~~-t~z_9 1 METHOD AND SYSTEM FOR ASSI GNI NG A CHANNEL NUMBER TO‘N43%3u32ﬁa1
DATA PACKET TECHNI CAL FI ELD OF THE | NVENTI ON This invention rel ates H%
general tqg the field of electronic devices and, nore particularly, t

i oved finterface nechani smfor communicating between peripherals 5 and
personal conputers, and, even nore particularly, to a nethod for assigning
a channel nunber to a received data packet according to a predeterm ned
priority. 10 L it rever et reeer reerr rreer e/ e/ *159159*

- *0D0002* 2 BACKGROUND OF THE | NVENTI ON For nany mul tinedia applications,
not only is processor speed inportant, but also input/output bandwidth is
“acritical factor that limts applications 5 on personal conputers. To
address this limtation, the |EEE 1394 standard enabl es hi gh-performance
mul timedia connections with cancorders, televisions, stereos, CD

changers, set-top boxes, m xing consol es jand nusic keyboards, as well as
traditional personal conputer 10 devices. Also known as the "FireWre"
standard, | EEE 1394 provides a bus interface standard for portable and
deskt op conput i AF P AYRNERETEM THRR | ASSIGNIG & SHANNEL NUMRER BR Zan

i mportant |inking technol ogy t h&®ECEIVEDePATAhRPACKEBUNEr and conput er

mar ket s and describes a serial 15 bus driven by an advanced communi cati on

“ protocol. The |EEE 1394 serial bus is designed for | ow system cost,

TECHNICAL FIELD OF THE INVENTION
This invention relates in general to the field of
electronic devices and, more particularly, to an improved
interface mechanism for communicating between peripherals
5 and personal computers, and, even more particularly, to a
method for assigning a channel number to a received data
packet according to a predetermined priority.

10

e

I

WIVRERE)




whil e providing the data transfer rates needed for high- performance

peri pheral buses. Devel oped by the Institute of Electrical and 20

El ectronics Engineers (IEEE) and its |ist of menber conputer conpanies,
the | EEE 1394 standard is a serial bus interface that. enables | ow cost,
hi gh-speed digital data transfer and conmunication. Transfer speeds

bet ween devices can reach up to 400 negabits per second (nbps) 25 via both
asynchronous and i sochronous data transfer nodes. The | EEE 1394 St andard
interface lends itself to video applications because it operates an

i sochronous time-slice system For exam@ e, if the systemwas configured
to out put one frane per ‘1/15 seconds, at |east 30 one frame will exist in
every packet that is sent out. This results in snooth |ooking video. For
that reason, the IEEE 1394 Standard interface is highly conpatible wth

t echnol ogi es pkg RO hOR node (ATM which al so operates in
an i sochronous no F. ene £¢s o], the | EEE 1394 Standard are a real-tine
transmission of daf8%tHAEY JPOVF RS EORIRERELCBF  aROt | FRYY F5ht er connect

for multi medi Rreggepent spaed lmportant,simitl aldor Abbetaodtpiexi bl e cabl e and
cabl e connect GandwidtheikEEEcdBOAcat andaldd ¢9RRr AR £ §08bp BAYAthsANd

i minat i i ts, The, | EEE 1394 Standard i d
i ver s i npG BaE SOl ninPSREarTeT s 7o eneee sis LG HI plor o

whi | e consol i d&EEng394r pheadaEd reraklep drghsperdormenseveult imediaEE 1394
10 Standard proonngetipasr wi éhpeéshicSrderE) el ssoneGt BE8rebdatcperm ts
Do o SR Rl Ml Dl BT o e
keyboards, as well as traditional personal computer

10 devices. Also known as the *FireWire® standard, IEEE
1394 provides a bus interface standard for portable and
desktop computing environments. The IEEE 1394 Standard
serves as an important linking technology that bridges
the consumer and computer markets and describes a serial
bus driven by an advanced communication protocol. The

15

IEEE 1394 serial bus is designed for low system cost,
while providing the data transfer rates needed for high-
performance peripheral buses.

Developed by the Institute of Electrical and
Electronics Engineers (IEEE) and its list of member
computer companies, the IEEE 1394 standard is a serial
bus interface that. enables low-cost, high-speed digital
data transfer and communication. Transfer speeds between
devices can reach up to 400 megabits per second (mbps)
via both asynchronous and isochronous data transfer
modes. The IEEE 1394 Standard interface lends itself to
video applications because it operates an isochronous
timerslice system. For example, if the system was
configured to output one frame per 1/15 éeconds, at least
one frame will exist in every packet that is sent out.
This results in smooth looking video. For that reason,
the IEEE 1394 Standard interface is highly compatible
with technologies like asynchronous transfer mode (ATM)
which also operates in an isochronous mode.

30



bus that uses packetized data that includes a header. 15 The header

I ncl udes routing information. In addition, the packetized data includes
payl oad data. Physical characteristics of-the nedia are not necessarily
designed for a long transm ssion distance. The | EEE 1394 Standard is
designed for short distances such as |ocal area 20 networks that operate on
a desktop bus. The distances are often |onger than sinply the desktop, but
the |EEE 1394 Standard is not intended to be used for |ocal area network
operations. In essence, therefore, the |IEEE 1394 Standard provides a high
speed interconnect to replace 25 seri al blises and paral | el buses for
accessi ng devices such as workstations, honme conputers, televisions, VCRs,
and canctorders with various nedia types such as audio, video and text. To
satisfy the requirenents of an interface device 30 for conmunicating
according to the | BEBef384 GSFauharIEEE (13U Standaedr agdi sepeal-¢0nd dentify
that a given RIERMis! ooke el rihcu e.r The | EEE 1394
St andard does :Hu S i.nszo.Er ggég%er%b*%ﬁ?a%%?@r#%%h%négbggggh%’fu %‘hl y desired
packets are transrerPEGTFPBRESE BRFiphdrinedia, appd i6atigRa cOsiRd &
requi res that sRall.4duriablgesndetl extidt scable aeidcanbdeandnhecvarsied to the

personal sconpuiley .IHEE 131920 StEAAAPH OPdn &t d Fodhe salingBakh@WM ¥ Sel ecting
packet s |r1aa[gf¥géygg§@ e, EIeX|bIe and adapt abl e way. “Mor eoyver, existing
i nterface devi ces or tha Té§4cﬁﬁ§ec5ﬁﬁﬂﬁr4%ﬁ“ﬁ§e r 498r YEBEoDE94¢t i onal

codes or tcoddmndand,prexyides universah inproguanpuwbliateaygonhlectexi sting

i nterface devigieat Gint¥yralEih3a¢/BUEpRE BB WRIRF IR0 1BLE RSt Priority

channel 17oM Pemedf TSR pl3td gééiégr "Storeover, the tepk 13047 °Y°'CM
10

Standard provides peer-to-peer communication structure
that permits peripherals to communicate directly with
each qther without burdening the host unit.

!

The IEEE 1394 Standard provides a high speed serial
bus that_uses packetized data that includes a header.

15 The header includes routing information. In addition,
the packe;ized data includes payload data. Physical
characteristics of ‘the media are not necessarily designed
for a long transmission distance. The IEEE 1394 Standard
is designed for short distances such as local area

20 networks that operate on a desktop bus. The distances

are often longer than simply the desktop, but the IEEE

1394 standard is not intended to be used for local area

network operations. In essence, therefore, the IEEE 1394

Standard provides a high speed interconnect to replace

serial buses and parallel buses for acceéessing devices

such as workstations, home computers, televisions, VCRs,
and camcorders with various media types such as audio,
video-and'text.

To satisfy the requirements of an interface device
for communicating according to the IEEE 1394 Standard,
there is the requirement to identify that a given packet
is to be received by a particular node. The IEEE 1394
Standard does this in a programmable fashion. To ensure
that only desired packets are transferred from
peripherals to the personal computer requires that only

30
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10 matching a data pattern with match data pattern and assigning the data
pattern to a particular channel. Nor do existing interface devices provide
a way to specify multiple sets of desired patterns for nmatching and
assigning a given data pattern to a given data channel. 15 5 SUMVARY OF
THE | NVENTI ON Therefore, a need exists to identify that a given packet is
to be received by a particular node in a conmunications interface such the
| EEE 1394 Standard 5 interface. A need exists for a nethod and systemto
identify that a given packet is to be received by a particular node in a
programabl e fashion. A need exists for atnethod and systemthat 10
elimnates certain packets or excludes them thus permtting narrow
sel ection of data packets that are assigned to a given DVA channel.
Moreover, this need should be satisfied by a nethod and systemthat is
progr ammabl e, fHexiddicedapedchdapt ave Pélleasdd paid ifoHwakdedSt8PEhé cabl e to
the | EEE 1394 &@Mﬁrldcoﬁpueeg.eék?ééﬂ&rt&r{ﬁéﬂ %%%ss%ﬁe”btoi hand| e
ata ackKe ﬁ%dﬁer. A

reserve operatli onal or .transter codes Ina P

code
further need e&ﬁ?ﬁ??%ﬂns%ieﬁﬁﬂﬂgdpaﬁhegﬁs%%wﬁtqug;amméb&Bbefiéxébl%ct
hi ghest pri oriand cdantalbd ef wem. onBerédeaer, naticdt idesiinedrifaadededitds

patternss A negsl etit13940bud cUAKot OhARELE &é@&f%b%???ﬁbga?ugﬁ% packet

and assign to, qgg(gat% pgﬁketaa ggr%lc | ar, channel . need
exists for a net hod amd Sy &PEnPasker, e%‘g%’él’fl}/l%én‘rﬂﬂlta?‘ﬂ'laélgeY’éyof Hesired
data patterns ¢%¥sting interface device for an IEEE 1394 bus permits
selecting a highest priority channel from ones that match
_ data patterns. Moreover, no existing system permits
10 matching a data pattern with match data pattern and
assigning the data pattern to a particular channel. Nor
do existing interface devices provide a way to specify
multiple sets of desired patterns for matching and

assigning a given data pattern to a givan data channel.
15



mat chi ng and assigning a given match data pattern to a given data channel
In accordance with the present invention, a method and systemfor
assigning a data packet to a data 30 comruni cations channel is provided
that substantially elimnates or reduces di sadvantages and probl ens
associated wth previously devel oped nethods and systens for assigning
data packets to a data communi cati ons DMA channel. 6 According to one
aspect of the present invention, there is provided a nmethod and system for
assigning a data packet to a data connuq%cations channel that includes
the step of receiving at least a portion 0f a 5 data packet in a data
packet conparison circuit. The nethod conpares and system conpare at | east
the portion of the data packet to a predeterm ned matched data set. The
portion of the data packet and the mat ched data set include programmably
varyi ng data RUMMAE LI 4 0O to at | east one data conmunications

or DMVA channel . |nThTe|i@f§¥8nta01f1%:9£§¥§rt@ &%%‘E%&eEHQE'dgﬂifv tween the
portion of th a%&?% paCFet and the q%tched ata t t and system

S S PReI@SELVE agy n t%d%nel In the

direct the da packe
event of ther €MURdicaginpreinhanface kg qtmcllétEEt d3B84 ssandamed to a given
channel , st he nmetdexEadleso i ncl udes the step of receiving the conpared data

packet along wi th gt her .sim.l 0 red. dat ackets in rpority
encoder circuit. T%ém% dfﬁg ® |ré%fs ggaﬁgﬁﬁt’EﬂégﬁFth§°cbﬂ$%$hﬁVdata
packets 20 and-hate & @iysnepaskat | as tathe reededtved byal peaticebar data
communi cat i onsnadwrinela preRrdinigble fadifsiel ermned priority data val ue

- associ ated with eagh of 4 R ;GeIPRLED, method and system that

10 eliminates certain packets or excludes them, thus
permitting narrow selection of data packets that are
assigned to a given DMA channel. Moreover, this need
should be satisfied by a method and system that is
programmable, flexible, and adaptive and, in particular,

15 applicable to the IEEE 1394 Standard.

A need exists for a method and system to handle

reserve operational codes or transfer codes in a data
packet header.

A further need exists for a method and system to be
20 able to select highest priority channels from ones that
match desired header data patterns. A need exists for a
way to match a data pattern in a data packet and assign
to that data packet a particular channel.
Still a further need exists for a method and system
25 for specifying multiple sets of desired data patterns for
matching and assigning a given match data pattern to a
given data channel.
In accordance with the present invention, a method
and system for assigning a data packet to a data
30 communications channel is provided tﬁat substantially
eliminates or reduces disadvantages and problems
associated with previously developed methods and systems

for assigning data packets to a data communications DMA
channel.



dat a packets and the conpared sim | ar data packets. A technical advantage
of the present invention is 25 that it provides a programable, flexible
~and adaptable way of determ ning that a particul ar data packet should go
to a particular DVA conmuni cations channel. . Anot her technical advantage of
the present invention is that it provides a programmuable, flexible and 30
adapt abl e way of selecting and excluding certain data packets from
particul ar data channels. Still another technical advantage of the present
invention is that it provides a conveni ent nechanismor nethod for using
operational code or transfer codes and 3560t her codes in data packet
headers in a flexible and 7 programmable way to determ ne the assi gnnent
and priority of given data packets. Yet another technical advantage of the
present invention is that it provides a rapid, efficient, and 5 practical

way to prioritize wésdrdaid RAGNR! §Sgg %Wﬁé ortO hg%l on

channel s. Anotgﬁr technlcalcfdvanhgg e present T1nven 7's that it
provi des a way Tett gt dshe H°Ba€R‘§t%Ys?f%{Pcﬁﬂ’ﬁcfsﬁa}lgﬂlégl ar mat ched
data sets shoufldtgopaeket 1o padateu cenmdaiea chomuntleaiiednehat DVA channel .
Still another tigfebades twsVadRes QEthelﬁéeé@”ieaé@%?%kh%ﬂ onSohgt it

Corr esporid t“’iyséﬁa‘r’é?é'g e o ALk RS ar P S By 1
comuni cat i onsMEFRPRYCeMRAYRY .argl SBREER DERORF&TAON &FstTHReDBAYENGE A nore
conpl ete understfaaﬁengaeé pdkdy eLat predetermined matched data set.
The portion of the data packet and the matched data set
include programmably varying data fields that correspond
10 to at least one data communications or DMA channel. lIn
the event of a predetermined correspondence between the
portion of the data packet and the matched data set, the
method and system direct the data packet to the data
communications or DMA channel. In the event of there
being more than one data packet to be assigned to a given
channel, the method also includes the step of receiving
the compared data packet along with other similarly
compared data packets in a priority encoder circuit. The
method directs at least one of the compared data packets
20 and the compared similar data packets to at least one
data communications channel acctording to a predetermined
priority data value associated with each of the compared
data packets and the compared similar data packets.
A technical advantage of the present invention is

15

25 that it provides a programmable, flexible and adaptable
way of determining that a particular data packet should
go to a particular DMA communications channel.

-Another technical advantage of the present invention
is that it provides a programmable, flexible and

30

adaptable way of selecting and excluding certain data
packets from particular data channels.

Still another technical advantage of the present
invention is that it provides a convenient mechanism or
method for using operational code or transfer codes and
35 other codes in data packet headers in a flexible and



i nvention and advantages thereof may be acquired by referring to the .
follow ng description taken in 5 conjunction with the acconpanying draw ngs
in which like referenced nunerals indicate |ike features and wherein:
FIGURE 1 illustrates an operational overview of the personal conputer
environment incorporating the present invention; 10 FIGURE 2 provides a
general operational overview of the functional |ogic of the present
invention; FIGURE 3 illustrates a conceptual view of the conparator |ogic
for the present invention; FIGURE 4 provides a nore detailed conceptual 15
representation of the conparator |ogic of7the present invention; FIGJRE 5
illustrates in further derail the header conparator functions for packet
receiver logic of the present invention; 20 FIGUREs 6 through 9 illustrate
possi bl e data values for matched data set fields applicable to the present

[ ti Fl ( t odi t th bl
ol aotive w i LRTEEArant e €5 Jqetih B bR plent Sao RAkrIRY. P GLRE

11 provides af a@&VEQSdFFQIBa%&%ﬁ$4e for inplenenting the programmable bit
sel ect aspect of tNet pneskat té@ﬁﬁﬁddﬂhadadadaﬁelgfpﬁﬂé'Sﬁéséhﬂq GURE of a

di rect rrermryﬁﬂle%fe%aslswhét f@g;?&f@hcf‘é}.‘“ oA | Spaul L1 plexed in

time to 5llustrat% comra r ocessi n efaglon %?tth resent
i nventionh: FI &5RE agrBQYdEg %F%%&ﬂ%??anhH QPFétPﬁgkﬁh% gass? gnnent of
priority bas edvdreht [deteurpmmtih jcaici orv cchannels.

Another technical advantage of the present invention
is that it provides a way to designate that data packets
matching particular matched data sets should go to a

10 particular data communications or DMA channel.

Still another technical advantage of the present
invention is that it provides a way to designate that
several types of data packets that correspond to several
matched data sets should go to a single data

15 communications or DMA channel.




35 channel; 9 FIGURE 14 shows a portion of the interface device
architecture for the present invention applicable to the autoboot
function; FIGURE 15 provides a table of PCl master bus 5 comrands
corresponding to-bits 31 and 30 of the internal PC address bus when the
aut oboot pin of FIGURE 14 is set active; FIGURE 16 depicts the | ocal bus
Interface of the present invention in block diagramform 10 FI GURE 17
di agrammatically shows the logic of the interface device of the present

i nvention in detecting the presence of horizontal and vertical synch
signals; FIGURE 18 illustrates another ashect of the present invention

i ncluding the operation of directing a single 15 data packet to a single
scan line; FIGURE 19 shows the operation of the present enbodi nent for
mappi ng a single data packet into nultiple video scan |ines; FIGJRE 20
illustrates ammeRQPQ&ona@ketg@Q)mNgy I i st data structures and

data buffers used t}y th%I %18 cketdé)éﬁ_;:escﬁ Eﬂgcﬁ;gg l[ﬂ,% i nvention;

FI GURE 21 shows a pqpt Iragram o I ne ow ng the "
packet processgvespdion o G’fi"ﬁﬁéagw e‘é@fteqfhm PenacasiredUre 22 provides .
a partial flowelagriag to the BVALowhedi desatipiieg thkeasynchronous

transmt soper e t ﬁ:};ﬁ Fl%ﬁﬁ 3ihSwhR r{ flow
di agram of th:(lé rﬂétl E’e&s g\f/\l\llgnab8 fﬁ?orﬁousc P%nouswt %gﬁs il?é
operation 30 ¥% ??ﬁ?ﬁﬁ@ﬁﬂﬂmﬁrﬁﬂﬁeHﬁﬁbﬁate like features and wherein:

FIGURE 1 illustrates an operational overview of the

personal computer environment incorporating the present
invention;

\J

10 FIGURE 2 provides a general operational overview of
the functional logic of the present invention;
FIGURE 3 illustrates a conceptual view of the
comparator logic for the present invention;
- FIGURE 4 provides a more detailed conceptual
15 representation of the comparator logic of the present
invention;
FIGURE 5 illustrates in further de:cail the header
comparator functions for packet receiver logic of the
present invention;

20 FIGUREs 6 through 9 illustrate possible data values
for matched data set fields applicable to the present
invention;

FIGURE 10 illustrates the one embodiment of the

programmably selective write enable data flip flops of
25 the present invention;

FIGURE 11 provides an address field example for
implementing the programmable bit select aspect of the
present invention;

FIGURE 12 provides a FIGURE of a direct memory

30 access, multi-channel environment that is multiplexed in
time to illustrate the DMA command processing operation
of the present invention; :

FIGURE 13 provides a table for illustrating the

assignment of priority based on the currently active
35 channel;




RE 24 provides an exenplary auxiliary function flow diagramof the
Elgtgnt ineention; FIGUREH25 shows a partial flow diagramof the DVA
machi ne showi ng the local bus to/fromPCl bus operation 35 of the preﬁent
invention; and 10 FIGURE 26 conceptual ly diagrans, at a high level, the
functions occurring in the FIFO circuits of the present invention. 11
DETAI LED DESCRI PTI ON OF THE | NVENTI ON Preferred enbodi nents of the present

invention are illustrated in the FIGURES wherein like nunerals refer to
l'i ke and corresponding parts of the various drawings. 5 FIGURE 1 |
conceptually illustrates personal conputeg environment 10 that includes a

' i ndi d associ at ed
ersonal conputer 12 that the dash-1ined box 12 |nd|catgs an

Beriphéral rrBevices as indicated by dash-lined box 14. Wthin personal
conputer 12 there are various buses_and nodesb 101%hat control gﬁLﬁﬁgglion
conput er operation I anpl e i nterface bu supports _col
Wi '?E threePport p,#‘yIsdl%%zﬁ ‘i?&agg?w%n?e‘?cf%tc’é”flé’fa e ﬁP&FFI.EEed@%‘P&e 20 of
the present i RESHitRFEUSE: far EprON @genty pporens: iompepalioabbé REIehet er f ace
devi ce 20. PClautdrdtadantbidayi ce 20 further interfaces with PCl bus 24

and auxiliary portedQ&a 1§”§53§%]%@%52‘a_° %% 0 nﬁlcégaptc;}n with PCI  bus 24 are

e5 buar f or ms host
28 and PCl. agents _ . r PA§E S4PPRr
lb(rjfglgeb?unct i g%n%“u??élqﬁe rregpandpng 8 Rides B3 angs 394o0fAukel imtermar t | ocal

26 20 conmBeR celdress bsf Waeh BROMUBbIIL JRAMo 38 TcHRECEL 1 BT Y
ggiess (DMA) chavrgd, control static RAM (SRAM 38, user-deflnedgfunctlon

' rt
(AUX) 40, and zoon1§QéUa% &%V%eggcts the local bus interface of the

present invention in block diagram form;

FIGURE 17 diagrammatically shows the logic of the
interface device of the present invention in detecting
the presence of horizontal and vertical synch signals;

FIGURE 18 illustrates another aspect of the present
invention including the operation of directing a single
15 data packet to a single scan line;

FIGURE 19 shows the operation of the present

embodiment for mapping a single data packet into multiple
video scan lines;

10

FIGURE 20 illustrates a memory maps of packet
control list déta structures and data buffers used by the
DMA packet processor of the present invention;

FIGURE 21 shows a partial flow diagram of the DMA
machine showing the packet processor operation of the
present invention;

FIGURE 22 provides a partial flow diagram of the DMA
machine showing the asynchronous transmit operation of
the present invention;

FIGURE 23 is a partial flow diagram of the DMA
machine showing an isochronouschronous transmit operation
30 of the present invention;

FIGURE 24 provides an exemplary auxiliary function
flow diagram of the present invention;
FIGURE 25 shows a partial flow diagram of the DMA

machine showing'the local bus to/from PCI bus operation
35 of the present invention; and



42 for video input and output. Host |ocal bus 28 comunicates with host CPU
44 and | ocal nenory 46. 25 Peripheral devices 14 that may communi cate with
physi cal |ayer interface device 18 may include CD ROM device 48, | aser
printer 50, desktop canera 52, and digital video cassette recorder (VCR
that interfaces wth video cable set top box 56. 30 In FlI GURE 1,
PCl-interface ASIC 20 perfornms a primary function of controlling transfer
of data packets between devices operating in an environnent that supports
PCl bus 24 and devices operating in a high-speed input/output peripheral
envi ronnment such as that which 35 the | BEgE 1394- 1995 standard environnent
establishes. 12 PCl-interface ASIC 20 of the present enbodi nent conplies
w th | EEE standard 1394-1995 and with PCl specification revision 2.0.
Moreover, PCl-interface ASIC 20 perfornms the function of a cycle naster,
particularly in thep}&hE 394- 1995 vironnment, and has the ability to
detect lost™ cycle FS'J'E ar t %eséscé)gngse? EEﬁYn?é??’é%’éstsﬂcaz@% lewel. ability
to generate 32°BftEfWRctiong qasnrdagcyncbbekFIFCRY raiignales tee
transm ssi on opréesdmt 13BAermdigidar d packets, as well as to perform 32-bit
CRC checking on 10 recei pt of | EEE 1394 packets. PCl-interface ASIC 20
supports an i sochronousl ation barrier between PCl- interface ASIC 20 and
physi cal interface |layer 18. Mdreover, PCl-interface ASIC 20 support:,

| EEE 1394 transfer rates of 100, 200 and 400 nbps. as well. as 15 provides
three size progranmmable FIFGs (e.g., ASynch transmt, |sochronous
transmt, and general receive). As discussed below, PCl-interface ASIC 20
provi des programabl e channel address conparator |ogic for



recei ving incomng data packets and assigning themto a 20 DVA channel.
The present invention provides, in at |east one enbodi nent, five
scatter-gather DVA channels where the data packet operation of each
channel may be programmed to support (1) asynchronous packet

transm ssions, (2) isochronouschronous packet 25 transm ssions, (3)
asynchronous packet receive, and (4) isochronouschronous packet receive
functions. PCl-interface ASIC 20 al so provides PCl master bus functions to
support DMA operations, as well as PCl slave functions for read and wite
access to internal 30 registers. Inplenen%%ng a 32-bit PCl address-data
path, PCl-interface ASIC 20 provides, not only PCl address-data parity
checking, but also software control-for interrupt events. PCl-interface
ASI C 20 provides a programmable external |ocal bus for inplenenting a
dedi cat ed pat hDEGABBER XDESCRIPTION OF mﬂEaHNVEmeonFK]-interface ASI C 20 13

provides an 8-bit oprdfebidd |diRididRALkO0fOPHR B HERA Yy diRibal BFe

transferring V|g§u e %glre an externa Xion v
carrier. FlGURE 2"pro¥ s“bltét% F&Gé?&Fén’f'BBr?h‘&tl’s‘FFbM%lSS r\elﬁﬁe‘t t@nal
partitioning olikel andterfrrpodiG2Pactst be the esortods\Graiiags . The | ogic

within PQ -int er f acRTASRE 1 ?&ddléﬂt%qiiypgh%'éré %%&Hgg
serial EPROM rface GQH@q{ catlng mnt ser
master | ogic 6 5°E%?"% qéﬁ; e&samBFFS%%a¥K§°WRP§ﬁﬁﬂ%Zg&hat|on and
control statusthégﬁéﬁbrl€nﬁ¢whnn(i? uhdlcaeessaadyaésqpxaﬁen‘pyaﬁmuataatlons
with PCl bus 24evitesahs bixsdiddwsd aﬁzedhgal-ilzgd%&% 'P@S g pigcessary
control logic B%Esbﬂgfrégﬁﬁﬁgh (ifugﬁerkag epggglous uégg;and nodes
10 that control personal computer operations. For example,
interface bus 16 supports communication with three-port
physical layer interface 18 and interface device 20 of
the present invention. Serial EPROM 22 supports
operation of PCI-interface device 20. PCI-interface
15 device 20 further interfaces with PCI bus 24 and
auxiliary port local bus 26. Also communicating with PCT
bus 24 are local bus 28 and PCI agents 30 and 32. PCI
host bridge 34 performs host bridge functions between
local bus 28 and PCI bus 24. Auxiliary port local bus 26
20 communicates with flash PROM (or RPL ROM) 36, direct
memory access (DMA) channel control static RAM (SRAM) 38,
user-defined function (AUX) 40, and zoom video (ZV) port
42 for video input and output. Host local bus 28
communicates with host CPU 44 and local memory 46.
Peripheral devices 14 that may communicate with
physical layer interface device 18 may include CD ROM
device 48, laser printer 50, desktop camera 52, and
digital video cassette recorder (VCR) that interfaces
with video cable set top box 56.
30 In FIGURE 1, PCI-interface ASIC 20 performs a
primary function of controlling transfer of data packets

between devices operating in an environment that supports
PCI bus 24 and devices operating in a high-speed
input/output peripheral environment such as that which

35 the IEEE 1394-1995 standard environment establishes.



