisters or latches) on the
destination bus. By synchronizing the data strobe signal {or other control signai} with the destination bus, it can
be assured that the data from the scurce hus is stable with respect to the destination bus and can therefore be
transferred. .

2 Although the synchronization of the data strobe signal assures that data transfers batwsen two mutually
asyachronous buses occurs withaut loss of data, there is time overhead associatad with the synchronization. In
particular, it may take as much as two clock cycles of the destination bus to achieve tha synchronization. For
aoccasional data transfers, the synchronization overhead can be readily tolerated; hewaver, when (arge quantities of
data are transferred hy multiple transiers {e.g., burst transfers), the cumulative ovarhead can significantly reduce the

30 overall performance of a computer system. Thus, a need exists to reduce the synchronization overhead for transfers
of bursts of data between two mutually asynchronous buses.

. Summary of the invention
One aspect of tha present invemion is an interface circuit between first and second buses which operate

asynchranously with respect to each other. The first bus provides data to the interface circuit in synchronism with
38 a first bus clock and the second bus receives data from the interface circuit in synchronism with a second bus clock.



transferred. 25 _ Al t hough the synchronization of the data
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asynchronous buses occurs without |oss of data, there is tinme- overhead
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Another aspect of the present invention is an apparatus for transferring data batween first and second
buses which nhame asynchronously with respect to each other. The apparatus comprises a data storage davice
which comprises a phiraity of data storage locations which store data. A first bus intarface state machine is

20  connected to the first data bus. The first bus interface state machine transfers data from the first data bus to a
selected ona of the plurality of data storage focations. A sacond bus interface state machine is connected to the
second data bus. The second bus interface state machine transfers data from 2 selected one of the plurafity of data
storage locations to the second data bus. A data present buffer is included which has a respective indicator for each
of the plurafity of data storage locations. One of the indicators is set in response to the first bus state machine

25  transfaming data to the seisctad one of the plurality of data storage locations and is cleared in response te the
second bus state machine transferring data from the salacted ane of the plurality of data locations to the second
data bus. The sscond bus interface state machine transfers data from the seiscted sne of the plurality of data
storage Iocations only when the selected indicator is sot. A set of respective delay circuits are connected between
the data present buffer and the second bus interface state machine to delay the indicaters se that the second bus

30  interface state machine may not transfer data from the one of the plurality of data storage locations until at least
a predetermined time has passed after the first bus intarface machine has transferred data into the selected data
storage location.

Another aspect of the prasent invention is an apparstus for transferring data between a first data bus and
a second data bus. The first and second data buses operate asynchrancusly with respect to each othar. The

35 apparatus comprises a buffer which includes first and second data storage locations which store data. A first bus
interface state maching is connected to the first data bus and the buffer to control data transfers from the first data
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Figure 4 Wustrates an exemplary state diagram for tha pertinent portion of the bus 2 interface state
machine of Figure 1.

Figure 5 Mustrates an exemplary state diagram for the pertinent portion of the bus 2 interface state
. machine of Figure 3.

0 Detalled Description of the Preferred Embodiment

Figure 1 illustrates an exemplary intarface 100 between two mutually asynchronous buses in accordance
with known systems, As illustrated in Figure 1, the interiace is connected to 2 first bus {BUS 1) 110. In the
embodiment described herein, the first bus 110 is preferably a PG (Peripheral Compunent Interconnect) bus which
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exenpl ary i nt er finad26. bet ween the two synchronous buses of Figure 1 vvher ein
the Because of the asynchronous relationship betwesn the first bus 110 and the sscond bus 120, the interface
100 further includes a data huffer 130 which receives data from the first bus 110 via the data lines 112 and under
25 control of the first bus control signals on the fine 114 and the clock signal on the BUST CiK fine 116. Tha data
' buffer 130 buffers the dats end provides the buffered data to tha secand bus 120 under control of the control
signals on the contro! ines 124 from the second bus 120 and in synchronism with the clack signal on the BUS2
CLK fne 126. '
The data buffer 130 comprises a plurality of storage locations 132. In the embediment of Figura 1, only
30  four storage locations 132, labsled DATABUFO, DATABUF1, DATABUFZ and DATABUF3, are shown. it should be
understoad from the following description that additional storage locations can be included to provide additional
storage of data between the two buses. For examplo, in one particularly preferred embodiment, eight storage
locations are included. The invention can readily be tﬂerstund in view of the four storage locations shown. Each
of the storage lacations 132 stores 64 data signals. The inputs of the storage locations 132 are commonly
35 connected to the BUS1 DATA Fnes 112. The outputs of the storape locations 132 ate provided as inputs to a 64-
bit wide 4:1 muitiplexer (MUX) 134. Again, when additionai storage locations {e.g., eight) storage locations are



25 . interface incorporates the inproved synchronization circuit of the

present invention. Figure 4 illustrates an exenplary
state diagram for the pertinent portion of the bus 2 interface state
mathi ne of Figure 1. Figure 5 illustrates an exenplary
state diagram pertinent portion of the bus 2 interface sate
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he SSLE 5] g g s iy P i e Sl ks ol i 2 T e
§na 152. When the enabla fine 152 is inactive, the data outputs of the register 150 are inactive regardiess of the
data registered in the register 150. When the enable line 152 is active, the register 150 outputs ths registerad data

16 onto the second bvs 120 via tha plurality of BUS2 DATA fines 122. The enable ine 152 is controlled by tha bus
2 interface state machine 140 to enable the register 150 only when the interface 100 is seiected to transfer data
to the sacond bus 120.

Data from the first bus 110 are stored in the data buffer 130 under control of a bus 1 interface state
machine 160. The bus 1 interface state machine 150 receives the control signals and the BUS1 CLK signal from

20 the first bus 410 via the control lines 114 and the BUST CLK line 116, The bus 1 interface state machine 160
is responsiva to a data ready control signal communicated by the control Enes 114 to generate a selected data strobe
to the data storage locations 132 via one of eight data strobe fines 164. (Two data strobe fines are provided for
each data storage location 132 in the preferred embodiment to strobe 32 bits of data from the first bus 110 into
respective upper and lower portions of each data storage location 132} The data strobe fines 164 operate as clock

25 signals to the data storage locations 132 such that the data on the BUS1 DATA lines 112 are stored in a selected
one of the data storage locations 132 corresponding to tha active one of the data strobe lines 164, The bus 1
interface state machine 160 aperates in a conventional manner to control the data buffer 130 as @ circular FIFO
Gfirit-hllfin-out) tuffer. Thatis, the bus 1 interface state machine 160 maintains an input pointer to a current one
of tha input locations 132 which is the next available empty storage location in the data buffer 130. When data

30 are written into the selected storage location 132, the input pointer is incremented to the next higher number. The
input pointer is a modulo-4 pointer (in the described embodiment having four storage locations) such that when the
input gointer is incremented from a value of 3, it changes to 0. Hence the data buffer 130 can be considered to
be "circular™ buffer with DATABUFO adjacent to DATABUF3.

The bus 1 interfaca state machine 160 outputs a plurality of flag set signais on a set of lines 166 which

35 are provided as jnputs to respective set inputs (S) of a flap buffer 170 which comprises a plurality (e.q., four) of
data valid flag buffer locations. As dascribad in more detail below in connection with Figure 2, the flag set signals
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180 comprising a first bus 1 synchronizer flip-flop 192 A data output of the first bus 1 synchrenizer flip-flop 192
is provided as a data input 10 a sscond bus 1 synchronizer fiip-flop 194. The two bus 1 synchronizer flip-flops 192,
194 are clocked by the BUS1 CLK signai on the clock line 116, A data output of the secand bus 1 synchronizer
fiip-fiop 194 is provided as an input to the bus 1 interface state machine 160 via a DATA VALID 1 data fine 188.
30 Thus, the selected vafid fiag is provided as feedback to the bus 1 interface state machine ta indicate whether the
data storage location currently selacted by the input pointer in the state machine is available for storage of new data
or whether new data cannot be accepted. It should be understood that other types of data synchronizers can aiso
be used,
The valid data flags in the flap buffer 170 are provided via the set of valid data flag fines 172 as inputs
35 to a second 4:1 flag multiplexer (MUX) 200. The second flag muitiplexer 200 is cantrolled by a pair of bus 2 select
lines 202 from the bus 2 interface state machine 140. The bus 2 select kines 202 are controlled to correspond to
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-5-, provi de, the multiplexer 134 is expanded to provide additiona
sets of inputs accordingly (e.g., the multiplexer 134 woul d be an
8:1 mul tipl exedddupiggh an embodiment). The nultiplexer 134 is controlled
by a bus 2 interface state machi ne 140 via a pair of PCE{USR08575 0
142. In particular, the bus 2 interface state nmachi ne nmai ntains an out put
poi nter which points to the next higher nunbgred storage |ocation after the
storage |l ocation fromwhich the previous 5 data were transferred to

h db |
he o ekl i i, b A
out put poi nter p@l'h!mt%ﬁ!ﬂmmumﬂ'ﬂ%émmwm ipfigates whether the

t he DATABUF3 st Oﬁlﬁﬁﬁ; el Udtdstorage location has valid data er whethefiths @4 WRAECkdetidn hive aeslly Bidd

poi nter val ue on P ﬁel ect . line @ 142, the nultiplexer 134 selects the data
from, one ge locations 132 as the souce of output

data o conmBnicate mmnfmmmmuﬂﬁpmmmum:rqmmmmmuamummm| n

selcct . data_ar SOPEEHA QLA 2 e ot b bl S THERES il il

cl ocked by the HEBM@E!@%MF'WWHG&W“H@M‘W‘%H&!W MMM“WNZ
sychroni zed w t hztis 6% ciseiag Byt BOSECLR siaal onlthectiobkAi 126 A outhit@f thésadond'bis 4 ed

e 152 1's" 1 nact® yaBR s i fORA Sy o g JAL Ly g YA

regardl ess dp th@amzmmmwﬁwmmmmgmm a9 datih ¢ha ddtdstorage

enabl e line 152 gSR ,gmg,%,m{m?out puts the regl stered data 15
onto the second bus 120 VI a t e PI ur al of BUS2 DATA_|lines 122. The
enable line 152 is ¢ chutfp, Iogatizas 0, FLAG1, H@%mwﬂ@bm%ﬂﬂtwm'he