15 Wthin PCl-interface ASIC 20, DVA logic 72 includes DMA engine 74 and
DVA control and status register 76 for controlling operations and

comuni cations with PCl bus logic 60 and FIFOlogic 78. FIFO logic 78

i ncl udes general received FIFO 80, asynchronous transmt FIFO 82, 20

| sochronouschronous transmt FIFO 84, pointer address nmapping |ogic 86,
and FI FO control and status registers 88. Link |layer control |ogic 90
includes control and status registers 92 that control and report status of

all 25 functions within the link |ayer control logic 90. Packet transmt
control logic 98 and packet receive contfél logic 102 work with logic, and
cycle tinmer 94 and cycle nonitor 96. Physical link interface |logic 104

includes parallel-to-serial and serial-to-parallel functions. 30 In FI GURE
2, PCl bus logic 60 inplenments the logic for interfacing PCl-interface
ASI C 20 to PCIPQItsnR4érfREe AsSi@vzo Imimuefi@rpsemi;des\bbhememIc'tdn)plfws

external PCl mentmbosesaéa@adlwﬂm%% grggiesseeiff’éaéﬂﬂic for

assessing all of % -|nter ace contro stafus registers 68,
76, 88, and Qf%s&ﬁn elre ?’F%%I"‘EJ‘S/ 1%I'é15‘|5le|r@3ﬂeoﬁs§8f?9\/aﬁ’%r ¥FRont r ol
t he operati on @Wfe fOnctipnepfasec S € @Btand pamitticnlatrdyoperee AIBRE St at us.

PCl nast sr |og13394a49|@r50\éhde§ohﬁew ArQﬂ'rfas7%Heh%b§li'1ltg ¥o aecé&tic?éte data
transfers over bus 24 a vi ce configuration
control and st §| sf"?lsga%%sare @dﬁ}%&t&?cﬁe@ falOcBAPUtR? system 12
application scﬂlﬂ/h'rté’ f'or geomrager 3 agpunccyrldgednwiedynBgheyi oheckace ASIC
20. This incl uterc) e dnialsr €gyi € eanshDiE Fdi @(idwqabagséaﬁaérdas vel | as

an interrupt @a&%@é,o'asa@%ﬁt gguéo%gx{]ﬁ%n& P! %Cllt- I(_Ji'(tce ec 1@&' oCn20 and

10 receipt of IEEE 1394 packets.. PCI-interface ASIC 20
supports an isochronouslation barrier between PCI-
interface ASIC 20 and physical interface layer 18.
Moreover, PCI-interface ASIC 20 supportss IEEE 1394
transfer rates of 100, 200 and 400 mbps. as well as

15 provides three size programmable FIFOs (e.g.} ASynch
transmit, Isochronous transmit, and general receive) .

As discussed below, PCI-interface ASIC 20 provides
programmable channel address comparator logic for
receiving incoming data packets and assigning them to a

20 DMA channel. The present invention provides, in at least
one embodiment, five scatter-gather DMA channels where
the data packet operation of each channel may be
programmed to support (1) asynchronous packet
transmissions, (2) isochronouschronous packet

25 transmissions, (3) asynchronous packet receive, and (4)
isochronouschronous packet receive functions.

PCI-interface ASIC 20 also provides PCI master bus
functions to support DMA operations, as well as PCI slave
functions for read and write access to internal

30 registers. Implementing a 32-bit PCI address-data path,
PCI-interface ASIC 20 provides, not only PCI address-data
parity checking, but also software control for interrupt
events. PCI-interface ASIC 20 provides a programmable
external local bus for implementing a dedicated path to

35 external logic. In addition, PCI-interface ASIC 20



i scel | aneous control and status registers. Local bus interface logic 70
rhifudes an auxiliary port to interface and control RAM ROM auxiliary
functions, zoom video port, and four GPIO interfaces. Mreover, serial 15
EEPROM i nterface 62 provides certain required PCl configuration data and
constant systemcontrol register information after power-up. Serial EEPROM
interface 62 provides communication between PCl-interface ASIC 20 and
serial EEPROM 22 20 (FIGURE 1). In power up, serial EEPROMinterface 62
initializes a small nunber of locations in the PCI configuration registers
68 fromserial EEPROM 22. \Wile the serild EEPROM state nachine is
accessing serial EEPROM 22, any incomng PCl slave access is term nated
25 with retry status. Serial EEPROM 22 also includes configuration data
for PCl configuration control and status register 68. This-information is

read and writ igovividosh 6BW;¢4or elplipid raqlt%égg%w%e 86k P add!s Rpe! 0co

or rial seri al

bus 19 mani pulPSig) ProfFROSE SEFoRESEiiea Hasp SEREERY FReas ePRAATmEPROM 22
out put enableWHQFQR)W}QHQ'memnryatmgrlamd then accessing the data and cl ock
bits to emulate thFcuae i beoseaélaltém Rﬁl%ci%‘iﬂ Sﬁpbglhtaé?or&?)%V| df‘;'gog
cont oL 800 SRS SRR 00 bIELCHE i st o e "R
mast er | ogic @Fﬁ‘ﬁﬁﬂter%émeslttlhé cofine ologigwitduin POT-RELeirphes fasEs ASI C 20
to operate on RClinniud ¥&Iabub 18§1EM 6olQMAE. mﬂl‘u%e%ogleh&’fr%%ﬁc?nt he
operation of NEUYVeJRAGS ¢IBMRE Mm&ﬁiégging Jntﬁlserlal EQEOM 22, nennry
' master logic 64 and PCI slave logic 66, as well as PCI
10 configuration and control status register 68 provide the

necessary logic for communications with PCI bus 24.

Local bus interface logic 70 provides the necessary

control logic for interfacing to auxiliary port local bus

26.
15 ~ Within PCI-interface ASIC 20, DMA logic 72 includes

DMA engine 74 and DMA control and status register 76 for

controlling operations and communications with PCI bus

logic 60 and FIFO logic 78. FIFO logic 78 includes

general received FIFO 80, asynéhronous transmit FIFO 82,

20 isochronouschronous transmit FIFO 84, pointer address
mapping logic 86, and FIFO control and status registers
88.

Link layer control logic 90 includes control and
status registers 92 that control and report status of all

25 functions within the link layer control logic 90. Packet
transmit control logic 98 and packet receive control
logic 102 work with logic, and cycle timer 94 and cycle
monitor 96. Physical link interface logic 104 includes
parallel-to-serial and serial-to-parallel functions.

30 In FIGURE 2, PCI bus logic 60 implements the logic
for 1nterfac1ng PCI-interface ASIC 20 to PCI bus 24. PCI
slave logic 66 provides the ability for external PCI
agents to read and write slave interface control logic
for assessing all of the PCI-interface 20 control and

35 status registers 68, 76, 88, and 92 which are required by



wite line and wite-invalidate instructions. For the nenory read
function, PCl-interface ASIC 20 DVA read operation results in a nenory
read of menory read |ine 10 cormand on the PCl bus. For the nenory wite
operation, PCl-interface ASIC 20 DVA wite operation results in a PC
menory wite, nenory wite line or a nenory wite invalidate command on
the PCl bus. PCl slave |logic 66 perforns the control |ogic 15 necessary for
PCl-interface ASIC 20 to operate on the PCI bus as a slave device. Wen
enabl ed, PCl slave function 66 responds to nenory read or wite conmands
at PCl  nenory address ranges specified by base address registers
contained in 68. PCl slave logic 66 perfornms slave burst 20 transfers when
enabl ed by the slave burst bit in the mscellaneous control register. PC
slave logic 66 perforns posted wite operations when enabled by a control
bit inthe m S regi PGl _C Lgurati Qn ntrol and
status regi st gggh%@&@%ﬁ %ow de s t??g%hgﬁg}a%?i%’ﬁ;%%o?oﬂ%grﬁg with the
capability to*pEfF ?ﬁ?t%éﬁ?%ﬂo FONGRQF tbhfPREFAEIUML Stap@s-interface
ASI C 20. LocakChusastererlagic |OQiprotddesovbdbea al ¢y D7 Dfthes pddilaky
From el ther Pr - bis 20 or b, are dveE, e o Rl e B8 Lce ports
rom either us or engi ne : e
cannot unctFﬁﬁQSE ﬁﬁgfﬁ$Fﬁﬁkﬁ%x§§dkﬁ%§§éthPt§°%PF?WV?ﬁﬂ-SQQHﬂérface ASI C
20 to connect regigkeesnff akewiwssbler by peesbagtscodopulpen\dyditgn a2t ononous
dat a transfer apgd ibat 18R NsS LGk A VE e Tondlibuk9A8! aRESpE&Y AkRGRS pcgXcept 16
t he zoon1V|dean%§f5?E?%éf§E§0§r synchr nqus Egeapéfcal cquk, which is

an offered version o tl ock® TS -require
control and base registers, as well as an interrupt
10 control and status signal for PCI-interface ASIC 20 and

miscellaneous control and status registers. Local bus
interface logic 70 includes an auxiliary port to
interface and control RAM, ROM, auxiliary functions, zoom
video port, and four GPIO interfaces. Moreover, serial
15 EEPROM interface 62 provides certain required PCI
configuration data and constant system control register
information after power-up.
Serial EEPROM interface 62 provides communication
between PCI-interface ASIC 20 and serial EEPROM 22
20 (FIGURE 1). 1In power up, serial EEPROM interface 62
initializes a small number of locations in the PCI
.configuration registers 68 from serial EEPROM 22. While
the serial EEPROM state machine is accessing serial
EEPROM 22, any incoming PCI slave access is terminated
25 with retry status.
Serial EEPROM 22 also includes configuration data
for PCI configuration control and status register 68.
This. information is read and written by host CPU 44
emulating a two-wire serial bus protocol through the
30 control register for serial EEPROM 22. The two-wire
serial bus is manipulated from host processor 44 by
setting the serial EEPROM 22 output enable bit to a *1°"
in value, and then accessing the data and clock bits to
emulate the two-wire serial bus protocol. PCI ‘
35 configuration control and status register 68 includes a



ZV port clock is programmed to be based on versions of the PCl clock, the
I-lEEE 1394 cl ock, or an external clock. 5 Local bus interface logic 70

provi des a shared |ocal address bus which, in the present enbodinent, is a
16-bit address bus, and a shared 8-bit or 16-bit read or wite data bus
wi th programuabl e wait-states and ready conditions. The | ocal bus
addresses and data buses are 10 shared anong the ROM RAM AUX, and ZOOM
port functions. Also, the ZV output port provides horizontal synch,
vertical synch data valid, and ZV-PlI XEL. CLR. O her input and output for

| ocal bus interface logic 70 includes fodb general purpose I/O (GPIO pins
that feature programmable 15 direction and polarity functions. , '

M scel | aneous signals in the present enbodi nent of |ocal bus interface
logic 70 include |local bus clock output, reset output, interrupt input,

and external naade bIBUEorREtof AP AL rtA0LHAL FOF SLALND igdi sters

68 provide th%'necessar¥520 control™ instructions an

St A2t PYH RAOYRRCY fvePtSce | ogic 70. POl interface

operational configarat
ASI C 20 incl udes aPFénmasterobraie | phdmglRRientiseatieonbut nehoreqyiedd t hat
provides to pefomraii-inespraeé Afrd he aly lddetate baagchkoBhs Cofled rpm an . 25

attachedsRPL @gg i ows,..t he stemto .boot . froman .IEEE 1394 device,
even though the gf%?gﬁyﬁg%'la%élssiééﬁqu?ﬁqggg %§§4°885?ttﬁﬂé051

power-reset. TRRAR d8aPPy, MEIRFY retese mandrybeegdndinki zand troemquryovi de
functional ity vaeitend inecanai Rgitesii RS igRe ru3Pibasal pPYs i erface

| ogi ¢ 70 suppggd .. .slia d i nal re e_access_to devices
such as flash %ﬂgﬁﬁféﬁ?dsﬁ§ﬂgg ?%hgﬁngkﬂt 99 %%&ggéchEAtﬁ%Tdappears in
FI GURE 1. RO\/I%R%% regulEs| Leda byermmly omed @fr memonycoasdolimed st at us
regi sterl9 68 an@wmmd on the PCI bus. For the memory write operation,
PCI-interface ASIC 20 DMA write operation results in a

PCI memory write, memory write line or a memory write
invalidate command on the PCI bus.

PCI slave logic 66 performs the control logic
15 necessary for PCI-interface ASIC 20 to operate on the PCI
bus as a slave device. When enabled, PCI slave function
66 responds to memory read or write commands at PCI
memory address ranges specified by base address registers
contained in 68. PCI slave logic 66 performs slave burst
20 transfers when enabled by the slave burst bit in the
miscellaneous control register. PCI slave logic 66
performs posted write operations when enabled by a
control bit in the miscellaneous control register.
PCI configuration control and status registers 68
.25 provide system and application software with the
capability to perform the PCI operational configuration
of PCI-interface ASIC 20.
.Local bus interface logic 70 provides a group of
special input/output ports that share common logic. _
30 These ports are accessible from either PCI bus 24 or DMA
engine 74. External devices on these ports cannot
function as master devices. These ports allow PCI-
interface ASIC 20 to connect to external devices or
interfaces for providing autonomous data transfers
. 35 between such devices. All local bus interfaces, except




35 enabled by witing'a 1 to the least significant bit of 17 ROM base
address register. A ROMinterface nmay be configured as either an 8-bit or
16-bit wide data, a specified nunber of wait-states or simlar functions.
ROM options-are configured at power-reset via serial PROM 5 22 and enter
via PCl slave accesses. RAMinterface is accessed through a second PCl
menory based register within PCl configuration control and status register
68. This nenory nay be used for DMA control-structures or data buffers or
shared menory 10 interface to other functions such as a digital signal
processor. The RAM interface may be configgired as either a 16-bit or 8-bit
w de data, a specified .nunber of wait- states, or external ready paced. The
auxiliary interface is a generic input/output 15 port that nay be accessed
through a third PCl nenory-. based address register within PCl
configuration t{gém V‘f us register 68. This port may be used to

i npl ement a hi g speed da e°é’ h 1P5SEERES nA TR smChiropouses8uR ckacalich . as
conpr essi on/ de€ Lok esdtigih liggian of £20edi vies rroxs dore focamelbokf erphe | f t he

ZV port is enablpert tdlstia ROpirogRafhed Neo AKX BHlEESH %%@%%g § ofmpped to

the zZV t. | abl t liar
har oss hase |G naeE eradh C (HOTEEES L3R SPRLE, S B tinadarient:

auxiliary .25 inter?f ?ﬁ}rﬁﬂﬁti?QﬁSﬁPF@uF@ﬂlﬁs7QnEﬁﬂyld§$ @ bhared 16e#l t
wi de data, a spééréssdbumimieictof inakhespabsent Bmsdidir, ikeadyepgeed.
hLFO Lot | sadlasbanashar it A onlhea 2P %55 ¢ Sliacked dual_port ram in
the preferred E%Po | rent, v programblepgg t':t'gned i 88 MohFeal
Fl EGs. Each EI it-states and ready
condltlons. The local bus addresses and data buses are
10 shared among the ROM, RAM, AUX, and ZOOM port functions.
Also, the ZV output port provides horizontal synch,
vertical synch data valid, and ZV-PIXEL.CLR. Other input
and output for local bus interface logic 70 includes four
general purpose I/0 (GPIO) pins that feature programmable
15 direction and polarity functions. Miscellaneous signals
in the present embodiment of local bus interface logic 70
include local bus clock output, reset output, interrupt
input, and external ready input. PCI configuration
control and status registers 68 provide the necessary
control instructions and information for operational
configuration of local bus interface logic 70.

PCI interface ASIC 20 includes a remote program load
(RPL) read-only memory (ROM) that provides to personal
computer 12 the ability to read boot code from an
.25 - attached RPL ROM. This allows the system to boot from an
IEEE 1394 device, even though the system may lack
specific IEEE 1394 boot code at power—réset.
Additionally, ROM interface will be generalized to
provide functionality beyond accessing the RPL ROM alone.
Local bus interface logic 70 supports PCI slave and
1nternal DMA read/write access to devices such as flash
PROM 36, SRAM 38 and other RAM-like devices that appears
in FIGURE 1. ROM access is controlled by PCI
configuration control and status registers 68 and is
35 enabled by writing a 1 to the least significant bit of

30




programmable in size fromO to 256 words. For a given conbination of FIFO
sizes, the sumtotal of the three FIFO sizes shall be |ess than or equal
to 256 words. 18 GCeneral receive FIFO (GRF) 80 includes a read and wite
pointer pair for use in accessing the FIFO dual port RAM Each pointer
counts in the range fromO to its fifo_size value mnus 1. The FI FO RAM
addressing range 5 for each pointer is set by logic which generates an

of fset value. The offset shall be added to the value of the pointer to map
it to a unique range of RAM addresses. The read pointer shall be used by
the active DVA channel to read asynchrobdus or isochronouschronous packets
from1l0 the PCl-side of the RAM and wite theminto host nenory. The |EEE
1394 receiver uses the wite pointer to wite asynchronous or ‘ '

I sochronouschronous packets - received over the |EEE 1394 bus - into the

i nk-sid fof o a s h 3 to both d
e ion 1T a A AT
d

FI FO dual por t“RAMIPESFIES th?ﬁYf%ﬂeﬁﬂPHSI8€k16dbﬁﬁ|HédeA§Vﬁbhﬁbnous
transmit Fl FOspedifdleddesmber cafl wait - simaities pmlsimilaalfuﬂ¢uldhsa633|ng t he

FI FO dual pOFtROﬁAMpt:L%QsEQQQ 8Gh i Slr &P W DowBrl PEsEENGES FL M .
fifo SIZ? val Q%EPS % hﬁp M addr essi ng range for eac p0|nter S
set by |odgic vithi &F g&h thgéa o & AFRSFESSThe offset is added to the
val ue of the poinFéM dotenface i® acagssmde thapgghod addomdsmsI The 25
active DVA chawieiryupeseheeyibter RPiUHIG Fc@ WohlE§guday Neh ' lpaCKEt S -

that it reads %{cprg he PCl -si de of t he %&o e read
poi nter shall ués%g:g'ts %ggngﬁEég‘lS RS, DEOREY; BRY RE WS % R ead
control- structures or data buffers or shared memory
10 interface to other functions such as a digital signal
processor. The RAM interface may be configured as either

a 16-bit or 8-bit wide data, a specified number of wait-
states, or external ready paced.

The auxiliary interface is a generic input/output

15 port that may be accessed through a third PCI memory-.
based address register within PCI configuration control
and status register 68. This port may be used to |
implement a high speed data path to external dedicated
resources such as compression/decompression logic or

20 video processor/frame buffers. If the ZV port is
enabled, then a portion of the AUX address space_ié
mapped to the ZV port. Otherwise, this space is available
as part of the auxiliary address base in the preferred
embodiment. In the present embodiment, auxiliary

.25 interface may be configured as either an 8-bit or 16-bit
wide data, a specified number of wait-states, or external
ready paced.
.FIFO logic is designed around a single 256 X 33

clocked dual-port ram in the preferred embodiment, which

30 is partitioned into three logical FIFOs. Each FIFO is be
programmable in size from 0 to 256 words. For a given
combination of FIFO sizes, the sum total of the three
FIFO sizes shall be less than or equal to 256 words.




pointer to read asynchronous packets fromthe |ink-side 30 of the FIFO RAM
and transmt themover the |EEE 1394 bus. The two pointers are .
comuni cated to both sides of the FIFO RAM through a synchronizer | ogic,
since either side of the FIFO dual port RAMresides in different clock
domai ns. 19 Isochronouschronous transnmt FIFO 84 includes a read and wite
poi nter for accessing the FIFO dual port RAM Each pointer counts in the
range fromO to its fifo_size value mnus 1. The FI FO RAM addressi ng range
5 for each pointer is be set by |ogic which generates an offset value. The
offset is added to the value of the poijgter to map it to a unique range of
addresses. The active DVA channel uses the wite pointer to wite

i sochronouschronous packets - that it reads fromhost 10 nenmory - into the
PCl-side of the FIFO RAM The IEEE 1394 transm tter use? tﬂe reagcfgknferd
to read isochrono chronous packets fromthe |ink-side of the FI an
transnmit thenlover Fr5&e EEEC%3§3 biE® ) B dnglydssi ferpainteds are
conmmuni cat ed WK}QﬁﬂﬂvhﬂteﬁsPeﬁrlsothSéﬂ$ﬁ)d@@ﬂadnn@ugheanyochumnlzer | ogi c,
since either poitdersof. t Bachl EOidual B&EAt RAM Ngsd %@nf%&fsr@ﬁtl@é ock

donmi ns. Poi ng g address. mappi n 86 uses the three size
val ues from t% Fr égeﬁle’%ehreegllgf‘er 1o @% gF}aFC)(ﬂ R%ﬁ‘b EREPEFEPRRd-write
poi nt er pai r st9%H %P%lﬂ?&é‘treéfngé éﬁta@drm vWhidthgefieE@tdsabnport RAM The
poi nter addr esSfserapmlng . fuuﬁbleﬂfsba|éh@ElgﬂQQﬂﬂkﬁﬂtbﬂtﬁ%CQE@éécéf“‘th

the equati Onstﬁ’? ?&ﬂ%&%f ot REpt §0 BoPE! 9Y4 Read W tef E%h%tagaréggégss
Mappi ng Logic = |l soc ronousc rono S
The read pointer shall be used by the actlve DMA channel
_ to read asynchronous or isochronouschronous packets from
10 the PCI-side of the RAM, and write them into host memory .
The IEEE 1394 receiver uses the write pointer to write

asynchronous or isochronouschronous packets - received
over the IEEE 1394 bus - into the link-side of the FIFO
RAM. The two pointers are communicated to both sides of

15 the FIFO RAM through synchronizer logic, since either
side of the FIFO dual port RAM resides in different clock
domains.

Asynchronous transmit FIFO 82 includes a read and
write pointer pair for accessing the FIFO dual port RAM.
20 Each pointer counts in the range from 0 to its
fifo_size_value minus 1. The FIFO RAM'addressing range
for each pointer is set by logic which generates an
offset value. The offset is added to the value of the
pointer to map it to a unique range of addresses. The
.25 active DMA channel uses the write pointer to write
asynchronous packets - that it reads from host memory -
into the PCI-side of the RAM. The read pointer shall be
used .by the IEEE 1394 transmitter which uses the read
pointer to read asynchronous packets from the link-side
30 of the FIFO RAM, and transmit them over the IEEE 1394
' bus. The two pointers are éommunicated to both sides of
the FIFO RAM through a synchronizer logic, since either -

side of the FIFO dual port RAM resides in different clock
domains.




| et ATF = Asynchronous Transmit FIFO |let GRF = Ceneral Receive FIFO

| sochronouschronous Transmt FIFO pointer RAM address = | TF _pointer val ue
(0O to (I TF_size-1)) + 0x00 Asynchronous Transmt FIFO pointer RAM address
= ATF_pointervalue (0 to (ATF_size-1)) + ITF_size General Receive FIFO
poi nter RAM address = GRF_pointer_value (0 to (GRF_size-1)) + (ITF_size +
ATF size) 20 FIFO Control and Status Registers 88 inplenent the control
and status register set of the FIFOlogic 78. FIFO Control and Status
Regi sters 88 include a FIFO size register for setting the size of each

| ogical FIFO This 5 register provides t{yee size paraneters for

programm ng the size of isochronouschronous transmt FIFO 84,
asynchronous transmt FIFO 82 and General Receive FIFO 80. This register
is accessed via a PCl-slave 66 read or wite operation. A PCl-side FIFO
poi nter Wite- ReadI%%éﬁr 10 & \éi des a PCl-s|ave 66 wite-read port for

software to fetch the curt VRPHE bFaRrsmlpdlE] #4 dociudes arreadte a
val ue to t hen®?d ¥rie RaiatRr-rGoponpntess Mg t thdReriFo @uall pbevi HEs. a :
PCl - sl ave reaHaphrpoimier sfunt@l @nt enbetshge t AW rt%ntit?!sal ue of the

| i nk-si de poi S [ . val ue_t o A CGeneral _Receive FIFO
POP- PUSH port E%gé"s%%‘g%}e&a%ﬁlﬁi ? ‘sl gb% é\ﬁ?‘ﬁne‘i% addressing gangequadl et
to be pushedfBhtBRFMPUGH-aF icRPegoet Abp2lagic situiveh gemeratesmahhi s port
causes a dat aoffiaet etalwe porrmef beirBect 98 a@iedR% gtqle-%lﬁgyggh[__ﬂgous

Transmt FIF 20 receive a 32-bjt slave wite to this
port to causgpgtgﬁ%gg%ng ac#ettrgtaé Bglgh\éh’éﬁ“%"nt tarﬁié”[e\éﬁeﬁf'l $§9nchr:)nous

transmt FI Fcfc‘ﬁ\l‘!é?-% anpelr psesf Ebm write puintexmusesrdtdat a quadl et to
pop of f the t@pochronouschronous packets - that it reads from host

10 memory - into the PCI-side of the FIFO RAM. The IEEE
1394 transmitter uses the read pointer to read
isochronouschronous packets from the link-side of the
FIFO RAM and transmit them over the IEEE 1394 bus. The
read and write pointers are communicated to both sides of

15 the FIFO RAM through a synchronizer logic, since either
side of the FIFO dual port RAM resides. in different clock
domains. - ’

Pointer dual-port address mapping logic 86 uses the
three size values from the FIFO size register to map each
20 of the FIFO read-write pointer pairs to a unique range of
addresses in the FIFO dual port RAM. The pointér address
mapping function shall be generated in accordance with
the equations as shown in the table below:

Read-Write Pointer Address Mapping Logic

let ITF = Isochronouschronous Transmit FIFQO
let ATF = Asynchronous Transmit FIFO
let GRF = General Receive FIFO

Isochronouschronous Transmit FIFO pointer RAM address =
ITF_pointer_value (0 to (ITF_size-1)) + 0x00
Asynchronous Transmit FIFO pointer RAM address =
ATEzpointg£=g§lue (0 to (ATF_size-1)) + ITF_size

General Receive FIFO pointer RAM address = GRF_pointer_value
(0 to (GRF_size-1)) + (ITF_size + ATF_size)




asynchronous transmt FIFO 82. An |sochronouschronous .25 Transmt FIFO
POP- PUSH port may receive a 32-bit slave wite to this port to cause the
data quadl et to be pushed onto the top of isochronouschronous transmt
FIFO 84. A 32-bit slave read fromthis port causes a data quadlet to pop
off the top of isochronouschronous transmt FIFO 84. 30 A FIFO Control
Token Status Read Port provides a slave read to return the value of bit 33
of the last data quadlet that was popped fromone of the three FIFO s that
Was previously' accessed. FIFO Diagnostic test and control register

provi des a PCl-slave read-wite port fore35 software to configure the FIFO
| ogic for diagnostic 21 testing and control it's operation. Also, a
Transmt FIFO Threshold register provides a PCl-slave read-wite port for
software to set the Transmt threshold for the ASynch and | sochronous

transmt FIFOs. Se{@f gl 10841 gpLEMP S, dhe logie foy performing the

functi ons, |nclud|qg generati ng on the

header part of°RHeR aaagels':ﬂé"rf’é §F96§H‘Frg%%er%ﬁ édIeofIFFPengaﬁsmtter | ogi c.
The transmitt BEFO|Grydinad tamids Stetesi Régistadrs BY dmvlakieces Fhpohepgler . For

10 packets whi-6§i e t%rd%te%tﬁﬁg ead: s Qgcw%accr#% i8R1CF3FE2 Aty DI L

aut o- DI CRC error code on ata ort o acket strean1

generatgb by tHe Y?EﬂﬁﬁﬂWHQ§s FOgPE. s ??EﬁﬂﬁﬁQ§%ﬂfqrn§699§aF%%§gcode at
the end of thehpagkze Qﬁrxamuhrﬁﬁﬁubogrond@@tgﬁn&makesiaolﬁ432 bit auto-DIN

CRC er ror codgsPRohithEAdaiandik PirdNsa | AEOBARAACkRLAGLapsEpeam |
t he conput ed ggde equal t. he header e sen F e packet,
then the rece|ver*%iﬁ1 théshESGE?SEQrY¥Rma BGT-sddive 6f, reaRT ogi ¢

100 gener at esWhiBe eperatiian.Dl B GRC-sider FLRQeointer Write-Read port
10 provides a PCI-slave 66 write-read port for software to
fetch the current value of the PCI-side pointers or write
a value to them. A link-side FIFO pointer Write-Read
port provides a PCI-slave read port for software to fetch
the current value of the link-side pointers or write a
15 value to them. A General Receive FIFO POP-PUSH port may
receive a 32-bit slave write to cause the data quadleﬁ to
be pushed onto the top of GRF 80. A 32-bit slave read
from this port causes a data quadlet to pop off the top
of GRF 80. An Asynchronous Transmit FIFO POP-PUSH port
20 may receive a 32-bit slave write to this port to cause
the data quadlet to be pushed onto the top of
asynchronous transmit FIFO. A 32-bit slave read from
this port causes a data quadlet to pop off the top of
asynchronous transmit FIFO 82. An Isochronouschronous
25 Transmit FIFO POP-PUSH port may receive a 32-bit slave
write to this port to cause the data quadlet to be pushed
onto the top of isochronouschronous transmit FIFO 84. A
32-bit slave read from this port causes a data quadlet to
pop off the top of isochronouschronous transmit FIFO 84.
30 A FIFO Control Token Status Read Port provides a slave
read to return the value of bit 33 of the last data
quadlet that was popped from one of the three FIFO's that
was previously accessed. FIFO Diagnostic test and
control register provides a PCI-slave read-write port for
35 _ software to configure the FIFO logic for diagnostic



20 on the payl oad section of an incom ng packet data stream |f the
conput ed code is equal to the data CRC code sent with the packet, then the
recei ver considers the data payload correct. The 1394 |ink layer logic 90
i mpl ements the 1EEE 25 1394 Link Layer Control Logic (LLC) as specified in
the | EEE 1394-1995 standard. This function controls the transm ssion and
reception of | EEE 1394 packet data between the FIFO |l ogic 78 and ot her
devices on the EEE 1394 bus. 30 The 1394 link | ayer control and status
register 92 inplenent the control and status register logic required by
application software to control the operaziion of the LLC and nonitor its
operation. A 1394 bus nunber-node nunber register provides the interface
for application 35 software to programthe bus and node nunbers. A 1394 22
link |ayer control register provides the interface for application
software to ¢ t oper.ati.n de of the LLC A 1394 Link Layer

I nterrupt St a?géégé%i 2 COREERA g‘é:g‘ét RRSFAtEPR ac R S JineRsmibn sof t ware
to decode 5 tFRiFRaTReegholdinagiptesr goovidesdabpCl heldueC madi-pravede a

nechani sm f or poreafongséd fitwd i &1d Wale that #8andmild Whrddied-2%er At errupt
Enabl e regi st gk HERV$H§51§$EhrJ%¥4§wE@%% foL ggﬂéjcation software to
Ple ihe Its 1N The inte

sel ectively ena sfatus b r@pt status register to. 10
generat & a LLC i nt 8RF k91t & dmnd emeakst Eben beaie afomperforinGngnt er r upt .

A 1394 Cycl e TheefuRegish®s jNdMidies geherhbingfacs: f9ie aRld-$ak R
sof tware t0 PeegbaNbblie of YOI HddBlr Wall 8P LRktjialY@ldlg o, Lo read its
current valus.ngheﬁgéhﬁ%LHg I S opefép%ng as.gﬂéy% %F?ﬁﬁ;%%ﬁ SERPEMS ti mer
shal | be used“tO-tPHECtHE tRadsiATsishest legife "The transmitter

inserts this code into data stream after the header. For

;0 - packets which have a data payload, CRC logic 100

generates a 32 bit auto-DIN CRC error code on the data

payload portion of the packet stream generated by the

transmitter logic. The transmitter inserts this code at

the end of the packet stream. CRC logic 100 generates a

15 32 bit auto-DIN CRC error code on the header part of an
incoming packet data stream. If the computed code is
equal to the header CRC code sent with the packet, then
the receiver considers the header correct. In addition,
CRC logic 100 generates a 32 bit auto-DIN CRC error code

20

on the payload section of an incoming packet data stream.
If the computed code is equal to the data CRC code sent

with the packet, then the receiver considers the data
payload correct.

The 1394 link layer logic 90 implements the IEEE
.25 1394 Link Layer Control Logic (LLC) as specified in the
IEEE 1394-1995 standard. This function controls the
transmission and reception of IEEE 1394 packet data

between the FIFO logic 78 and other devices on the IEEE
1394 bus.

30 The 1394 link layer control and status register 92

implement the control and status register logic required

by application software to control the operation of the

LLC and monitor its operation. A 1394 bus number-node

number register provides the interface for application
35 software to program the bus and node numbers. A 1394



start packets every 125 m croseconds. A 1394 Physical Layer Access

Regi ster provides the interface for application software to wite data to
or read data from the Physical Layer I/F 18 control and status registers.
20 A 1394 diagnostic test control register provides the interface for
application software to performdi agnostic testing of the 1394 LLC | ogic.
The 1394 link |ayer contr.ol and status registers 92 also include DVA
Channel 4-0 Word O receive packet conpare val ue registers. Each 25
register is assigned to a DVA channel conparator logic function. The DVA
channel conparator matches a selected ggt of bit positions in the conpare
val ue register, to corresponding bit positions of the first quadl et (word
0) of the incom ng packet. The bit positions to match are 30 specified by
the mask value contained in the word O receive packet conpare nmask

register. A DVA channel 4-0 word O receive packet conpare mask register is
assi gned t o B0l A¥EFoRANEEC bregintiffeIDroyifaratbe. ifter Bge disthnel
conpar e | ogi appddsatienmasktwateecd redrir®13bheegpetating vede€ e tdh bi t

posttions Inuierd @ uhsl Wik Advedenilalnd 30103 neglagapONdng bit

positions in the | e [oXe) are val ue regi ster DVA Channel

ece
4-0 Word 1 r@cré%"\}é’eﬁag?& 18‘6ﬁf> Fee %cﬁtéf’g SPEtwake; i elrqasies DvA
channel Sconpdthe slausegioé finherrupts Tdendradd biganhel LLOn@ad ghxosvidkt ches a

sel ected set DindiHaniRASIELrOBIehPidd KO MRAG Y gltue éeeéSte& 1%?9%
correspondin q(_LH?&om%[ ns_of the SE cond qua § 121 e
i nconi ng pac%‘é “ESEFPPBnE“?‘B %é"reé Py V\ﬁP?eH ®y the mask
val ue cont ai nEEFGPrrf-étd@ef\wdpmlioatM|mqyanieettocsmacElmklk emghld er .
Al'so, a DVA ghandit@leud Bivar dnleheCehverRAK e atQEPegi0Rak €§9i ster
10 generate a LLC interrupt or disable them from generating
a LLC interrupt. A 1394 Cycle Timer Register provides
the interface for application software to program the
cycle timer with an initial value or to read its current
value. When the LLC is operating as a cycle master, this
15 timer shall be used to time the transmission of cycle
start packets every 125 microseconds. A 1394 Physical
Layer Access Register provides the interface for
application software to write data to or read data from
the Physical Layer I/F 18 control and status registers.

A 1394 diagnostic test control register provides the
interface for application software to perform diagnostic
testing of the 1394 LLC logic. The 1394 link layer
control and status registers 92 also include DMA Channel
4-0 Word 0 receive packet compare value registers. Each
- 25 register is assigned to a DMA channel comparator logic

function. The DMA channel comparator matches a selected
set of bit positions in the compare value register, to
corresponding bit positions of the first quadlet (word 0)
of the incoming packet. The bit positions to match are
30 specified by the mask value contained in the word 0
receive packet compare mask register. A DMA channel 4-0
word 0 receive packet compare mask register is assigned
to a corresponding DMA channel comparator. The DMA
" channel compare logic uses the mask value in this
35 register to select the bit positions in word 0 that will



is assigned to the correspondi ng DVA channel conparator. The DVA channel
conpare logic uses the mask value in this register to select the bit
positions in word 1 that is 15 nmatched agai nst correspondi ng bit positions
in the word 1 receive conpare value register. 24 Moreover, 1394 |ink

| ayer control and status registers 92 include a busy retry count register,
the contents of which specify the nunber of tines the 1394 transmtter
should re-try the transm ssion of an ASynch packet when a busy acknow edge
is received fromthe destination node. This register shall be read-wite
by application software via PCl sal ve agﬁess. A busy retry transmt tine
interval register contains the tinme intérval that the transmtter nust

del ay between successive re-try attenpts, when a busy acknow edge signal
is received for each attenpt. This register is read-witten by application
software via PCl slave access. Also, there is a state machi ne vector
regist.er thdl® FRSFIEEsagainghreonaspandingapabi bosytionsom ttate t he state
vector of eachvasidatle reretizaecomnpd fsTBRi1RE ir'ég&%%er'.—'—crhgubﬁi'ftal{m{ 1 FIFO
error counter Qo t he < t hat occur _on the ASynch an

| sochr onous transm'%{rd EI E%eg?‘réeé %%%4%6“&%& Kﬁgk‘«?t TEPARSHT S A%hs and the
over-runs occdtFiN¥Geon terE BYA aehannel sorprrasespipohc Panketon ecaheer
control fogic DM chepnedentspahator agite-hed(di kedeb@cleseE VEE ikGoN ng | EEE
1394 packets. pd23&8ion@’ inC r i forne to the detail fupctional
requi rements q’gsitspeci.fi.ed Fﬁ%%ﬁ@%&%%e‘?ﬁgggr Fﬂc?ﬁﬁ’éeﬁl?%“ B9 owi ng
functions of uSIhFPTRELHE ShotheRecand iddesr dwend/ ) ofictlBA channel

recei ve packetinNQasHngr packett o et driti o sift idhsi BEOMaBEHagYHCHr onous or
specified by the mask value contained in the word 1

10 receive packet compare mask register. Also, a DMA
channel 4-0 word 1 receive packet compare mask register
is assigned to the corresponding DMA channel comparator.
The DMA channel compare logic uses the mask value in this
register to select the bit positions in word 1 that is
matched against corresponding bit positions in the word 1
receive compare value register.

15



i sochronouschronous packet is to be accepted. The CRC logic function
verifies correct reception of an incom ng packet by checking the header
CRC. If the packet has a payload, the data CRC shall be checked, and
received packets |oaded into the GRF 80 if the packet passes the

addressi ng and CRC checks. Packet receiver control logic 102 generates
acknowl edge on asynchronous receive packets. 25 Cycle tiner logic 96

i npl ements the logic for perform ng the cycle tinmer function. Cycle tiner
logic 96 confornms to the requirenents of a cycle tinme function as
specified in the | EEE 1394- 1995 standard. The cycle 5 tinmer contains the
cycle counter and the cycle offset thger. The offset tinmer is free

runni ng, or reloaded on a lowto-high transition on a selected signal pin,
or takes a reload value fromthe receiver, based on the .state of the

cycl emaster and cycl esource bits in 1394 LLC 10 control and status
registers 92. The cycle tiner shall be used to support isochronouschronous
data transfers. OFRBVEYcl B34 nelndh dialyee copt bpl sand dstatus t he present

embodi nent reghisteow 92 denclhidid DuruUetds doGREULEg BN A, pnt er, which

i ncrement s cone@ne¥eHY wHi 244 iod,. or . 69ns),. The next 13
hi gh order @aﬂuimﬂ:!gl I g%m%ount@og%kéwg%.§g_5th“s‘%s(é)d&eaa§§t4he hi ghest 7
bits count in seconds® @ﬁqeﬂfﬁﬁ'ﬁﬁ &he syppswiss hom ks ASyachogi ¢ f or
per f or mi ng Rac&esy whenngnbusy daknmiviledgeOis! eeovdirédr fratf) dHegi ¢ 94 support

I sochr onousidstdnatsoflahadé I angd i h Gt i.vity and handl e
t he SChed“'éﬂﬂﬁ.i%fatiiﬁpchEgﬂ%uscﬁ Osrr%(&g@%gt %\%tlg/ BW%%%%‘}%EW%’% tor logic

94 receives Of transm e VR IE Bl s84¥RACCRGE} e A busy retry

transmit time interval register contains the time
interval that the transmitter must delay between
successive re-try attempts, when a busy acknowledge
signal is received for each attempt. This register is
read-written by application software via PCI slave
access. Also, there is a state machine vector regist.er
that provides software with the capability to monitor the
state vector of each state machine implemented in the |
LILC. Furthermore, FIFO error counters count the under-
runs that occur on the ASynch and Isochronous transmit
FIFO's 82 and 84 during packet transmissions and the
Over-runs occurring on GRF 80 during packet reception.
Packet receiver control logic 102 implements the
logic required to receive incoming IEEE 1394 packets.
Receiver. control logic conforms to the detail fﬁnctional
requirements as specified in IEEE 1394-1995. These
include the following functions of using the bus and node
ID registers and/or the DMA channel receive packet
comparators to determine if an incoming asynchronous or
isochronouschronous packet is to be accepted. The CRC
logic function verifies correct reception of an incoming
packet by checking the header CRC. If the packet has a
payload, the data CRC shall be checked, and received
packets loaded into the GRF 80 if the packet passes the
addressing and CRC checks. Packet receiver control logic

102 generates acknowledge on asynchronous receive
packets.



nmonitor logic 94 indicates the occurrence of these events 25 by generating
a cycle started or cycle received interrupt. Cycle nonitor logic 94 al so
detects mssing cycle start packets and generates a cycle lost interrupt.
When- an i sochronouschronous cycle is conpleted, cycle nonitor |ogic 94
asserts a cycle done interrupt. Cycle 30 nonitor logic 94 signals the
transmtted to send a cycle start packet when the cyclenaster enable bit
is asserted in 1394 LLC control and status register 92. 1394 packet
transmt control logic inplenents the logic to control the novenent of

| EEE. 1394 packets from 35 either isochrggouschronous transnmt FIFO 82 or
26 asynchronous transmt FIFO 84 to PHY-LINK interface logic 104 for
transm ssion over the | EEE 1394 bus. Transmit control logic 98 conforns to
the functional requirenents specified in the | EEE 1394-1995 St andard.
Transmt 5 control Joqgic,98 formats e, transmt packet formats. The 1394
packet transmit coﬁ#?%ﬁ 1 ] gghﬁl%gdguﬂdﬂﬁﬂFét her 43948 yvHRAr onous
transmt Fl FOBREfmEnge sheecybyef biment stunmrhonnt oCrc3@- bitepatediel 1394

asynﬁhronousrfﬂxﬂﬁﬁnﬁﬂﬁmaawb Gﬁe;ge%uiﬁﬁﬂéhé¥3dfn|Q?G§Fl@ 9?ﬁ9{€?ﬁbé{éﬂﬂ
i sochr onouschr [ ANSYT: rec or.na emjnto a
32-bit parall e?é]%%ézf}lﬁﬁs%?cﬁ&’ogéﬁs%%é%%“‘%?@l?etstt#fi@ﬁﬂf Uiﬁ“ﬁgqﬁ]ee CRC

logic td conpti®en qoREad®@e ther cyfate heeurtrer adp &leogiciecofbmst of a
packet, controtitegi c 19 iofFeketstiher CRC GadeTunMlifglSoRackebagddegn in the

time slot as rgojltad, By fore of the packet, being.transmtted. The
1394 packet trq%%%$%>?%ﬁ%pgfaﬁgg?%058o?rﬁ) %ﬁ%&dpgﬁngé|Pbacw%f streans
to the PHY-LI %% & feRdeadb yrd upofremnkee sieseiviergmbasedr ahl theto a seri al

data stream f osbatte faf the cyclemaster and cyclesource bits in 1394 LLC
10 control and status registers 92. The cycle timer shall
be used to support isochronouschronous data transfers.
The cycle time shall be 32 bits wide. 1In the present
embodiment, the low order 12 bits count as a modulo 3072
counter, which increments once every 24.576 MHZ clock
15 period, or (40.69ns). The next 13 high order bits shall
be a count of 8khz (or 125 usec), and the highest 7 bits
count in seconds.

Cycle monitor logic 94 implements the logic for
performing the cycle monitor function. Cycle monitor
logic 94 support isochronouschronous data transfers to
monitor the LLC activity and handle the scheduling of
isochronouschronous activity. When cycle monitor logic
94 receives or transmits a cycle start packet, cycle
monitor logic 94 indicates the occurrence of these events
25 by generating a cycle started or cycle received
interrupt. Cycle monitor logic 94 also detects missing
cycle start packets and generates a cycle lost interrupt.
When.an isochronouschronous cycle is completed, cycle
monitor logic 94 asserts a cycle done interrupt. Cycle
monitor logic 94 signals the transmitted to send a cycle
start packet when the cyclemaster enable bit is asserted
in 1394 LLC control and status register 92. '
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1394 packet transmit control logic implements the
logic to control the movement of IEEE 1394 packets from
35 either isochronouschronous transmit FIFO 82 or



20 transm ssion to the PHY. 27 The 1394 packet transmt control |ogic 98
transmts the cycle start packet when the LLC is programmed to operate as
the cycle naster. The 1394 packet transmt control |logic 98 sends the 1394
transmt bus requests to 5 the PHY. The PHY layer will arbitrate for the
bus and send the indication to the transmtter to start transmtting when
the BUS grant is received. The 1394 packet transmt control |ogic 98
executed re-try transm ssions using the single phase retry X protocol as
10 specified in the | EEE 1394- 1995 Standard when.a busy acknow edge is
returned in response to an ASynch trans@etted packet. In addition, the
1394 packet transmt control |logic 98 sets the speed of packet

transm ssion. 28 PHY-LINK interface logic 104 inplenents the |logic for
interfacing PCl-interface ASIC 20 to the physical | ayer chip. PHY-LINK

interface | ogifs/ 4 I gp k- P nterface
specification af%%sfﬁr‘éﬁ%a ‘%%Z{qg%?&t an m(?%?ﬂ[i&kxf unc{a S I-g?ﬂld:es PCl -
interface ASI ¢ ﬁr§88@§§sfept?ﬁfﬁﬂﬁﬂﬁ(ﬁﬂEq 3pah bgérV|€€§PS“ﬁﬁ3 PHY- LI NK
interface | ogieemo#ludegigafeconfpeaesl wodthd fumctientlansquii@fierites sel ect

]Ehe Qggber of Sﬁﬁ'ﬂ'ed?lah?tﬁérﬁﬂﬁﬁ iwgelryag"sﬁtse;anb%rhhe FPERESmEOde '|s éo set
or ps, ralle stream.is converted (nto_two serial data
st reans, ErJgach éél}ﬁtnlf%ﬁlgqatglgoggbggmﬁ l'tlT'F‘e tsﬁ?é’é"&‘%o&’é"#‘?“sé?q‘%?s 200 nbps,

t he parallel data Bie d394i packaevetramsmitt ccdmmolsdoigdke dat ankdaddns each
running at 50 memmgsyﬂéﬁf&;ﬁ&@slt%ﬁsﬂi% F4¥05 8d, 1angHY receive

speed 'nd'cat'égEéé%éEQn%ﬁ&%ak Ceh8gOMm 09 a 32-bit parallel 1394
asynchronous packet stream. Control logic 98 unloads.

10 quadlets from isochronouschronous transmit FIFO 82 and
correctly formats them into a 32-bit parallel 1394
isochronouschronous packet stream. Using the CRC logic
to compute a CRC code for the header and payload sections
of a packet, control logic 98 inserts the CRC codes into

15 packet stream in the timé slot as required by the format
of the packet being transmitted. The 1394 packet
transmit control logic 98 inputs the parallel packet
streams to the PHY-LINK interface logic for conversion
from a parallel to a serial data stream format for

20 transmigsion to the PHY.




serial data streans fromthe PHY into E: parallel data streamfor input
into the receiving control logic. For any incomng packet, the PHY w |
generate two serial data streans to PCl-interface ASIC 20, if it is
receiving 20 the packet at 100 nbps or four serial data streans, if it 1is
receiving the packet at 200 nbps. The serial, data streans are each

cl ocked at 50 WHZ. PHY-LINK interface 1logic 104 detects and receives
serial status responses fromthe PHY and converts theminto a parallel
format. 25 The status. responses convey PHY interrupt indications and/or
return data in response to a PHY registerpyead access request. PHY-LINK
interface logic 104 detects and receives serial acknow edge packets and
converts them into a parallel format. In addition, PHY-LINK interface 30
| ogic 104 accepts transmitter packet transmt requests or PHY register
read-write access rﬁﬁi ts and formats them into a serial request stream
for transm ssion to iy Packpk ebrapsmpconbyel dosira88 toepemitoy may
optional ly opdhaeiteyalig startepacket cahen SehMAROUY Pricgrakacdi €s 35 bet ween

the PHY and PGipdrdPe daYitiRS cyéle MYELEPY Ol s P r.logic 64 to
acquire the PCJ:ox?éJPojgil and f@r}{ct iean as_a rrasttzeerﬂ?gv_' gg(egm;‘%résglf‘{égn
i ncl udes DVA engirieo 74 SHiIG RS ferdaethe t¥ihdiransmis byscreavesks e s
priority2time HaetPH exdhe PHY Dhkef eill nerktamteofiodi Bheabbitamd i on | ogic
for activatingséh® tidaBlca®asad:8NeRs St ANSV Y | I . In addition,
DVA contr ol a”?réﬁ?ré%st'r eggi Lerg 76 Br ovi de s,elqu-ir/eeeq'jeé:'gs‘:gég\ channel al ong
with the PCl slave GE v%‘ft“h BEnBYBI 9Ty iR FRssived-ndhe $3%fsters from
PCl i nterface-mlﬁ?"zcﬂrwﬂmcéngrné Yagiopd @ neecutidde ret-akg machi ne | ogic
for fetching comismisdinRisang 8Rd §8h§1OUHASe RALHAHS pbbPBo1 as
10 specified in the IEEE 1394-1995 Standard when a busy
acknowledge is returned in response to an ASynch
transmitted packet. In addition, the 1394 packet

transmit control logic 98 sets the speed of packet
transmission.



the PCL. The state nmachine | ogic or packet processor uses these paraneters
to control the transfer of data to and fromthe data buffers. 15 FIGURE 3
il lustrates header conpare logic contained in the 1394 packet receive

| ogic 102, that receives 32- bit packet data stream 106 from PHY-LI NK
interface logic 104. 32-bit packet data stream 106 goes to | EEE 1394
receiver logic 102 and to the header conpare |ogic 20 indicated by

ref erence nuneral 110. Also, PCl slave 66 provides 32-bit read/wite
access to the conparator control registers contained in nunber 110. Line
117 indicates the header conpare match put for DVMA channel 0. Line 119
I ndi cates the header conpare match for .25 channel one. Line 121 shows
t he header conpare match for DWMA channel two. Line 123 shows the header
conpare match for channel three. Each of these outputs go to priority
encoder 128 and logjical OR circuit 129. Priority encoder 128 generates DVA
channel output 130 PRaiLUednterfage ipoieckid cimplsgienteosheThegor | ogi ¢
circuit 129 pr 69fdinter faginmPallointat face CASBT e 0/ ado et phlyshegic Si gnal

as a 0 |nd|calaﬁgrrﬁhisu(ﬂhnvﬂtlkklQHtE?Eé@S fbégﬂ‘ﬂyiﬂfénfggm;Bg?,ve (5) or

goes to 1394 r RY o) I ng e viewe

more 35 indep eﬁgﬁn%gfmﬁPg%‘Higﬁf ER?F Y }?ﬁFffﬁééwﬁﬁﬁﬁﬁﬁ}caTh8“36“ act ua
|nplenenéatlontbge§E%ﬁe1}ﬁﬁ1iﬂﬂ§nﬁtehdstéte Tathi functiomprovikder between
the DVA channelifteyxficéixsrc Pro Wllthyaéueséwéoal% %}%fcallowa?eiront i nuously

th Xt th hannel
wih the hi ghottrieieer ryRRd mfl il ERECERRfe Tgn el o & ddsrapacRaEni ne 1 or

execution. 31 Speed code from the transmitter to select the number of
serial data streams to generate. If the speed code is
set for 100 mbps, the parallel data stream is converted
into two serial data streams, each running at 50 mbps.
If the speed code is set for 200 mbps, the parallel data
stream is converted into four serial data streams each
running at S0 mbps. PHY-LINK interface logic 104 uses a
15 PHY receive speed indication to convert the incoming