140 to enable thmmmwfmwmmmhmmmmwzm&nmtmm

1Tt bus. 110 ar e skl bl 2 GHAAY ufY pb g 10 ot e 0l Qi "

i nterface st¥t e insynchronism with;the HUS CLK garhe signpkiing,128, The rpsppctiup flap, ploar Rae ig3ctivated-whey) data froms O
lrjecell\{gs t he ﬁonm{ﬂpenﬁ%ﬁcﬁMﬁMumlsﬂrKuﬁﬁﬁmhmimIﬁﬁlzn. Fdr Bamglle] Wi
us via the in n
interface state ﬁrr%‘c] ﬁlé"'f%'(?? ac 1ﬁ%3’§§§£§?%§ 3}%&“%3@‘%%&%
si gnal communi catsdks nmm datado the second jus tzn.mlnsmmn@ ngemwti@ mmwonumm
szroge . tante mhfsmtﬁmmsb ltwaaﬂm&:ﬁﬁ%uzatmm”ﬂammmhnéat
strobe |ine a strobe |ines, eac ata
st orage | oc |on"‘f3b2'¥\0'f‘f‘"?'ﬁ§ WP&WWW%%MX?%NQB%@ bits of data
fromthe first bus 1Fauwéilustrates e preferred smasiiment bfioneaf tigists validistuiagt locatisns 170 intFigues lu)f
each data St OF a0 tiuhf; Fjre®S Wubtistes te 't sda&@«.ﬁtﬁuﬂﬁs%umlﬁéommmﬁ.mﬂ.
25 gnalstothe data storage | ocations syc t the data on the
BUSL DATA |ines 'epusnsforFLAGIFLAGR 1“%“& Gy preforghly ¢ waitia 5 the %@% o, ptorage, ocation. As
storage | ocati oni!ustln&ﬂ. tiaists exlipange lagytion 070 damprias ¢ first cogaterfip-flogk 300 lasdl ackacinml tayble flijckop

lines 184. Tige bagp interface state machine 160 operates in a
conventi onal rranner t ontrol the data buffer 130 as aeg é@gl ar Fl FO

(first-in/first-out) topate tlipflap 300 bas a plack ingyt 310 which prpeprps;the tiqmal prths foppbline 6
mai nt ai ns an i npite. Peifieattagle thpfiop 300 acteytie arubs (TE) input 312 whih seckiies an ontpui bf a first taindnmun S

igg whv\lhcg Idst t heanitfpite sfaY hd 292 D GEEHI4 nad boHiesk Uil HQH; ik @ik keRanbe WseF Fhud_B Winbi o5
€ a a signal line 16BA fone of the set valid data flap lines 166 of Figure 1) from the bus 1 interface state machine 180.
30 The first AND gate 314 has a second, active low, input which receives the FLAGD data valid flag as fesdback on

_' a signal line 172A (which is one of the signai lines 172 in Figure 1. The first toggle flip-flop 300 has a Q output
316 which changes state {i.e., from a low logic level to a high togic level or irom a high logic level to a low logic
e level) on a low-to-high transition of the BUS1 CLK signal in the preferred embodiment. The @ output signal of the

first toggle flip-flop 300 only changes when the SET_VAUD_0 signal on the signal line 168A is active at the same
35 tims as the FLAGO data valid fiag is inactive. When the SET_VALID_0 signal is active and the FLAGD data valid
{lag is inactive, the output of the AND gate 314 is active, and the O output of the first toggle flip-flop 300 will



30 . are witten into the selected storage |ocation 132, the input

pointer is increnented to the next higher nunber. The | nput poi nter
is a nodul e-4 pointer (in the described enbodi ment having four storage
| ocations) such that when the i nput pointer is increnented froma

val ue of 3, itwg to 0. Hence the data buffer 130 can b sidered to
be "circular” bu??grg&\?\ﬁ t h DATABUFO adj acent to DATABUF3 SCF'BMSQ’
The bus 1 interface state machine 160 outputs a plurality of flag sat

signals on a set of lines 166 which 35 ére provi ded as inputs to
respective set inputs (S) of a flag buffer 170 which conprises a pIuraIity
(e.g., four) Of changs from its Mﬂn%ﬁ%hﬁﬂmhﬂfc&‘i{mmﬁ sidiEone b 16HURR iowASh | 1

more datail bel ow.in connect lon W t t f set nal s

e A D! it of i BT CLk ol F et i SET VACTD_0'sins i iacive GF e FEGE' dega vald fla i
PCT/ US96/ 08575 active, the O output ofExfieSicst Sogyts tipfiog 300 elill naticiangs imespeiRividf thsichanges @tiwl BUSTICLK he
signal line 116,whi ch are provi ded as respective first clock inputs

to each of the ag storage cells in the flag buffer 170. Th flag buffer
170 stores Pour val magmdaomwbnwu:mam MMWMMWMN

with one valid gai® fis3ens fopui 33 wildh frdoies an Stk

valid flag .nd.tevm”%B”F%éf’m?@@m&?h oo ik i,

and that data cdulhxaahmmmmhmmudmﬂnmmufmﬁenmmmzwm

lid flag indi gagesent h
Val1d dats st or S0 Hsekd 0 qua 334t £ RERRE Mk 6wl ioos VLTS Gl vi ity
buf f er 10 qsévetwmﬂum%mewmm#ﬂwswmmmmmwsz
interface stat am@wmtﬁﬁemﬁmhbahm-whhmdﬁmmwmm

respondi ng buf f re to.be e d S
120" A data val f e PR Huk &by e aoslimt. Ty i e o mcnk gl e 35’2“
respective dat acmmmmnmmwmmasmmmuwmmmmmmmw are
buo. 120, | WkSre. vhik b cE DL i 3 A8 LAGD 46 B KA e P

provi ded vitA a AN ugp 3334 actiye. and:the Ocoutay of W‘ﬁé‘@&ﬁﬂgﬂ%?’%&% ?'i""m&“f"?rst
4:1 flag mul ti phvestae or(fMJi{s)miLﬁﬁatoni'm sfmrmtnmi forrgpchviawitd-higly trawithn nfmmcucm

control l'ed by ay afiie%in %jﬁﬂ& ﬂ?ﬁmndatnaﬁdﬂavl@m m?%bg 0 second

i nterface state machi ne | nterface state ITB.ChI ne
th pair of bus tosssfip mvs%%m&@mmm%ﬂnmmbﬂ"%@“mtem val ue of the

i nput pointer. Thus Thimmiuhriﬁmwfahm 9rebet (RSY) inpue 340 i Ghe Seedndwigh fipdiep 30Shas 2 res¥at a
ol er 30T BT RRAROR ) A o ST B P
ET signal is active, the two toggla flip-flops 300, 302 are reset 50 that tha respactive O outputs are
claared to their inactive low states. _
The Q outpms of tha first and sscond toggle flip-flops 300, 302 are provided as respective first and second
inputs to an exclusive-OR gate 350. An sutput of the exclusive-OR gato 350 provides the FLAGO data valid flag
25 ontha ine 172A which is thus the output of the FLAGO data valid storage location. The FLAGO data vaiid flag on
the line 172A ig aiso provided as the feadback to the twe toggle flip-flops 300, 302 via the respective AND gates
314, 334, as discussed above. The exclusive-OR gate 350 operates in response to the twa inputs to provide an
active FLAGO data vaiid flag on the fine 172A when the two Q outputs differ from each other {ie., ons O output
is active high and the other @ output is active jaw) and to provide an inactiva FLAGO data valid flag on the kne
30 172A when the twa O outputs have the same logic level (ie., both Q outputs active high or both Q outputs active
low). As discussed above, when the output of the exclusive-OR gate 350 is active high indicating that the @ output
of the second toggie fiip-flop 302 is different from the @ output of the first toggle flip-flop 300, only the second
, AND gate 334 is potentially enabled such that i the CLR_VALID 0 signal ine 220A is active, the second toggle
flip-flop 302 is enshled. The second toggle fip-flop 302 toggles on the next low-to-high transition of the BUS2 CLK
35 signal on the signal fine 126. This causes the @ output of the second toggla flip-flop 302 to become the sams as
the Q output of the first toggle fiip-flop 300 so that the output of the exciusive-OR gate 350 becomes inactive.



out’put of-the nultiplexer 180 is a data valid flag which indicates whether
the data in the current input location is already valid. That is,
the selected data valid flag indicates whether the data previously stored
in the selected data buffer | ocation has alrady been transferred to

the second buswhiyisge data valid flag will be "invalid")or Fgﬂ,ﬁ#
ﬁmﬁlﬁ yet

the data previously stored in the selected data buffer |ocat

been transferred to the second bus 120 20 (the data valid flag will
still be "valid"). The datagvaid flags in the flag buffer
170 are resettable to a known state (e.g, al'?' the data valid flags

i nactive)via a Shehitile s thd wHRI thddckdivd-OR Ve 350/ndicaled that 6 FTACD Yauivala Magit

comuter Syst om B ietﬁﬁhﬁﬁf%@m%%whﬁaﬁ”@@?fgw&%Pnﬂiﬁr e

user, ‘or fhip-flap 300 ikapable® © toggle if the SET_VALID) nﬁmhompammmnwm
mul tipl exer 180 :hﬁhhﬂrl?"d ﬁﬁuM%ﬁ’ﬂn t'tk B%?aﬁi’iaﬂ“ Qﬁ?iﬁ
conpr nchronlze |p

synchr,oni zer Slmyg | r st

192. A data 8ut pwsmnmmm clgared with sespestto sha BUSZ (CK sispel. o 102 i s
provided as a data |rmmmmfm WW&N?:W&MWW“ n ke
GLK i gnal “on t rbE] H&%@f"ﬁ@m it e o P B B o oo,
sytnch]?ni zert t WMNW'HDZE;)WWW pnnﬁhdbdh!agwtﬂnmrmatlgtgnﬁggﬂuﬁd?ﬁm
interface state \Hmﬁmgn %‘A[nl ata line us,
the sel ected vali .I S Ij'alrow @ﬁ eed@“ck to the bus 1 interface
state machi @ to |nd| H@“mmmﬂ'ﬁ‘%ﬁ“H'%b‘E“m&W‘m“

currently sel ectnmbgmﬁimmuiwm ﬁtesmammmmmmmmidm

for storage of n

shoul d be undersfogggﬁ'% tmmgpa@%gggg{lﬁ%ﬁag%@ﬁg zers caﬁ'ga eb"“
 be used. which control the twiy state maghinesy inparticyiar, !’MW@W Wd@ flagsfore set inBfnghronisre
provi ded via thewmh B80%1 nmhdnslaﬂakaneiahaeynbmm.ﬂ.Msmcmm&.smammmeﬁm

second 4:1 f ag L pl.exer The. seco |t Iexer 200 LS
control | ed @J M%F"M'WM@W"'“MDW ﬁ‘ﬁ'dagg‘z@@’w
interface st at e stwCth itsisactivel Gete i byachiaiam with the BUSE LK |anwsmlmmﬂmmmm

correspond tO e BUS2 CLK signal, W@%ﬁﬁﬁ&ta maching 160 receives the actwe-to-mmattmmm
PCT/ US96/ 08575

the data
ut t 142 h d t
storage |ocati on"‘wsf’ﬂ""{‘mm‘ﬁw‘f@ O'Il‘gﬁ‘e'&g’ ﬁﬁ@éﬁ o %‘"’? 5

will occur while the bus 1 interface state machine requires the state of the valid data flags to be stable and

20  unchanging. Thebus 1 synchronizer 190 synchronizes the high-to-iow transitions of the vaiid data flags to the BUS1
CLK and thus tv the internal state transitions of the bus 1 interface state machine 160, Simiarly, the bus 2
synchronizer 210 synchronizes the low-to-high transitions of the valid data flags to the BUS2 CLK and thus to the

" intemal transitions of the bus 2 interface state machine 140, It is particularly important that the low-te-high
transitions of the vafid data flags be synchronized with the BUS2 ELK bacause, the respective valid data flag is set

28 as the data are being written into the currently selected input location. If the currently selacted input lncation
also the currently selected eutput location fi.e., the bus 2 interface state machine 140 has output alt greviously

stored data), the bus 2 interface state machine 140 will immediately sense that the valid data flag has becoms

active and will output the data to the second bus 120. However, this potentially causes metastability within the

bus 2 intetface state machine 140 and a race condition, particularly if the vaiid data flag transitions from its inactive

30 state to its active state before the data have become stored in the respective data starage location and have

. propagated through the multiplaxer 134 and through the register 150. The bus 2 synchronizer assures that the data
are stable before the bus 2 interface state machine 140 outputs the data to the second hus 120,
. The bus 1 to bus 2 interface 100 of Figure 1 works well for its intended purposa; however, the interface

100 includes & syachranization delay caused by the bus 1 synchronizer 190 and the bus 2 synchronizer 210 which
35 reduces the overall data rate of the interface 100, particularly when data are being transterred to or from the
interface 100 in a burst mode. The problem can be understood by considering the operation of the bus 2 interface



to"be output to the second bus 120. Thus, the output of the second flag

mul ti pl exar 200 indi cates whether the currently selected data
storage l-ocation has valid data or whether the data in that |ocation have
al erady been transferred and are no longer valid. 5

The out put of nd flag multiplexer 200 is provided as a data input
to a as 2 vali Wgﬁgynchrom zer 210 conprising a f|PF§'{U PRSSTS
synchroni zer flip-flop 212. A data output of the first bus 2 synchronizer
flip-flop 212 is provided as a datajlnput to a second bus 2

synchroni zer flip-flop 214. The two bus 2 synchronlzer flip-flops 212,
214 are cl ockednhymicﬂ?rﬁim%ﬁtﬂmmﬂmummmmkm%mw B un Of

t he second bus nchr oni z S vi ded as an | nput
o the. bus 55 il A gkt R e g o S 2o s
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the output pointer Is curre
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gener at ed by us interface s e _machi.n
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one of the dat atu-/muubmm B2t T tve biwecessary cycles of tha BUS2001K Signalvara! ifiteriio@ ¢5US2
CLK on the si gn%m;kﬁqm e respective flag clear line is activated

e

when data from respective storage |ocation in the data buffer
130 are traﬂqsferredﬁwmwﬁﬂvﬁwm%kmwmﬁmhm

bus 2 int erfacenommmma&ume Mﬂwmlmmmmlmymmﬁm
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126. "gure 2 illustrates a preferred enbodi nent of one of
the data valid st or Agplcait basalissovered this 7@ uingressiryyelaysanihe avoided by synchronizingoibervhiid data fags

Figure 2 ill ustm;&,ﬁb&,&fﬁﬂ,ﬁ&%ﬂzﬂ ﬁﬁxﬁ&@%ﬂ e Wg %'ﬁﬁ%@ﬂ er

three data vali ocatlons tor, FLAGL, FLA are
preferably i den%f"tg ?%WFEA@H%MI‘? fipsceibed,phays jo'conaection wigh Figmpd. The bus 2

i |l ustrat ed, tkm«ﬁnhmm&hmdwknﬁmndmmwzﬁﬂuﬁmmmmmﬁmh Sufigky) ©
flip-flop 0 am?'ﬁa'ﬁ‘ﬁf'ﬁw f

The first tezgggl I p- ég@&ﬂhfﬁﬂﬂ [ ng{'ﬁ’ aﬂ%%’%‘#“r‘&‘&‘v%%mm

BUS1 CLK si gnal *on the si gnal l'ine 116. The first toggle flip-flop
300 has a toggle enabﬂum.(eiﬁ)rmmuﬁnﬁﬁhwmnﬁﬂeunmsumwrmuﬁﬁxpﬁuﬁw st

th\INShI r]:oz;[out whi cﬁomecel vesméﬁf%ﬁ Mﬁhﬂﬂghﬁﬁ}ﬁ&hg&%\ fbl}rgs't ?Ist I ve

166A (one of tHHZ §H‘t4’6&%”&“@%%1‘&@"’7@#@"%6#'%&‘@ﬂl'jlﬁmmvwéfmwfe&
i nterface SZSat emhvmuﬂﬁﬁsmﬁ&uwnmﬂhﬁc&dmﬁ\w{m&%m

active | ow, e EL ata f.la

a signal I|ne 1 w q‘l“?’ 3‘#""6? "@ h%ﬁ"'ﬁf ‘q'T‘H' P%}"}f""*l'he
first toggle fI%‘*ﬂ@yMbW@m@Mﬂaﬂ“ﬂ ﬂKﬂlﬂﬂﬂﬂﬁsmWn‘dh changes state
(i.e, froma low | omﬁ %M&&Mhﬂ%%aﬂmmﬂnm%ﬁ

| evel toalow ??? Ie%dm& t 0- hi tranS|t|on of

BUSL CLK si naI . E35P Bys 2 sprp [Py comnectsd 1 the pptpgt g a
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|1 166y
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val i d it SATBIRR. 1 HRE 0  portrih s g, Gk by RIS CiK
and the O out pusignabdn thelsignafiing £28. t oggl e flip-flop 300 wi |