- serial data streams from the PHY into & parallel data

10

stream for input into the receiving cortrol logic. For
any incoming packet, the PHY will generate two sefial
data streams to PCI-interface ASIC 20, if it is receiving
the packet at 100 mbps or four serial data streams, if it
is receiving the packet at 200 mbps. The serial data
streams are each clocked at 50 MHZ. PHY-LINK interface
logic 104 detects and receives serial status responses
from the PHY and converts them into a parallel format.
The status responses convey PHY interrupt indications
and/or return data in response to a PHY register read
access request. PHY-LINK interface logic 104 detects and
receives serial acknowledge packets and converts them
into a parallel format. In addition, PHY-LINK interface
logic 104 accepts transmitter packet transmit requests or
PHY register read-write access requests and formats them
into a serial request stream for transmission to the PHY.
Moreover, PHY-LINK interface logic 104 may optionally

operate with an electrical isochronouslation barrier
35 between the PHY and PCI-LYNX devices.
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[ [ [ ts that FI GURE 3
strates in nore detail the general concep _
SLSEFFbgslllﬁ FIGURE 4, receive data 106 includes header data 108Nh%nkng
words WDO and WDL. Words WDO and WDL are provi ded to each OL tpe
channel header conpare bl ocks of logic 110 (e.g., such asf t he c(r)\uE)IVA
channel's 0-3 of FIGURE 3). DMA header conpare regi s_tteifl fgi ggr‘rpari e
' ' ' ' ' I rcui
channel in logic 110 includes instructions in c ",
tents 120 and contro
WD 0 at 108 to match sel ect register con _
Cgﬁgg; logic 122. Likewise, Wb 1 at 109 is conpared using ﬁonpartGents o
instructions as indicated by content of ,gegister 124 and the con ents of
sel ect register 126. The out put of DN%\%eadﬁr ﬁonpa{e ;thftigs[ﬁ 1]g
S - :
[ represented as channel select (0] through channe (
:ZISGUREp4 further indicates that priority encoder 128 recei VeE)IVA channel
t hese. channel sel% utputs.to produce a chalnne.l r16unber at Do, ghanne
sel ected |ine 130 ang‘oéﬁ‘ca Gr USeSREL hmasi it AT 64s Ll @Ugﬁl ea the
acconpanyi ng PektP¥RSd iansd DMacthennes sahested dutipd. 20MA30.a0d 74l

mat ch out put i3@lddexsviMa ldngfind394 wheeR! ¥&é1 Rl & 192 %2515? ﬁegtea?ﬁ(ra
conpar e regi shgkRi A8 G110 .and gilorlt encoder | oaont the
| ogi ¢ required to deferm ng PrISATFRcbIa T pHARkexed t o The epte

' : i ' i igatihgtchdve or
ded ’nto tARIEHF HFC BoOURENS skbikrébion Myt rhiaprel
lng?eeDl\/;AnchanWedlmak easieldhion rabeigﬁéerl)grgérmﬁ_lléqy ntigq, gggg BVR header

hion 188 o
conpar e regi SbeA cdfidd10%ny %Egﬁﬂ%régﬁé%:ag :7Zq' %%vifo%g?sggé}e gach a W 1

channel -regAi gf@f?ﬁ;%?&@%@%@iwgapem BeF uslawy 6 emth2Path Ybhdrspnpar e
val ue registe£0q13pqga$ing these registers from PCI interface ASIC 20.
10 DMA engine 74 implements the state machine logic for
fetching control parameters and data buffer pointers from
the PCL. The state machine logic or packet processor
uses these parameters to control the transfer of data to

and from the data buffers. -

15 FIGURE 3 illustrates header compare logic contained

in the 1394 packet receive logic 102, that receives 32-
bit packet data stream 106 from PHY-LINK interface logic
104. 32-bit packet data stream 106 goes to IEEE 1394
receiver logic 102 and to the header compare logic
20 indicated by reference numeral 110. Also, PCI slave 66
provides 32-bit read/write access to the comparator
control registers contained in number 110. Liné 117
indicates the header compare match output for DMA channel
0. Line 119 indicates the header compare match for DMA
25 channel one. Line 121 shows the header compare match for
DMA channel tﬁo. Line 123 shows the header compare match
for channel three. Each of these outputs go to priority
encoder 128 and logical OR circuit 129. Priority encoder

128 generates DMA channel output 130 that goes to 1394

30 receiver logic 102. The OR logic circuit 129 provides a

comparator match to receiver control logic signal as a 0

indicating no match, or 1 indicating a match at line 132

which goes to 1394 receiver logic 102. '
DMA engine 74 may be viewed as five (5) or more

35 independent DMA channels that all run concurrently. The



conpari sochronousn logic. The two field select mask registers specify the
bit fields in WD 0 and WD 1 of the 1incom ng packet, that will be matched
tc an expected value by the conparator |ogic. The two conpare val ue 15
regi sters specify the expected bit patterns that will be mtched agai nst
the selected bit fields in word O and word 1 of the incom ng packet.
Priority encoder 128 collects the DVA channel match indications from each
DVA header conpare register and logic 110 and generates a bit 20 code that
maps the incom ng packet to a particular DMA channel. The OR logic circuit
129 conbi nes the select indications frogpthe DVA header conpare registers
and logic 110 and generates a single conparator match indication to | EEE
1394 receiver logic 102. The | EEE 25 1394 receiver |ogic uses the DVA
channel nunber, and conparator match indication to determne if the

i ncomng pac ihg t ived into GRF 80. .In the present enbodi nent,
t he DMVA packefﬁgfgieggg?gm%§£§%ﬁé§za%?sagnﬁnﬂabgnaﬁﬁﬁr tatenmerchipge|
runni ng 30 coﬁ@@ﬁwgﬁfp}?xTh% weendiheg Bresbannelsnower |tines one nmin
control state Braokiibg whpehvisbdhibres hegiecBohbnudid iy R:anMaschannel s

(e.g., five Dvhecharpehs) tddme.q {Pr super vi sochr onousr | ogi ¢
cont i nuoysly m_nes. HéggfﬁﬁinﬁéﬁégﬁtS@@LE%XS|?th%ﬁﬁhﬁﬂf AN& assigns 35
W TRAPRE Rk

t he channel cbe highesty psrogdtyi hgving imendi®B actdviibe st at e
machi ne for e¥ecthieomntapeDnicltivennidr eixeicitabhzes after reset to a static
condition where it is waiting for a valid PCL pointer to be witten to the
packet control list start address register, and the 5 channel enable and
link bits to be set in the DVA control register. A valid PCL pointer is
determ ned by the state



of bit zero of the packet control list start address register. A one
indicates an invalid address, and a zero indicates a valid address. The
DVA will then go to the 10 address pointed to by the packet control |ist
start address register, fetch the new address, and, if valid, wll nake
this the current PCL address and begin execution. If this address is
invalid, the link bit is cleared 15 in the DVA control register,.a DVA
halted interrupt is generated for this channel with associated status in
the interrupt status register, and the channel goes inactive. This
mechani sm provi des a sanity check on the33CL nenory structures as well as
provides a relatively easy way to 20 conti nue channel PCL execution in the
event that a next address link is mssed. Wen a valid next PCL address is
detected, the DVA will then set the BUSY bit in the DMVA -control register

and fetch the firstragais of audecatol e £G Aidiath Wfcchggldp then made

to determ ne whet her command IS a cei ve, 9enEET to/from

| ocal bus, or 53????%5JﬂﬁﬁhﬁﬁﬁHREFPoﬁ?%ﬁ¥%P$Qy éhbéH@pRElﬂ8 reepiveli ng on
whi ch DVA chandetahb@6 ainmicles hkadehi ghest1 Qs itning @b&HBGWDbhaﬁdhaS a

match identifigsia wedd Q&Hoa%n%'fhéflé‘ ré\?l(ﬂgi 19 el dof39h o

shows in syet f ther t he oEeratlon iven der

conpar e Ioglc 6 a%%q? CHPRRE B}%E%%t°%hﬁﬁﬂﬁhéﬁ@ (Pog exaﬁﬁheas
receive data thatfowe|chmamealdsr 0330 BDGURDI3 goe DM Headder cepprase | ogic

120. This incl pegssbams NG QenS SURERhakdd1 Oinvgagglgifw QQuﬁg destination
| D conpare Iogiﬁ &§€€i} parti.on AUB t 12258 goes t0 tcode
conpare | ogi ¢ 8 %tﬁ%ﬂ?lfgf try for comparing header WD at
: 108 to match select register contents 120 and control
10 values logic 122. Likewise, WD 1 at 109 is compared
using compare instructions as indicated by content of
register 124 and the contents of select register 126.
The output of DMA header compare registers and logic is
represented as channel select [0] through channel select
15 [N - 1]. FIGURE 4 further indicates that priority
encoder 128 receives these channel select outputs to
produce a channel number at DMA channel selected line 130
and an address match output 132. As FIGURE 3 and the
accompanying text describe DMA channel selected output

20 130 and address match output 132 flow to IEEE 1394
receiver logic 102.



goes to conpare logic 144 for. WO bits 15:6 and 3:0. In addition, conpare
| ogi c 146 receives bits 31:16 as indicated by WD1 portion 148. Conpare

| ogic outputs fromb5 destination ID conpare |ogic 136, tcode conpare |ogic
140, conpare |ogic 144 operating on WO bits 3:0 and WDO bits 15:6, as
wel | as conpare logic 146 output for WOL bits 31:16 go to AND function
150. The output of AND function 150 is a channel select output [x] that
may be 10 channel select [0] through channel select [N - 1] which priority
~encoder 128 receives as described above to produce DVA channel selected
signal 130 and address match signal 1322 FIGUREs 6, 7, -8 and 9 provide
detailed views of the 15 receive data bits that go to DVA channel header
conpare logic 120. In particular, FIGJRE 6 shows that T code 160 i ncludes
[ 7:4] of asynchronous header 162. Sinilarly, tcode bits 164 formbits

[7:4] of isochron r. a e han el, the match
data set 20 168, inc 3{5 natgﬁgﬁggg ﬁégd%$ aﬁﬁxﬁ;ﬂlcl}&% o respondlng to
header WD 0 a?rﬁEEF%Nufﬁﬁﬂqﬁﬁ:1ﬁ§téﬂpaawﬁnts%ﬁe]Hqgkﬁnﬁﬂ§§ﬂ6ﬁélh@ to header
WD 0 at 166. det@&GiRE I dd linsordhgspatket [ 7s 4o ameaiceplietisadd4, as

modified by Idadiabldsy it oinrcaiRar Braekec Rk douk! gpdeterm nes 25
t he mat ch resu%ts fg %gelve header WD t outEut from
this co%parl sHRAPRRbEs it ANSd oFi f“ﬁreoPﬂ%rClb%'Pf‘F]a? "’(Rﬁ“rﬁ'd-rtpéBc R®nousn
results to deseeopenefttize itataritival.ucEdtR DMA kegpde:t | conpareDiAgibeenel .

FIGURE 6 showand PegséE béfrét?lrtgqtlodqtsaaﬁgkﬂﬁeaaé’@%er\?’ioc% < rticular

fields. The prgsent I nvention takes, recelve one at a time, and

tries to show® Bﬁgﬁ}bleAvﬁSRP?ﬁa%%ﬁ1FPﬁé“Pﬁ§ %dﬂBa?ef%&ﬁ4k§%%%§ sel ect words
to recei ve a pegisteral22esallWDd 1 melecti cebhster 126, a WD 0 compare

10 value register 120, a WD 1 compare value register 124 and
comparisochronousn logic. The two field select mask
registers specify the bit fields in WD 0 and WD 1 of the
incoming packet, that will be matched tc an expected
value by the comparator logic. The two compare value

15 registers specify the expected bit patterns that will be
matched against the selected bit fields in word 0 and
word 1 of the incoming packet. Priorityv encoder 128
collects the DMA channel match indications from each DMA
header compare register and logic 110 and generates a bit

20 code that maps the incoming packet to a particular DMA
channel. The OR logic circuit 129 combines the select
indications from the DMA header compare registe}s and
logic 110 and generates a single comparator match
indication to IEEE 1394 receiver logic 102. The IEEE

.25 1394 receiver logic uses the DMA channel number, and
comparator match indication to determine if the incoming
packet is to be received into GRF 80.
.In the present embodiment, the DMA packet processor
may operate as independent DMA channels all running -

30 concurrently. The actual implementation utilizes one
main control state machine which multiplexes between the
multiple DMA channels (e.g., five DMA channels) over
time. Priority supervisochronousr logic continuously
examines the current context of all channels and assigns

3s the channel with the highest priority of pending activity



FI GURE 6 shows the conparisochronousn against the tcode 35 160 field. One
of the tcodes 160 or 164 provides an 35 operational code that identifies
the data type on receive data bus 16 and 1394 serial data [need a

nunber ??] as isochronouschronous or asynchronous data. In the exanple of
FIGURE 6, tcodes are in the same field. This 5 conparisochronousn operates
on both asynchronous headers and isochronouschronous headers in the sane
way. There may be different ways to decode i sochronouschronous and
asynchronous headers. They nay be as shown or nmay be merged together.
Actual encoding may range, but behavior 38 is simlar in that we end up
with a conpare or not conpare. FIGURE 7 highlights [3:0] bits 178 and
[15:8] bits 180 of asynchronous header 162, as well as [3:0] synch bits
182 and [15:8] channel bits 184 of 15 |sochronouschronous header 166. The

3:0] bits of aqgy hits 178 nch bits 182 are
E:orrp!ar ed vmthé[}g St\AQe 5‘88*‘@%\5“8‘(61 8 mo Pﬁé l¥ ]3 0] bits 188
of conpare sel*@tt J‘Geét aﬁFeHEeseW%cﬂ/@ﬂa"—P%C‘PdeH-@ndfhmde:r iwD 0 at
170, either 20vaisyimghiforoasvadadercl Goidtdy o bet 4riBfen Ofo the

i sochronouschr @%%Q§511§§st[;§?€%)45&5%5%8@Fg§%ggr gggrq%%to t he

5:7] bi 1 Its of
E:(l)npa]re telsect qmrﬁﬁat%pn%%’;e a‘?ﬁelbﬁlfp?&tsr rtmben ssé ﬁﬁté ésDbé’thmrﬁxm} per
FI GURE 7 25 coresispiams RovalédVBCh poimtdi3:i}] detdriihed] bpfrormane | ogic
144 of circui tod Wit RIdPIRE£8 cRBOPRReE U IS QI AR E%QSP@&%%Q -

corresponding o i des I nation_| D conpare, IC clrcu
channel compar &b %F 11 °R§yﬁ8ﬂ?8%5%% an invalid address, and a zero
indicates a va11d address. The DMA will then go to the

10 address pointed to by the packet control list start
address register, fetch the new address, and, if valld
will make this the current PCL address and begin
execution.

If this address is invalid, the link bit is cleared

15 in the DMA control register, a DMA halted interrupt is
generated for this channel with associated status in the
interrupt status register, and the channel goes inactive.
This mechanism provides a sanity check on the PCL memory
structures as well as provides a relatively easy way to

20 continue channel PCL execution in the event that a next
address link is missed. When a valid next PCL address is
detected, the DMA will then set the BUSY bit in the DMA
control register and fetch the first control words at the
PCL offset. A check is then made to determine whether

25 the command is a receive, transmit, PCI to/from

local bus, or auxiliary command. From priority encoder

128, depending on which DMA channel has a match, the

highest priority channel that has a match identifies a

particular DMA channel to be selected.

FIGURE 5 shows in yet further detail the operation
of a given DMA channel header compare logic 120 according
to the present embodiment. For example, receive data
that includes words WDO and WDl goes to header compare
logic 120. This includes having code segment 134 of word
35 WDO go to destination ID compare logic 136. WDO portion

30

AUB01:72256.2



30 header 162 includes destination ID bits [31:15] designated by reference
nunmeral 200. These sane bit positions,. [31:16] bits of header WD O at 166
contain data length bits [31:16] designated by reference nuneral 202 for

I sochronouschronous data packets. Likew se, bits 35 [31:16] of a
particular link | ayer control register 92, 36 here designated by reference
nunmeral 204 contai n. node nunber and bus nunber data. FIGURE 8 depicts the
conpari sochronousn of asynchronous receive header WD 0 at 162 or

i sochronouschronous receive header WO 0 at 166 5 with match data set 170
bits 206 for [31:16] bits as nodified byjgata set 172 bits 208. Match data
set 210 includes bits [15:11] as destination ID set bits 212. Based on

t he conpari sochronousns that FI GURE 8 produces, a DVA channel nunber is
derived in logic block 146 that 10 goes to AND function 150 of DMA channel
conpare | ogic 125%0. oThe high cgrder bits _[31: 161l of asynchronous header WD
0 can have speciral 2ReanFRgE IR FI0sre 1RE1Ga} 4P hat WPhePOTtERR 1384 St andar d
treats destina®P68 teefempare slodior 143 €oan@be, bl EEF14304N@0d .NJ 1y

desi gnat es br oadadstiohy peompardTBsAGeS 4160 rdbbi GEE NG PEAEr 5 JOr the

recei ve header ;ng5R8EE4! E%aw?f)crrpooarr&-ov\orq 0 agd a bit select word O that

allows ong to selegt a,.spécifi SN d4ReadSPTRAF Y. 199 C RhiRYten £remch bi t

in conpart sel S68tABrEieN IB: qonparEy 12gice36t stadeviohsatey lbgiasti cul ar

destinati on | D14@onpampane hlonid S £ Gpaira@i ngFbEURE0 % SHOVS. @%ﬁ-{}f gnous
20. These Dbit

header 162 t hatyiirrchddes IR bjts [31.16] a ocati ons
bicachude ag%fﬁe%deér&yggea}ggﬁigr 54 fOVRYGiF Mlgata. In

222 in an isog)hrtoncliisi ronous )
WD 1 conpare | 681 € ta8;°CAR thaMR(fupmtion 150. The output of AND
function 150 is a channel select output {x] that may be

10 channel select (0} through channel select [N - 1} which
priority encoder 128 receives as described above to
produce DMA channel selected signal 130 and address match
signal 132.

FIGUREs 6, 7, 8 and 9 provide detailed views of the

15

receive data bits that go to DMA channel header compare
logic 120. 1In particular, FIGURE 6 shows that T code 160
includes ([7:4] of asynchronous header 162. Similarly,
tcode bits 164 form bits [7:4] of isochronouschronous
header 166. In a given DMA channel, the match data set
20 168 includes match data header for WD0O at 170
corresponding to header WD 0 at 162 and select match data
set 172 corresponding to header WD 0 at 166. As FIGURE 6
illustrates, the (7:4] compare bits 174, as modified by
[7:4] bits 176 of compare select WD 0 at 172, determines
the match results for receive header WD 0, bits [7:4].
The output from this comparisochronousn is ANDed with
other partial comparisochronousn results to determine the
match value 117 for a particular DMA channel.
FIGURE 6 shows a possible target data value layout
30 for particular fields. .The present invention takes
receive data, one field at a time, and tries to show
possible ways of setting the compare words and select
words to receive a particular result. In particular,
FIGURE 6 shows the comparisochronousn against the tcode
35 160 field. Ope of the tcodes 160 or 164 provides.an



conpares bits 16 through 31 of match data set 170 as nodified by conpare
select word 1 bits [31:16] at 226 to header WD 1 bits [31:16] at 220 or
222. FI GURE 10 shows register wite circuitry 250 for 30 witing an
arbitrary nunber of data register bits with a single register wite
operation. Crcuitry 250 shows one of an arbitrary nunber of simlar
circuits. Each circuit controlling a particular bit out of the arbitrary
nunber of data bits. In register wite circuitry 250, general 35 purpose
/O (GPIO wite data input 252 goes to data flip 37 flop 254. Data flip
flop 254 al so receives clock signal 2563and wite enable input 258 from
AND function 260. AND function 260 receives GPl O address okay signal 262,
wite standard signal 264 and GPI O address bit input 266. 5 AND function
260 provides the AND output 258 to wite enable bit 268 of data flip flop

250. Only fli Fbﬂe'r%l@?.ong§oc%éhtﬁ’aé 1&1&'1%'1%5}3@“5' ﬁHLQrtﬁﬁé'&P%ggﬁgtégfs bi't

ﬁf?temL:LCLHt}a% g"ﬁwhh1?§am}$§fpeCtl]ydPﬁa f&eﬁhtg ?VﬂﬁeFﬁﬁﬁ %hange in a
regi ster, whilisqahgoaousghroheus prevdsyrschrainoasofiathe r Bmeti sl erxanipliei t s.
data bits w i houl Satne Lo oea o onl e SaVELELD TRl ol ster bt
ngt areI ated to mpﬁaﬁsogglrgpogﬁ?l%érﬁ‘gemw&‘r Egi@cgﬁo‘é itsa
regi ster to whand iseshrgnouschnandes dieadsss; ih theds@RpOpaymy Trenwritten to
based on the aggyr ass Jllf@e(i‘en{hﬁa% €o | dedddd s RIGLASAscRHTRSEs idH}t 266
represent the %éyH gah ¥Dul base this wite on to determne if .
there is a wi &ﬁsﬂf BPEEBr nbRSY FY B9 B8 §PPYBeC56®% KRR that this
is awite cuﬂﬁ%§¢4ntogﬁﬁ@eeplOhﬁadabs%nQDGxnﬁzmay &apgsi cbut behavior
10 is similar in that we end up with a compare or not
compare.
FIGURE 7 highlights [3:0] bits 178 and [15:8] bits
180 of asynchronous header 162, as well as [3:0] synch
bits 182 and [15:8] channel bits 184 of
15 isochronouschronous header 1667 The ({3:0] bits of header
WD 0, either primary bits 178 or synch bits 182 are
compared with [3:0] bits 186 of WD 0 at 170 as modified
by [3:0] bits 188 of compare select WD 0 at at 172.
Moreover, ([15:7] bits of header WD 0 at 170, either
20 asynchronous header 162, {15:7] bits 180, or
isochrqnouschronous header 166, [15:7] bits 184, are
compared to the [15:7] bits 190 of compare WD 0 at 170 as
modified by {15:7]) bits of compare select WD 0 at 172.
The output from these matches occurring per FIGURE 7
25 corresponds to the WD 0 bits [3:0] and [15: 7] of compare
logic 144 of circuit 110.
FIGURE 8 shows a further comparisochronousn
corresponding to the destination ID compare logic circuit
_ 136 of DMA channel compare logic 110. Asynchronous
30 header 162 includes destination ID bits [31:15]
designated by reference numeral 200. These same bit
positions, [31:16] bits of header WD 0 at 166 contain
data length bits [31:16] designated by reference numeral
" 202 for isochronouschronous data packets. Likewise, bits
35 (31:16] of a particular link layer control register 92,



address decode for the entire register. The wite enable 258 to flip-flop
250 is the AND function output. Wien the wite enable is active, input
wite data 252 is 25 witten to flip-flop 254 and appears on flipflop
output 270. FIGURE 11 shows address field 272 that includes GPIO register
address bits 274 and individual bit select field 276 addresses bits AO,
Al, A2, and A3 according to the 30 bit value, 0 or 1, of the associated
bits in address field 272. The latter two bits 278 of address field 272
general ly assunme a zero value. In address 272, the two- |east significant
bits assune a zero value. this is due taéthe bus architecture. The next
four bits specified as 35 A0, Al, A2, and A3 permt addressing four bits 38
individually or in different conbinations. The higher order or nost
significant bits are the particular addresses specified or allocated for
this particul ferd WesliigpatedNgl € re | hxed set.of bjt 5
patterns addr etﬁﬁnt;ter%e ag‘:kig\?‘%neg:’lﬁ% g%%?%%t{s&\?a%ﬁgi g gg?eg?nt?ﬁé I'boae[ I cul ar
addresses. The Tesul £ s PRSWABTRShHakp of FISHEE8sdsPisho 0BDO0 to 1111
(i.e., 16 diffEmRAATryseshironeusponbi asitnadnnousatecetivd headeltinvas 2@t The
DhIVA pr: O\rMi1 t yhsmaaairoriSiOS:h&ﬁﬁﬁﬁgéhP&@ovjéNr%é&ig‘é} h}jéﬁh&@gwbh@ SO &1 %{\/At he
channe i ch Jhas, u n e r a nopvenent. e i's
achitected as a ,ng%ﬁ:ég)gt%gan%gﬁi %%&?%ﬂif_%sorﬁ gfrv\ﬁ%&hlékeléhﬁ%sa%t ates of a
sel ect ed chanf®9ifpgd &y datadsehahii| bitss 298nunMatchoflass osed 2xndi ti ons
at any one poiivcludes MtsThese1ld &8 aeast eRrdbhi 9BSsatepfal o its _
o o o & ot Ao b L SHrdrioddlS RHRE RiotRE'S Sroduces, =o' O

a DMA channel number is derived in logic block 146 that:

10 goes to AND function 150 of DMA channel compare logic
110. '

The high order bits (31:16]) of asynchronous header
WD 0 can have special meaning because of the way that the
IEEE 1394 Standard treats destination identifiers. For
example, IEEE 1394 encoding designates broadcast type of
messages to different headers. For the receive headef,
there is a compare-word 0 and a bit select word 0 that
allows one to select a specific receive header word. In
addition, each bit in compare select word 1 [15:11] 212
20 selects individually a particular destination ID

comparisochronousn equation.

15

FIGURE 9 shows asynchronous header 162 that includes
sourceID bits [31:16] at 220. These bit locations 222 in
an isochronouschronous header 166 are part of variable

25 data. 1In WD 1 compare logic 146, DMA channel 120
: compares bits 16 through 31 of match data set 170 as
modified by compare select word 1 bits (31:16] at 226 to
header WD 1 bits [31:16] at 220 or 222,

FIGURE 10 shows register write circuitry 250 for
writing an arbitrary number of data register bits with a
single register write operation. Circuitry 250 shows one

30

of an arbitrary number of similar circuits. Each circuit

controlling a particular bit out of the arbitrary number

of data bits. 1In register write circuitry 250, general
3s purpose I/0 (GPIO) write data input 252 goes to data f£lip



The state machi ne has several potential spin states where the execution of
a channel nust wait until certain 20 conditions are such that the
execution can continue. One obvious case is when a channel is idle and
waiting for a valid PCL address to be | oaded, the channel enable bit to

be set, and the link bit to be set. Another case is when a receive channel
Is waiting for data in the receive 25 FIFO If a Channel is waiting for
recei ve data and another channel is ready to transfer data into the
transmt FIFO then we need to service the transmt. These-kind of
scenari os can happen in a nunber of cases7 Each one of these spin states
present "w ndows of 30 opportunity” where another channel's execution can
proceed. The priority selector |ooks all of these possible spin states and
sel ects which state and channel has the highest priority at that tinme. 35
39 FIGURE 12 siwpyv s exawnl 195 P, cosqraud pr. 1,A0 WL LRT D envi ronnment
300. In FIGURE,J2, PCI rztg steLQI\X/rLte o s reeives ﬁu\%ﬁg PGt 304,

Ml ti pl exer 30%° IS YWaks $RIPHRNIPRYF st VW?E&“H%F&“SGGP“T €0 appropri ate
5 data source MDD sinatigmn 268, rdepéves GPIM ddvbreszeokibiyosighal beeéper f or ned.