It tan be seen that the improved interface 400 accomplishes the goal of the interface 100 of Figure 1 by
35 assuring that the data valid flags are properly synchronized with the bus 1 interface state machine 406 and with
the bus 2 intertace state machine 404. For example, if the bus 2 interface state machine 404 has output all the
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- 8-, change fromits high state to its low state to its high state
one tinme for each | owto-high" transition of the BUS1L CLK S|gnal | f
ei ther the SETwdgAkMize® signal is inactive or the FLAG data E%P"g S
active, the O output of the first toggle flip-flop 300 wll ﬁ%g

irrespection of the changes on the BUS1 CLK 5 The second
toggle flip-flop 302 has a clock i nput 330 which receives the BUS2 CLK

signal on the signal line 126. The ¥kcond toggle flip-flop 302 has

t I bl
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out put | vel, to a
hh Iogl c |level %&@%W“Eﬁ'ﬁmg‘?“ﬁmwb‘m%q |%ﬂ%w
| ow-t 0- hi gh tralﬂ!##?mﬂmm% mamumwmgm m'q!rﬁeﬁbmmm
enbodi nent. The uig ikl uRRRIE te DOABURD dote siiradel ideition>f33

changes when th R, VAL nal on t signal. | ine S, .a t|ve at
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CLR _VALI D_0O1tsi gmwmmmmMemmummmwamﬂm&Me
output of the 1§mtnedaé'§ﬁd Wﬁhﬁ?ﬁlﬂﬁéﬁwstat&ﬁ@ﬂgtﬂmi’w CO”d

togglefllpflo ne romits 0 1its ate

or fromits |ow t"&'["!e""f@)”!‘ %Mﬂﬂ’é‘%é"?‘im f"!ﬂr”‘@'&ﬂﬂ“‘!‘%‘!@"h%"ﬁﬂ
transition of tInﬁuﬁum&aﬁmﬁwmmwuuidaimmmmumm&&mlﬂaw nal

!schoﬂgCtlve o E’@g'g{':‘%“fg‘? dat 'p'E Ugh{ﬁlf"%&dls l g&%é& rrespec @9

changes on the NQ’!"‘E!WSl gnal The first toggl e flip- flop'
300 has a reset (RSTideaitih fuRfkeundeftundind &emmﬂuﬁaﬂa&:nw&arﬁahom FRtie4 Ridfasd

o e ek 4 g i e s 4 bk o £
~is active, the M&WWWSKMMQ nfammgmwsbhmmmm.
res pgct i ve 0 ou][nnggﬁﬁa 2bafh stare machine 148, |4@g£cﬁﬂs swlﬁﬁeﬁwuﬁmw.ﬁn Mmosms Witich are
e O PP O e s e Vs e o n i 575 s
intesnal states of the state machine are represented in a conventional manner as circles having the state nams
therein. The iines connecting the circles represent state transitions from one state to anather state or from a state

back to itself which oceur In synchronism with the BUS2 CLK signal 126 of Figures 1 and 2.

The conditions precedent to the state transition are identified as paramsaters positioned adjacent to sach
25 state transition with an ampersand (“&") representing an AND requirement meaning that ali the conditions covpled
by the ampersands must be satisfied in order to cause the State transition to occur. A fine over a condition indicates
that the condition must be inactive. A “1" adjacent to a state transition indicates that the transition from one state
to the next will accur unconditionally on occurrence of the next cycle of the BUS2 CLK signal. An “ELSE™ besids
a state transition indicates that the state transition is the default transition which occurs if the conditions for othar
30 transitions from a given state are not satisfied. If the bus 2 interface state machine 140 performs a pertinent

V operation on accurrence of a particular transition, sach operation is identified at the end of the parameter by a slash
{"I") followed by the nama of the operation.
v As illustrated in Figure 4, the state diagram 500 includes an IDLE state 520, a MASK1 state 522, a

MASK2 state 523 and a DATA_XFR_IN_PROG (data transfer in progress) state 526. The state diagram 500
35 ilustrates the progress of a transfer of multiple quad wards of data fram the data buffer 132 te the second bus
120. The IDLE state 520 is the "normal” state of the bus 2 interface state machine 140 which is antered when



| nput.s to an exclusive-0OR gate 350. An output of the exclusive-OR gate 350

provi des the FLAGD data valid flag 25 on the line 172A which is thus th
"output of th FLAQD data valid storage |ocation. The FLA® data valid fl ag
on the line 172A is also provided as the feedback to the two toggle
flip-flops 30 pa the respective AND gates 314, 334, as

di scussed abosg. h}aﬁgxcl usi ve-OR gate 350 operates in respom’"tgg"?aﬁ

i nputs to provide an active FLAQD data valid flag on the line 172A
when the two O outputs differ from each other (i.e, ane 0 output

is active high and the other 0 output is acl &ve | ow) and to prow de an
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0 e second toggle I p-flo |s | er e e
first toggle fl F'ﬁgﬁdlbﬁ @W‘“‘d‘ﬁ '4‘{""%]5\ Mﬁﬂ‘ 8 sacond
potentialy énabbsd20seiddhet hmmhﬁﬁmﬁmmkﬂﬂdﬂumlmmﬂhﬂﬂ%uﬁmmlzve,
th second toggl g,

flip-flop 302 t e@%ﬂ%‘%é&n'gwﬂﬁ%mm%r am'pﬁﬁiﬁwi&%@"%

0
signal. on the sﬂggmmmnmmnm&mnmwammmwam
toggle flip-fl ogus3Qtbriicostitermdeiie 140/t deriiiiResfion a new read cyclh KhSbobh iftidie Uk paRticol

T o0l e 11 e Chud Y 3p g G o A D © 50

becones inactiv
PCT/ US96/ 08975 When a new rabihayele mammmnmmdmmamummmmmnuam)

| OR
G e “the dat gaéﬁgﬁﬁﬁ&'"ﬁ%?%?ﬁ'%ﬁﬁﬂﬁ'ﬂm"ﬁmn : ég‘i‘%ﬁa‘% 1o bt 33
i s di sabl ed f r offtewast;p0jlssignal designated a5 W#J&W{E&wl 2|Wm nemu 149
enabl ed to t 0gQingkes af stateltAansitibn 54040 te MASK1 Sfa@ 522, Ab furtir ifushiGeld ty She 2/TUAD \OWL W‘Muﬁhe

bus 1 |nterface

the FLA6O valid d%ﬁ*ﬁ%ﬂfagﬂgyn ronous?‘ A'S%T"E%ﬂloﬁ%g %&@WF

BUSL1 CLK si¥nal Weifepuntes (natshawnam the, sats trapgitiag, erom"m F'BS'B@E!"‘!'W M@ummaﬂ
si gnal . transfers that must O3S intotder Atkanstend GiveiNuist 6 Batd G Tt Chist bl 110 6 theQ@kGhdBus 120.

Found, for oxampl o, -THRUEKEnszd e S 358 5y o AR o b Sty i
assigns of t hen&weﬂﬁcﬁum o pranagats from the-hys 2 flag mutiplaxes 499 thiough the tju2: synojwonizeri 23 ibefore
~reference herei fhs bud? Rtofdeh dtdrSihhesink 140 DBcksthb stid df the SR6d Bt vald Rng! 1S, o Brhobifih BRY froth®
data valid ﬂt or %9 EMSKI state 522 to the MASK2 state 524 is shown as occutring uncondiionally (as represented by the
adjacent "1" parameter. Simiarly, a transition 544 from the MASK2 state 524 to the DATA_XFR_IN_PROG state
528 occurs unconditionally.
in the DATA_XFR_IN_PROE state 526, the bus 2 interface state machine 140 checks the state of the
DATA_VALID_2 flag, and, if it is not active, the bus 2 interface state machine remains in the DATA_XFR_IN PROG
5 state 526 as illustrated by an ELSE transition 580. Otherwise, if the DATA_VALID 2 fisg is active and
BUS_RD_TIME is active, the bus 2 interface state machine 140 will transition either to the IDLE state §20 or the
MASK1 state 522 via a transition 652 or a transition 554, respectively, and will output the data in the currently
selected one of the buffer locations 132. This is illustrated by the /JOUT_DATA parameter on both transitions 552
and §54. It should be understood that in addition to outputting the data, the bus 2 interface state machine will
30 activate tha CLR_VALID signal to the corresponding one of the flag butfers 170.
The selection of the transition 552 or the transition 554 depends on the condition of the DONE parameter.
The DONE parameter reprasents the condition of the QW_CNT output of the quad word counter. if GQW_CNT is zero,
DONE will be active. 1f OW_CNT has a non-zeru valus, then DONE will be inactive (L8, DONEwi be active). If
DONE is active, the bus 2 interface state machine 140 will make the transition 652 back to the IDLE state 520 and
35 will increment the pointer to the current output buffer location, as indicated by the parameter JINC_BUF_NUM, to
point to the next butfar location 132 as the next output buffer. Otherwise if DONE is inactive (ie., DONEs active)



| ocati ons can be used in connecting with the present invention. 10
Referring again to Figure 1, it can be seen that the purposes of the bus 1

valid data synchroni zer 190 and ' the bus 2 valid data synchronizer
210 are to assure t hat the changes in the valid data flags are provided to
the bus wdedidlb@' f ace state machine 160 and the. bus 2 interface state
machi ne 140 in synchronismwth the respective cl ocks PCRYISOS{085ENt 1 Ol
the two, state machines. In particular, as discussed above, the valid data
flags are sat in synchronism i t h the BUS1 CLK signal and are
cleared in synchronismwth the BUS2 CLK us, a valid-data flag will

change 15 frw th
g ummmﬁwﬁﬁﬁwmamm SW&%

the BUS1 CLK si and w hang m i t i ve
i nactive state i *"bﬂg '“H‘Ié ‘ma'&"k‘}mgé@&‘ﬁsﬂé“ﬂﬂ@‘ﬂ@sm%m
asynchronous wi pétmeter. As discuséediabovisio/SiibnetiiokwithiFigurect, it is ndussaly toscycle bk théoih 86 MASKY et