The output. fr onrini télraxeia 394nd0escd CandMbiGUicthest 10 WHbGE 2441 the
i | lustratsed ex . t he si.x_channels, chann rough channe
5. Wth each gﬁ@nﬁgﬁg%%%?ePagvmsfugﬁ%e%i%%%ﬁ@s§°o}”r1®eterrporary
field 312, curPRRRLIPRIGLIHSof frbhdfBin, fiep 250buf Omyaddips€18d6, status
320, conmand 3220 with entl ist @heid2farefeulHAdysdidred328arblVh ﬁei%@r
write arbitrafipp ﬁ@'v?g{tt%igr %ljl.ltﬁl 3 §_ al so cE)t_[.ovi des inpyt taq - _registers
310 that are responsive to Pcl slave®sTghgfctive GPIO write date 252.
Register write circuitry 250 permits writing only to

10 bits that must change in a register, while preserving the
previous value of the remainder of bits. Register write
circuitry 250 also permits software to modify critical
data bits without having to recall, specify,'or operate
on register bits not related to a particular action.

15

When there is an address of a register to which the
write enable bit 258, 1 to 4 GPIOs may be written to
based on the address field. The A.'s in [GPIO] address
number input 266 represent the address bit that would
base this write on to determine if there is a write to
20 this bit or not. The write strobe 264 says that this is
a write operation. The GPIO Address OK 262 is a basic
address decode for the entire register. The write enable
258 to flip-flop 250 is the AND function output. When
the write enable is active, input write data 252 is
written to flip-flop 254 and appears on flipflop output
270. '

FIGURE 11 shows address field 272 that includes GPIO
register address bits 274 and individual bit select field
276 addresses bits Ag, Ay, Ay, and Ay according to the
bit value, 0 or 1, of the associated bits in address
field 272. The latter two bits 278 of address field 272
generally assume a zero value. In address 272, the two
least significant bits assume a zero value. this is due
to the bus architecture. The next four bits specified as
Ag, A3, Ay, and A3 permit addressing four bits

30
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15 330, PCl nmaster signal 332, DVA PCI master cycle input 334 and sl ave
done input 336. DVA channel arbitrator 340 receives |ock channel input 342
and provides input to nultiplexer 346. Sl ave register read address input
348 controls the operation of multiplexer 344. DVA register 20 read data
out put 350 returns DVA register data to the PCl interface. Miltiplexer 346
provi des output to DVA state mnachine next state |ogic 352. DVA state
machi ne next state values 354 are witten back to the state register and
ot her output registers via nultiplexer 304. Qutput 25 from DVA comrand
processi ng environment 300 includes FIFO38read, wite, and sel ect signals
356 and nunerous signals. DMA channel arbitrator 340 controls which
channel will.be in execution. This arbitration is based on signals from
the FIFO 358 such as "FIFO active channel 30 requires data"” and "FI FO

active channeljp ﬁ&dﬂ%'l' éza%rwehcalﬂa%é J&Watthhrsans'fI‘ﬁé ﬁfgr?exand what
channel s are end";ler (¢

activ | sters control and
status regi st%r et:fSPs5oﬁfPBFFfﬁ 5 RSk p?ﬁ 1§gg?ﬁs of 35 each
DMA channel . Dmﬁdﬁ%ﬁﬂQﬁ(ﬁ@?csféeéuppoallQQﬁ#ﬁd]@Qrdmhlehanneicmlam NuUMer ous
functions. Forfexsnpe, [ThRte@dte, PERELE THN rAlxdd Sletsbarbiaddress/ Tenp

| procedses BRI ADYSLAL bidha SIS vl k. SUAIP [T RS

it processes a queue of asynchronous is al so
used during aukp ?l%ﬁ‘j}:%*ﬁ?d:nesid§§ssasten’ﬁe? HEWHSH disng P’é@ﬂ-@té?rﬂowﬁ oad
and store dataaddfbmﬂ&ﬁ ExuﬁrUMOOItetlslartladdUEB$«1ﬁﬁﬁesbﬁt pddsible

initialized byg o} e start of the first
(dummy) PCL in a CL aln %%ﬁkw%BﬁlE'bg qﬁféééﬁékhe Next Address | oaded

inthis PCL to IanT?% Qﬁ&aprlorlty selector is responsible for
10 activating the context of the channel which has the most

urgent need for PCI data movement. The DMA is achitected
as a main state machine (dma_fsm.v) which executes states
of a selected channel. The selected channel has a number
of stored conditions at any one point in time. These

15 stored conditions are called its context. Part of a
channel's context is the current state of its execution
by the main state machine.

The state machine has several potential spin states

where the execution of a channel must wait until certain

20 conditions are such that the execution can continue. One
obvious case is when a channel is idle and waiting for a
valid PCL address to be loaded, the channel enable bit to
be set, and the link bit to be set. Another case is when
a receive channel is waiting for data in the receive

25 FIFO. If a channel is waiting for receive data and
another channel is ready to transfer data into the
transmit FIFO then we need to service the transmit.
These kind of scenarios can happen in a number of cases.

Each one of these spin states present "windows of

30 opportunity®" where another channel's execution can

proceed. The priority selector looks all of these

possible spin states and selects which state and channel
has the highest priority at that time.

35



first actual PCL. Packet control list start address register 314 is
updated by the active DVA channel as PCLs are processed. DVA buffer start
address register 316 is |oaded with the data buffer pointers fetched from
the PCL 15 as the active DVA channel processes the PCL. DVA status

regi ster 320 stores an ongoi ng count of the nunber of bits transferred
during this PCL and contains the conpletion status of the transfer. After
‘processing of the PCL is conpleted, the active DVA channel wites the 20
status information of this register back into PCL at offset OxC. DVA
control register 322 contains control biB9 to allow application software
to enable or disable the operation of the DVA channel and re-fetch the
next 25 address of a t'CL for |linkage. DVA control register 322 stores the
data buffer transfer control, transfer bit count, and commuands that are

fetched fromthe P@{Gu'ﬂke 12l gﬁg&s #:eré{aln@%t M b fc%%ef oreéele% er 326

can cause the DVA channel to walt condi t1on
continues execfAYy SV TRIFeNRRO0) oy FE 13T0RED 6?glmﬂr%nand
Thi s ready corditad ¢iP3 goss| sot mdlbipldreer Gddt.r oMu\lmm(Le)cenfMaheam The

| east significagdedids PMa QNBlEEQQYWffﬁﬁsﬁéﬂé 396 . Ca&hgaﬂé BrépeiddA channel
to condltlonaé branch to.durin 6%? ‘ﬁcﬁé on_ of .BRANCH 35 command. Thi s

condi ti on SEF R TP ASP iffe SE ing; oppthpcpperalitht DvA
state regi st ert@dze paxfiazsnedhe Theat euvewt dirdm mullid pDkkechadbegoesdHics

register is upowAefedibtidd B1e ARLEME inh r@lé’flltl%t%edcgﬁaﬂ leand
mai nt ai ns the gl%gi é‘?\-fr?e vs%g(t %F‘ geggr at e,é vﬁg)n &?F nn i)es | nactive.
DMVA regi sters al 5o My TncraiReaS ReTARE Pk ough' cha
With each channel DMA fields include previous address or
10 temporary field 312, current PCI address field 314, data
buffer address 316, status 320, command 322, current
state 324, and ready bits 326. DMA register write
arbitration select circuit 328 also provides input to DMA
registers 310 that are responsive to PCI slave signal
15 330, PCI master signal 332, DMA PCI master cycle input
334 and slave done input 336. DMA channel arbitratof 340
receives lock channel input 342 and provides input to
multiplexer 346. Slave register read address input 348
controls the operation of multiplexer 344. DMA register
20 read data output 350 returns DMA register data to the PCI
interface. Multiplexer 346 provides output to DMA state
machine next state logic 352. DMA state machine next
state values 354 are written back to the state register
and other output registers via multiplexer 304. Output
25 from DMA command processing environment 300 includes FIFO
read, write, and select signals 356 and numerous signals.
DMA channel arbitrator 340 controls which channel
will be in execution. This arbitration is based on
signals from the FIFO 358 such as *FIFO active channel
30 requires data* and *FIFO active channel, " as well as
which FIFO is ready to transfer data and what channels
are enabled and active.
DMA Registers 310 implement a control and status
register set for controlling and monitoring the status of
35 each DMA channel. DMA registers 310 support each DMA



Count Regi ster (not shown) that contains the current received packet

count. DVA engine 74 loads this register wth the receive packet count
passed in GRF 80 token 10 words. This count is then decrenented as the data
is transferred to PCl bus 24. Also, a DVA global register (not shown) may
be included that contains state flags for use by the state nmachine to
track the execution of an. asynchronous transmt packet. The DVMA gl obal

regi ster 15 may store the | ower bound bits used in conjunction with the
cache line size register to determne the burst size requested of the PC
master. FI GURE 21 shows how a DVA channel 4pnitializes after reset to a
static condition at section 135. Each DVA 20 channel 310 waits for a valid
PCL pointer to be witten to a packet control list start address register
314, and the channel enable and link bits are set in the DVA control

regi ster. A valj Lnter is determned by the state of bit 0 of the
cu?rent packetc@%ﬁ?%%lQ?#théﬂf??ﬂigéaﬂﬁﬂﬁgg§'re59§t§¥?m9%%%uqﬁswﬁbu§

i ndi cates an PRFEPFdCaREFeLslist \aflart @ddgesrdlempesegi stadr d1address.  The

DVA wi || then gdogédebeaaﬂdg%&zpcdﬁﬂtedst Qp@)ﬁtbhebyc%é% Féqgiq%dgglssd
regi ster start e LSter, the next PCL address and if va

wi Il makegthis theE3g§8E§€%%%_é&&gaedroeésqgagggkﬁe%ﬁ”é%eﬁiﬁqwoqwst hi s
address 1s i nVAPRE™Ffe | Fhiidialse ugeshdeaing ahsi DMiry crdnneindsr @gi St er

a DMA hal ted it &empprarg heldims acbdidt diter qaaanshdgé&é%%%i at ed

status in the iplcRekU ug: o egi ster and the chann oes | nactive.
Thi s nechani sm35&§r§9§|&g§£z}? Elasntlgjtsgiac_ te(?l?%&ﬁsfhgeﬁbﬁtﬁ’é 4 i ructures, as
| &t

42 well as prowt z R eadhpn Bpftyarentonpeinb tadenaitaPEL
execution in tied &henfiasteidumady ey liimle iPBL chain. DMA engine 74

10 uses the Next Address loaded in this PCL to link to the
first actual PCL. Packet control list start address
register 314 is updated by the active DMA channel as PCLs
are processed. DMA buffer start address register 316 is
loaded with the data buffer pointers fetched from the PCL

15 as the active DMA channel processes the PCL. DMA status
register 320 stores an ongoing count of the number of
bits transferred during this PCL and contains the
completion status of the transfer. After processing of

. the PCL is completed, the active DMA channel writes the

status information of this register back into PCL at
offset 0xC. '

DMA control register 322 contains control bits to
allow application software to enable or disable the
operation of the DMA channel and re-fetch the next
25 address of a PCL for linkage. DMA control register 322
stores the data buffer transfer control, transfer bit
count, and commands that are fetched from the PCL. The
least significant bit of DMA ready register 326 can cause
the DMa channel to wait for a ready condition before it
continues execution of a XMT, RCV, LOAD, STORE, STOREO or
STORE1 command. This ready condition is selected by the
control word(s) of the PCL. The least significant bit of
DMA ready register 326 can cause the DMA channel to

30

conditional branch to during execution of a BRANCH
35 command. This condition is selected by the control



m ssed (i.e., invalid). Wien DVA engine 74 detects a valid next PCL
address, DMA engine 74 sets BSY bit in DMA 5 control and status registers
76 and gets the words at the appropriate PCL. A check is then nmade to
determ ne whether the conmand is a receive, transmt, PCl to/from |oca
bus, or auxiliary command. FI GURE 21 continues to illustrate how, at
section 10 137, DMA engine 74 perforns Receive Operation for

i sochronouschronous and asynchronous data in GRF 80. DVA engine 74
proceeds by checking to see if a wait confition exi sts. Once the wait
condition no |onger exists, the processﬁ enters a data novenent phase.
Here, DVA engine 15 74 enters a | oop where-the current transfer count is
checked to see if it has gone to zero. If so, a check is nade to see if
this is the last data buffer of the PCL buffer list. If it is the |ast
buffer and a WREKde) péukbar§Chas GwarepseRMAndEebe etedistere 3Rdnk | ayer
control 20 | ogitore8 uhétﬁﬂ@t@.éé&ﬂﬂﬁﬂdeDQhEObmhoﬁﬁﬁhﬂEI(1iﬂhlﬁRF 80, then

an error has %qcsggg Qgc g&é@r&ﬂqﬁ(%%ggghb% {,Pme bee tt_fhaen%%rred t han

t he buffer can_hol I S case 'S Set
control and stX@nge r@B@s?@%%tq%P%uﬁqu%Qsén@Fﬁée7&e$¢QErgﬁpﬁq%§eﬁenaln|ng
data 25 up towhea paekehaboehdawes irfadtisrecurrent transfer count has

decremented to zermaeegaeeé@slﬁ@a {081 Wb o tiEDk dadhect hen DA

engi ne 74 acq t he .new buf ss and transfer co pr oceeds
with the tran FhHET e (RRYi FRPYER: FMatofPRRA1IBD e tFRrTmOt i nterface
| ogi c 70, DMAn§q$MM9d7@aw&etSC¢mmt(?&DMK)dnglheve4 $ohds ctleid majiatleef ore

requesting theyifegl tl?iés r&eal ¢k ﬁgcké’@récﬂfrm %a%g%ﬁsgﬁrGR;héé td fer

t hr eshol S reac enever ope of conditions 1I's engi ne 74
g 41 fMls count Ps then decremented as the data is g

transferred to PCI bus 24. Also, a DMA global register
(not shown) may be included that contains state flags for
use by the state machine to track the execution of an
asynchronous transmit packet. The DMA global register

15 may store the lower bound bits used in conjunction with
the cache line size register to determine the burst size
requested of the PCI master.

FIGURE 21 shows how a DMA channel initializes after

reset to a static condition at section 135. Each DMA

20 channel 310 waits for a valid PCL pointer to be written
to a packet control list start address register 314, and
the channel enable and link bits are set in the DMA
control register. A valid PCL pointer is determined by
the state of bit 0 of the current packet control list

25 (PCL) address register. A value of 1 indicates an
invalid address, a value of 0 indicates a valid address.
The DMA will then go to the address pointed to by the
current PCL address register start address register, get
the next PCL address and if valid will make this the

30 current PCL address and begin execution. If this address
is invalid, the link bit is cleared in the DMA control
register, a DMA halted interrupt is generated for this
channel with associated status in the interrupt status
register and the channel goes inactive. This mechanism

35 provides a sanity check on the PCL memory structures, as




35 will request a transfer of the PCl master whenever the 43 nunber of
bits in the receive FIFO reaches a "high water mark". This high water mark
is equal to the greater of the cache line size register or the | ower bound
field of the DVA global register. 5 The DVA gets information of a packet's
data size fromthe link when the packet is first being witten into GRF
80 by the link layer control logic 90. It uses this transfer count to
determne if the data in GRF 80 is the remamining data in the packet and,

if so and the size is 10 less .than the high water mark, it will request a
transfer of PCl Master |ogic 64 where t transfer count is equal to this
remainder. While DVA engine 74 is transferring data, the data buffer start
address register and the data buffer transfer length bits in the DVA
control and status 15 registers 76 are updated to reflect the current state
of the transfeell &% meEstiides 339enétf%é1#%éd§yiwaw ¢at eonthes tdnk | ayer

ggm ;8: !tggle(r:l %%%%Ler&eggglgﬂgﬁgb% % end a dégéefa f%ﬁ‘gle%ed in
this control {lsﬁ “at %Vsﬁfé)tha&'h?fhd?b@at@q% EénﬁPEPF%ﬁ atate of
the packet onV@hl-:dmﬁsst DA eddirres 74DMAs esndihvies 7andietls pavkbit Dmribeex to

termnatg the toptsderay dalcasl v 3%1‘@076 %l’t(dr::q t@u%h%élwoulftgé

packet marker jndicates a EE 25 ow edge sighal 1S present

DVA engi ne 74 “PRERLATR e PCE §°1F|’r%t heh made; ke deseamdner ansf er
count and starvbeth%rﬁdvkexmwwmdamsferre¢¢1wnwﬁtrdﬂsmmthePelmae/ﬁﬁoﬁusy

acknowl edge st abusl | Bk CabehuiQTuEPCcofbh®] Packet marker then DVA

control and status 30601 Yohe (3,85 h PR Wi, 25U egge St atus

10 137, DMA engine 74 performs Receive Operation for
isochronouschronous and asynchronous data in GRF 80. DMA
engine 74 proceeds by checking to see if a wait condition
exists. Once the wait condition no longer exists, the
processor enters a data movement phase. Here, DMA engine

15 74 enters a loop where the current transfer count is
checked to see if it has gone to zero. If so, a check is
made to see if this is the last data buffer of the PCL
buffer list. If it is the last buffer and a packet
boundary has not been indicated by the link layer control

20 logic 90 writing a special control token word in GRF 80,
then an error has occurred because more packet data is to
be transferred than the buffer can hold. In thie case,
the PKT ERR bit is set in the DMA control and status
registers 76 and DMA engine 74 flushes the remaining data

25 up to the packet boundary. If the current transfer count
has decremented to zero, and there is another buffer in
the PCL list, then DMA engine 74 acquires the new buffer

address and transfer count and proceeds with the
transfer.

30 While moving data from GRF 80 to the PCI interface

logic 70, DMA engine 74 waits for GRF 80 to have
sufficient data before requesting the PCI bus master to
perform a transfer. This transfer threshold is reached -
whenever one of two conditions is met. DMA engine 74
35. will request a transfer of the PCI master whenever the




passed fromlink layer control logic 90 in the end of packet marker, a
packet conplete bit is set. The packet conpletion status is then witten
to memory in the PCL status word and an interrupt is signaled and |atched
in 35 the corresponding bit in the Interrupt Status register. 44 |f the
comand was a receive-and-update command, then the remaining transfer
count and next buffer address are witten to appropriate PCL of fsets.

FI GURE 13 shows table 360 to indicate the operation 5 of DVA channel
arbitration circuit 340. Table 360 shows that, if a channel is currently
active on the |EEE Standard 1394 bus, the channel has the hi ghest
priority to be scheduled for execution in the DVA channel. O herw se,
channel priority is in order of channel 10 number, with 9 pelng t he hi ghest
priority. A "don't <care value is assigned as the value "X at 362. This

Fannel s [Reaibr i o g uBtely boro Bl ML
channel is t es ri
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articular sli e of | sters to appear & cArA€ current
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remaining data in the packet and, if so and the size is

- 10 less than the high water mark, it will request a transfer
of PCI Master logic 64 where the transfer count is equal
to this remainder. While DMA engine 74 is transferring
data, the data buffer start address register and the data
buffer transfer length bits in the DMA control and status

15 registers 76 are updated to reflect the current state of

the transfer.

As section 139 of FIGURE 21 indicates, when link
layer control logic 90 encounters the end of a packet, it
writes a special control token word into GRF 80 to mark

20 the end of a packet. Embedded in this control word are
status bits that indicate the completion state of the
packet on the bus. DMA engine 74 uses this end of packet
marker to terminate the transfer of data from GRF 80 to
PCI bus 24. ' If the end of packet marker indicates a IEEE
1394 busy'acknowledge signal is present, DMA engine 74
re-acquires the PCL's first buffer addreés and transfer
count and starts the packet's transfer all over. If
there was no busy acknowledge status indicated from the
end of packet marker then DMA control and status
30 registers 76 are loaded with the acknowledge status

passed from link layer control logic 90 in the end of
packet marker, a packet complete bit is set. The packet
completion status is then written to memory in the PCL
status word and an interrupt is signaled and latched in
35 the corresponding bit in the Interrupt Status register.



auto boot PCl-interface ASIC 20. As a result, PCl- interface ASIC 20 may
operate as a host device for PCl device #1, at reference nuneral 30, PC
device #2, at 30 reference nunmeral 31, through PCl bus 24. Comrands for

aut ononmous operation of PCl-interface ASIC 20 may use RPL ROM 36 and SRAM
38. In addition, through interface bus 16, PCl-interface ASIC 20 may
communi cate with PHY interface 18. 45 Wen the autoboot pin 370 is active
(i.e., tied high), the autoboot node of the present invention is selected.
The aut oboot node enables a nunber of features which allow PCl-interface
ASIC 20 to function 5 autononpusly. Autondfous operation includes the
feature of, after power reset, fetching the address of the first packet
control list using DMA channel 0. After power reset, also, the autoboot
node makes possible enabling the DVA master access to external RPL ROM

Moreover, 10 afxtfeEheozesﬁmé&&e.&as tah‘-”re%‘étlQQQQBd a@@a&ﬁ@d&eci@at ¢he Of
DVA mast er access to.internal _1ink gglster d as naster on the

PCl bus 24, PCEETPAPEPYLEANRESE 57 ands fgxpPu gffﬁ’fl = 10 o) s i

i nput / out put, aﬁdtﬁﬁﬁnty apRxpRrihta iRCEh offsrahds on PCl 15 bus 24 by
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ist. Inthe a t eratd on, .the.externa e3sshace is
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0 val ue. Int er tdiaty, ifhasehempebiis curramdy agtivesenedhe (FREEPCI command.
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0therw1se, channel priority is in order of channel

10 number, with 0 being the highest priority. A "don't
care® value is assigned as the value "X*" at 362. This
means that no matter what other values may be, the
currently active channel is the highest priority. That
is the channels that get scheduled at the earliest

15 possible convenience.

The operation of DMA command processing may be seen
through the following example. Suppose the DMA is
currently operating on channel 3. All registers for
channel 3, therefore, are selected via multiplexer 346

20 within the DMA. The DMA selects the particular slice of
registers to appear on the DMA state machine current
state and next state logic.

FIGURE 14 provides a simplified diagram of the
personal computer environment 12 of the present

25 embodiment that includes the auto boot function 370. Pin
370 of PCI-interface ASIC 20 provides a direct input to
auto boot PCI-interface ASIC 20. As a result, PCI-
interface ASIC 20 may operate as a host device for PCI
device #1, at reference numeral 30, PCI device #2, at

30 reference numeral 31, through PCI bus 24. Commands for
autonomous operation of PCI-interface ASIC 20 may use RPL
ROM 36 and SRAM 38. In addition, through interface bus

16, PCI-interface ASIC 20 may communicate with PHY
interface 18.



an external ROM the present invention may operate PCl 25 interface ASIC 20
as the | ocal processor to set up all internal PCl-interface ASIC 20
registers, to initialize other devices on PCl bus 24 and to build and
gueue other PCLs. The various DVA channels may be enabl ed to execute

these PCLs to transfer data across the | EEE 1394 bus. 30 By addi ng external
| ocal bus RAMto PCl interface device 20, PCl slave nenory is provided for
devices on PCl bus 24 to obtain control information and have | ocal nenory
for data transfer. PCL prograns can then transfer device control/data via
| EEE 1394 to anot her system 35 Accordinghky, an environnent that enploys

t he autoboot 46 node of the present invention could be used for

peri pheral devices, where there may not be a suitable processor avail able
to manage the PCl interface environment. 5 Circuitry of FIGURE 14 provides.
anot her node of op ian_ for the chi, La an external. pin. The effect 1is
to enabl e and [G-S§é§$f§b%l%ﬁﬁq B Sﬂgtﬁzgnéﬁn?ﬁtﬁﬁﬁ l’t'c?'alltdﬁdenough
resources to bBigBtesthe|aukebaate roe ofnghmepFasent povesntipnt dsexecut e and
have access tosellkect8dr eqnié exhtfabeeiti mddet @nRBLEST & isRbar IOHeatdrsy, the

effect is to moglity EDEowehEVi t he gjhe.74 so that, when the
DVA machipe is in a par??cﬁ?gfﬂﬁﬁagé t ggyﬁagﬁigg F%Eﬁﬁ?%% new i nstructions

from a deldi cat BYCRPRIMONALY eadhWionmmoNs eperakiony tncludenitlendieaduré cones
up active and afquiafeerapowet atesetdddetehihgr tABt aALags | HEIUHECtAiEs. Thi s
permts PCl- inje4face 20; I in,a stand-al opne mode. This also
al |l ows the geng;raat i on 86%’% ﬁ%ént.téru%qglgamt?g%dg,hagﬁﬁil hplﬁﬁiﬁﬁ At onmands
all from PCl -i FeSetacdlae; (the autoboot mode makes possible enabling

the DMA master access to external RPL ROM. Moreover,
10 after power reset, the autoboot mode enables the feature
of DMA master access to internal link registers.

Once enabled as master on the PCI bus 24, PCI-
interface ASIC 20 can issue PCI configuration,
input/output, and memory read and write commands on PCI
bus 24 by specifying the appropriate address range in the
controlling packet control list. In the autoboot mode of
operation, the external PCI address space is limited to
30 bits. The two most significant address bits are
always at a 0 value. Internally, these two bits are used
20 to select the PCI command.

The state of autoboot pin 370 can be read from a
special bit in a miscellaneous control register for
diagnostic purposes. With the autoboot mode selected and
an external ROM, the present invention may operate PCI-

25 interface ASIC 20 as the local processor to set up all
internal PCI-interface ASIC 20 registers, to initialize
other devices on PCI bus 24 and to build and queue other
PCLs. The various DMA channels may be enabled to execute
these PCLs to transfer data across the IEEE 1394 bus.