Val 1 11 ags noy SR odd 7 ool 0 A6 of A e iﬂ“?fémmm ‘

Thus, "t her e Bar e o%shadus bmmmsndthnammm@ ey Selactedslata veld flag befora thy DATA_WAUDL2 sigahhi | €
the bus 1 interﬁamﬁmmmwhmwm mwrﬁw‘m , RRUDY 2didngl cta.h.@uj,‘,ags
ron

Zes

e i gt o-| oW PRREFen s e R oy it Kby o by oy e c i ety 01

and thus to t hesdettedsutput bufferiocation nnsmms-ndummmummnm 1B dnd¥oby

nmachi ne 160. Si tdtd vaiia!nky had synchroni zer 210 synchroni zes the
| owt o- hlghmransmlons 0 t valld data flags to the BUS2 CLK and thus to
t he nt er nal WW@?WWW?%W@M@F%@@%MPEWWO

Ith IS loa(rjt :jcul amidypumwataﬁamﬁnhaiuiﬂnﬁpdsmh mwhmiﬂhhuszmmrim&si Qﬁdaﬁ
the vali ata H“@g‘s‘

respective vali : ta'b"??%#ﬁgﬁ’ g'f'é'g'gn mﬁh’"‘%ﬂ%{ﬁ%?&mﬂ@@ﬁ |"t"?'l!!h3
into the currentsigr thae havg caly a sapjs bus 3 yashrenizes 310 wﬂhmmmmmwmnwmput
location is Figure 1.2 15 Qarlidai®, Tb!"stafdidgivm T30 Bf ﬁsimosltuauhs beC# iDGN sthth 660 -and’ ['©
bus 2 inter sace ine 14 out put .al | evi Qu tored
data), the t Eﬁf‘ﬁ{f@@@é ‘3” QWQ@EF 3 iﬁfﬁﬁ%ﬂ%h&e
the valid data busitetisssstdteomchined04 of Figure 3 wilhmadiminctheciBLE stats 500, w%mwhﬁﬁﬁsdﬁinamﬁo
the second bus éﬁ%e:k‘@%ﬂ%ﬁmﬂémﬁ%%ﬁ'%ﬁe;ﬁaﬁ&% et 34 9%3@2}(\%“

t he bus“ﬁhé&é,ﬁf e state nachine 1 race con

particularly if |_PHOG statp 810+ jn particplar-thacbus, 2 interface stpte pachine 404 wil.rpmain jn the 04 state
state to its acunthadEw Rtiscnitiaed sd she BUSRDITMECaditionds altive; atwbichstime it @vill trinsition W the state
respecti ve ogat a h.th
mul tipl exerﬂ134m§;r'1@£%ﬁoﬁ%ﬁrﬁ@%gﬂl&s@ﬁ q\%ﬂwm@&m@%&" %?}ﬁ%“ §
assures that th¥® é’t‘&“’f"'“‘”""“!ﬂ‘U _ OV LN pacametetie hus 2 interface state
machi ne 140 out put s it theDATALXER lmpmhaatsempuﬂumtuﬁaem machine 404 manitors the condiﬁon'ﬂhe

bus 1 to bus 2 inpbﬂh_eﬁﬁﬁg%%& B ihe a4 Virn L2 %%E%m*ﬁﬁd dnu&% 'haﬁl:s aﬁ‘ut eﬁf dﬂa bys.2

pur pose; howev es-a-
del ay caused by ’Eﬁ%m’@msﬁqﬁ(ﬂﬂ'rwﬂfmﬁﬁﬂﬂmﬂ'"b“%w@BM“%WMMDDMO

whi ch 3|5 lzs \r/vﬁﬁms ¥ ln@ numrmk.bn i€l @hctive) MinQhehs 2 Rerfdcd dtatd fnitﬁiﬁ 4840 Wil remain in the
Pﬁ{ telr fc;cgr 1)(;0 i ﬁﬂ;ﬂ%ﬁ sﬂ%ﬁ} ﬁ"%ﬁ)ﬁerﬁe%gh e "uér:li er S 'f)"d"'lf'{? cpam oty ng

t he operation o?""‘l"f‘?e‘"!ﬂ’! o °f ﬁ! @Fﬂfﬁdﬂblmﬁm 132, as illustrated by the fOUT_DATA paramster. The hus 2

interface state machine 404 will ingrement the current buffer number (INC_BUF_NUM) and will decrement the quad

word counter (JDEC_QW_CNT). If the DONE condition is active, then the bus 2 interfacs state machine 404 will

30 transition back to the IDLE state 600 via tha state transition 632 while outputting the last quad werd (OUT _DATA)

and while incrementing the buffer number (INC_BUF_NUM). If the DATA_VALID_2 signal is not active or if the

BUS_RD_TIME condition is not met le.g., the second bus 120 is not currently availabls), then the bus 2 interfacs

state machine 404 remains in the DATA_XFR_IN_PROG stata 610 as ilustrated by an ELSE transition 834,

As Hlustrated by the state diagram 510, the bus 2 interfaca 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. tn

particular, it can be seen that as soon as the bus 2 interface state machine 404 increments the buber number at
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10 state machi ne 140 when all four data buffer |ocations (DATABUFO
_ DATABUF3) in the data buffer 130 are full and the correspondi ng
valid data flagﬁ)ﬁf%ﬁgn .FLAG3) are set. After the bus 2 interface state
machi ne 140 ansfers the data fromthe first data Sﬁfﬂﬁmmpﬁ§ation
(e.g. DATABUFCL the bus 2 interface state nmachi ne 140 sel ects the
next buffer locations (e.g., DATABUF1) via Lhe mul ti pl exer 134 and al so
selects the next valid data flag 5 (e’g. FLAGL)via the select lines

202 to the secmuismmmw&ﬁﬁmnmmmmmuhemﬁwﬁmhmw )

TS0 et o AR 0 B b3 e

wait for the vammmummmdﬂmmmmbmmmmmhummwmwmmr

210 before it HH@G ﬁﬁag ﬂﬂﬁhﬁ%ﬁa

unnecessary cyci eis ﬁ]'“&dg% W."S% re interposed to f’mgw'
synchr oni zeBt hewst iaput of theflagmuitiplaxgr 200 s selected. Thus, &‘W 178 semaiascaliocatad to
delay is inter nmmmﬁmmmumwﬁmmmtmmmm 1§2he

| ocat i on may  hAAP8 ke et e b 7l e S S g v s

when the bus 1 ktmeenftacdcicdysd delayimmisinngh atpnges t he sel ect |ines 182 to the

I/\/iilrtStthloagl (r)nélkt i:gl:?aes 'P%égﬂﬁ?a seFecm%WWchrom zggﬁglﬁa 'F'ﬁ%

1 synchronil%er faeentizn,pnd gre gpk intended teby Emiting.

cl e?r ed anﬂ thahmmmﬂﬁﬁmmmmwmamgilmmtmaﬁﬁb mmgq{almb oifie
Appl i cant has vered that . el ay can be avoi ded by
synchroni zi ng t ? %ﬁf@qﬂﬁﬁg'?%ﬁggyapﬁﬂsaia%gior to applying the valid data
flags to the bus 2 flag multiplexer 200. An inproved interface 400 is
illustrated in Figure 3 wherein |Iike nunbers indicate |like el enents
as descri bed above in connection with Figure 1. The bus 2 interface
state machine 140 is nodified and is shown as a bus 2 interface state
machi ne 404 in Figure 3. Simlarly, 20 the bus 1 interface state
machine 60 is nodified and is shown as a bus 1 interface state machi ne 406
in Figure 3. As illustrated in Figure 3, the
single bus 1 synchronizer 190 on the output of the first flag nultipl exer
180 of Figure 1 has been replaced with four bus 1 synchronizers
410, 412, 414 and 416. Each bus 1 synchronizer 4]0, 412, 414 418
has its respective input connected to the output of a respective one of the
four data valid flag buffer 25 | ocations 170 and has its respective
out put connected to one of the four inputs of the first flag nultiplexer
180. As further ilustrated for the first bus 1 synchronizer 410,
each of the synchronizers conprises a pair of flip-flops 420, 422
connected in tandem and cl ocked by the BUS1 CLK signal on the signal |ine
116. Simlarly, the single bus 2 synchronizer 210 has been -’
replaced with four bus 2-synchronizers 430, 432, 434 and 436. Each
bus 2 synchroni zer 430, 432 434, 436 has its respective connected to the
out put of a 30 respective one of the four data valid flag buffer

| ocations 170 and has its respective output connected to one of t he
four inputs of the second flag nmultiplexer 200. As further illustrated for
the first bus 2 synchronizer 430, each



of “t he synchroni zers conpy, i |p-flops 440, 442 connected in
t andem and cl ocked by themmwm ““ signal on the signal line 126.
It .can be seen that the erst age 400 acconplishes the goal of the
interface 100 of Fi gure 1 by 35 assuring that the data valid flags are

properly synchyfdgs4 W th the bus 1 interface state machine 406 and with
the bus 2 interface state nmachine 404. For exanple, if the HRfS/USIMEAFf ace

state machi ne 404 has output all the WO 96/ 41268
PCT/ US96/ 08575 ’ .
-11- data in the data buffer 130 ald is waiting for the next data

to be stored inm%ocation 132, the input pointer and the
out put poi nter o the sane storage | ocation 132. When the bus 1
interface statge rrach ?ﬁ-’mfacf %r& fldgd ﬁ?g A t he
out put of the FLAGO Iagﬁﬁf 78% EFI ure w%‘ﬁ transition

active mluomab'mth rqsmbtygmb mm!dtﬁratshxs provides dahtosaui

synchroni zer 43 ﬁﬂm %ﬁ{%
state machine 4 eorelt éap I ed as actlvelnput to the bus

i nterface stat4erqm¢s| data fom sﬁmmrfapmm vwmhmmmmmnd)buadaclﬂm
flag buffer 170 r|Iy be synchronized to the bus 2 clock and
t hus synchronl z he bus 2 interface state nmachi ne 404. The

active output sof the FLA@mpngmm:ﬁncpmmmlmﬁmmwmmmm

the requlsitetime tg. a‘%é;igﬂv q-mgfl W\@g&ﬁ- sé!mhfﬁmn n . Aﬂ%FO
data storage location 1 to st %agdehg? the ot her Whﬁ}i@
bus 2 interfade stat®odkhchine is outputting a burst of data fromthe data

buffer 130 10,4 wher ei f1%dnd 3sthh® 'dath QaBd indibathreasbdeiahkd éfﬂe&ﬁﬁeﬁ;d
had t he data stored thergﬂ\aﬁor a nunber of clock cycl es e#ﬂphe
data valid fl#®y (e. geid firshasy Mmeramm&% ru&mmrtbmngset

respective bug 2 sy (ﬁﬂﬂsaxdﬁrst bus clbkCwAGC QB ark siored %%ér
432) and w Il be actlve at ’E{) of  the second fl ag rrultl pI exer

Thus, when 12 &ssaiﬂm Jatpcvalid: indieatoraboingntst Smahrproysly wids ggid first
lines 202 to gel ect Bda%meut dita abe Worket ACHic SdoandvBiithe! 10chedg; buf fer,

the active state of the flag w.l] be pr wdﬂv dlatel t he busZ

i nterface stat% machine &G’&g\ﬁr"’i‘ ﬁ”‘“ ngE é!“ta‘gm

To assist in fwrtherwadgﬁmdgagomdhﬁmdmt he-i nproved |nterface
of Figure 3, Flgure |II strates

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
18 machine selecting one of said first and second buffer locations as a source of data
19 to be transferred to said second bus, said bus state machine controlling said data
20 valid indicator selector to select a respective one of said first and second data valid
21 indicators as said output data valid indicator, said bus state machine monitoring
22 said output data valid indicator to determine when data from said first bus has been
28 stored in said one of said first and second buffer locations;
24 a first synchronization circuit which receives said first data valid indicator
25 and synchronizes it with said second bus clock to provide a first synchronized data
26 valid indicator as an input to said data valid indicator selector; and
27 a second synchronization circuit which receives said second data valid
28 indicator and synchronizes it with said second bus clock to provide a second
29 synchronized data valid indicator as an input to said data valid indicator selector.
' 1 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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an exenpl-ary state diagram 500 of- a pertinent portion of the bus 2
interface state machi ne 140 (1““"@'”“!““{“' mm Figure 5 illustrates
an exenplary state diagram 51 portion of the bus 2

i nterface state machi ne 404 “of " Fi gure 3. Each state nachine 140,
404 includes aqghdqsg@g! function not illustrated in Figures 4 and 5 which
are 20 not pertinent to the present invntion and whi ch VWWCT/US36085%%
decri bed herein. In Figure 4 and 5, the pertinant ' i nternal states

of the state nachine are represented in a conventlonal maner as circles
havi ng the state nane therein. The ™nes connecting the circles

represent statg transiti ofigyd ﬁﬁ 5! %E% or oma state
back to itself which occur I n synchroni M?ﬂ %@g&

Figures 1 and % store data; The condltlons preécedent to the state '

transition areg identifie ach 25
state tran5|t|on with an amera%%%?%%

me?nl ][tg éhat a‘flOI thtebl!san&ﬂlcemm t datﬁ@omt hndﬁmd:ﬁ?nﬂﬁﬁw
satisfied in ojder CRUSR Egﬂ?@!% o occur i ne over a
condition indicates b élﬂstl& onari t be inactive. A"1"
adjcent to a state transmaemndlhndmmmmmdmmmm

to the next wil OCC%%P'M rstig‘ ;qg YnaOiind

the BUS2 CLK signal n@% es%l’ iiii:“&a: "si%aw % ‘T‘%dﬂféa’tdes
that the state°transvmhm@'mwehmmt)mxdtmd\dm&uspccurs if the
conditions fog, other 30 : ﬂ|£Fﬁ “ ng g“ﬁ are nof
satisfied. If the busZm‘%‘mlt ace sta %h W&e‘ ?)%F‘f’lmty
operation on !?ccurreofmmmwulmofmwm bemdetmpmpaﬁecwma

identified at,fhe engyg meﬁs@% PWLT:F&I owed by

the nanme of the operat I on.
the state di afr am 500catiaey pad sbeing nemdsmawmmmm extdfe Znachine

MASK2 state 5g4 and R Ea( g8ty S 26.
The state di agram 500 g o | o, rat%g h&agrogrsessam? 16¢ lﬁﬁéﬁé 558‘?‘“’5
nul tipl e quad™®wor ds 99ta bus; said mmut hes igterfaceistate machig transfetring datacfrom siid one

120. The IDLEnstate&%dlp‘i,g%me m%ﬁe?&cﬁﬁﬁs%\l\\%ﬁg%é&f&aﬂ =Tl cGost At €

machi ne 140 which is enter
PCT/ US96/ 0857 set;

12 tfae Cormuter SUMIFPdipdotive BB/ circlits donhddtli befweth gﬁﬁg@lﬁ
transition 630 As wi | léﬂge di scussed bel ow, the bus % er ace
state machi ne?®140 r &pf %M%%‘ﬁh&sﬂﬁt@‘@msﬁ&ﬂmd

conpl et ed. 2 secondbusmterfacestatemachmemaynotu'ansferdataﬁ'omsmdoneofsmd
22 plurality of data storage locations until a predetermined time has passed after said
23 ﬁrstbusinterfacemachinehastransferreddataintosaidoneofsaidplmalityof
24 data storage locations.
1 3. The apparatus as defined in Claim 2, wherein said data storage devices are
2 buffers. '
1 4, The apparatus as defined in Claim 2, wherein said second data bus has a

2 clock signal which synchronizes data transfers on said second data bus and wherein said
3 respective delay cxrcuttsaresynchromzets whxcharesynchrommdthhsmdclocksngnal,

1 5. The apparatus as defined in Claim 2, wherein said set of delay circuits is
2 aﬁrstsetot‘delaycircuitsandwhereinsaidpredetermined time is a first predetermined
3 time,andwhereinsaidapparams further comprises a second set of delay circuits connected
4 between said data present buffer and said first interface state machine to delay said
indicators to said first bus interface state machine so that said first bus interface state

o
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The bus 2 interface state ma s in the IDLE state 620 as | ong
as a new read cycle is not “‘ \‘M““ mm by other portions of the bus 2
interface state nachi ne 140 nuto¥ control signals on the second 5
bus 120 and ot her conditions to determ ne when a newread cycles has been
Initiated. Them{%@on of the bus 2 i nterface state machine 140 in
remaining in the | state until a new read cycle is initialPEHUSHHO85T5
represented by an ELSE state transition 532 wherein this portion of

the bus 2 state machi ne 140 nonitors the ot1 er portions of the bus 2
I nterface state machi ne 140 and determ nes-when a new read cycl e has been

ommi s i n 1 n HGHES ol ngt E8fes ey oy ock of BUE oG TR E Uiy

10 7 2 sepgh perdetemineda time yhab @m aﬁ@ewdt mmdabwmfammhhm Ras

interface st abaBEhld fud ffol MRV storagePOERtol® PRl fooons
interface state nachi ne as etermn at the secon us 1 een

al located to £ Hfiatabns. i nterface 100 (a si gnal designhated as
BUS RO TIME being active), then the bus 2 interface state machi ne 140
makes a statettransi6ti onASagparais: fortransfering slata betweaa firstdata hus laad a secondsdatant ed

Eﬁst gel nt IéﬂA\gC?{&tqﬁﬁe I’TB.%EI ne wﬁwwmgcoun%%t% the

i nt ernal quadalﬂdappmmdommngi-r (not shown) as the state transition 540

hat must occhr in o der Pant Pl ol ki §Scbolall gl Y kutons vaich i g °

bus 110 to th& second bmﬁmbus:mafaeestate WMMMMWQW the

MASK2 state 5g4 ar gkaV%oShatkd T =T g
has bad sufficient t| rre to pro gate romtEﬁﬂg?sé%?ll a@fl exer %
t hrough the blis 2 sfirst mmmfd@% gﬁ_mtlmehﬁa&m&tate

machi ne 140 cpecks the sammmlﬁetmﬂam Q%M%g@m
transition 542 from 20 the MASK1 state 522 to the MASK2 state S

shown as occuPring i saishbutfer b0 sontspl trapsfers-of datafrnmy spid, huffes do said second date busent

"1" paramet@p. Si il aédordancd With"$ isddofidd bad Lok hepebdiin Zasprichichomty’ Wit t he
DATA XFR I N _PROG st ate 526 qQccurs unconditionally. .