By adding external local bus RAM to PCI interface
device 20, PCI slave memory is provided for devices on
PCI bus 24 to obtain control information and have local
memory for data transfer. PCL programs can then transfer
device control/data via IEEE 1394 to another system,

35 Accordingly, an environment that employs the autoboot

15

30



20 Usi ng autoboot pin 370, the present invention .permts reconfiguring
the power-up nenory nmap by enabling access and initializing ROM and RAM
base address registers. This allows the DVA machine read and wite access
after power-up. Moreover, the present invention 25 nodifies the behavior of
DVA engi ne 74 when the autoboot node is selected. This permts acquiring a
new instruction froma dedi cated ROM address upon power-up. The initial
access address is exactly O in the present inplenentation. The invention
further provides a nethod 30 to generate bus commands and protocol not
required in a normal environnent. DVA engil ne 74 can acquire and execute
instructions from RPL ROM 36 when the aut®§boot option is selected. This
permts DVA engine 74 to generate required commands 35 to act as a naster
agent on an external PClI bus to 47 <configure, initialize and nmanage ot her
PCl devices on this external bus. Table 380 of FIGURE 15 depicts the

nmappi ng of i ntRgdmalofPtheagaressnt bimvédii@0]cduilids bteOueemmdaﬂs on.the 5 PCl

bus, _uhen t he aEriEiralnaidéd, | inesd | iferd oy XRRDE. of gvent that
ue,

bit 31 assumes &4 bjt 30 assu nenory
command is act‘?rva%%% é’rgé% Pge éW|‘?‘?lnaa%i?drtg"bz‘s I¥1§Ee£§§ﬁ?ﬂ ng a 1 value
and address bi tSH 28N Rhg a 0 value, PCI 1/0 10 command occurs. Wth an

address bbt 31 val u€iofcultagdofaddeene D o iRIU@nBther hb&e RSE
configuration ghbl nt erface ASI C FI GURE 16 shows a

di agram of a | ogal. bus nter%ace Yotk ﬁbe&%tced:fﬁlanﬁlflo onae a2hkR3t of the
present 15 i nve’rﬁ ih. eq_at]ft"ﬁ apdsPrar ePeGtly b artion iofic khdesehanalmap

to allow enough resources to be: accessible to the pMA
engine 74 on power- up to execute and have access to all
10 required functions to perform useful work. Also, the
effect is to modify the behavior of the DMA engine 74 so
that, when the DMA machine is in a particular mode, the
machine requires new instructions from a dedicated ROM

instead of becoming inactive.

15 DMA engine 74 comes up active and acquires a certain

address for obtaining instructions. This permits PCI-
interface ASIC 20 to operate in a stand-alone mode. This
also allows the generation of PCI memory commands, and
input/output commands all from PCI-interface ASIC 20.

20 Using autoboot pin 370, the present invention .
_permits reconfiguring the power-up memory map by enabling
access and initializing ROM and RAM base address
registers. This allows the DMA machine read and write
access after power-up. Moreover, the present invention

25 modifies the behavior of DMA engine 74 when the autoboot
mode is selected. This permits acquiring a new
instruction from a dedicated ROM address upon power-up.
The initial access address is exactly 0 in the present
implementation. The invention further provides a method

to generate bus commands and protocol not required in a
normal environment.

30

DMA engine 74 can acquire and execute instructions
from RPL ROM 36 when the autoboot'option is selected.
This permits DMA engine 74 to generate required commands
35 to act as a master agent on an external PCI bus to




bus configuration registers 392, zoomvideo (ZV) decode interface block
394 that communicates with ZV machine 396. Pack/unpack state machi nes 398
i ncl ude address/data/ bit enable holding registers 398. Local bus
interface 20 bl ock 390 al so includes |ocal bus interface state machine 400
and sl ave acknow edge interrupt block 402. ZV port of FIGURE 2 is an
output-only port designed to transfer data fromthe | EEE 1394 Standard bus
to an external device on PCl-interface ASIC 20. Wen correctly 25
programmed, the Zv interface |ogic provides a nmethod for receiving |EEE
1394 digital canmera packets and transfer47the payload to an external
ZV-conpliant device with the appropriate control signals. ZV decode
circuit 394 is accessed via a subset of 30 the third PCI nenory based
address register. Wien ZV decode circuit 394 is enabled, auxiliary

addr esses between . OxFO00 ,and, OxFFFF nap to the ZV port. The ZV port is
enabl ed when SIEGEYEEy AVAFEALTEe AL Panagec Q5hesoECT sdeviers f as the zv
pi xel clock. Ithimomexteirnafleb88.si x cl ocks are selected, the ZV port is

Choabled and (e (haaexbbacy RSots aps P L6 pabbLfy 0 050 space,
Uhe except i on gttt 3L, Sae8sn,B5, (10T BEsD ] eRbtande, Fhaie
auxi liary? 5 R s .Relenc tbesavtohpoth inmtz\378oiis, agtivet i cBOr synch
signal is gengkaherk ORrd@HRCLVBAL! fRat Bie BI94dJsuaelr anoHsGhronoys packet
header synch fIQ%_ ngﬂ{ to OX1. In th rqiﬁpt enbodi nent . data bit 24
contains the sTgniTicant &7 518“¥|%?§“§ata. B A COETRBR BF this
vertical synchagtivated.erthezghftenchwith pddressydridr 3lledssfpingha 1
remai nder of value and address bit 30 assuming a 0 value, PCI I/O
10 command occurs. With an address bit 31 value of 1 and
address bit 30 value of 1, the PCI configﬁration command
goes to PCI interface ASIC 20.
FIGURE 16 shows a diagram of a local bus interface
block 390 according to one aspect of the present
15 invention. Local bus interface block 390 includes local
bus configuration fegisters 392, zoom video (ZV) decode
interface block 394 that communicates with ZV machine
396. Pack/unpack state machines 398 include address/data/

bit enable holding registers 398. Local bus interface

20 block 390 also includes local bus interface state machine
400 and slave acknowledge interrupt block 402.
. ZV port of FIGURE 2 is an output-only port'designed
to transfer data from the IEEE 1394 Standard bus to an

)5 external device on PCI-interface ASIC 20. When correctly

programmed, the ZV interface logic provides a method for
receiving IEEE 1394 digital camera packets and transfer
the payload to an external ZV-compliant device with the
appropriate control signals.
ZV decode circuit 394 is accessed via a subset of
30 the third PCI memory based address register. When ZV
decode circuit 394 is enabled, auxiliary addresses
between 0xF000 and OxFFFF map to the ZV port. The ZV
port is enabled when one of six available clock sources
395 is selected as the ZV pixel clock. If none of the
35 " 8ix clocks are selected, the ZV port is disabled and the




the frame, a horizontal synch output is generated whenever a speci al
address is accessed when transferring video data to the zoom port. By
properly programm ng the 15 packet control list, all |EEE 1394 digital
canera packets nmay be transferred via the ZV port. FIGURE 17 shows one
enbodi ment of the synch detect <circuitry 405 of the present invention for
generating vertical synch detected signal 407 and horizontal synch 20
detected signal 409. Wen PCl slave address bits [15:0] - assune a val ue of
OXFO00 and sl ave data bit 28-assunes the value of binary 1, the conpare
circuitry 411 and 413 send signals to ANg gate 415. This produces a
vertical synch detected signal on |line 407. Simlarly, when slave 25
address bits [15:0] provide the OXFOO4 to conmpare circuitry 417, a

hori zontal synch detected signal appears on |ine 409. FIGURE 18 shows one
video scan line for packet zoom port,L address map 410 according to the
present 30 invention. Zoom port SHYLLiIATYePYaRidcR |IURdEs LRECARBRERIS
packet header @ddrdryispaicey aWheddtheszZOX@bdX) isanrid slabdelr, oablszpacket data

space Ist ar t1 i4n@Jréli,—;x@éiﬁlhr42 u(]tIQtXEQQ%%{st@M@gﬂiaéh W{%&&aﬂsﬁeﬁet@& -
nuner al s ro .det ai, ch. i sochronousgchr.onous. packet 1s
transferred toégﬁ%qggﬁnl oY g&h}e§glgba3%, ﬁﬁY?Ptéﬁf%ﬂg aﬁéggé?rﬁuadlet
bei ng trdnsferRal and ROM esce@¥E800, the first data payl oad quadl et 428
being transferred twitmddiesy P¥FR04aapdri Neal cspidt nd gtaadligts in the
packet being ferred to sequential addre until  the end 5 of the
packet paylOad&%§€§§?%§t?%ué%%?F&é&?thgﬁdg%gésf§§¥5ﬁﬁﬁﬁynpqﬂﬂgFgfoPBPspackets
N quadl et s | ongackeireadeyr syoeh ftheldt Aqupl eb@@Xl nvdint ithe peesehs
: embodiment, data bit 24 contains the significant synch
10 field data. Upon detection of this vertical synch bit, a
vertical synch output is generated. For the remainder of
the frame, a horizontal synch output is generated

whenever a special address is accessed when transferring
video data to the zoom port. By properly programming the

15 packet control 1list, all IEEE 1394 digital camera packets
may be transferred via the ZV port.

FIGURE 17 shows one embodiment of the synch detect
circuitry 405 of the present invention for generating
vertical synch detected signal 407 and horizontal synch

20 detected signal 409. When PCI slave address bits [15:0]
assume a value of 0XF000 and slave data bit 28 - assumes
the value of binary 1, the compare circuitry 411 and 413
send signals to AND gate 415. This produces a vertical
synch detected signal on line 407. Similarly, when slave

25 address bits [15:0] provide the OXF004 to compare _
circuitry 417, a horifontal synch detected signal appears
on line 409.

FIGURE 18 shows one video scan line for packet

zoom port address map 410 according to the present

30 invention. Zoom port address map 410 includes
Isochronous packet header 412 beginning at address 0XF000
and Isochronous packet data space starting at address
0XF004 and ending at OXFFFF as reference numerals 414
through 424 detail. Each isochronouschronous packet is

35 transferred to the zoom port address space, with the



aut ononmousl y di splaying the video i mage di splayed in a hardware managed
w ndow wi t hout any software support. 10 The present invention permts raw
data to be shipped across the IEEE 1394 bus and to flow into the zoom port
in a conpatible format that goes into the video controller chips as input
data. This permts autononously displaying data, while maintaining 15
hori zontal and vertical franme synch. In operation, zoomvideo port is
mapped into a certain address space. The headers contain franme synch
information or signals. By building up the correct control structures to
make the header packet data 20 transfer t@ga particul ar address based on
the address, the logic will look for certain fields. In the case of the
Sony canera conplying with | EEE P1394 Digital Camera Specification, a bit
in the isochronouschronous header synch field indicates start of a video

frame. By 25 dggogl i articul ar_isochronqouschronous header synch
field bit, a ve ,tic%g ‘fs“%r?éﬁes%h’é ?%a'bse %‘”rra%‘ﬂ&P addrega OREROQ nihe
information to éﬁﬁﬁﬁnqiﬁPzQafﬁeaﬁe@%@?&e¢ﬁ4%&uhﬁinpomradafarredth@ zoom port.
There are two cddressf OXF094i aptetrat pémdini M et30i AOEhd PYAlerSyNCh

and the other frdinerddsgal h, . F, . vertycal synch, .fhe decode
requires a partiéﬁ?ﬁf;agégﬁzggg g%dgég%éﬁgaﬁﬁnﬁgd%%§58%r8ﬂ8h£c%ﬂ%d%ﬁ% header
synch bit? Hori% it Paviend rdred by ansfiexoedabot dddress ti cul ar

ag_dlr_ess. 50 - ThEOXFQHDL +zddlaspeot pPackéies R*‘Qﬁﬂ?il_ét%VQBhbﬁ” prﬁVi des thle

i n " n : r i ; orjzontal or

O] S oo eeshoRgnL gL PSR Takiloss dor ot
Yy displaying the video image displayed in a

hardware managed window without any software support.

The present invention permits raw data to be shipped

across the IEEE 1394 bus and to flow into the zoom port

in a compatible format that goes into the video

controller chips as input data. This permits'

autonomously displaying data, while maintaining

15 horizontal and vertical frame synch.

10

In operation, zoom video port is mapped into a
certain address space. The headers contain frame synch
information or signals. By building up the correct
control structures to make the header packet data
transfer to a particular address based on the address,
the logic will look for certain fields. In the case of
the Sony camera complying with IEEE P1394 Digit&i Camera
Specification, a bit in the isochronouschronous header
synch field indicates start of a video frame. By
decoding this particular isochronouschronous header synch
field bit, a vertical synch signal is generated. One can
use that information to synchronize the receipt of zoom
port.data to the zoom port.

There are two cases of this implementation, one for
30 horizontal synch and the other for vertical synch. For

the vertical synch, the decode requires a particular
address, and a particular isochronouschronous header

synch bit. Horizontal synch is generated by decoding
another particular address. |



5 information such as encoded video. Conparisochronousn |ogic 411 and 413
detect transfers to a specific destination address of specific data

val ues. The present invention also provides software or hardware control
structures that specify appropriate 10 destination addresses for different
segnents of the packet data. The DVA architecture allows the data to be
gathered or scattered so that a particul ar packet can be - broken up into

di fferent destination addresses of different |lengths. Accordingly, the
present invention 15 can wite header fields to a particul ar address and
data fields to another address. Using tisios feature the present invention
controls what portions of the PCl interface device see what addresses. The
present invention further provides programmable 20 counters that nay be
used to base control signal generation on nultiple accesses to particul ar

address | ocations ngU¢1 é%agsoga%%ﬁégé qﬁﬁ%gﬁ%%%%tt9593gp%5$ IIuse of

counters to give the option O hori zon
bet ween hori zoPEQY1idgmhdhe aﬁglAéEoFﬂl?ﬁﬁ%ﬂqmqqﬁigd@&Fé??taFPBFrQ%rt|caI
synch there nmeynfdangeia,atsddhaaBohorzbadmta s O reaitdrall. syheR permts

counting the “Hfiﬁ—hé’f éf&ﬁ?%afcﬁ@uéeéy&% ﬁﬂrn‘au%\b%ddearébﬁ&@
address. The sysiem on] ener at es anot ori zontal nch Si
exampl e after B3P |§ﬂﬁ? 35 eRFedgh Y+ﬁFanﬂqgﬂParFﬁP§ 58?93?% packlng

four packets Lbgbagéll hendiarlilzdetakt| tnanstecorih ry specifdcparti cul ar

canera, resol uaéeemgefon FA&&R@ s1Sesbpusikhe au@&aﬁams mappi ng a single
vi deo packet to mul | e video ,scan I.I nes u3|n9 port addr ess

35
map 410. Zoom port (REeS %ﬂﬂﬁnFﬁ8Pu3é§°53 ov1§%s Softwared

hardware control structures that specify appropriate

10 destination addresses for different segments of the
packet data. The DMA architecture allows the data to be
gathered or scattered so that a particular packet can be
broken up into different destination addresses of
different lengths. Accordingly, the present invention

15 can write header fields to a particular address and data
fields to another address. Using this feature the
present invention controls what portions of the PCI
interface device see what addresses.

The present invention further provides programmable

20 counters that may be used to base control signal
generation on multiple accesses to particular address
locations and/or data patterns. This occurs through the
use of counters to give the option of multiple packets
per horizontal line or between horizontal synchs.

25 Accordingly, immediately after vertical synch there may
be generated a hdrizontal synch signal. This permits
counting the number of times that a system goes through a
particular address. The system only generates another
horizontal synch signal for example after four iterations

30 through the address. This permits packing four packets

" through the horizontal line, according to the particular
camera, resolution, etc.
FIGURE 19 shows the process of mapping a single
. video packet to multiple video scan lines using the zoom
35 port address map 410. Zoom port address map 410 includes

A




| sochronous packet header 412 that adjoins |Isochronous packet data 414. ‘
Menory spaces 416 through 424 are as described in FIGURE 17. Zoom vi deo

| sochronous packet 440 includes header quadlet O which may contain a start
5 of frame bit in the isochronous header synch field. Quadlet 1 is the
first video data payl oad quadl et which indicates the beginning of video
scan A. A horizonal synch signal is generated by the wite of this quadl et
to address OXF004. Simlarly, the wite of data quadlet 442 10 to address

. OXFO04 i ndi cates the begi nning of video §6an A + 1 by generating a

hori zonal synch. Data wites starting at”"OXFO00, going to [ OXFOOO + (N-1)]
will actually be the data that is output through the zoom video port,

i.e., the zoomdata. The header is stripped 15 off and not part of the data
field. Accordingly, this case generates a vertical synch and a horizontal
synch for the Isechronmketraokes hedder #tranehatThediwinsodiseghpankess signify

fol I owi ng scanpaék@@snaatdwtma Il M@H\bryhg aééé @isté}eraugdmzw age hgaders, 20
but the header ﬁ

Ot cont syngc at a he sane
vay for all padrerEioe A gl 173! "iogm Fidte TBRIEDUREPESERE header
is and, if theﬁéolsnﬁbld%%/ﬁtﬁﬁ%q quadipb Aewdbeh mawercaH@ivert pEartsynch
will not OIs b$hset fY¥Re bHit Wi tefe tlgoEgeénohbeh@faéi@yr&ih m@qah% wll be
generate . | es t (0] a_SGga 1N t .t mai ni ng
data wl | flomﬁgg géa{ Jb Eﬁ sgéﬁePlg ata %%%fé?érQW#Hi here F‘s t he
situation of n&P@FEPEe§c%@ﬁ b@gﬂaﬁﬂﬁﬁfoﬁavkéﬁo Feamahdl e thamizonad packet

control 30 |iskynehesigral {fMyangiated/ dyothkherpteseptthiy effddietl so
controlled by 4atas8t bRFbHE &S S8 10ACKRE GOOELOLe! 4885 YadieS 442
10 to address 0XF004 indicates the beginning of video scan A
+ 1 by generating a horizonal synch. Data writes
starting at 0XF000, going to {0XF000 + (N-1)] will
actually be the data that is output through the zoom
video port, i.e., the zoom data. The header is stripped
15 off and not part of the data field.

Accordingly, this case generates a vertical synch
and a horizontal synch for the first packet in a video
frame. The following packets signify following scan
lines that fill out the rest of the video frame headers,

20 but the headers do not contain the synch fields. The
data flows the same way for all packets, each sqarting at
the point OXF000, where the header is and, if there is no
synch bit in the header, then the vertical synch will not
be set. When it writes to F004, the horizontal synch

25 will be generated. This generates the start of a scan
line, so that the remaining data will flow out as part of
‘the scan line.

.Even further there is the situation of multiple scan
lines per packet. To handle this, the packet control

30 lists are used. '

DMA engine 74 of the present invention is controlled
by data structures called packet control lists or PCLs.
The PCL contains command information command information
which the DMA fetches from memory as needed. These

35 commands tell the DMA the sources and destinations for



The PCL contains conmand i nformati on conmand i nformati on which the DVA
fetches fromnenory as needed. These 35 commands tell the DVA' t he sources
and destinations for 52 the data and how many bytes it is to transfer.
Sone commands nove chunks of data between the I EEE 1394 transmt FIFGCs
and PCl bus 24, or between the general receive FIFO 80 and PCl bus 24.
Anot her connand nmoves 5 data between PCl bus 24 and auxiliary port | ocal
bus 26. O her commands are for secondary functions and are called

auxi liary conmands. These auxiliary commands allow the DVA to peek and
poke quadl ets of specified data to any Pe¥ address and permt sone
conditional branching using 10 the PCLs. The intended use is to permt the
DVA to perform special data novenent controls and to function as a

st and- al one processor which can build PCLs in an autoboot sequence. The

entire scope othbhaatafum&tm@makhﬁytb&e@oﬁtrQgiGEnéﬁﬁhsﬁﬂﬁ oigge uses of
the 15 DVA will, I of th ventlon
prograns the opgﬁégbég %$@Q %ﬁ%ﬁﬂéz nne Bgtwe?ﬁ gﬁglﬁéﬁgta structure,

whi ch resides it%2RS8EEnERBPS . anthClyhysi aém eﬁ bervoRR che gangyedsi bl e for
constructi ng P@ecdvenHIED| &€ aind(PEMusy 2M0r Ahethest @smghd AxoB@ls may be
organi zeds as a ga@at bebQsn SBET q&umm%g gg&&ma?yt Ble LAY AT g%

commands; contrgl paraneters, and data olnters require
channel to trarf SREMAREE’ a5eofOTy Serqndary f“BFt%‘B“'I"'rD&\‘/'éd )i\ﬁéen PCl
bus 24 and 25 aw&illiary pommahdsal These@Guxdlibeyeromuamdorel law rnobiee

auxi liary commangs tolp@ekOhall PO uﬁlmfysbmkaeasdaeae% & by a PCL

is generally |i 0 32 adlets in cyrr.ent enent ati on.
9 y ﬂEf éﬁdress aga permfi some condltlonal g?anchlng using
10 the PCLs. The intended use is to permit the DMA to

perform special data movement controls and to function as
a stand-alone processor which can build PCLs in an
autoboot sequence. The entire scope of this
_ functionality is not regimented, and other ﬁses of the
15 DMA will évolve.

Application software of the present invention
programs the operation of a DMA channel using the PCL
data structure, which resides in host memory. The
application software is responsible for constructing PCL

20 and allocating memory for their storage. A PCL may be
organized as a contiguous set of memory locations that
contain the commands, control parameters, and data buffer
pointers required by a DMA channel to transfer one IEEE
1394 data packet, or to move data between PCI bus 24 and

25 auxiliary port local bus 26, or to execute one or more
auxiliary commands. The total number of memory locations
required by a PCL is generally limited to 32 quadlets in
the current implementation.

As a minimal requirement, the PCL starting address

30 is aligned to a quadlet boundary. For optimum DMA
performance, the PCL start address is recommended to be a
line on a cache line boundary. The data buffer pointers
may be aligned to an arbitrary byte boundary. For
optimal DMA performance, the present invention aligns

35 data buffer pointers on a cache line boundary. If this

A



As a mninmal requirenent, the PCL starting address 30 is aligned to a
quadl et boundary. For optinmum DVA performance, the PCL start address is
recommended to be a |ine on a cache |ine boundary. The data buffer
pointers may be aligned to an arbitrary byte boundary. For optiml DVA
performance, the present invention aligns 35 data buffer pointers on a
cache line boundary. If this 53 is not possible, the next optinmal data
buffer pointer alignment should be on a quadl et boundary. The sum of the
sizes of the data buffers pointed to by the PCL are approximately limted
to one kilobit for an | EEE 1394 bit 5 rategqf 100 nmbps or 2 kilobits for an
| EEE 1394 bit rate of 200 nbps. In the préSent enbodi nent, the active DVA
channel fetches the commands and control paraneters fromthe PCL and uses
themto configure the channel itself to perform 10 the command in
transfer. Application software prograns allow the DVA channel to transfer
mul tipl e | EEE 1394784t ROBELRER s WiE cinstniomy imadgdaher bufif éx e maaket
control lists iRldgampat shetld doeuwmn alhpa@etebbuhBYePt | OFhE WL IJ4ct s the
queue by 15 set tthegstihesngktcgd i 0 h,PCL to point to the
starting addresg Lﬁ’%qﬁ'q%‘! ofltﬁ%&rslale{dtglﬁ?s %ﬁgﬁﬁggt toP%i {he (BcL, GF&ue can
be programto el Lhar Rart DVALIPRELS Qfe Fdilabibabrrtant FREBIAN diitt he
queue, or > poi nfF38 2EndA0 gulre. 0PCL kidwitizisnifeg aHXIEERS Y3 SOBRNGS 20 MY
be enbedded anywfer@0i nbpsPCL queue, but not both. A PCL queue may m X
receive and transm t ;gnd, auxiliar 4§;Qrands toget her; however, an

asynchr onous transmf CORMBRESHHS S RdanGwe §PBy aghay e cPMh ssharimednous
transnit commande§GBesothaecomrans andiquaitireddpaghieeet s NS tthe poL

and uses them to configure the channel itself to perform
10 . the command in transfer.

| Application software programs allow the DMA channel
to transfer multiple IEEE 1394 data packets by chaining
together multiple packet control lists into a PCL 1list -
queue. The present invention constructs the queue by
setting the next address field of each PCL to point to
the start;ng address in memory of the next PCL. The last
PCL in the queue can be program to either halt DMA
processing, point back to the start of the queue, or
point to a new queue. PCLs containing auxiliary commands
may be embedded anywhere in a PCL queue, but not both. A
PCL queue may mix receive and transmit and auxiliary
commands together; however, an asynchronous transmit
command must be followed by another asynchronous transmit
command due to the pdtential pipelined nature transmits
25 and the possibility of a packet retry. On the other
hand, setting the *wait for status® bit in the
asynchronous transmit command precludes this requirement.
.FIGURE 20 illustrates an example 6f a linked list of
packet control lists, according to the present embodiment
30 of the invention. In FIGURE 20, PCT queue 450 begins at
start address 452. From start address 452 process flow
goes ;o dummy packet control list 454. Dummy backet
control list 454 sends process flow to transfer command
packet control list_456. In transfer command packet
control list 0, data buffer count command and data buffer

15

35
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25 and the possibility of a packet retry. On the other hand, setting the
"wait for status" bit in the asynchronous transmt command precludes this
requirenent. .FIGURE 20 illustrates an exanple of a linked |ist of packet
control lists, according to the present enbodinent 30 of the invention. In
FI GURE 20, PClI queue 450 begins at start address 452. Fromstart address
452 process flow goes to dummy packet control |ist 454. Dunmy packet
control |ist 454 sends process flowto transfer command packet control

list 456. In transfer command packet 35 control list 0, data buffer count
command and data buffer 54 address inforngjion goes to data buffers 460,
462, on to, for exanple, data buffer 464 indicating, in this exanple,
fourteen data buffers in use. Transfer conmand packet control list 0, at
reference 5 nunber 456, includes next |ist address 466 that goes to
auxiliary connag%dgacket gontro] list 1, at reference nuneral 470.
Auxi | i ary conmaid paCRet "t LOT j9qes toydatpcpufinEe 400werdfi2 470, to,

i ncl udes | oad céorasyanmple, sdatra coulhhdr dsd dndicaaingn #dckiy &dadiple,
command and | ocZiougietl 446a LOLLLLOMPRGA72 goes to data register 478

whi ch supplies DVA ' r 480. Store.,1l command_ 476 provides input to
nmenor y Ioggtion 482.&%gbgkgﬁr?o%%WW%ﬁﬁ“ﬂﬁgkantESAt}bFEI?staq”rQﬁeﬁﬂgpérence
nuneral 47D, al $3Mbex| 4§6s in¢ludes nfust ilisti addaddses66 48datt hides to

condi tional ly seukd1iarPCofhai@Ssa@ast! 'ntr®1t 13881 7 SONERAd, ket

control list 2, f nce,n ral 486. Transfer command packet control
list 2, at refeféﬁ%§%§u§2§a| ﬁg%?F%?ﬁﬁlﬁﬁﬂ?anﬂe?PcﬁFEtCSHHF%%§B%%B]ﬂha$ goes

to other PCls, FeLeregceanumenyl 4?®s cdmadudeselendle0mmand| 472latsoweent and
20 data buffer adivesseat4®3cation he7d idif @eore eahRahlf 88 1ocation

10 476. Load command 472 goes to data register 478 which
' supplies DMA register 480. Store 1 command 476 provides
input to memory location 482. Auxiliary command packet
control list 1, at reference numeral 470, also includes
if true destination address 484 that conditionally sends
PCI process control to transfer command packet control
list 2, at reference numeral 486. Transfer command
packet control list 2, at reference numeral 486, includes
next list address 488 that goes to other PCIs, as
indicated by reference numeral 490, while data count and
20 data buffer addresses 492 and the like go to data buffer
494 and the like. 1In the event that if true destination
address 484 controls process flow of the PCT quéhe, next
list address 468 goes to transfer command packet control
list 2, at reference numeral 486. This information then
25 goes from next 1ist.address 488 to other PCIs, as
indicated by reference numeral 490, and data buffer 0
address and count command information go to data buffer 1
and the like.
Typically, in operation host CPU 44 allocates memory
for building a packet control list and a dummy next PCL
address, because there is no previous PCL in existence.