In the DATA XER IN_ et ta spid firsd bus ¢legk signali > | hterface state machi ne 140
checks the stiate of the first and secdnd BiAg YalRkDhmvirlp| rectivd dirst iahd beko:

idSfdgQutputs
active, the bu52|ntefac t at ne r Lnsmthe DTAXFRINP
25 state 826 as M%“ﬂg (5"“@%

the DATA VALIWD 2 f| agd ifibst Sl muﬁeamhg msynchmwxwwmmﬁmebum&kbus

2 interface state nmachi.n 1 an | ither to the.lDLE st 520
or the ih vask Feegl %‘“ﬁf"f’P‘ZH’i‘t ﬁ“%‘g% D:ﬁPFb‘ﬁ‘

respecti vel y,1sand Wdhthbmuiqﬂthemghdeﬁtmhmrbm ovith said sécond bus clock mhlewlteQd

gnga?rfet te?eolr)tL4 ]eteL tra @%ﬁé%égfw gmi %mt dat%%é?gé E’qﬁa{' %%Fd%d%ﬁﬁ’t ood

that in addit'on tosudmmdﬂmbuﬁeeowﬂnshasmhm@wmwammwéﬁmm ne

will 30 tivat Rendh QMBF;&) d‘s?&{ %rﬁgl
flag buffer sq§70 %lowgigg:t ldll‘Qa%he sel ection nﬁe transition lg
Dvisiresneet-dmsaid second

the transiti @ 554 @& databus and being rlaated synshropoysly

The DONE par gfet er CRek Sighil SwiieCdab it itlah@red  frond) Said WicbAMl dh qta&&e uad
word counter. |If ONCNT i's zero, DONE w I | be acti ve. ONCNT has

a non-zero vdfue, t AEA SeSOREdgiRtMShe i nactive (i.e DONE will be actlve) | f

DONE is actie, the bus gfiish ﬁam%m%m&%mﬁbm@dw&m
transition 552 back ,to.th DLE st te 520 and I ngrenent the
pointer to tHf& curr?ﬁ?“@ﬂf‘ﬁﬁ TF?F’H“;) betyeen sad

par amet er | NGsBUF_Niskdond Oflag buffer Isﬁiﬁ ieeoddheu.ﬂm&fabufm theehiné, edid 188t as
t he next out Ryt buf f er O: herW| 5 .I.f D(]HEﬁ sﬂalgnmcp‘d yoesagd cbnd%gclgckas?gtn'alve)
* 27 so that said first flag output is delayed for at least a predetermined time before said
28 first flag output can be received by said second bus interface state machine after
29 said first flag output is changed, said second synchronizer synchronizing said
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EgT/ oo 08575h bus 2 i nter“!!:'Iellﬂ“"l"l”rlrltlzlclume 140 will nake the transition
to the MASKL state 522 will increment the pointer " to the current

out put buffer g and wi |l decrement the quad word counter, as

i ndi cated by theg?%E parameter. As di scusseBCHYS 08578
connection with Figure 1 |t is necessary to cycle back through the MASK1
state 522 and the MASK2 state 524,44n order to provide tine for the
previously selected data valid flag to propagate out 5 of the bus 2

synchroni zer aand besseoid AgE6uthie to Bid Bsdohd busadioukisixialcho tthat eaill isecobld g loatpRt ©

nierface stAle. mchraved rgtlest sai pescbicPineh e SR .s‘gﬁaﬁeﬁ‘q%gb@amw by

the bus 2 inkgrfacebgiedéi M%WIW@@W
regardl ess of how lpong th ata at the newy sel ected out put buffer
| ocati on has3¥been st%@H#ﬁﬂ the selected data buffer |ocation 132 and how

| ong the correspond data valid flag has been active. 10

In contrast to the state diagram 500 of Figure 4, the state diagram 510 of
Figure 5 requires | ower state and operates nore efficiently because

of the positioning of the nmultiple bus 2 synchronizers 430,432, 434 ad 438
bet ween the outputs of the flag buffer 170 and the inputs to the bus 2 flag
mul tipl exer 200 as shown in Figure 3 rather than having only a
single bus 2 synchronizer 210 as illustrated after the nultiplexar 200, as
illustrated in Figure 1. In particular, the state diagram 510 of
Figure 5 includes only an IDLE state 600 and a 15 DATA XFR I N PROG
state 610. The IDLE state is entered by a RESET transition 620, as

di scussed above. The . "bus 2 interface state machine 404 of Figure 3
wWill remain in the IDLE state 800, as ilustrated by an ELSE transition

622 unl ess certain conditions are net as illustrated by the paraneters
adjacent to a transition 624 to the DATA XFR I N PROG state 610. In
particular, the bus 2 interface state machine 404 will remain in the |IDLE
state until a NEWRD is initiated and the BUS RD TIME condition is
active, at which tine it will transition via the state 20 transition
624 to the DATA XFR IN PROG state 610 and will |oad the quad word counter
with the nunber of quad words to transfer, as represented by the

/ LOAD_OW CNT par anet er. In the DATA XFR I N PROG state 610,
the bus 2 interface state machi ne 404 nonitors the condition of t he
DATA VAUD 2 signal. If the DATA VALID 2 signal is active end BUS_RD Tl MVE
remai ns active, the bus 2 interface state machine 404 will perform
one of two state transitions 630 and 632 in accordance with the DONE



25 *condition. If the DONE conditioh:is |nact|ve ‘then the bus 2
interface state machi ne 404. w || rerm DATA XFR I N_PROG
state 610, as illustrated by the state tra ‘ifon 630 and will output the
contents of the currently sel ected one of the data buffer |ocations
132, as. illustwgbggily the | QUTDATA paraneter. The bus 2 I nterface
state machine 404 will increment the current buffer nunber (PRZUSAGOSSHEIN)
and wi I decrenent the quad word counter (fBDEC OWCNT). If the DONE
condition is active, then the bus 2 interface state‘nachine 404 will 30
transition back to the IDLE state 600 via the state transition 632 while

outputting the last quad word (/QUT_DATA) and while increnenting
the buffer nunmber (/INC BUF NUM. If the DATA VALID 2 signal is not active
or if the BUS_RD_TIME condition is not nmet (e.g. the second bus 120
is not currently available), thert/She bus 2 interface state machi ne
404 remains in the DATA XFR IN PROG state 610 as ilustrated by an ELSE
transjition 634. As illustrated by the state diagram 510,
the bus 2 interface state machine 404 in accordance wt Mures 35 3
and 5 does not have the me delay inhggent in th us rface state
machi ne 140 o j_gures 1Knd 4. in ‘EEW_D rt(? hr, 3 seen_t hat
as soon as the b DATAer f ace St atF pAPABUROS i ncrle nts t h& buf f br™
nunber at VWO [P 1 4:

PCT/ US96/ 0857 | DATABUFT | mux {—|REG| BUST DATA

- 14- Bel state tranglfrtbn i n tHhe {XFR_I N_PRgQq -
state 610 and|Mnnedi ately chifipks o8 to |y
determne if data can b h ut put A\gﬁﬁga ecdl pCt buffer | pgakion
132. This canjoclcyy becuebelililit e _Ccorr datal valid flag
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second bus 129 r 1 = % =21 ptaoface gloat ¢
machi ne 404, - ind| as h irsf HC 18 as 1 err
| ocations 132 a cah ¢ ut _fr :
| ocations 132 ed i | jl 466 Lyl é' bt hdr t han havi ng {89

i nterpose a two ¢l g U Hepagek ! out{patra VAL]D 2

Al t hough descri bed TTJ'EL_AHﬁ{Q [LiJgal ar € 28 the
present invention, |i 3

 stTyod des rlptl ns of the
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and 'scope of the invention as defined in the appended cl ai ns. WO
96/ 41268 _