15

30

The dummy next PCL address provides a memory location
that is a pointer to the start of the first full PCL,
i.e. PCL 0. The_host processor then builds up the

35 desired list of PCLs for doing the operation with the




494 and the like. In the event that if true destination address 484
controls process flow of the PCI queue, next |ist address 468 goes to
transfer command packet control list 2, at reference nuneral 486. This
informati on then 25 goes fromnext |ist address 488 to other PCls, as

I ndi cated by reference nuneral 490, and data buffer 0O address and count
command i nformation go to data buffer 1 and the like. Typically, in
operation host CPU 44 allocates nmenory 30 for building a packet control
list and a dunmy next PCL address, because there is no previous PCL in
exi stence. The dummy next PCL address pro@?des a nenory location that is
a pointer to the start of the first full PCL, 1i.e. PCL 0. The host
processor then builds up the 35 desired |ist of PCLs for doing the
operation with the 55 data transfer or some type of auxiliary comrand,
such as the audihthatyassfiemncs ddme typeaofualixpl DEES SESmAE such as

i nstructions. Thﬁesaﬁﬁﬁiléﬁyt$6hﬂgﬁﬁ %gktaqgr§§§uair§4égg%§%} §558
a

address, a reser%gt%gggtlgn and status. The next I's the control
st at, transfer coun 18™Aext one after that is the data buffer address..
These two | ong wor dsThgoaBa¢esitin dite inexttr BCLi addoessiat indInates faer elr@o@ne

data buffer. Tlaadt-eassfarregem eldcﬁatﬁol?th taﬁa §Q£’£@§S thad rf)e%p U3ts to a
dat a buffer Ioc 'Qﬂe'@?LQQB oI t o whi.ch he data is to transferred
0 e

to or from ata | tott i nFANSFeE, SHE‘PEredT ? ey Qhpfter
enbodi ment nake§ha§o§§|§hé ¢®¢®1bgﬁﬁeﬂzﬂqgeesentrmheSGomwchongmwdna&ous dat a

transfer. 15 Fl GdnstiZhtehoReOtngOor@itd doherf ht AW POnSESEUSS IdHE LeSCri be

the operation ofy,fhe presgat inve é%(gkghple is a buffer address that
10

points to a data buffer location in the memory to which
the data is to be transferred to or from. If data is to
be continually transfered, the present embodiment makes

possible forming a large control loop for continuous data
transfer.

15 FIGUREs 21 through 25 and the following discussion

describe the operation of the present invention for a
receive, transmit, PCI to/from local bus, or auxiliary
operation. In a receive operation, as FIGURE 21 shows,
for isochronouschronous and asynchronous data in GRF 80,
process flow begins by checking to see whether a wait
condition exists. For an isochronouschronous
transmission, as FIGURE 23 shows, if the channel enable
equals 1, the transmit function is ready, and the cycle
start bit is ok, then is no wait condition. A wait
condition is determined by the wait selector bits of the
data buffer control word zero. Once a wait condition no
longer exists, the processor enters a data movement
phase. Here a loop is entered where the current transfer
count is checked to see if it has gone to zero. If so, a
check is made to see if this is the last data buffer of
the PCL buffer list. If the data buffer is the last data
buffer and a packet boundary has not been indicated by
the link layer controller writing a special control token

30

word into GRF FIFO, then an error has occurred because

35 more packet data is to be transferred than the buffer can



receive, transmt, PCl to/fromlocal bus, or auxiliary operation. In a
recei ve operation, as FIGQURE 21 shows, for isochronouschronous and
asynchronous data in GRF 80, 20 process flow begins by checking to see
whether a wait condition exists. For an isochronouschronous transm ssion,
as FI GQURE 23 shows, if the channel enable equals 1, the transmt function
Is ready, and the cycle start bit is ok, thenis no wait condition. A wait
25 condition is-determned by the wait selector bits of the data buffer
control word zero. Once a wait condition ng |onger exists, the processor
enters a data novenent phase. Here a I00|§6i s entered where the current
transfer count is checked to see if it has gone to zero. If so, a 30 check
is made to see if this is the last data buffer of the PCL buffer list. If
the data buffer is the last data buffer and a packet boundary has not been
i ndi cated by thedd.i nknl ahés casér otherpavkdt ryrorspeci 8 sontimwltHeoken
word into GRF O, cgggy d a 5 r et data
is to be transﬁh??égkgﬁgngaﬁgggg¥fg%%%an éﬁﬁhgpgs F%gf igﬁgdggﬁﬁﬁﬁgﬁbacket
error bit is se‘fati ue, &0 . BRgkek PApWRt-  difd HRe CBRESHF | Fr3RRASF t he
remai ni ng dat eceyntt dhashdepaeient édurelazero land Hdeger ienandthesfleuf fexount

has decresgent edif arererAldsthetReh StRE M adyir¥s thNnblienRfket i St. then
t he DVA acquires,the neﬁgpﬁ%fer address and transfer cognt and proceeds
with the transt&Shid PRGCHE IR AR] HRF9ceeds, WEPFEEN the PCl

interface, the PMuskaEn.s for the FIFOto have sufficient 10 data before
requesting the PCl hufi1@woingOdResl prohaid asddive FiF® thapfbepcr
:2;522?' dis reaghet YL R Gafls t 10 CHN M W' o Bave! sulfSciom W !
10 data before requesting the PCI bus master to perform a
transfer. This transfer threshold is reached whenever
one of two conditions is met. The DMA will request
transfer of the PCI master whenever the number of bytes
in the receive FIFO reaches a "high watermark." Thié
15 high watermark is equal to the greater of the cache line
size register or the lower bound field of the DMA global
register. The DMA gets information of a packet's data
size from the link when the packet is first being written
into the FIFO by the length layer controller. It uses
20 this transfer count to determine if the data in the FIFO
is the remaining data in the packet and, if so, and the
size is less than the high watermark, it requeSEs a
transfer of the PCI master where the transfer count is
equal to this remainder. While the DMA is transferring
25 data, the data buffer start address register in the data
buffered transfer length bits in the DMA control register
are updated to reflect the current state of the transfer.
When the link layer controller encounters the end of
a packet, it writes a special control token word into the
30 FIFO to mark the end of a packet. Embedded in this
control word are status bits that indicate the completion
state of the packet on the bus. The DMA uses this end of
packet marker to terminate the transfer of data from the
FIFO to the PCI bus. If the end of packet marker
35 indicates an IEEE 1394 busy acknowledge, the DMA



transfer of the PClI master whenever the nunmber of bytes in the receive

FI FO reaches a "high watermark." This 15 high watermark is equal to the
greater of the cache line size register or the |lower bound field of the
DVA gl obal register. The DVA gets information of a packet's data size
fromthe |link when the packet is first being witten into the FIFO by the
| ength. |l ayer controller. It uses 20 this transfer count to determne if the
data in the FIFO is the remaining data in the packet and, if so, and the
size is less than.the high watermark, it requests a transfer of the PC
“master where the transfer count is equal %o this remainder. Wile the DVA
Is transferring 25 data, the data buffer start address register in the data
buffered transfer length bits in the DVA control register are updated to
reflect the current state of the transfer. Wien the link |layer controller

t th t d
"o the 30 FIEG T8 ﬁ%ﬁ% X f”ééeﬁi&&péﬁb@ﬁ%" B e T

word are stat usSH e ﬁqﬁﬁtéaFBetﬁﬁc %ﬁrﬁeﬁ?ﬁﬂ?f%ﬁaﬂﬂ§roﬁgﬁhé pakket on
the bus. The DWhexesis o husy statpackedicatédrftaon ttdrariendt oft hbackennsf er

of data fromt hﬁarleuFO tiIQa tova BEhtlOUSreqist&e £ Hadpcketh wReker 35

lrst bt for adirsaavied I (7 Bagads; erdf e e i stcrbirel fehnst or
over again. If 1¥h%h% end mf IRaskest manker pdthatpacketomanpd etrdisf spacket
marker, the DMAxstﬂsuShéxe%slt&rem %o' ﬂéﬂSQyV‘iﬁhtﬁé‘eP& %Cdﬁ%%\éﬂ w89 ié‘ﬁ#s
passed fromthe H:ﬂkttké? cont rfo €L P ‘T-fgrg? packet mar
packet conplete 1§ se S Yhéh \?KFF?Eﬂ g T, this FEL PCLIgt"aE‘%s
wor d al ong mntﬁNThbl¢u#ﬁn§eQﬁfdn thet dahaf buf felr f cont o ly/REe. cbiinthe
10 command in the PCL, then an interrupt is signaled and
latched in the corresponding DMA PCL bit in the interrupt
status register. If the command was a receive and update
command, then the remaining transfer count and next
buffer address are written to the PCL. The DMA then
15 determines whether another PCL has been linked to the
current PCL by fetching the next list address field.of
the current PCL. -If there is a linked PCL, the DMA makes
the linked PCL the current PCL and continues execution.
If another PCL has not been linked to the current PCL,
20 then the link and busy bits are cleared in the DMA
: control register, a DMA halted interrupt is generated for
this channel with associated status in the interrupt
status register, and the channel becomes idle.
For the DMA asynchronous transmit operation, as

25 FIGURE 22 shows, an asynchronous transmit is determined
after a valid PCL pointer has been written to the packet
control list start address register and the channel
enable and link bits have been set. The overall goal of
the asynchronous packet processor is to remain one packet

30

ahead of the current packet being transferred from the
FIFO to the IEEE 1394 bus by the link layer controller.
From the DMA‘'s point-of-view, this packet on the bus was
a previous packet. Any status reported by the link layer
controller is assumed to be for this previous packet;

35 however, setting "wait for status®" bit in the "data



INT bit is set for the data buffer control/byte count 10 conmand in the
PCL, then an interrupt is signaled and l.atched in the correspondi ng DVA
PCL bit in the interrupt status register. |f the command was a receive and
update command, then the remaining transfer count and next buffer address
are witten to the PCL. The DVA then 15 determ nes whet her another PCL has
been linked to the current PCL by fetching the next list address field of
the current PCL. If there is a |linked PCL, the DVA nakes the |inked PCL
the current PCL and continues execution. |f another PCL has not been
linked to the current PCL, 20 then the | ggk and busy bits are cleared in
the DMA control register, a DVA halted interrupt is generated for this
channel with associated status in the interrupt status register, and the
channel becones idle. For the DVA asynchronous transmt operation as 25

FI GURE 22 sho%f@}@e@c%gggy& mlé‘on?‘r O?EF‘ de af t il valid PCL

poi nter has been ntot %F?vendress regi ster
and the channé?lpegfé."d'lng SHHrPFh‘R“bl t'%t‘erl% B@@ﬁsséhe ffﬁ@r%%%r%ﬁ Ithgoal of

t he asynchr onmreviasisetpagketessntrob list envairt aadrpaskeh S0 ahead of the
current  packelple g pRRREET E6A f60M AL odalEOs hﬁrﬁegg{héﬁgo A bus by the

i nk Iaygr contraller gﬁ h uﬁiﬁ? poi nt -.of - vi_ew, et on the
bus was ~a prev?%’[f SFack A9 sEX "FSViOYSHPClh¥al ifdk ’r%n)’eqpt

cont roller is k5dihaedMo ipe ther DMAI globradly immgrd spack &€b; k@Bphhoreseros setting
‘wait for statwtsetrmzt ﬂtnhfa@.ea Qé&éeé&raﬁlﬁ fa%d_#é@se CRUE}AEQ gnd” in the

PCL will prevqg rg H#P g eration keeps the address of
the previous ) FbFang nehee Q°QﬁhﬁQQ§9qlnPFHEeeEFePYous packet
control 1|ist s?%@QkEMHKESs*xeuﬁoaawat condition exists. A wait

10 condition is determined by the wait select bits of the
"data buffer control/byte count/command* in the PCL. A
flag called "retry* is kept by the DMA in the DMA global
register. The DMA uses this flag to keep track of when
the wait condition should be evaluated as these wait

15 conditions are ignored during retries.

Once the wait condition no longer exists, the DMA
writes a control token to the FIFO indicating the
beginning of a packet and enters a data movement phase.
Here, a loop is entered where the current transfer count

20 is checked to see if it has gone to zero. If so, a check
is made to see if this is the last data buffer of the PCL
buffer list. If there is another buffer in the PCL list,
then the DMA will acquire the new buffer address and
transfer count and proceed with transfer. Wwhile moving

25 data into the asynchronous transmit FIFO from the PCI
interface, the DMA will wait for the FIFO to have
sufficient room before requesting the PCI bus master to
perform a read transfer. The DMA will request a transfer
of the PCI master with the bit count equal to the h1gh

30 watermark as defined with regard to the DMA receive
operation. While the DMA is transferring data, the data
buffer start address register and the data buffer
transfer link bits in the DMA control register are
updated to reflect the current state of the transfer.



5 register. The flag called "previous PCL valid" is kept by the DVA in the
DMA gl obal register to keep track of = "whether it has a stored valid
address. A transmt operation for an asynchronous channel proceeds by
checking to see if a wait condition exists. A wait 10 condition is

determ ned by the wait select bits of the "data buffer control/byte
.count/comuand” in the PCL. A flag called "retry" is kept by the DVA in the
DVA gl obal register. The DVA uses this flag to keep track of when the
wait condition should be evaluated as thege wait 15 conditions are ignored
during retries. Once the wait condition nd |onger exists, the DVA wites a
control token to the FIFO indicating the beginning of a packet and enters
a data novenent phase. Here, a loop is entered where the current transfer
count 20 i-s. checked to see_if it has gone to zero. If so, a check is nade
to see if this is o kBe dash Bifref Qﬁtét oo byfifesrhas deen f there is

anot her buf f ertdanafleerRGL thi she asechidroudVi rainshiacguFoeasdeew buf fer

address and tnanefe 160WRE 2ade PLECAR Ml 1) {hARS! §has MOLLE JPVIND 25 data
into the asyng? nQu tra sn1t FIFO tromthe Fer ace, wi |
wait for the 3‘—% Sfﬂs lguf‘f'lE?%n?oqwﬁ/%&%&u%{‘lﬂ‘gr@hém bus

master t8 per%hs AR #@amrsr thatfehe g dVAhe Igacketubat heéniansfer of the
PCl master wi theddiedli t 1OMRE s%@ioﬁf 5&&%%&%@ Uﬁil‘ ef i ned
atl on

with regard ta er ‘rans"?errlng
data, the data ﬁlgu"? drfﬁg?'t Eﬁﬁ*‘g%% FERfus intddg tthl’%edéc?aa‘bﬁl‘iﬂélar transfer
link bits in tPRCERA qyﬂ“ﬂﬂohnrbgesteansmxt HERt edhiic wai/l, eEhet her gt I ent

state of the tseaai£ris adwaPbepolhené gstePidudpaldle? ,f LBTLEs LML &l flas been
- 10 for status bit is set. If there is only one packet in
the transfer, then the previous and current packets are'
the same. If the previous packet address is valid, then
the DMA will look at the packet counter. When a packet
has been transmitted to the. IEEE 1394 bus by the link
layer controller and status for this packet is valid, the
link layer controller will decrement the packet counter.
The DMA will spin-waiting for packet counter to go to
zero indicating valid status is available for the
previous packet. If the status indicates that the
previous packet is to be retried, then the DMA sets a
flush FIFO request to the link layer controller and then
waits for the link layer contrdller to indicaté'the
completion of the FIFO flush by the removal of the retry
indication. The DMA then "backs up to" the previous
25 packet and starts the transfer all over. If no retry
occurred, then the DMA will update the DMA status
register with the acknowledged status passed from the
link.layer controller, sets packet complete, and then
write the completion status to memory in the previous PCL
status word along with the number of bits transferred for
the currently active PCL, which may not be relevant for
the previous PCL. If the interrupt bit is set in the
PCL, then an interrupt is signaled and latched in the
corresponding interrupt status register bit.
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transferred to the asynchronous transmt FIFO and the buffer is the |ast
of the PCL list as indicated by the l|ast buffer bit in the control/byte
count PCL word, then 5 the DVA knows that the end of the packet has been
reached. If the previous packet address is valid, the DVA w Il delay
checking status until there is a full packet queued in the transmt FIFO
This way, the return status is always for the previous packet, unless the
wait 10 for status bit is set. If there is only one packet in the
transfer, then the previous and current packets are the sane. If the

previ ous packet address is valid, then tH® DVA will |ook at'the packet
counter. When a packet has been transmitted to the | EEE 1394 bus by the
link 15 | ayer controller and status for this packet is valid, the 1link

| ayer controller Wi || decrenent the packet counter. The DVA will

SVal 1861 € Tor i Brevoue packar B {Beel M e B A S 0 °
avai | abl e
previ ous packet"1 s % theontéetr ef‘hléﬂ the Dhansmits FIFO Fﬁs‘ﬂagf Fe'$ equest

to the link | ay@®d (Rﬁnttﬁtﬁ IPé‘tCk&ﬁd t BBA pagkets daymt He lingkemayeed comt r ol | er
to indicate theoneanpliaidizatef tbhenhEl EChE | l@}bx.bxbdd&dl‘i@évaha@ftﬁ@eer{&t ry

i ndi catiog. Theg pl\@‘ﬁ J%aglé%nuerggtégeb*ph% acket and éé arts the

transfer all over etr occurreé i PP 'EI%t Yhe DvA
status regi st erAHFeFe t!fFe séé’t@ﬁ’o%ﬁe&@@dplé?‘a%@ss p%C‘d-seﬂﬁd‘ne@mthed thek- | ayer

control ler, setpreabded maorkuteicontadd LDep swdid %dd}@s@&abegteﬁ Sh@tas to

menory in the pe S S a nber of bits
transferred for ﬁy%e%é:rqean%%y g@t%p & P%:gt %\ﬁgrgh nay r?o FEPLTERE - f or
t he previous PC’Ehe td@rtred"ﬁ‘tmﬁﬁt whgther anpther Pﬁ@_haShbﬁean '

i nterruptlli s Slgnaked EmutﬂeﬂqﬂraéntnPCheby fetching the next list
address value. If it is valid, then the DMA will make
this the current PCL address and continue execution. If
it is not valid or if the wait for status bit is set,
then the DMA waits for the current packet to be

15 transferred by the link layer controller. When valid
status is available, as indicated by the packet counter
decrementing to zero, the DMA checks to see if the packet
is to be retried as indicated by a IEEE 1394 busy status.
If so, the FIFO is flushed as before mentioned and the

20 transmit is attempted again.

If there was a transmit timeout, retry overrun, or
FIFO underrun, as indicated by the link layer controller,
then the packet error bit is set in the DMA status
register, along with the acknowledge status. The status

25 is then updated in the PCL. In the event of a transmit
timeout or retry overrun, it may be possible that the
target node is no longer responding. The DMA addresées
this .situation by making it possible to skip around the
PCL(s) which form the stream of data to this particular

30 target note. Software can set the next PCL stream entry
of the PCL to point to the first PCL to the next stream
of transmit data (i.e., the next asynchronous transmits
to another 1394 node). 1If the next PCL stream address is
valid, then the DMA will continue execution with that

s PCL. If this address is not valid, then the DMA channel




corresponding interrupt status register bit. 60 Wen the status has been
checked, the DVMA wites a special control token to the transmt FIFO to
mark the end of the packet. The packet count is increnented to one to
indicate to the link |ayer controller that the end 5 of packet has been
witten by the DVA. The current PCL address is saved as the previous PCL
address, and the previous packet control list start address register and a
"previous valid flag is set in the DVA global register. The DVA then

det ermi nes whet her anot her PCL has been 18 | inked to the current PCL by
fetching the next list address value. If ttis valid, then.the DVA w ||
make this the current PCL address and continue execution. If it is not
valid or if the wait for status bit is set, then the DVA waits for the
current packet Lo be 15 . transferred by the link layer controller. Wen
valid status I* évg?lh‘yr%,t% SoMe eat el byyt himeabk eénEAUEs the
decrenenting tBexbr BCLtaddidds elaedes §AvaLEgi f I$. L9 pe retried
as i ndi cated bfeathF&EE: 34 tgbsy)esh?;aﬁs. | f SO?P?_F}EP%&%% Ss%frleﬁls“hed as
before nmentiongd and the 20 transmt 1§ EPeRnbEts vaie) shaulthbeesehs a
transmit timeout, retTy ovEHUsh aSothernext yhiet raddress .. i i eakedmhy t he
link layer conBRLFFePOStinem MM patkein€etHliphidedsusYnd 'Ehfehﬁﬁg%"“u“ atus

regi ster, al onBCl $trédik &fROWse tatus,. The status 25 1S pdat ed
inthe PCL. In %pga_lﬁvent of a ;Mrsa(ri\g%aiiatiﬁg%%trwr’rte’t% theenewh, PCE nay be
e

possible that t ar geGfFPe Vs FdnFentlae PMA pondimg:heTlhetbibxaddr esses

this.situationsbﬁeﬁ%k§¢ﬁfqtaq@osbbbDHAtﬂsskgﬁbﬁqﬁguuhéIﬁéxtnggﬁ) whi ch form
t he stream of ddﬂﬁeé@.tmlsdag,%rrsie%g% ggetaﬁgxeé f.ote. Software can set the

ist address® and the
next PClygstreamy R M yoy, Stream" to the same address is, therefore

required if ;he next stream feature is not to be used to
?revent a hang in any asynchronous transmit channel that
invokes the next PpCL stream entry due to an error.
FIGURE 24 shows a flow diagram similar to that
described above for the asynchronous and
isochronouschronous transmit.operations,

15

St but as applied
to the auxiliary operations of DMA Engine 74.

The PCI to LOCAL Bus and LOCAL Bus to PCI Transfer
operation, as FIGURE 25§ shows, controls the transfer of
data bgtween the PCI bus and the LOCAL Bus. The PCI
address and the number of bits to transfer is derived
from the PCL data buf ctl/bit_cnt/cmd word(s) in the PCL
as for other transfer commands such as transmits. The
difference is that the destination or source of the
transfer is not the FIFO but rather the LOCAL bus. The
LOCAL bus address is generated from the AUX_ADR register
(see hardware register definitions).

A PCI to/from LOCAL operation will proceed by
checking to see a wait condition exists. The wait
condition is determined by the Wait Select bits of the
data bufo ctl/bit_cnt/cmd at pPCL offset 0x18. When the
wait conditions no longer exist, the DMA enters a loop

where the current transfer count is checked to see if it
has gone to zero.

30

If so, a check is made to see if this

35 is the last data buffer of the pCL buffer list. If there



of the PCL to point to the first PCL to the next stream of transmt data
(i.e., the next asynchronous transmts to another 1394 node). If the next
PCL stream address is valid, then the DVA will continue execution with
that 35 PCL. If this address is not valid, then the DVA channel 61 wll go
idle the sane as at any tinme it encounters the next PCL address marked
invalid. If this next stream feature is not to be used, then this val ue
shoul d be set to the sanme value as the next list address. If the DVA 5
halts posting a DVA halt interrupt statusgand the next PCL streamentry is
invalid, then rewiting the next PCL streamis necessary, since the DVA is
In the get-next- streamstate and the DVA is ignoring the next |i st

address. Always setting the "next |ist address" and the 10 "next PCL

streanm to the samne tdd §>q£ thehefore required if the next stream
feature is not*tTo e ih%’% er g ERe BChahipt han the A Widds transni t
channel that aegekes the nexbuBCersaddrnesemnd thandferacoantoandFl GURE 24

shows a flow dpagséda siidH él:rhet erhidker 1S WRELE IR HBOUS T nE?Srrln

asynchronous a r.onou ronou an t operations, hut_ as _ap Iled
to the aUX|I|a$§ oberé?ﬂ%ﬁ% 0 ﬁ Fh %%}eﬁﬁéF?Qi steF fhg daty

LOCAL BuS to Peyffen @}sfqrpée@tgtbnblas i QURE DMA stonkrolc regristert he
transfer of 2@rdampditﬁdwﬁﬁ1ﬁéﬁieee|théscaﬂgeﬁPGSéélgNoﬂaﬁﬁe gggngg£¥address
u

and the nunber of h@% %P%Et dg #veg fro g%ﬁ
ctl/bit_cnt/cnd wor Br2 ot het ? fBs such as
transmts. Thetrﬁﬁ‘#%!?’é?f%é:q/sfl’tqmtthﬁhéoﬂébtbuatam e slmﬁfcee: df the 25
transfer is nolasheof! i bpoL Naldtest AAALEEREd b . cHOGLAdIORYF Bys 8gdress
i's generged T eal L8/ A AR FGIWLE then the DMA knows that the end

of the transfer has been reached. The DMA will update

the DMA status register with status of 0x0001, the PKT

CMP is set, and it is then written to the PCL status word

at PCL offset 0xC along with the number of bytes

15 transferred. If the INT bit is set in the data buf0

ctl/bit_cnt/cmd at PCL offset 0x18 then an interrupt is
signaled and latched in the corresponding (DMA_PCL([x])
bit in the Interrupt Status register.

The DMA then determines whether another PCL has been
linked to the current PCL by fetching the Next List Adr
(PCL offset 0x00). If it is valid as indicated by bit
0=0 then the DMA will make this the current PCL address
and continue execution as shown. If another PCL had not
been linked to the current PCL as indicated by bit 0=1
the Link and BSY bits are cleared in the DMA control
register, a DMA halted interrupt is generated for this
channel with associated status (DMA_HLT[x]) in the
Interrupt Status register, and the channel becomes idle.

FIGURE 26 shows a FIFO high level functional block
diagram 500 to describe the operation of FIFOs for GRF
80, asynchponous transmit FIFO 82, and
isochronouschronous transmit FIFO 84. The FIFO logic of
the present invention includes a link-side clock domain
502 and a PCI-side clock domain 504. In PCI-side clock
domain 504, FIFO control and status registers 88 are real
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(see hardware register definitions). .A PCl to/from LOCAL operation w ||
proceed by checking to see a wait condition exists. The wait 30 condition
is determned by the WAit Select bits of the data bufO ctl/bit_cnt/cnd at
PCL of fset 0x18. Wien the wait conditions no | onger exist, the DVA enters
a loop where the current transfer count is checked to see if it has gone
to zero. If so, a check is nmade to see if this 35 is the |last data buffer
of the PCL buffer list. If there 62 1is another buffer in the PCL list then
the DMVA will acquire the new buffer address and transfer count and

proceed with the transfer. Wile the DVA i® transferring data, the Data
buffer start address register and the data 5 buffer transfer length bits in
the DVA control register are updated to reflect the current state of the
transfer. Wen the last bit of data froma buffer has been transferred

to/ fromthe LOGahdbwsitansh thye Uhg feenr b&stbﬂtefﬁéée ofodifte Palisbl SkFIR§

I ndi cated by th f cLl/ 2t PCL rd then the DIVA
knows that the gdtéglf%u{ %alatr?%f rebi SEQEeeété r% cF RS BPEPE®hdat e

the DMVA status ?‘3 f%?%r‘“%&‘ﬁ‘%t% 86 - 0x69911'=e¥ rrddress appPrisgséegiand it
is then witten86ogemerd s Jtrt usidresd mappbPil of fsatis @CFaiFongewiith t he
nunber of sbyt eswEdrérgoshedsF shidsd. the INT bit is set in the data bufO
ctl/bit_cnt/cnd at P %ﬁset x18 then_an interru si gnal ed and

| at ched in the correspdn Rp¢y pof) proyides, ?R?IQRQEﬁQ@p@OStﬁBEs
regi ster. The DRA. tﬁEhndhtqnqnsuaxanmmnheFIHGosmerai&l has been 20 I|inked

to the current PEbch¥oh&isMAshdie FYed! ek' S%M%dét ﬁ(&)‘g‘i et xQO). If it
is valid as 'ndh@ﬁ%?éa?%o@'éetwé%ntfy% 318e clockfd e502| S Cgrrent
PCL addr ess omain and PCI
side clock domain 504. One PCI-side clock domain 504,
clock domain pointer translation logic 506 generates an
input to DMA FIFO occupancy status logic 508. DMA FIFO
occupancy status logic 508 generates FIFO status to DMA
logic signal 510. On link-side clock domain 502, clock
15 domain pointer translation logic 512 provides input to
1394 FIFO transmitter and receiver occupancy status logic
514, which generates a FIFO status to 1394 transmit-
receive 1ogi¢ signal 516.
Dual port RAM S01 receives address inputs from
20 multiplexer 518 and multiplexer 520. Multiplexer 518
receives input from general receive write pointer 522,
asynchronous transmit read pointer 524 and
isochronouschronous transmit read pointer 526. General
receive write pointer 522 receives control from 1394
25 ~receiver and address mapping logic. Asynchronous
transmit read pointer 524 and isochronouschronous
transmit read pointer 526 receive control from 1394
transmitter and address mapping logic. Output from
general receive write pointer 522, asynchronous transmit
30 read pointer 524, and isochronouschronous transmit read
-pointer 526 all go to transmitter and receive occupancy
status logic 514, clock domain pointer translation logic
506, and multiplexer 518.
General receive pointer 528, asynchronous transmit

3s write pointer 530, and isochronouschronous transmit write



and conti nue execution as shown. |If another PCL had not been |inked to the
current PCL as indicated by bit 0=1 25 the Link and BSY bits are cleared in
the DVA control register, a DVA halted interrupt is generated for this
channel with associated status (DVA HLT[Xx]) in the Interrupt Status

regi ster, and the channel becones idle. FIGQURE 26 shows a FIFO high | evel
functional block 30 diagram 500 to describe the operation of FIFGCs for GRF
80, asynchronous transmt FIFO 82, and isochronouschronous transmt FlIFO
84. The FIFO logic of the present invention includes a |ink-side clock
domain 502 and a PCl-side clock domain 564. I n PCl-side clock 35 domain
504, FIFO control and status registers 88 are real 63 and witten by the
PCl bus interface logic. Also, FIFO controller status registers 88 provide
i nput to pointer address mapping |ogic 86. Pointer address mapping |ogic

50, general e Bl 23 TRIR| PACOLYS Alghdd I rdnl Bl T udO! Nt e

pairs. The dual rt 1 provides orage
asynchronous tr sts mapeles lagic- &ﬁﬂﬁ%mwmer@aﬂl poiBber &R8,
straddl es the asymamions heansait |wirdcsips macls3domang 502 and PCl 10

si de cl ock dormié’bé%no%%heghoﬁéd€r§xjx§lﬁi{t AL i ezChagkagomai n poi nter

translatlgn quﬁf SQ? ggnerates an cCupancy st atus
| ogi ¢ 508° DVA PGS éﬁﬁ&ﬁc§°s?‘&?‘u’§1 Rt Ipaier §08s FHI sdemagn t o
DVA | ogi ¢ si gregirgle: Unamsdakisndkogi@C&lszEnd1MﬂILpobQ@k §20domai n

poi nter translation gyl %&%2Rnﬁoyoﬂeélw%céﬂresl%%‘kaﬂl EROANEIBL T &1 and
receiver occupapgé( is‘;eat us 1I oglllo 3 b tl& t:getglerat %s a sta us to 1394
transnit- receive oglé'ﬁ BYe>2-bit data bus 53 llnk clock 2

MHz signal 536 and control from 1394 transmlt/recelve
10 logic at line S538. Also, control from 1394
transmit/receive logic 538 goes to link-side address
multiplexer 518. Byte pack logic 540 receives DMA read
data from host memory via control from DMA logic to
provide output on 33-bit data bus 542 that goes to dual
15 port RAM 501 PCI-side data input. Byte unpack logic 544
receives data out from dual port RAM 501 PCI-side data
output 33-bit bus 546 to provide DMA write data to host
memory. Also, control from DMA logic goes to byte unpack
logic 544, multiplexer 520 and Dual port RAM 501. A zero
to 33 MHz PCI clock signal goes to dual port RAM 501.

In conjunction with the description given in FIGURE
2 in the accompanying text, the following descfiption
further detail regarding the function of the FIFOs, GRF
80, asynchronous transmit FIFO 82, and
25 isochronouschronous transmit FIFO 84.

FIFO status logic 514 and 516 implement the logic
required to generate an occupancy status for each logical -
FIFO. ' In computing the PCI-side FIFO status, the link-
to-PCI clock domain translation logic samples the current
value of each pointer on the link side of the FIFO and
translate these samples from the link clock domain over
to the PCI clock domain. Each translated link-side
pointer is compared to its corresponding PCI-side pointer
to generate an occupancy status for each FIFO. This
35 status is used by the DMA logic to pace the transfer of

30



Dual port RAM 501 receives address inputs from 20 nultiplexer 518 and

mul tipl exer 520. Multiplexer 518 receives input fromgeneral receive wite
poi nter 522,- asynchronous transmt read pointer 524 and _

I sochronouschronous transmt read pointer 526. Ceneral receive wite

poi nter 522 receives control from 1394 25 receiver and address mappi ng

| ogi c. Asynchronous transmt read pointer 524 and i'sochronouschronous
transmt read pointer 526 receive control from 1394 transmtter and
address mapping logic. Qutput from general receive wite pointer 522,
asynchronous transmt 30 read pointer 524,6%nd i sochronouschronous transmt
read pointer 526 all .go to transmtter and receive occupancy status logic
514, clock domain pointer translation logic 506, and nultipl exer 518.
General receive pointer 528, asynchronous transmt 35 wite pointer 530,
and |sochronous¢dmtwrlsmsvderram®§ltt m\éﬁ\bir? &fd Bioe B0 S3%iglihakggei yg control
from DVA Ioglc {¥§(§ﬁ§ |ng ngo Q§ral recej ve read pointer

528, asynchronous tra S 8 53 Yid tH& FGH6RdLRkr onous
transmit wite PHPFE efomsin é'-lrlan§1BF69¥ldb°©m pmmn]@melzlmsnat valhegi c
508, clock donedf epch memtterans aheonctegi@ew e G 1R taingl e*sﬁsﬁgt@e Dual

sort RAM 501 al @peggcgd“\tg r 13980k T &5&lve 19 33 bi t
data bus 534, k cI ck 3359‘?%& 'Ehta ggo corﬂrole(%f %8 % ohink

transnit/recei v‘é FRID -at E’Ialcﬁ‘e t53831¢&=§6 P"ébTﬂerﬁ Haimker3gs
transmit/recei v@orhmgmﬂ 838 igmesorrebpokdingdel tfitH £isde pBilntier! eyer 518. Byte
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e 1394 transmit-receive logic to pace the
10 transfer of data between the 1394 bus and the FIFO.
Byte pack logic 540 implements the logic to assemble
a full quadlet using data read from host memory on byte
aligned addresses by the active DMA channel. The logic
- preferably includes four 8 bit-wide registers and four 8-
15 to-1 multiplexers. Each register-mux pair corresponds to
a byte lane. The input of each register connects to an
input byte lane which is switched by the active DMA
channel to host memory. The output of each mux connects
to an output byte lane which drives the FIFO. For each
20 8-to-1 multiplexer, four'inputs shall connect in a
one-to-one correspondence to each register output. The
remaining four inputs connect in a one-to-one
correspondence to each register input. This

configuration allows bit-aligned DMA read data from the

25 four input byte lanes to be cross-point switched in a
different order to the four output byte lanes. Control
of the byte lane multiplexers is by the active DMA read
channel.

; Byte unpack logic 544 implements the logic required

0

to disassemble the quadlet data read from the FIFO into
individually selectable bytes for writing to host memory
on byte-aligned addresses by the active DMA channel.

This logic consists of four 8-bit-wide registers and four
8-to-1 multiplexers. Each register-mux pair correéponds
35 to a byte lane. The input of each register connects to



15 port RAM 501 PCl-side data input. Byte unpack logic 544 Treceives data
out from dual port RAM 501 PCl-side data output 33-bit bus' 546 to provide
DVA wite data to host nenory. Also, control fromDMA | ogic goes to byte
unpack logic 544, multiplexer 520 and Dual port RAM 501. A zero 20 to 33
MHz PCl cl ock signal goes to dual port RAM 501. In conjunction with the
description given in FIGURE 2 in the acconpanying text, the foll ow ng
description - further detail regarding the function of the FIFGs, GRF 80,
asynchronous transmt FIFO 82, and 25 isogfy onouschronous transnmt FlIFO 84.
FI FO status | ogic 514 and 516 inplenent the logic required to generate an
occupancy status for each logical, FIFO * In conputing the PCl-side FIFO
status, the link- to-PCl clock domain translation |ogic sanples the current
30 value of each pointer on the |link side of the FIFO and translate these
sanpl es from t hdR| 1PRUE | ese deng nwhieh is drinerpdiran sdie 8FRin. TRRch
transl ated |inkestpet @pi¢da i tdprpaeedcbinédtSs Ay 15 RARPUBILPEE- Si de

poi nter 10 gengAl &Rl RCARANGLHRALALYS O R IhAlSY cHhicheSRostatus is

used by the DVA 8 to (?ac e tran bet ween St nmenory
and the FIFO SPiPPE¥ty, Foh cadhmift ithg Bnkor mruliiRleexs sarys inpyks
PCl -to-1irk cI gokndohain a rms-ltautﬂomte lcogrespamgerese the eanty eegigakre of

each poi nter onob@gubll - #hecr &fai tmgFleQraﬂﬁp%é@né&m@cé fifeseapagples from

the PCl clock domaln over to onal Each transl ated

PCl - si de poi nt eP™f sCOEBﬁﬁ%?’é‘ae’f‘be i%% e@GF‘r Egﬁbﬁﬁ‘?ﬁgl‘ﬂ?‘htk si™&Spointer to
conpute an occug@ﬂ@iggtatugnf@;lmltlﬁ BGadTéat sreadt ixsom Shes @i Foy tbhbel1394

transmt-recei verbeg-polift PaeEdhidn il0 of taRebeenofofdla HRldReR Ligphs94
bus and tﬂ? FII:gyt:e lanes. The control of the byte lane multiplexers is
by the active DMA write channel.

Although the present invention has been described in
detail, it should be understood that viarious changes,
substitutions and alterations can be made hereto without

15 departing from the spirit and scope of the invention as
defined by the appended claims.



Byte pack logic 540 inplenents the logic to assenble a full quadlet using
data read from host mnenory on byte aligned addresses by the active DVA
channel. The logic preferably includes four 8 bit-w de registers and four
8 15 to-1 nultiplexers. Each register-nmux pair corresponds to a byte |ane.
The input of each register connects to an input byte | ane which is
switched by the active DMA channel to host nenory. The out put of each nux
connects to an output byte lane which drives the FIFO For each 20 8-to-1
mul tiplexer, four inputs shall connect in one-to-one correspondence to
each register output. The remaining four 1 nputs connect in a one-to-one
correspondence to each register input. This configuration allows
bit-aligned DVA read data fromthe 25 four input byte |lanes to be
cross-point switched in a_different order to the four output byte |anes.
Control of theAEeld LRAIMED: IS:overs is by the active DVA read channel .
Byt e unpack |ogic 544 ing.emaniethbe Fogi £ssbfilinet RRat gadkgassenbl e the
quadl et data re Al ta Le b YL Es for
witing to host@l(ilrr]i;(%rlf)g%HT]at g%t yt'éegmg‘ulhgﬁael%{l%gdr esseséllb’y%JT agtll e ]Eﬁ/A
channel . This |3gFR® %fnmsts of four 8-bit-wide registers and four 8-to-1
mul ti pl exdrs. Each regfeitimgmax peastcarpespondof 35 dataaphyket! fiea The

{rom the FIFOL The e o Barkonh eFraret ol Cot S to an output byle.

fromthe FIFO The gét;gut a%&i

| ane which is sw tched By tife e@ﬁ&nﬁ% diRertHirh G saidhdrya paskelch of
the 8-to-1 nul tFﬁl@x@r%detfemnnenlpmascﬁ dataecsét | nset amneaseneald

corr espondence pereséh {#UaEhattl Bita J06 EGHRLN TG ARYLS, connect

in a one- }00

varying data fields corresponding to at least one data
communications channel;

- in the event of a predetermined correspondence
between said at least said portion and said match data

set, directing a channel select signal to said at least
15 one data communications channel.



one correspondence to each register input. This configuration allows the
quadl et read fromthe FIFOto be <cross-point switched in a different order
onto the output 10 byte |lanes. The control of the byte |lane nultiplexers is
by the active DVMA wite channel. Although the present invention has been
described in detail, it should be understood that various changes,
substitutions and alterations can be nade hereto w thout 15 departing from
the spirit and scope of the invention as defined by the appended cl ai ns.
20 67 WHAT IS CLAIMED IS: 1. A nethod for assigning a data packet through
a data comuni cations channel, comprising t#®. steps of: 5 receiving at

| east a portion of a data packet in a data packet conparison circuit;
conparing at |least said portion of said data packet to a predeterm ned

mat ch data set, set at least said portion in said nmatch data set

conprising programmabty l0Themgthpddataclachds, o@isReRPNY R0 dheadbalrast

one data conmunassbéDises haviely o vept _of . redet erm ned ‘
corr espondence algég{EESFg.Sgr P&Hﬁﬁﬁé? PIATKLER. dsrid

sai t
set, directing apg'%%\%ﬁ{e\fy soeﬁde%tasipé‘ﬁﬁ’t?ols fPWige havigig tereiendasvh
communi cati ons ch&fPRftedglata Dﬁhkenathodpafe&lﬁﬂrﬂébpéMHyV%iﬁaﬁghddgéga
packet ass@ci at esetws tfomrn qilrdctliiny a0 Loyt ar ta packets, sai plurality
g aOPLALHLLE) S8 A REGhR chaprel

of data packets §ikew s& Havi portiLons o respecte
conpared to respgﬁgive £ c"ﬂ%ﬁhai east one data communications

nnel, said method further comprising the steps of:
receiving said channel select signal and said
plurality of respective channel select signals in a
10 priority encoder circuit;
directing at least one of said channel select signal
and said plurality of respective channel select signals
to at least one data communications channel according to

a predetermined priority data value associated with the

15 combination of said channel select signal and said

plurality of respective channel select signals.

3. The method of Claim.2, further comprising the
step of combining said channel select signal and said
plurality of respective channel select signals for
generating a logically ORed comparator match signal to

receiver control logic associated with said data
communications channel.

4. The method of Claim 1, wherein said comparing

step. further comprises the step of comparing a word 0

field select register content with @ word 0 compare value
30 register contents.

5. The method of Claim 1, wherein said comparing
step further comprise the step of comparing a word 1

field select register contents with a word 1 compare
_35 value register contents.



5 sets for directing a plurality of respective channel select signals to
at | east one data conmmuni cations channel, said nethod further conprising
the steps of: receiving said channel select signal and said plurality of
respective channel select signals in a 10 priority encoder circuit;
directing at | east one of said channel select signal and said plurality of
respective channel select signals to at |east one data conmunications
channel according to a predetermned priority data value associated with
the 15 conbination of said channel select gjignal and said plurality of
respective channel select signals. 3. The nethod of Caim?2, further
conprising the step of conbining said channel select signal and said 20
plurality of respective channel select signals for generating a logically
ORed conparator match signal to receiver control |ogic associated with
said data conmunications channel. 25 4. The nmethod of Caim1, wherein
sai d conparing stepd{urtlher mechpdi 6 €sCldian st e whdredapaidngompdpimy O
field select regishefu e HonWs . register
contents. 5. Thgfﬁiét%)d q__f C1agrrntl%émﬁe?%g?‘gesgg{%acrcoﬁ\%gjrlﬁﬁgsgg?egg’fglf?rher'
conprise the st@p o1 ¢o PRG<§CWEPHP L S ¥R% Pk | %o @G ¥GFS: &roEoM® ent s
with a woPd 1 cHagRirna3atal packeli tbea mattleniata Get.6. The net hod of
Claim 1, wherein said conmparing step further conprises the step of
conparing said porti.pn sai d.data_packet comprising word O and word 1lof
an 5 inconing data p'g’cke?ﬁ}eo "E%Hﬁ cﬂfdgf%\“géc wherein said comparing

step further comprises the step further comprises the

step of comparing said portion of said data packet to a
10 match data set, said match data set comprising a word 0
and a word 1 expected value.



7. The nethod of Claiml, wherein said conparing step further conprises
the step further conprises the step of conparing said portion of said data
packet to a 10 match data set, said nmatch data set conprising a word 0 and
a word 1 expected value. 70 8. A DVA channel receive packet conparator
circuit for assigning a data packet to a data comuni cati ons channel,
conprising: a receive conparator for receiving at least a 5 portion of a
data packet in a data packet comparison circuit; conparison circuitry
associated with said receive conparator for conparing at |east said

- portion of said data packet to a predeteryg ned match data set, set at 10

| east said portion in said nmatch data set conprising progranmably varying
data fields corresponding to at |east one data comruni cati ons channel ; and
directing circuitry for directing a channel select signal to said at |east
one data communi catig@ns cq%ﬂ L 15.for in the event of a Eredet erm ned
correspondence between $ai PRAS! L8P YorRaheta P earataRt EHreatta  set .
71 9. The DVA EPafgigrdag @edpéékE@Cbghpm &t alate rcowimundtaCiansn 8,

wherein said dathapeeketcoaagsqeiages wth a plurality of simlar data
packets, said pluraljt f,.d Sl 1 kew se .having RYr i ons of
respect ed 5 dat a ac%(e%/esce%ge Zofhpl ?%E%tésf)%%t’f%ceelrﬁtn@n a&atlg 86t for
directing’a pl PRITIIP KL rae%éé‘t Peekehatme? datamacksitgnaspaviaon| east one
data conmmuni cat¢brsuithannel , said DMA channel receive packet conparator
circuit further

comparison circuitry associated with said receive
comparator for comparing at least said portion of said
data packet to a predetermined match data set, set at
10 least said portion in said match data set comprising
programmably varying data fields corresponding to at
least one data communications channel; and

directing circuitry for directing a channel select
signal to said at least one data communications channel
for in the event of a predetermined correspondence

between said at least said portion and said match data
set. ) |

15



conprising: 10 a priority encoder for receiving said channel select signal
and said plurality of respective channel select signals; directing
circuitry associated with said priority encoder for directing at |east one
of said channel select 15 signal and said plurality of respective channel
select signals to at | east one data comuni cati ons channel according to a
predeterm ned priority data value associated with the conbination of said
channel select signal and said plurality of respective channel select 20
signals. 72 10. The DVA channel receive packet conparator circuit of Caim
9, further conprising circuitry for conbi?li ng said channel select signal
and said plurality of respective channel select signals for. generating a 5
|l ogically OR-ed conparator match signal to receiver control |ogic
associated with said data comunications channel. 11. The DVA channel

recei ve packet Compayat ofthel @Mai Efdhhe Dl r&idiva %amrte'cemﬁéf&'t npar i ng

circuitry furt oY S .Ci Lcui for co a word el d sel ect
regi ster conteﬁ$§£ 4## é A&ig é g?geﬂ%Jiﬁ? EFkEBnFéﬁ?%la%E§ 12. The
DVA channel reddtthR 3 1@(§Np9ﬁa§®$\11@¥ rdata HﬁCl@It&:rrSQldV\hme‘dthsal d

](c:orr})grl nlg ci rcuof rdatd Wedkat sCAAREWESE - h&v iy i gdvt ifcdis 6Q”Eé§b88té’d""°rd 1
e sel gct regy al.u I ster
contents. 20 13 T%%ﬁ%g{ann rggcg?v’éesp%%%%’t r%d?%ﬁ%af%ﬁa sets for
alrectlng a plurality of respective channel select
signals to at least one data communications channel, said

DMA channel receive packet comparator circuit further

comprising:
10 a priority encoder for receiving said channel select
signal and said plurality of respective channel select
signals;

directing circuitry associated with said priority
encoder for directing at least one of said channel select
.signal and said plurality of respective channel select
signals to at least one data communications channel
according to a predetermined priority data value
associated with the combination of said channel select

signal and said plurality of respective channel select
20 signals.

15



circuit of Claim8, wherein said conparing circuitry for conparing said
portion of said data packet conmprising word O and word 1 of an incom ng
data packet to a match 25 data set. 14. The DMA channel receive packet
conparator circuit of Claim8, wherein said conparing circuitry -further
conprises circuitry for conparing said portion of 30 said data packet to a
mat ch data set, -said match data set conprising a word O and a word 1
expected value. 73 15. A personal conputer system conprising: at |east
one peripheral enploying a data packet transfer bus; a conputer, said
conput er conpri-sing: 5 a host cpu conprisi’g a PCl bus; and a PCl-interface
device for providing an interface between said PCl bus and said
peripheral, said PCl-interface device conprising a DVA channel. receive
packet conparator circuit for assigning a data packet to 10 a data

comuni cations channged, CGMHEIDMAI BHanAel CEEE&Hr & PINH Fompai-at8gei vi ng at
| east a portloniof q%%q}packgt n ggdata ggfkel conparngon circuit;
conparison circttt¥y*as¥oc La P EHTERET CUMRE NG CITSAFK: 6PTf or
conmparing at | egembining mwid chashedasgledhtsigrnakand saddprddsadihy ned
match data set, ofetedpect PasicHaan@1PeELEEP s1gEai ¢l oY Jerdiadin6t a

conprisin pro - Aar i data,fields corres ding tqQ.at |east one
dat a conn%nicat?éﬁgg%€%%Hﬁ?fxgggmfﬁrangg??ﬁﬁhp??%ﬁéiﬁ%?fé%cﬁﬁyF§cting a
channel select °SPERal legikqiapspcipbgadt wohh gaid dakansrrenmiisasiengnnel

for in the eventhahnalpredeterm ned correspondence

11. The DMA channel receive packet comparator
10 circuit of Claim 8 wherein said comparing circuitry
further comprises circuitry for comparing a word 0 field
select register content with a word 0 compare value
register contents.

15 12. The DMA channel receive packet comparator
circuit of Claim 9, wherein said comparing circuitry
further comprises circuitry for comparing a word 1 field
select register contents with a word 1 compare value
register contents.

20
13. The DMA channel receive packet comparator
circuit of Claim 8,  wherein said comparing ciréuitry for
comparing said portion of said data packet comprising
word 0 and word 1 of an incoming data packet to a match
25 data set.

14. The DMA channel receive packet comparator
circuit of Claim 8, wherein said comparing circuitry
further comprises circuitry for comparing said portion of

30 said data packet to a match data set, said match data set
comprising a word 0 and a word 1 expected value.



between said at |east said portion and said match data set. 25 74 16. The
personal conputer system of O aim 15, wherein said DVA channel receive
packet conparator further conprises circuitry for conbining said channel
sel ect signal and said plurality of respective channel 5 select signals
for generating a logically OR-ed conparator match signal to receiver
control logic associated with said data conmmuni cations channel. 17. The
personal conputer systemof Caim15, 10 wherein said DVA channel receive
packet conparator conparing circuitry further conprises circuitry for
conmparing a word O field select register cohtent with a word 0 conpar e
val ue regi ster contents. 15 18. The personal conputer system of C aim 15,
wherein said DVA channel receive packet conparator conparing circuitry
further conprises circuitry for conparing a word 1 field select register
contents with a wordlg. camarsonallueompgt et ey Xtk £idimpriddng?. The

personal conputer sygt efgag;t g }§phe¥3€fr§xh€1r%?i% %OTH%%I’I cﬁl écw try for
I'S

conparing said Port on of sal at a packet co ng Word word 1 of
an incom ng dat SEPALKRE BW‘a match data set. 25 75 20. The per sonal
conput er system of Ghmmm&eMsraéidncsabdtennmnpm'gshig-cui try further

conprisess circuitry for £omar 'dﬂﬂ %%Srﬁgiﬁg% 1551 S&lsf,i %tda packet to a
mat ch data set, said rratch 1%’;\Ita set _conpr.i si ng
1nterface device for providing an

interface between said PCI bus and said peripheral, said

PCI-interface device comprising a DMA channel receive

packet comparator circuit for assigning a data packet to
10 a data communications channel, comprising:

a receive comparator for receiving at least a
portion of a data packet in a data packet comparison
circuit;

comparison circuitry associated with said receive

15 comparator for comparing at least said portion of said
data packet to a predetermined match data set, set at
least said portion in said match data set comprising
programmably varying data fields corresponding to at
least one data communications channel; and

20 directing circuitry for directing a channel select
signal to said at least one data communications channel
for in the event of a predetermined correspondéhce

between said at least said portion and said match data
set.



5 word 0 and a word 1 expected val ue.
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16. The personal computer system of Claim 15,
wherein said DMA channel receive packet comparator
further comprises circuitry for combining said channel
select signal and said plurality of respective channel
select signals for generating a logically OR-ed
‘comparator match signal to receiver control logic
associated with said data communications channel.

17. The personal computer system of Claim 15,
wherein said DMA channel receive packet comparator
comparing circuitry further comprises circuitry for
comparing a word 0 field select register content with a
word 0 compare value register contents.

10

15 18. The personal computer system of Claim 15,

wherein said DMA channel receive packet comparator
comparing circuitry further comprises circuitry for
comparing a word 1 field select register contents with a
word 1 compare value register contents.

19. The personal computer system of Claim 15,
wherein said comparing circuitry for comparing said
portion of said data packet comprising word 0 and word 1
of an incoming data packet to a match data set.
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20. The personal computer system of Claim 15,

wherein said comparing circuitry further comprises
circuitry for comparing said portion of said data packet

to a match data set, said match data set comprising a
word 0 and a word 1 expected value.