PCT/ US96/ 08575 -15- VHAT
IS CLAIMED | S: 1 1. An interface circuit between first and
second buses 1 erate 2 asynchronously with respect t ch other,
wherein said fwliirsgs{h us provides data to said a interface C?’F@&squgs _
synchronismw th a first bus clock and wherein said second bus 4 receives
data fomsaid interface circuit in synchronismwth a second bus cl ock,
said 6 apparatus conprising: 6 an input/output buffer
conprising at least first and second buffer |ocations 7 into which
data from said first bus are stored in synchronismwith said first bus 8
clock; 9 at least first and second data valid indicators
associ ated respectively with 10 saidd/psrst and second buffer |ocations,
said first data valid indicator being set 11 synchronously wth said
first, bus clock when data are stored in said first buffer 12

| ocation, said second data valid indicator being set synchronously with
said first 13 bus cl ock when data are stored in said second buffer

| ocation; 14 a data valid indicator selector which selects
one of said first and second data 15 valid indicators as an out put
data valid indicator; 16 a bus state nmachi ne operating
synchronously with said second bus clock 17 whi ch transfers data
fromsaid i nput/output buffer to said second bus, said bus state 18
machi ne sel ecting one of said first and second buffer |ocations as a source
of data 19 to be transferred to said second bus, said bus state.
machi ne controlling said data '

FTETEsssss- |
I !
v leg— 316
SET_VALID-0 TE Q :FLAGO
, 7-/ s12~/| TocaLe 7
166A i FLIP-FLOP : I 172A
BUS1 CLK ) 314 350 !
T } ” _/> RST . |
16 ' ;
: 340 300 g8 I
I
CLR.VALID—0 ! ) TE Q J !
| ;7-/ 332/ | roeaLe '
220A ¢ FLIP-FLOP !
BUS2 OLK i 334 i
! 330 C__RST !
126 o |
SYSTEM RESET | 342 — | 302 |
I .
174 L FLAGO BUFFER _:

- | FIG. 2



20 - - valid indicator selector to select a respective one of. said first
and second data valid 21 i ndi cators as said output data valid

i ndicator, said bus state machine nonitoring 22 " said output data
valid indicator to determ ne when data fromsaid first bus has been 23

stored in sai qv@vgq9ds said first and second buffer Iocatlon:; ;
3§75

a first synchronization circuit which receives said first d

i ndi cator 25 and synchronizes it with said second bus clock to
provide a first synchroni zed data 26 valid indicator as an input to
said data valid indicator selector, and 27 a second

synchronzation circuit which receives said second data valid 28

i ndi cat or and synchronizes it with said second bus clock to provide a
second 29 synchroni zed data vaBf® indicator as an input to said data
valid indicator selector. 1 2. An apparatus fo pansferring data
between first and secon 2buses whi ch 2 operate asynchrefiously with respect
to egch ot her ~said appg‘\at us conpri sitAdr~ (‘_30 V\q3961501268

PCT/ US96/ 0857 1 3
a data storag 3&’?13“35.@ et el FTARARUFD |
which 4 store data; 5L DATABUE! . e
machi ne connectdd to said f|jg==t a_pus face
state nmachin nfansferring tg fLAnoAwiobrs i "7
one of said pjgrfality of da t ' ond
bus interfacel stfate machisne RATABUER |
second bus inf erfi#fce state) ' e of
said 10 plurality or gge—t+o
bus; 11 4~ a Hat gugs espff®lbuffe at or
for each of spaiq INYBRFACE qf dat q A
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14 - | ocati ons and being cleared in response to said second bus state
machi ne. 15 transferring data fromsaid one of said plurality of
dat.a | ocations to said second 16 data bus, said second-bus interface
state machine transferring data fromsaid one 17 of said plurality
of data storagﬁouaﬁﬁdons only when said one of said indictors is 18

set; and 19 a set of respective delay circuit

bet ween sai d data present buffer 20 and said second bus interface
state nachine to delay said indicators so that said 21 second bus
interface state machine may not transfep,gata fromsaid one of said 22
plurality of da anaggﬁage | ocati ons untlf a predetermned tinme has passed
after said 23 i rsi-posnterface nachine has transferred data into .

sai d one of said pAal dataxsiosege | ocations. 1
3. * The appar at ggg a¥y

arein said d@ st orage
devi ces are 2 buffersf Aratus as defined in Caim?2,

wherejn said second data bu E¥SEphi ch Hnchroni zes data
transters on said sedond dat in/said 3 respective del ay
circuits are synchron\zers which ar ehi zed . with said clock signal
1 5. The appqratus as defA/wgd in Caim2, wherein said set of
delay circuits is 2 af del ax.circuits and wherein said

predetermned tine is alfiTstgpPredet erm ned 3~640e, and wherein said
apparatus further conpfPes 4 second s E pdelay circui canneckssl 4
between sai d data present bufifer ang g |ﬁﬁ§ terfaCe state™~Nmchine to

delay said 5 indicators to s4id f|r$|_° suwr@,@,rfac gt at e machi neNso t hat
said first bus interface state 96/ 412¢3

PCT/ US96/ 08575

|_~ 552
DATA-VALID-2
& BUS-RD-TIME :
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-17~,- 6 machine may not transfer data into any one of said plurality of
data storage locations until 7 a second predeternined tinme ha passed after
sai,d second bus interface nmachine has 8 transferred data from said one of
said plurality of data storage |ocations to said second 9 data bus. 1

6. An appangd bigabdy’ transferring data between a first data bus and a
second data 2 bus, said first and second data buses operati 608575
asynchronously with respect to each other, 3 said apparatus conprising: 4
a buffer conprising first and second data storage |ocations which store
data; 5 a first bus interface state machine connected to
said first dat bus and said 6 buffer to control data transfers from
said first data bus to a sel ected one off>said 7 510f i rst and second
data storage locations in accorthqRESET™ t h g _fir st bu;/cl ock signal; 8

a secbnd bus interface state machk®se co i d secend data bus and
9 to said buffer to contrglggt i
sai d gecond data bus 10 in accordancg bus cl ocky si gnal
operating asynchronously with 11 respect to said first pgesgl ock
signal; 12 first and sdcond f/%E bufferfs having/respective
first and second flag outputs 13 i irst and
second bus interface state nachi nes, Aaid output of/14 said first
flag buffer being set synchronouslg,fi tQ respect t6 said f,rst bus clock 15
signal when data are transferred into sarg-firs¢ data storage |ocation from
said first 16 data but and bei ng cfeared \synchronously with said
second bus cl ock signal when 17 dgta are rg&sferred fromsaid first
data storage |ocation to said second @&t 4 bus, 14 said second fl ag
buffer output being set synchronously WNEh respecy to said first bus 19

cl ock signal when data are transferred ijnto said $econd data storage

| ocation from 20 said first datafbus and bgi ng cl eared synchronously
with respect to said second bus 21 cl ock sitgnal when data are
transferred fromsaid second data storage |locatiornf to 22 sai d second
data bus; 23 BaTALWALEReNChr oni zer connect ed between said
first flag buffer and sai d &@08oRD2riME bus i nf erf agw-8bdat e nachi ne and
a second synchroni zer connect edpbrEween} said 25 & BUBSRDMTIME | ag buffer
and sai d second bus interfadancssur-sudachi ne, said ff i/@AD2QW-CNT

synchroni zer synchroni zi ng sasurdoiaTat flag output fto said second bus cl ock
signal 27 so that said first flagloutput is jdelayed for at |east a
predeterm ned tine before said 28 first flag output can be received
by said second bus interface state machijne after 29 said first flag
out put is changed, said second synchroniger synchfonizing said

610
630 ' 634

DATA-VALID.2

& BUS—RD-TIME DATA-XFR-IN-PROG
& DONE
/INC—BUF-NUM ELSE
/DEC_QW-~CNT
/OUT-DATA

v - FIG. 5



said second flag output can 32 be received by said seco ;
I nterface state rPeTne afterwsmmmmmm%ommnﬁe

Q3058561

' '96,/‘_'41,2'68-

/ US96/ 08575 3 gg
se ond flag output 'to said second bus clock si gnali’ 'so that sai d gg d flag
out put 31 i s del ayed for at |east said predeternined ti ppaef or e

changed.
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An interface between first gnd second data buses (110~ Y i M R B o
and 120) includes a first bus state machine (406) which BUS1 DATA DATABUFO | )
controls data transfers from the first data bus (110) to a DATARDFT )
| data buffer (132). The interface includes a second bus state :
machine (404) which controls data transfers from the data DATABUFE | we
buffer (132) to the second data bus (120). The data buffer DATABUPS |
(132) ﬂm a plurality ofsmgem me;lo) on f‘;
t-ml t-out basis. A respective
each storage location is set by the first bus state machine . ﬁm:) Wmﬂ'r um"
(406) when data are stored in the storage location (132) INTERS
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from the first data bus (110) and is cleared by the scond BB sk o |0t 8
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bus state yoachine (404) when data are transferred from the
storage location (132) to the second data bus (120). The
data valid flags (170) are synchronized with first and second
bus clocks respectively associated with the first and second
bus state machines (406 and 404) to assure that the data
valid flags (170) change synchronously withrespecttoeach
state machine. In order to reduce the time requi:ed to
output sequential data from multiple data locations in the
data buffer (132), each data valid flag (170) is synchronized

independently.
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